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232 Agnihotri Spatial	  clustering	  plays	  an	  important	  role	  in	  generating	  biphasic	  response	  in	  NK	  cells
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140 Ames NK	  CELLS	  MEDIATE	  PREFERENTIAL	  KILLING	  OF	  GLIOBLASTOMA	  CANCER	  STEM	  CELLS	  
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193 Boudreau KIR3DL1/S1	  AND	  HLA-‐B	  ALLELES	  COMBINE	  TO	  INFLUENCE	  UNRELATED	  HEMATOPOIETIC	  STEM	  
CELL	  TRANSPLANTATION	  OUTCOMES.

65 Braun HANTAVIRUSES	  EMPLOY	  MULTIPLE	  MECHANISMS	  TO	  ESCAPE	  FROM	  NK	  CELL	  RECOGNITION
243 Brooks RECOGNITION	  OF	  HLA-‐A	  and	  HLA-‐B	  ALLOTYPES	  BY	  KIR3DL1.
50 Brown Genetic	  analysis	  of	  NK	  cell	  responses	  in	  murine	  CMV	  infected	  mice	  reveals	  extended	  MHC	  

haplotype	  regulation	  of	  NK	  receptor	  expression	  and	  viral	  control	  
241 Brown Super-‐resolution	  imaging	  of	  synaptic	  actin	  reveals	  different	  synergies	  between	  NK	  cell	  

receptors	  and	  integrins
41 Burshtyn POXVIRUS	  INDUCED	  LOSS	  OF	  CLR-‐B
124 Campbell IMPACTS	  OF	  INHIBITORY	  RECEPTOR	  EXPRESSION	  AND	  MATURATION	  ON	  SIGNALING	  

COMPETENCE	  OF	  NK	  CELLS
153 Cany PRE-‐CLINICAL	  EVALUATION	  OF	  EX	  VIVO-‐GENERATED	  NATURAL	  KILLER	  CELLS	  AS	  

IMMUNOTHERAPEUTIC	  PRODUCT	  AGAINST	  ACUTE	  MYELOID	  LEUKEMIA.	  
151 Carbone Melanoma	  infiltrated	  lymph	  nodes	  associated	  NK	  cell’s	  subsets	  mediate	  a	  robust	  autologous	  

antitumor	  cytotoxicity.	  
104 Carotta IDENTIFICATION	  AND	  CHARACTERISATION	  OF	  THE	  EARLIEST	  NK	  CELL	  PRECURSOR	  IN	  THE	  

MOUSE	  BONE	  MARROW.
171 Catros Altered	  number	  and	  functional	  activity	  of	  peripheral	  blood	  Vγ9Vδ2	  T	  cells	  in	  ovarian	  cancer
185 Champlin ADMINISTRATION	  OF	  ALLOREACTIVE	  NK	  CELLS	  WITH	  ALLOGENEIC	  STEM	  CELL	  

TRANSPLANTATION;	  A	  PHASE	  I	  STUDY	  	  
244 Chan Functional	  characterisation	  of	  CD96	  reveals	  its	  role	  as	  a	  negative	  regulator	  of	  NK	  cell	  function	  

and	  innate	  immunity
176 Fu MITOXANTRONE	  INDUCES	  NK	  CELL	  MATURATION	  OF	  SECONDARY	  PROGRESSIVE	  MULTIPLE	  

SCLEROSIS	  PATIENTS
269 Chen THE	  UNFOLDED	  PROTEIN	  RESPONSE	  	  INDUCES	  THE	  RESISTANCE	  OF	  	  HEPATOMA	  CELLS	  TO	  NK	  	  

CELLS’	  	  CYTOTOXICITY
82 Chijioke Role	  of	  NK	  cells	  in	  control	  of	  EBV	  infection	  and	  EBV	  associated	  tumorigenesis
167 Cho INTERLEUKIN-‐21	  INCREASES	  DIRECT	  CYTOTOXICITY	  AND	  IFN-‐γ	  	  PRODUCTION	  OF	  EX	  VIVO	  

EXPANDED	  NK	  CELLS	  AGAINST	  BREAST	  CANCER	  CELLS.	  
197 Choi microRNA-‐27a*	  REGULATES	  NK	  ACTIVITY	  BY	  TARGETTING	  PERFORIN	  1	  AND	  GRANZYME	  B.
204 Cichocki Characterization	  of	  a	  Deep	  Intronic	  Mutation	  in	  UNC13D	  that	  Causes	  Familial	  Hemophagocytic	  

Lymphohisiocytosis	  Type	  3	  (FHL3)
9 Cooper NK	  CELL	  INTRINSIC	  CYTOKINE-‐INDUCED	  MEMORY-‐LIKE	  RESPONSES	  ARE	  MAINTAINED	  

FOLLOWING	  HOMEOSTATIC	  PROLIFERATION
71 Coudert CONSEQUENCES	  OF	  NATURAL	  SEQUENCE	  VARIATIONS	  OF	  MURINE	  CYTOMEGALOVIRUS	  M157	  

FOR	  LY49	  RECEPTOR	  SPECIFICITY,	  NK	  CELL	  ACTIVATION	  AND	  CONTROL	  OF	  VIRAL	  REPLICATION.
22 Croy DBA-‐LECTIN	  REACTIVITY	  DEFINES	  FUNCTIONALLY	  DISTINCT	  MOUSE	  UTERINE	  NATURAL	  KILLER	  

CELL	  SUBSETS
23 Croy MULTIPLE	  FUNCTIONS	  OF	  UTERINE	  LYMPHOCYTES	  DEFINED	  IN	  VIVO
199 Davidson AP-‐1	  Regulation	  of	  LIR-‐1	  Transcription	  in	  NK	  Cells
69 Davis HIV-‐1	  down-‐modulates	  NK-‐	  T-‐	  and	  B-‐cell	  antigen	  (NTB-‐A)	  on	  CD4+	  T-‐cells	  to	  avoid	  lysis	  by	  

autologous	  CD56bright	  and	  CD56dim	  natural	  killer	  cells
63 Djaoud CONTRIBUTION	  OF	  KIR	  NK	  CELLS	  IN	  CONTROLLING	  CYTOMEGALOVIRUS	  INFECTION
195 Doisne Inactivation	  of	  the	  PI3K	  isoform	  p110δ	  improves	  the	  outcome	  of	  allogeneic	  hematopoietic	  cell	  

transplantation	  in	  mice.
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152 Dolstra INFUSION	  OF	  EX	  VIVO-‐GENERATED	  ALLOGENEIC	  NK	  CELLS	  IN	  ACUTE	  MYELOID	  LEUKEMIA	  
PATIENTS	  (A	  PHASE	  I	  DOSE	  ESCALATION	  STUDY)

219 Dong Molecular	  elucidation	  of	  SAP	  activities	  in	  NK	  cell	  activation
67 Doria CD155	  DOWN-‐MODULATION	  BY	  THE	  HIV-‐1	  NEF	  AND	  VPU	  PROTEINS	  PROTECTS	  INFECTED	  T	  

CELLS	  FROM	  DNAM-‐1-‐MEDIATED	  KILLING	  BY	  NK	  CELLS
170 Dulphy DEFECTIVE	  CD56bright	  NK	  CELLS	  INCREASE	  THE	  RELAPSE	  RISK	  OF	  ACUTE	  MYELOID	  LEUKEMIA	  

PATIENTS
58 Easom NK	  CELLS	  REGULATE	  T-‐CELL	  RESPONSES	  IN	  CHRONIC	  HEPATITIS	  B	  VIA	  NKG2D
107 Enqvist QUALITATIVE	  CHANGES	  IN	  NK	  CELL	  FUNCTIONALITY	  DURING	  NK	  CELL	  DIFFERENTIATION
194 Fabritius The	  killer-‐cell	  immunoglobulin-‐like	  receptor	  (KIR)	  genotype	  correlates	  with	  acute	  kidney	  

failure	  in	  the	  early	  post-‐	  liver	  transplantation	  period
215 Fainboim INCREASED	  GENE	  FREQUENCY	  OF	  KIR2DS4	  IN	  AUTOIMMUNE	  HEPATITIS.
187 Falk NK	  CELLS	  in	  KIDNEY	  TRANSPLANTATION
220 Fan FADD	  cleavage	  by	  NK	  cell	  granzyme	  M	  enhances	  its	  self-‐association	  to	  recruit	  procaspase-‐8	  for	  

auto-‐processing	  
161 Fauriat NK	  CELL	  DEFECTS	  in	  ACUTE	  MYELOID	  LEUKEMIA:	  NORMAL	  DIFFERENTIATION	  and	  KIR	  

ACQUISITION	  DESPITE	  METABOLIC	  DEFECTS	  and	  NKR	  DOWN-‐REGULATION.
8 Fehniger HUMAN	  MEMORY-‐LIKE	  NK	  CELLS	  ARE	  INDUCED	  FOLLOWING	  CYTOKINE-‐ACTIVATION

122 Felices Long-‐Lived	  NK	  Cells	  Expressing	  KIR2DL2/KIR2DL3	  Survive	  Longer	  on	  “Probation”	  Regardless	  of	  
their	  “Educational”	  Status

57 Firth THE	  NATURAL	  KILLER	  CELL	  RESPONSE	  TO	  VIRAL	  INFECTION	  IS	  INDEPENDENT	  OF	  NFIL3
160 Fiserova N-‐ACETYL-‐D-‐GLUCOSAMINE-‐NKR-‐P1CB6	  INTERACTION	  ENHANCES	  NK	  CELL-‐MEDIATED	  

ACTIVATION	  AND	  ANTITUMOR	  RESPONSE	  
75 Fodil-‐Cornu Investigating	  the	  molecular	  and	  genetic	  mechanisms	  that	  impair	  ly49H	  signaling
15 Fogel Markers	  of	  Nonselective	  and	  Specific	  Activation	  of	  NK	  Cells.	  	  
56 Foley HUMAN	  CMV-‐INDUCED	  NKG2C+	  MEMORY	  NK	  CELLS	  ARE	  TRANSPLANT-‐ABLE	  AND	  EXPAND	  IN	  

VIVO	  IF	  RESIDUAL	  RECIPIENT	  CMV	  ANTIGEN	  IS	  PRESENT
13 Forslund CHARACTERIZATION	  OF	  MURINE	  NK	  CELL	  MIGRATION	  AND	  KILLING	  OF	  MHC	  CLASS	  I	  

DEFICIENT	  TARGET	  CELLS	  AT	  THE	  SINGLE	  CELL	  LEVEL;	  OBSERVATIONS	  FROM	  A	  MICROCHIP-‐
BASED	  ASSAY

19 Fu Four	  populations	  defined	  by	  CD11b	  	  and	  CD27	  in	  human	  NK	  cells	  and	  	  their	  special	  function	  in	  
maintaining	  fetomaternal	  tolerance

259 Fu XENORECOGNITION	  OF	  MOUSE	  MHC-‐I	  BY	  D0	  DOMAIN	  OF	  KIR3DL1
26 Fuchs NKP44	  AND	  CD103	  DEFINE	  A	  NOVEL	  NK	  CELL	  SUBSET	  IN	  HUMAN	  MUCOSAL	  TISSUES
137 Gallois TIM-‐3	  EXPRESSION	  AND	  FUNCTION	  IN	  NATURAL	  KILLER	  CELLS	  FROM	  METASTATIC	  

MELANOMA
240 Gasser H-‐RasV12	  Induces	  Expression	  of	  Raet1	  Family	  NK	  Receptor	  Ligands.	  
177 Gasteiger NK	  CELL	  TOLERANCE	  IN	  THE	  ABSENCE	  OF	  REGULATORY	  T	  CELLS
141 Gill RAPID	  DEVELOPMENT	  OF	  EXHAUSTION	  LIMITS	  THE	  ANTI-‐TUMOR	  ACTIVITY	  OF	  ADOPTIVELY	  

TRANSFERRED	  NATURAL	  KILLER	  CELLS
222 Glatzer STIMULATION	  VIA	  ACTIVATING	  RECEPTORS	  OR	  CYTOKINES	  INDUCES	  DIVERGENT	  SIGNATURES	  

IN	  RORgt+	  INNATE	  LYMPHOID	  CELLS	  	  
258 Gleason TIM-‐3	  IS	  AN	  INDUCIBLE	  HUMAN	  NATURAL	  KILLER	  CELL	  RECEPTOR	  THAT	  ENHANCES	  

INTERFERON	  GAMMA	  PRODUCTION	  IN	  RESPONSE	  TO	  GALECTIN-‐9.
12 Goodier Age	  related	  changes	  in	  natural	  killer	  cell	  subsets	  in	  the	  Gambia	  
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247 Grier A	  ROLE	  FOR	  CD16	  (FCγRIIIA)	  IN	  NATURAL	  KILLER	  CELL	  SPONTANEOUS	  CYTOTOXICITY	  
UNCOVERED	  BY	  HUMAN	  CD16	  MUTATION

164 Grobarova THE	  NKR-‐P1C-‐CARBOHYDRATE	  INTERACTION	  PROMOTES	  ANTITUMOR	  RESPONSE	  OF	  NK	  
CELLS.

200 Guethlein MODULAR	  VARIATION	  OF	  ORANGUTAN	  KIR	  HAPLOTYPES
172 Guma NK	  CELL	  THERAPY	  AND	  AEROSOL	  IL-‐2	  FOR	  OS	  TREATMENT	  
228 Gumbleton SHIP1	  HAS	  AN	  INTRINSIC	  EFFECT	  ON	  NK	  CELL	  FUNCTION
248 Hadad PCNA	  IS	  A	  NOVEL	  INHIBITORY	  LIGAND	  OF	  NKp44	  RECEPTOR
253 Hammond CATTLE	  NKp30	  IS	  AN	  NK	  CELL	  RECEPTOR	  DIFFERENTIALLY	  EXPRESSED	  BETWEEN	  INDIVIDUALS	  

AND	  UPREGULATED	  ON	  ACTIVATED	  NK	  CELLS
181 Harris NATURAL	  KILLER	  CELL	  SUBSETS	  IN	  MULTIPLE	  SCLEROSIS
264 Hartmann THE	  STALK	  DOMAIN	  AND	  THE	  GLYCOSYLATION	  STATUS	  OF	  THE	  ACTIVATING	  NATURAL	  KILLER	  

CELL	  RECEPTOR	  NKP30	  ARE	  IMPORTANT	  FOR	  LIGAND	  BINDING
77 Hendricks NK	  cells	  in	  defense	  against	  parainfluenza	  virus
2 Hermes Clonal	  expression	  pattern	  of	  killer	  immunoglobulin-‐like	  receptors	  of	  rhesus	  macaques

263 Herrmann INSECT	  CELLS	  TO	  ANALYZE	  THE	  INDIVIDUAL	  INTERACTION	  BETWEEN	  THE	  HUMAN	  ACTIVATING	  
NATURAL	  KILLER	  CELL	  RECEPTOR	  NKp30	  AND	  ITS	  LIGAND	  B7H6	  	  

136 Heyward Tumorigenic	  Adenovirus	  12	  cells	  evade	  NK	  lysis	  by	  reducing	  the	  expression	  of	  NKG2D	  ligands
262 Hilton STRENGTH	  AND	  SPECIFICITY	  OF	  KILLER-‐CELL	  IMMUNOGLOBULIN-‐LKE	  RECEPTORS	  FOR	  HLA-‐C	  

ARE	  CONTROLLED	  BY	  POSITIVELY	  SELECTED	  POSITIONS	  IN	  THE	  MHC-‐BINDING	  REGION
116 Höglund DISSOCIATION	  BETWEEN	  INHIBITORY	  RECEPTOR	  SKEWING	  AND	  FUNCTIONAL	  ENHANCEMENT	  

DURING	  NK	  CELL	  EDUCATION
205 Holmes ACTIVATION	  OF	  HUMAN	  NK	  CELLS	  BY	  TUMOUR	  CELLS	  OR	  DURING	  VIRAL	  INFECTION	  LEADS	  TO	  

EXPRESSION	  OF	  TNFSF14/LIGHT,	  A	  MODULATOR	  OF	  ADAPTIVE	  IMMUNITY.
214 Hong UNRAVELING	  ONTOGENIC	  RELATIONSHIPS	  BETWEEN	  NK	  CELL	  SUBSETS	  BY	  HIGH-‐

THROUGHPUT	  REAL-‐TIME	  QRT-‐PCR
14 Horowitz A	  Novel	  Framework	  Revealing	  Phenotypic	  and	  Functional	  Heterogeneity	  in	  NK	  cells
267 Hou CD226	  involves	  in	  immune	  synapse	  formation	  and	  triggers	  NK	  cells	  	  activation	  via	  its	  first	  

extracellular	  domain.	  	  
45 Huang

Therapeutic	  simultaneous	  knockdown	  	  of	  multiple	  ligands	  of	  innate	  	  receptor	  NKG2D	  highly	  
efficiently	  prevents	  NK	  cell-‐mediated	  fulminant	  hepatitis	  

106 Huntington IDENTIFICATION	  AND	  CHARACTERISATION	  OF	  THE	  EARLIEST	  NK	  CELL	  PROGENITORS	  IN	  
HUMAN	  FETAL	  BONE	  MARROW

92 Huppert AUTOMATED	  CLINICAL	  SCALE	  PBMC	  GENERATION	  AND	  NK	  CELL	  EXPANSION.
93 Huppert CHARACTERIZATION	  OF	  PRIMARY	  AND	  EXPANDED	  NK	  CELLS.
52 Hwang Activation	  mechanisms	  of	  NK	  cell	  during	  influenza	  virus	  infection
270 Hwang Identification	  of	  human	  NK	  cells	  with	  signaling	  FcRg	  chain	  deficiency	  and	  specialized	  functional	  

activity
157 Iannello NKG2D-‐DEPENDENT	  IMMUNE	  CELL	  INFILTRATION	  AND	  ELIMINATION	  OF	  p53-‐INDUCED	  

SENESCENT	  TUMORS
34 Inngjerdingen A	  NOVEL	  NKR-‐P1Bbright	  NK	  CELL	  SUBSET	  EXPRESSING	  AN	  ACTIVATED	  PHENOTYPE	  IS	  

PREVALENT	  IN	  BLOOD,	  LIVER,	  AND	  GUT-‐ASSOCIATED	  LYMPHOID	  ORGANS	  OF	  RATS.
261 Ivanova SOLVED	  THREE	  DIMENSIONAL	  STRUCTURES	  OF	  NKR-‐P1	  PROVIDE	  MOLECULAR	  PARADIGMS	  

FOR	  ITS	  INTERACTION	  WITH	  GLYCOPROTEIN	  AND	  CARBOHYDRATE	  LIGANDS
113 Ivarsson DIFFERENTIATION	  AND	  FUNCTION	  OF	  HUMAN	  FETAL	  NK	  CELLS
110 Jaeger Neutrophils	  are	  required	  for	  natural	  killer	  cell	  maturation,	  function	  and	  homeostasis
226 Jansch Characterizing	  Protein	  Kinases	  involved	  in	  NK	  Cell	  Activation
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54 JAWOROWSKI Persistent	  NK	  cell	  activation	  in	  HIV	  patients	  receiving	  combination	  antiretroviral	  therapy	  is	  
associated	  with	  innate	  immune	  activation.

175 Jin CD11b-‐CD27-‐	  phenotype	  and	  impaired	  function	  of	  Natural	  killer	  cells	  in	  infiltrating	  Non-‐small-‐
cell	  lung	  carcinoma

76 Jost NK	  cell	  expression	  of	  Tim-‐3
129 Kadri ASSESSING	  CHEMOKINE	  PRODUCTION	  IN	  EDUCATED	  AND	  UNEDUCATED	  NATURAL	  KILLER	  

CELLS	  
40 Kang Immunomodulatory	  drugs	  augment	  the	  cytolytic
25 Karimi Modulation	  of	  Interleukin-‐22
1 Karo CO-‐STIMULATION	  IS	  REQUIRED	  FOR	  OPTIMAL	  EFFECTOR	  AND	  MEMORY	  NK	  CELL	  RESPONSES	  

FOLLOWING	  MCMV	  INFECTION
89 Kastrukoff A	  NK	  complex-‐linked	  locus	  restricts	  the	  spread	  of	  herpes	  simplex	  virus	  type	  1	  (HSV-‐1)	  in	  the	  

central	  nervous	  system	  (CNS)	  of	  C57BL/6	  mice
265 Kaudeer A	  SOLUBLE	  FRAGMENT	  OF	  THE	  NKp30	  LIGAND	  BAG-‐6	  INHIBITES	  NK	  CELL	  CYTOTOXICITY
59 Keane TREATMENT	  RESPONSE	  TO	  PEGYLATED	  INTERFERON	  AND	  RIBAVIRAN	  IN	  PATIENTS	  CO-‐

INFECTED	  WITH	  HEPATITIS	  C	  AND	  HIV	  CAN	  BE	  PREDICTED	  BY	  VARIATION	  IN	  IL28B	  AND	  
KIR2DS3	  GENES.	  

273 Kee MULTI-‐PATHWAY	  GENE	  DEREGULATION	  AND	  CHRONIC	  ACTIVATION
IN	  ETS1-‐DEFICIENT	  NATURAL	  KILLER	  CELLS

21 Kennedy THE	  CONTRIBUTION	  OF	  TELOMERIC	  KIR	  GENES	  TO	  SUCCESSFUL	  PREGNANCY
189 Killig ANALYZING	  AND	  MODELING	  THE	  DYNAMICS	  OF	  DIFFERENTIATING	  AND	  ADOPTIVELY	  

TRANSFERRED	  NK	  CELLS	  IN	  PATIENTS	  UNDERGOING	  HEMATOPOIETIC	  STEM	  CELL	  
TRANSPLANTATION	  (HSCT).

155 Kohrt Stimulation	  of	  natural	  killer	  cells	  with	  an	  anti-‐CD137	  antibody	  enhances	  the	  efficacy	  
trastuzumab,	  cetuximab,	  and	  rituximab	  in	  HER2-‐expressing	  breast	  cancer,	  EGFR+	  head	  and	  
neck	  cancer,	  and	  CD20+	  lymphoma

44 Kong Nonresolving	  inflammation	  accelerates	  HBV-‐induced	  liver	  tumor	  in	  an	  NK	  	  cells-‐dependent	  
manner

24 Kopcow CONVERSION	  OF	  PERIPHERAL	  BLOOD	  NK	  CELLS	  TO	  A	  DECIDUAL	  NK-‐LIKE	  PHENOTYPE	  BY	  A	  
COCKTAIL	  OF	  DEFINED	  FACTORS

148 Kornbluth NK	  Lytic-‐Associated	  Molecule	  Plays	  a	  Role	  in	  Myc-‐Induced	  Lymphomagenesis
85 Kotsch NK	  cells	  and	  CVB3	  induced	  myocarditis
4 Kovalenko HLA-‐DR	  EXPRESSION	  ASSESSMENT	  HELPS	  TO	  DISCRIMINATE	  PERIPHERAL	  BLOOD	  NK	  CELLS	  BY	  

FLOW	  CYTOMETRY
239 Krzewski LAMP1:	  NOT	  ONLY	  A	  MARKER	  BUT	  AN	  INTEGRAL	  COMPONENT	  OF	  NK	  CELL	  CYTOTOXIC	  

FUNCTION.
35 Kveberg NKR-‐P1G	  –	  AN	  INHIBITORY	  RECEPTOR	  IN	  THE	  GUT
68 Kӧrner INHIBITION	  OF	  KIR2DL2(+)	  NK	  CELLS	  VIA	  ENGAGEMENT	  OF	  THE	  INHIBITORY	  NK	  CELL	  

RECEPTOR	  KIR2DL2	  BY	  HIV	  PEPTIDE/HLA-‐Cw*0102	  COMPLEXES	  AS	  A	  POTENTIAL	  MECHANISM	  
TO	  EVADE	  NK	  CELL-‐MEDIATED	  IMMUNE	  PRESSURE

121 laksmikanth MHC	  CLASS	  I	  MOLECULES	  SET	  DIFFERENT	  THRESHOLDS	  FOR	  EDUCATION	  AND	  TARGET	  CELL	  
SENSITIVITY	  

135 Laureano NATURAL	  KILLER	  CELLS	  FOR	  THERAPY	  OF	  NEURAL	  TUMORS
127 Lauterbach NKG2A	  AND	  NKG2C	  DEPENDENT	  NK	  CELL	  ACTIVATION	  IS	  SHAPED	  BY	  HLA-‐E	  EXPRESSION	  AND	  

THE	  PEPTIDE	  PRESENTED	  BY	  HLA-‐E
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115 LE	  LUDUEC The	  “missing	  ligand”	  effect:	  	  unlicensed	  natural	  killer	  cells	  can	  dominate	  tumor	  killing	  in	  the	  
presence	  of	  monoclonal	  antibody.

31 Leibelt Restricted	  tissue	  expression	  of	  NKC-‐encoded	  mouse	  Clr	  molecules	  suggests	  involvement	  in	  
dedicated	  tissue-‐specific-‐immunosurveillance

81 Lenz STIMULATION	  OF	  DCs	  BY	  A	  SECRETED	  BACTERIAL	  PROTEIN	  ELICITS	  NK	  CELL	  ACTIVATION,	  ANTI-‐
BACTERIAL,	  AND	  ANTI-‐TUMOR	  RESPONSES.	  	  

202 Leong MICRO-‐RNA	  PROFILING	  OF	  HUMAN	  NK	  CELL	  SUBSETS	  IDENTIFIES	  MIR-‐24	  AS	  A	  CANDIDATE	  
TARGETING	  IFN-‐G

46 Li Blockade	  of	  Inhibitory	  Receptor	  NKG2A	  Reverses	  HBV-‐induced	  NK	  Cell	  Tolerance	  
254 Burstyn CIS	  ASSOCIATION	  OF	  LEUKOCYTE	  Ig-‐LIKE	  RECEPTOR	  1	  WITH	  MHC	  CLASS	  I	  LIMITS	  ACCESSIBILITY	  

TO	  ANTIBODIES	  AND	  UL18.
66 Lopez-‐Botet INFLUENCE	  OF	  CONGENITAL	  HUMAN	  CYTOMEGALOVIRUS	  INFECTION	  AND	  THE	  NKG2C	  

GENOTYPE	  ON	  NK	  CELL	  SUBSET	  DISTRIBUTION	  IN	  CHILDREN
256 López-‐Vergès TIM-‐3	  ON	  HUMAN	  NK	  CELLS	  SUPPRESSES	  CELL-‐MEDIATED	  CITOTOXICITY
102 Luetke-‐Eversloh MOLECULAR	  MECHANISMS	  OF	  IFN-‐g	  REGULATION	  DURING	  NK	  CELL	  DIFFERENTIATION	  

183 Luevano GENERATION	  OF	  NK	  CELLS	  FROM	  CORD	  BLOOD	  STEM	  CELLS,	  CHARACTERISATION	  AND	  
APPLICATION	  FOR	  IMMUNOTHERAPY

30 Lunemann CHARACTERISATION	  OF	  A	  DISTINCT	  SUBSET	  OF	  IMMUNOREGULATORY	  NK	  CELLS	  IN	  HUMAN	  
TONSILS.	  

53 Lunemann COMPREHENSIVE	  IMMUNE	  PHENOTYPING	  OF	  NATURAL	  KILLER	  CELLS	  IN	  HEPATITIS	  DELTA	  
VIRUS	  INFECTION

257 Ma TIM-‐3	  MEDIATED	  NK/CD8+	  T	  CELLS	  CROSS	  TALK	  IN	  CHRONIC	  HEPATITS	  B	  
230 Mace THE	  ROLE	  OF	  CORONIN	  1A	  IN	  NK	  CELL	  CYTOTOXICITY
3 Madera Pro-‐inflammatory	  cytokine	  signaling	  required	  for	  the	  generation	  of	  NK	  cell	  memory	  

227 Mahmood SHP-‐1	  PHOSPHATASE	  IS	  A	  CRITICAL	  REGULATOR	  IN	  PREVENTING	  NATURAL	  KILLER	  CELL	  SELF-‐
KILLING

99 Male CHARACTERISING	  THE	  E4bp4	  GENETIC	  PATHWAY	  IN	  NK	  DEVELOPMENT
272 Manpreet ETHNICITY	  INVALIDATES	  AN	  ASSOCIATION	  OF	  HLA	  AND	  KIR	  GENES	  IN

LIVER	  FIBROSIS	  PROGRESSION	  RELATED	  TO	  CHRONIC	  HEPATITIS	  C.
49 Margulies Murine	  CMV	  MHC-‐I-‐like	  Molecules	  -‐-‐	  Function,	  Structure,	  and	  Evolution	  of	  Homologs	  for	  

Immunoevasion
217 Mariano The	  T-‐Box	  Transcription	  Factor	  Eomesodermin	  Regulates	  Interferon-‐γ	  and	  	  Perforin	  Expression	  

in	  Human	  Natural	  Killer	  Cells
70 Marquardt The	  human	  NK	  cell	  response	  to	  the	  live	  attenuated	  yellow	  fever	  virus	  17D
80 Martin MODULATION	  OF	  THE	  EFFECT	  OF	  HLA-‐C	  EXPRESSION	  BY	  KIR2DS2	  AFFECTS	  HIV	  DISEASE	  

OUTCOME.
266 Matta REGULATION	  OF	  B7-‐H6	  EXPRESSION:	  A	  LIGAND	  FOR	  THE	  ACTIVATING	  NATURAL	  KILLER	  CELL	  

RECEPTOR	  NKP30	  IN	  HUMANS
55 Mavilio Engagement	  of	  NKp30	  on	  Vδ1	  T-‐cells	  induces	  the	  production	  of	  CCL3,	  CCL4	  and	  CCL5	  and	  

suppresses	  HIV-‐1	  replication
237 May DUAL	  SIGNALING	  PATHWAYS	  DEPENDENT	  UPON	  THE	  ADAPTOR	  PROTEIN	  SLP-‐76	  LEAD	  TO	  

DISTINCT	  NATURAL	  KILLER	  CELL	  EFFECTOR	  FUNCTIONS
196 Meehan Differential	  effects	  of	  transplant	  immunosuppressive	  drugs	  on	  NK	  cell	  function
238 Mehr HUMAN	  NK	  CELLS	  DIFFER	  MORE	  IN	  THEIR	  KIR2DL1-‐DEPENDENT	  THRESHOLDS	  FOR	  HLA-‐CW6-‐

MEDIATED	  INHIBITION	  THAN	  IN	  THEIR	  MAXIMAL	  KILLING	  CAPACITY
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231 Mentlik	  James Receptor	  and	  cytokine	  signaling	  requirements	  for	  lytic	  granule	  convergence	  to	  the	  MTOC
18 Michel MOUSE	  LUNG	  AND	  SPLEEN	  NK	  CELLS	  HAVE	  DIFFERENT	  CHARACTERISTICS,	  IN	  PART	  

INFLUENCED	  BY	  MACROPHAGES.
123 Michelo In	  vitro	  skewing	  of	  the	  human	  KIR	  repertoire	  leads	  to	  enhanced	  NK	  cell	  alloreactivity.
190 Miller FIRST	  IN	  HUMAN	  PHASE	  I	  TESTING	  OF	  IL-‐15	  TO	  ENHANCE	  ALLOGENEIC	  NK	  CELL	  ADOPTIVE	  

TRANSFER
242 Morvan EXPRESSION	  OF	  THE	  NKG2D	  LIGAND	  RAE-‐1	  ON	  DENDRITIC	  CELLS	  CAN	  IMPACT	  NK	  CELL	  

FUNCTION.
72 Moussa Identifying	  Cmv5,	  a	  genetic	  modulator	  of	  CMV	  resistance
36 Mueller Selective	  Infiltration	  of	  CD6-‐CD56bright	  NK	  cells	  into	  the	  synovial	  fluids	  of	  Rheumatoid	  

Arthritis	  and	  Osteoarthrosis	  Patients.
51 Muntasell RECOGNITION	  OF	  HUMAN	  CYTOMEGALOVIRUS	  BY	  NK	  CELLS
178 Nayak CD16+/Perforin+	  Lymphocytes	  (NK	  Cells)	  Regulate	  Autoimmunity	  in	  Multiple	  Sclerosis	  by	  

Cytolysis	  of	  Antigen	  Laden	  Cells	  in	  the	  Peripheral	  Blood.	  
229 Netter Hit	  and	  run	  –	  Analysis	  of	  NK	  cell	  detachment	  from	  target	  cells
245 O'Connor RESOLUTION	  OF	  KIR3DL1-‐pHLA	  STRUCTURE	  PROVIDES	  INSIGHT	  INTO	  HLA	  SPECIFICITY	  AND	  

PEPTIDE	  SENSITIVITY
94 Olofsson TIME-‐LAPSE	  IMAGING	  OF	  NK	  CELL	  MIGRATION	  IN	  3-‐D	  COLLAGEN	  MATRICES	  FORMED	  IN	  

MICROWELLS
97 Önfelt ULTRASOUND	  MEDIATED	  CELL	  AGGREGATION	  IN	  MULTIWELL	  MICROCHIPS	  FACILITATES	  

STUDIES	  OF	  INTERACTIONS	  BETWEEN	  NATURAL	  KILLER	  CELLS	  AND	  TARGET	  CELLS	  
138 Pahl NK	  cell	  cytolytic	  hyporesponsiveness	  induced	  by	  sarcoma	  cells	  can	  be	  overcome	  by	  triggering	  

antibody-‐dependent	  cytotoxicity
218 Partida-‐

Rodríguez
MICA	  POLYMORPHISM	  AND	  GASTRODUODENAL	  LESIONS	  IN	  MEXICAN	  POPULATION	  INFECTED	  
BY	  HELICOBACTER	  PYLORI	  

7 Paust NATURAL	  KILLER	  CELL	  MEDIATED	  ADAPTIVE	  IMMUNITY	  IS	  TRANSFERRABLE	  BY	  SOMATIC	  CELL	  
NUCLEAR	  TRANSFER.	  

184 Pende NK	  CELLS	  IN	  HAPLO-‐HSCT	  UPON	  INFUSION	  OF	  EITHER	  CD34+	  OR	  TCR	  αβ/CD19-‐DEPLETED	  
CELLS.	  

39 Peng DX5-‐	  CD49a+	  NK	  cells	  represent	  a	  unique	  liver-‐specific	  NK-‐cell	  subset
48 Peppa SUSCEPTIBILITY	  OF	  T	  CELLS	  TO	  NK	  CELL	  DEATH	  LIGAND-‐	  	  MEDIATED	  DELETION	  IN	  THE	  LIVER	  OF	  

CHRONIC	  HEPATITIS	  B	  	  VIRUS	  INFECTED	  PATIENTS	  	  
147 PEREZ NKG2D	  RECEPTOR	  IN	  CANCER
17 Perez-‐Diez RESIDENT	  PERITONEAL	  NK	  CELLS
143 Phatarpekar STAT3	  ACTIVATION	  PROMOTES	  NKG2D	  EXPRESSION	  AND	  ANTI-‐TUMOR	  ACTIVITY	  OF	  NK	  CELLS
145 Pogge	  von	  

Strandmann
BISPECIFIC	  ANTIBODIES	  RESTORE	  THE	  IMPAIRED	  NK	  CELL	  FUNCTION	  IN	  HODGKIN	  LYMPHOMA	  	  
-‐	  IN	  VITRO	  AND	  IN	  PATIENTS	  

156 Pogge	  von	  
Strandmann

INHIBITION	  OF	  HISTONE	  DEACETYLASEN	  (HDACs)	  IN	  HODGKIN	  LYMPHOMA	  CELL	  lines:	  DIRECT	  
EFFECTS	  AND	  IMPACT	  ON	  LYMPHOCYTES

168 Poli INTRACRANIAL	  ADMINISTRATION	  OF	  ACTIVATED	  NK	  CELLS	  AND	  MAB9.2.27	  AGAINST	  
NG2/CSPG4	  ACTIVATES	  MICROGLIA	  CYTOTOXICITY	  AND	  PROLONGS	  SURVIVAL	  IN	  A	  RAT	  
MODEL	  OF	  GLIOBLASTOMA

209 Presnell DIFFERENTIAL	  TRANSCRIPTION	  FACTOR	  USE	  BY	  THE	  KIR2DL4	  PROMOTER	  UNDER	  
CONSTITUTIVE	  AND	  IL-‐2/15-‐TREATED	  CONDITIONS.	  

27 Puga	  Yung ISOLATION	  OF	  INTRAHEPATIC	  NK	  CELLS	  FOR	  PHENOTYPIC	  AND	  FUNCTIONAL	  ASSAYS
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251 Purdy THE	  AP2	  CLATHRIN	  ADAPTOR	  MEDIATES	  ENDOCYTOSIS	  AND	  INFLUENCES	  INHIBITORY	  
FUNCTION	  OF	  KIR3DL1

38 Rajagopalan CELLULAR	  SENESCENCE	  INDUCED	  BY	  SOLUBLE	  CD158D	  LIGANDS	  IN
HUMAN	  NK	  CELLS	  PROMOTES	  VASCULAR	  REMODELING.

139 Ray ACTIVITY	  OF	  EXPANDED	  NATURAL	  KILLER	  CELLS	  AGAINST	  CHILDHOOD	  CANCERS	  USING	  THE	  
PEDIATRIC	  PRECLINICAL	  TESTING	  PROGRAM	  IN	  VITRO	  CELL	  LINE	  PANEL

213 Redelman NK	  CELL	  DIFFERENTIATION	  AND	  Ly49	  EXPRESSION
250 Reiners RIG-‐I	  STIMULATION	  INDUCES	  THE	  RELEASE	  OF	  KNOWN	  AND	  PUTATIVE	  LIGANDS	  FOR	  NKP30,	  

NKP46	  AND	  NKG2D	  VIA	  EXOSOMES
131 RETIERE KIR3DL1high	  NK	  CELL	  FREQUENCY	  IS	  NOT	  INFLUENCED	  BY	  AUTOLOGOUS	  Bw4	  LIGAND	  BUT	  IS	  

DETERMINED	  BY	  A	  STOCHASTIC	  ANS	  ALLELIC	  KIR3DL1	  EXCLUSION	  AND	  CO-‐EXPRESSION	  OF	  
BOTH	  KIR3DL1	  ALLELES

192 RETIERE THE	  DELETERIOUS	  IMPACT	  OF	  ACTIVATING	  KIR	  NK	  CELLS	  ON	  UMBILICAL	  CORD	  BLOOD	  
ENGRAFTMENT

179 Richter GlcNAc	  GLYCOCONJUGATE	  TREATMENT	  AFFECTS	  NK	  CELL	  REGULATORY	  FUNCTION	  IN	  MOUSE	  
MODEL	  OF	  RHEUMATOID	  ARTHRITIS	  (CIA)

180 Riise Human	  NK	  cells	  induce	  neutrophil	  apoptosis	  via	  an	  NKp46-‐	  and	  Fas-‐dependent	  mechanism
212 Risma HYPOMORPHIC	  MUTATIONS	  IN	  PERFORIN	  IMPAIR	  PROTEOLYTIC	  MATURATION	  AND	  

SECRETORY	  GRANULE	  TARGETING
169 Roberti IMMUNOLOGIC	  STRATEGIES	  IN	  TRIPLE	  NEGATIVE	  BREAST	  CANCER:	  RESTORING	  THE	  FUNCTION	  

OF	  NK	  CELLS
154 Rudnicka REORGANISATION	  OF	  CELL	  SURFACE	  CD20	  BY	  RITUXIMAB	  AUGMENTS	  THE	  EFFICIENCY	  OF	  

ANTIBODY-‐DEPENDENT	  CELLULAR	  CYTOTOXICITY
73 Ryan Combined	  Tuning	  and	  Licensing	  Effects	  of	  Polymorphic	  2-‐Domain	  and	  3-‐Domain	  Killer	  Cell	  

Immunoglobulin-‐like	  Receptors	  Predict	  Spontaneous	  Resolution	  of	  Hepatitis	  C	  Virus
252 Saether RAT	  AND	  MOUSE	  CD94	  ASSOCIATE	  DIRECTLY	  WITH	  THE	  ACTIVATING	  TRANSMEMBRANE	  

ADAPTOR	  PROTEINS	  DAP12	  AND	  DAP10	  AND	  ACTIVATE	  NK	  CELL	  CYTOTOXICITY
29 Sanchez Lymphocyte-‐Based	  Renin	  Angiotensin	  Systems	  in	  the	  Pathogenesis	  of	  Pre-‐eclampsia
208 Sanderson THE	  UNIQUE	  EXPANSION	  OF	  TWO	  ANCIENT	  KIR	  LINEAGES	  IN	  CATTLE
91 Sang-‐ki Ex	  vivo	  expanded	  canine	  cytotoxic	  large	  granular	  lymphocytes	  exhibiting	  characteristics	  of	  NK	  
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ATMOSPHERIC	  AND	  HYPOXIC	  OXYGEN	  LEVELS	  

164 Grobarova THE	  NKR-‐P1C-‐CARBOHYDRATE	  INTERACTION	  PROMOTES	  ANTITUMOR	  RESPONSE	  OF	  NK	  
CELLS.

165 Auth Activation	  of	  allogeneic	  NK	  cells	  to	  overcome	  tumour	  immune	  escape
166 Ardolino MHC-‐I-‐DEFICIENT	  TUMOR	  MICRO-‐ENVIRONMENT	  INDUCES	  NK	  CELL	  DISARMING.
167 Cho INTERLEUKIN-‐21	  INCREASES	  DIRECT	  CYTOTOXICITY	  AND	  IFN-‐γ	  	  PRODUCTION	  OF	  EX	  VIVO	  

EXPANDED	  NK	  CELLS	  AGAINST	  BREAST	  CANCER	  CELLS.	  
168 Poli INTRACRANIAL	  ADMINISTRATION	  OF	  ACTIVATED	  NK	  CELLS	  AND	  MAB9.2.27	  AGAINST	  

NG2/CSPG4	  ACTIVATES	  MICROGLIA	  CYTOTOXICITY	  AND	  PROLONGS	  SURVIVAL	  IN	  A	  RAT	  
MODEL	  OF	  GLIOBLASTOMA

169 Roberti IMMUNOLOGIC	  STRATEGIES	  IN	  TRIPLE	  NEGATIVE	  BREAST	  CANCER:	  RESTORING	  THE	  
FUNCTION	  OF	  NK	  CELLS

170 Dulphy DEFECTIVE	  CD56bright	  NK	  CELLS	  INCREASE	  THE	  RELAPSE	  RISK	  OF	  ACUTE	  MYELOID	  
LEUKEMIA	  PATIENTS

171 Catros Altered	  number	  and	  functional	  activity	  of	  peripheral	  blood	  Vγ9Vδ2	  T	  cells	  in	  ovarian	  
cancer

172 Guma NK	  CELL	  THERAPY	  AND	  AEROSOL	  IL-‐2	  FOR	  OS	  TREATMENT	  
173 Zhang IMPAIRED	  NK	  CELL	  FUNCTIONS	  WERE	  RECOVERED	  BY	  BLOCKING	  	  OVER-‐ACTIVATED	  STAT3	  

IN	  HCC	  CELLS.	  
174 Zheng ACTIVITY	  OF	  CD56DIM	  NK	  CELLS	  WERE	  IMPAIRED	  BY	  FACTORS	  INMALIGNANT	  PLEURAL	  

EFFUSION	  
175 Jin CD11b-‐CD27-‐	  phenotype	  and	  impaired	  function	  of	  Natural	  killer	  cells	  in	  infiltrating	  Non-‐

small-‐cell	  lung	  carcinoma
176 Fu MITOXANTRONE	  INDUCES	  NK	  CELL	  MATURATION	  OF	  SECONDARY	  PROGRESSIVE	  

MULTIPLE	  SCLEROSIS	  PATIENTS
177 Gasteiger NK	  CELL	  TOLERANCE	  IN	  THE	  ABSENCE	  OF	  REGULATORY	  T	  CELLS
178 Nayak CD16+/Perforin+	  Lymphocytes	  (NK	  Cells)	  Regulate	  Autoimmunity	  in	  Multiple	  Sclerosis	  by	  

Cytolysis	  of	  Antigen	  Laden	  Cells	  in	  the	  Peripheral	  Blood.	  
179 Richter GlcNAc	  GLYCOCONJUGATE	  TREATMENT	  AFFECTS	  NK	  CELL	  REGULATORY	  FUNCTION	  IN	  

MOUSE	  MODEL	  OF	  RHEUMATOID	  ARTHRITIS	  (CIA)
180 Riise Human	  NK	  cells	  induce	  neutrophil	  apoptosis	  via	  an	  NKp46-‐	  and	  Fas-‐dependent	  mechanism

181 Harris NATURAL	  KILLER	  CELL	  SUBSETS	  IN	  MULTIPLE	  SCLEROSIS
183 Luevano GENERATION	  OF	  NK	  CELLS	  FROM	  CORD	  BLOOD	  STEM	  CELLS,	  CHARACTERISATION	  AND	  

APPLICATION	  FOR	  IMMUNOTHERAPY
184 Pende NK	  CELLS	  IN	  HAPLO-‐HSCT	  UPON	  INFUSION	  OF	  EITHER	  CD34+	  OR	  TCR	  αβ/CD19-‐DEPLETED	  

CELLS.	  
185 Champlin ADMINISTRATION	  OF	  ALLOREACTIVE	  NK	  CELLS	  WITH	  ALLOGENEIC	  STEM	  CELL	  

TRANSPLANTATION;	  A	  PHASE	  I	  STUDY	  	  
187 Falk NK	  CELLS	  in	  KIDNEY	  TRANSPLANTATION



188 Twu MOUSE	  AML	  STEM	  CELLS	  ARE	  RESISTANT	  TO	  HAPLO-‐IDENTICAL	  NK	  CELLS.	  
189 Killig ANALYZING	  AND	  MODELING	  THE	  DYNAMICS	  OF	  DIFFERENTIATING	  AND	  ADOPTIVELY	  

TRANSFERRED	  NK	  CELLS	  IN	  PATIENTS	  UNDERGOING	  HEMATOPOIETIC	  STEM	  CELL	  
TRANSPLANTATION	  (HSCT).

190 Miller FIRST	  IN	  HUMAN	  PHASE	  I	  TESTING	  OF	  IL-‐15	  TO	  ENHANCE	  ALLOGENEIC	  NK	  CELL	  ADOPTIVE	  
TRANSFER

191 Zhao Different	  	  predictor	  roles	  of	  	  natural	  killer	  cell	  receptor	  genes	  	  and	  the	  	  missing	  self	  model	  	  
or	  	  ligand-‐ligand	  model	  on	  survival	  after	  HLA-‐mismatched	  transplantation	  without	  T	  cells	  
depletion	  	  in	  vitro	  

192 RETIERE THE	  DELETERIOUS	  IMPACT	  OF	  ACTIVATING	  KIR	  NK	  CELLS	  ON	  UMBILICAL	  CORD	  BLOOD	  
ENGRAFTMENT

193 Boudreau KIR3DL1/S1	  AND	  HLA-‐B	  ALLELES	  COMBINE	  TO	  INFLUENCE	  UNRELATED	  HEMATOPOIETIC	  
STEM	  CELL	  TRANSPLANTATION	  OUTCOMES.

194 Fabritius The	  killer-‐cell	  immunoglobulin-‐like	  receptor	  (KIR)	  genotype	  correlates	  with	  acute	  kidney	  
failure	  in	  the	  early	  post-‐	  liver	  transplantation	  period

195 Doisne Inactivation	  of	  the	  PI3K	  isoform	  p110δ	  improves	  the	  outcome	  of	  allogeneic	  hematopoietic	  
cell	  transplantation	  in	  mice.

196 Meehan Differential	  effects	  of	  transplant	  immunosuppressive	  drugs	  on	  NK	  cell	  function
197 Choi microRNA-‐27a*	  REGULATES	  NK	  ACTIVITY	  BY	  TARGETTING	  PERFORIN	  1	  AND	  GRANZYME	  B.
198 Sun REQUIREMENT	  OF	  MIR-‐155	  FOR	  NK	  CELL	  AND	  CD8+	  T	  CELL	  RESPONSES	  AGAINST	  VIRAL	  

INFECTION
199 Davidson AP-‐1	  Regulation	  of	  LIR-‐1	  Transcription	  in	  NK	  Cells
200 Guethlein MODULAR	  VARIATION	  OF	  ORANGUTAN	  KIR	  HAPLOTYPES
201 Blokhuis ORIGIN	  SPECIFIC	  ADAPTATION	  OF	  NK	  CELL	  RECEPTORS	  IN	  NON-‐HUMAN	  PRIMATES
202 Leong MICRO-‐RNA	  PROFILING	  OF	  HUMAN	  NK	  CELL	  SUBSETS	  IDENTIFIES	  MIR-‐24	  AS	  A	  CANDIDATE	  

TARGETING	  IFN-‐G
204 Cichocki Characterization	  of	  a	  Deep	  Intronic	  Mutation	  in	  UNC13D	  that	  Causes	  Familial	  

Hemophagocytic	  Lymphohisiocytosis	  Type	  3	  (FHL3)
205 Holmes ACTIVATION	  OF	  HUMAN	  NK	  CELLS	  BY	  TUMOUR	  CELLS	  OR	  DURING	  VIRAL	  INFECTION	  LEADS	  

TO	  EXPRESSION	  OF	  TNFSF14/LIGHT,	  A	  MODULATOR	  OF	  ADAPTIVE	  IMMUNITY.
206 Sullivan MICRO-‐RNA	  DEFICIENT	  NK	  CELLS	  EXHIBIT	  ENHANCED	  FUNCTION,	  WITH	  A	  ROLE	  FOR	  THE	  

MIR-‐15/16	  FAMILY	  IN	  IFN-‐GAMMA	  REGULATION
207 Sullivan MIR-‐155	  REGULATES	  LY49	  EXPRESSION	  AND	  IFN-‐GAMMA	  PRODUCTION	  BY	  NK	  CELLS.
208 Sanderson THE	  UNIQUE	  EXPANSION	  OF	  TWO	  ANCIENT	  KIR	  LINEAGES	  IN	  CATTLE
209 Presnell DIFFERENTIAL	  TRANSCRIPTION	  FACTOR	  USE	  BY	  THE	  KIR2DL4	  PROMOTER	  UNDER	  

CONSTITUTIVE	  AND	  IL-‐2/15-‐TREATED	  CONDITIONS.	  
210 Trotta MIR-‐155	  REGULATES	  IFN-‐g	  	  PRODUCTION	  IN	  NATURAL	  KILLER	  CELLS
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211 Trowsdale Copy	  number	  variation	  leads	  to	  considerable	  diversity	  for	  KIR	  B,	  but	  not	  A,	  Haplotypes
212 Risma HYPOMORPHIC	  MUTATIONS	  IN	  PERFORIN	  IMPAIR	  PROTEOLYTIC	  MATURATION	  AND	  

SECRETORY	  GRANULE	  TARGETING
213 Redelman NK	  CELL	  DIFFERENTIATION	  AND	  Ly49	  EXPRESSION
214 Hong UNRAVELING	  ONTOGENIC	  RELATIONSHIPS	  BETWEEN	  NK	  CELL	  SUBSETS	  BY	  HIGH-‐

THROUGHPUT	  REAL-‐TIME	  QRT-‐PCR
215 Fainboim INCREASED	  GENE	  FREQUENCY	  OF	  KIR2DS4	  IN	  AUTOIMMUNE	  HEPATITIS.
216 Trowsdale HLA	  Class	  1	  Allelic	  Sequence	  and	  Conformation	  Regulate	  Leukocyte	  IG-‐like	  receptor	  (LILR)	  

binding.
217 Mariano The	  T-‐Box	  Transcription	  Factor	  Eomesodermin	  Regulates	  Interferon-‐γ	  and	  	  Perforin	  

Expression	  in	  Human	  Natural	  Killer	  Cells
218 Partida-‐Rodríguez MICA	  POLYMORPHISM	  AND	  GASTRODUODENAL	  LESIONS	  IN	  MEXICAN	  POPULATION	  

INFECTED	  BY	  HELICOBACTER	  PYLORI	  
219 Dong Molecular	  elucidation	  of	  SAP	  activities	  in	  NK	  cell	  activation
220 Fan FADD	  cleavage	  by	  NK	  cell	  granzyme	  M	  enhances	  its	  self-‐association	  to	  recruit	  procaspase-‐

8	  for	  auto-‐processing	  
221 Watzl CD107a	  PROTECTS	  NATURAL	  KILLER	  CELLS	  FROM	  DEGRANULATION-‐ASSOCIATED	  DAMAGE

222 Glatzer STIMULATION	  VIA	  ACTIVATING	  RECEPTORS	  OR	  CYTOKINES	  INDUCES	  DIVERGENT	  
SIGNATURES	  IN	  RORgt+	  INNATE	  LYMPHOID	  CELLS	  	  

223 Senyukov IL21	  PROMOTES	  TELOMERE	  ELONGATION	  IN	  NK	  CELLS	  THROUGH	  STAT3-‐DEPENDENT	  UP-‐
REGULATION	  OF	  hTERT	  EXPRESSION

224 Todros-‐Dawda The	  tetraspanin	  CD53	  reduces	  signaling	  from	  activating	  Ly49	  receptors.
225 Sun NATURAL	  KILLER	  CELLS-‐PRODUCED	  IFN-‐γ	  AND	  TNF-‐α	  INDUCE	  TARGET	  CELLS	  CYTOLYSIS	  

THROUGH	  UP-‐REGULATION	  OF	  ICAM-‐1
226 Jansch Characterizing	  Protein	  Kinases	  involved	  in	  NK	  Cell	  Activation
227 Mahmood SHP-‐1	  PHOSPHATASE	  IS	  A	  CRITICAL	  REGULATOR	  IN	  PREVENTING	  NATURAL	  KILLER	  CELL	  

SELF-‐KILLING
228 Gumbleton SHIP1	  HAS	  AN	  INTRINSIC	  EFFECT	  ON	  NK	  CELL	  FUNCTION
229 Netter Hit	  and	  run	  –	  Analysis	  of	  NK	  cell	  detachment	  from	  target	  cells
230 Mace THE	  ROLE	  OF	  CORONIN	  1A	  IN	  NK	  CELL	  CYTOTOXICITY
231 Mentlik	  James Receptor	  and	  cytokine	  signaling	  requirements	  for	  lytic	  granule	  convergence	  to	  the	  MTOC
232 Agnihotri Spatial	  clustering	  plays	  an	  important	  role	  in	  generating	  biphasic	  response	  in	  NK	  cells
233 Alvarez H2Dd-‐Ly49A	  CIS	  INTERACTIONS	  LIMITS	  Ly49A+	  NK	  DEPLETION	  BY	  YE1/32	  ANTIBODY	  

REVELING	  A	  PREVIOUSLY	  UNKNOWN	  PARTIAL	  AGONISTIC	  ACTIVITY	  
234 Veillette NK	  CELL	  REGULATION	  BY	  SAP	  FAMILY	  ADAPTORS
235 Simhadri CD300A	  BINDS	  TO	  PHOSPHATIDYLSERINE	  AND	  PHOSPHATIDYLETHANOLAMINE	  AND	  

INHIBITS	  THE	  UPTAKE	  OF	  APOPTOTIC	  CELLS	  BY	  MACROPHAGES.
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236 Yossef Dimerization	  of	  NKp46	  receptor	  is	  essential	  for	  NKp46-‐mediated	  lysis:	  characterization	  of	  
the	  dimerization	  site	  by	  epitope	  mapping

237 May DUAL	  SIGNALING	  PATHWAYS	  DEPENDENT	  UPON	  THE	  ADAPTOR	  PROTEIN	  SLP-‐76	  LEAD	  TO	  
DISTINCT	  NATURAL	  KILLER	  CELL	  EFFECTOR	  FUNCTIONS

238 Mehr HUMAN	  NK	  CELLS	  DIFFER	  MORE	  IN	  THEIR	  KIR2DL1-‐DEPENDENT	  THRESHOLDS	  FOR	  HLA-‐
CW6-‐MEDIATED	  INHIBITION	  THAN	  IN	  THEIR	  MAXIMAL	  KILLING	  CAPACITY

239 Krzewski LAMP1:	  NOT	  ONLY	  A	  MARKER	  BUT	  AN	  INTEGRAL	  COMPONENT	  OF	  NK	  CELL	  CYTOTOXIC	  
FUNCTION.

240 Gasser H-‐RasV12	  Induces	  Expression	  of	  Raet1	  Family	  NK	  Receptor	  Ligands.	  
241 Brown Super-‐resolution	  imaging	  of	  synaptic	  actin	  reveals	  different	  synergies	  between	  NK	  cell	  

receptors	  and	  integrins
242 Morvan EXPRESSION	  OF	  THE	  NKG2D	  LIGAND	  RAE-‐1	  ON	  DENDRITIC	  CELLS	  CAN	  IMPACT	  NK	  CELL	  

FUNCTION.
243 Brooks RECOGNITION	  OF	  HLA-‐A	  and	  HLA-‐B	  ALLOTYPES	  BY	  KIR3DL1.
244 Chan Functional	  characterisation	  of	  CD96	  reveals	  its	  role	  as	  a	  negative	  regulator	  of	  NK	  cell	  

function	  and	  innate	  immunity
245 O'Connor RESOLUTION	  OF	  KIR3DL1-‐pHLA	  STRUCTURE	  PROVIDES	  INSIGHT	  INTO	  HLA	  SPECIFICITY	  AND	  

PEPTIDE	  SENSITIVITY
246 Björkström High-‐Resolution	  Analysis	  of	  KIR	  Expression	  on	  CD8	  T	  Cells
247 Grier A	  ROLE	  FOR	  CD16	  (FCγRIIIA)	  IN	  NATURAL	  KILLER	  CELL	  SPONTANEOUS	  CYTOTOXICITY	  

UNCOVERED	  BY	  HUMAN	  CD16	  MUTATION
248 Hadad PCNA	  IS	  A	  NOVEL	  INHIBITORY	  LIGAND	  OF	  NKp44	  RECEPTOR
249 Trowsdale Oscar	  is	  a	  collagen	  receptor	  that	  Co-‐Stimulates	  osteoclastogenesis
250 Reiners RIG-‐I	  STIMULATION	  INDUCES	  THE	  RELEASE	  OF	  KNOWN	  AND	  PUTATIVE	  LIGANDS	  FOR	  

NKP30,	  NKP46	  AND	  NKG2D	  VIA	  EXOSOMES
251 Purdy THE	  AP2	  CLATHRIN	  ADAPTOR	  MEDIATES	  ENDOCYTOSIS	  AND	  INFLUENCES	  INHIBITORY	  

FUNCTION	  OF	  KIR3DL1
252 Saether RAT	  AND	  MOUSE	  CD94	  ASSOCIATE	  DIRECTLY	  WITH	  THE	  ACTIVATING	  TRANSMEMBRANE	  

ADAPTOR	  PROTEINS	  DAP12	  AND	  DAP10	  AND	  ACTIVATE	  NK	  CELL	  CYTOTOXICITY
253 Hammond CATTLE	  NKp30	  IS	  AN	  NK	  CELL	  RECEPTOR	  DIFFERENTIALLY	  EXPRESSED	  BETWEEN	  

INDIVIDUALS	  AND	  UPREGULATED	  ON	  ACTIVATED	  NK	  CELLS
254 Burshtyn CIS	  ASSOCIATION	  OF	  LEUKOCYTE	  Ig-‐LIKE	  RECEPTOR	  1	  WITH	  MHC	  CLASS	  I	  LIMITS	  

ACCESSIBILITY	  TO	  ANTIBODIES	  AND	  UL18.
255 Shibuya Identification	  of	  phosphatidylserine	  as	  a	  ligand	  for	  the	  CD300a	  immunoreceptor.	  	  
256 López-‐Vergès TIM-‐3	  ON	  HUMAN	  NK	  CELLS	  SUPPRESSES	  CELL-‐MEDIATED	  CITOTOXICITY
257 Ma TIM-‐3	  MEDIATED	  NK/CD8+	  T	  CELLS	  CROSS	  TALK	  IN	  CHRONIC	  HEPATITS	  B	  
258 Gleason TIM-‐3	  IS	  AN	  INDUCIBLE	  HUMAN	  NATURAL	  KILLER	  CELL	  RECEPTOR	  THAT	  ENHANCES	  

INTERFERON	  GAMMA	  PRODUCTION	  IN	  RESPONSE	  TO	  GALECTIN-‐9.
259 Fu XENORECOGNITION	  OF	  MOUSE	  MHC-‐I	  BY	  D0	  DOMAIN	  OF	  KIR3DL1
260 Thibault ADAM17	  mediates	  the	  shedding	  of	  FcγRIIIa/CD16A	  on	  activated	  NK	  Cells
261 Ivanova SOLVED	  THREE	  DIMENSIONAL	  STRUCTURES	  OF	  NKR-‐P1	  PROVIDE	  MOLECULAR	  PARADIGMS	  

FOR	  ITS	  INTERACTION	  WITH	  GLYCOPROTEIN	  AND	  CARBOHYDRATE	  LIGANDS
262 Hilton STRENGTH	  AND	  SPECIFICITY	  OF	  KILLER-‐CELL	  IMMUNOGLOBULIN-‐LKE	  RECEPTORS	  FOR	  HLA-‐

C	  ARE	  CONTROLLED	  BY	  POSITIVELY	  SELECTED	  POSITIONS	  IN	  THE	  MHC-‐BINDING	  REGION
263 Herrmann INSECT	  CELLS	  TO	  ANALYZE	  THE	  INDIVIDUAL	  INTERACTION	  BETWEEN	  THE	  HUMAN	  

ACTIVATING	  NATURAL	  KILLER	  CELL	  RECEPTOR	  NKp30	  AND	  ITS	  LIGAND	  B7H6	  	  



264 Hartmann THE	  STALK	  DOMAIN	  AND	  THE	  GLYCOSYLATION	  STATUS	  OF	  THE	  ACTIVATING	  NATURAL	  
KILLER	  CELL	  RECEPTOR	  NKP30	  ARE	  IMPORTANT	  FOR	  LIGAND	  BINDING

265 Kaudeer A	  SOLUBLE	  FRAGMENT	  OF	  THE	  NKp30	  LIGAND	  BAG-‐6	  INHIBITES	  NK	  CELL	  CYTOTOXICITY
266 Matta REGULATION	  OF	  B7-‐H6	  EXPRESSION:	  A	  LIGAND	  FOR	  THE	  ACTIVATING	  NATURAL	  KILLER	  

CELL	  RECEPTOR	  NKP30	  IN	  HUMANS
267 Hou CD226	  involves	  in	  immune	  synapse	  formation	  and	  triggers	  NK	  cells	  	  activation	  via	  its	  first	  

extracellular	  domain.	  	  
268 Bi Crystallization	  and	  preliminary	  X-‐ray	  	  diffraction	  of	  NK	  cell	  inhibitory	  	  receptor	  TIGIT
269 Chen THE	  UNFOLDED	  PROTEIN	  RESPONSE	  	  INDUCES	  THE	  RESISTANCE	  OF	  	  HEPATOMA	  CELLS	  TO	  

NK	  	  CELLS’	  	  CYTOTOXICITY
270 Hwang Identification	  of	  human	  NK	  cells	  with	  signaling	  FcRg	  chain	  deficiency	  and	  specialized	  

functional	  activity
271 Wels Retargeted	  Natural	  Killer	  Cells	  for	  Adoptive	  Cancer	  Immunotherapy
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VIRAL EVASION OF ADAPTIVE AND INNATE IMMUNITY 
ILLUSTRATE MISSING-SELF 

Wayne M. Yokoyama1 

1Howard Hughes Medical Institute, and Rheumatology Division, Washington 
University School of Medicine, St. Louis, MO 63110 

Viral infections induce a bewildering array of host immune responses, some of 
which are bystander events. Major clues to the most relevant responses are 
highlighted by the viruses themselves which encode molecules targeting specific 
host immune defense molecules. Our laboratory studies orthopoxviruses, 
particularly cowpox virus (CPXV), which is endemic in wild rodents making it 
suitable for host-pathogen investigations in experimental mice. CPXV also has 
the largest orthopoxvirus genome, suggesting it may be especially useful for 
studying viral immune evasion. Indeed, as illustrated by our laboratory and 
others, CPXV is unique among the orthopoxviruses in its ability to down-regulate 
expression of major histocompatibility complex class I (MHC-I) molecules on 
infected cells. We previously identified two CPXV open reading frames (ORFs) 
which use distinct mechanisms to interfere with MHC-I expression. A mutant 
virus with deletions of both ORFs completely lacked the ability to down-regulate 
MHC-I, and displayed reduced virulence in vivo. Virulence was restored by 
depletion of CD8+ T cells, providing the first clear-cut example of the in vivo 
relevance of viral-induced MHC-I down-regulation to evade CD8+ T cell immunity. 
In recent studies, we showed that CPXV-mediated MHC-I down-regulation did 
not affect virus-specific CD8+ T cell priming whereas their effector responses 
were thwarted. On the other hand, the missing-self hypothesis for natural killer 
(NK) cells predicts that down-regulation of MHC-I should lead to enhanced 
effector responses by NK cells, components of the innate immune system. 
However, CPXV encodes a soluble, high affinity antagonist of an NK cell 
activation receptor, NKG2D, that prevented NK cell stimulation. Thus, studies of 
immune evasion by orthopoxviruses revealed physiologically relevant adaptive 
and innate immune mechanisms for anti-viral defense, together illustrating the 
principle of missing-self.   Sponsors: Midwest Regional Center of Excellence for 
Biodefense and Emerging Infectious Diseases Research, and HHMI 
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PERTURBED NK CELL EDUCATION OR MISSING SELF RESPONSES: EFFECTS 
ON REJECTION OF NORMAL AND TUMOR CELLS.  Klas Kärre**1, Arnika Wagner1, 
Stina Wickström1, Rossana Tallerico1,3, Sadia Salam1, Lakshmikanth Tadepally1, Petter 
Brodin2,  Linda Öberg1, Sofia Johansson1, Hanna Brauner1, Ennio Carbone1,3, Petter 
Höglund2, Maria Johansson1. 1Department of Microbiology, Tumor and Cell Biology and  
2Dept of Medicine, Karolinska Institutet, Sweden; 3University of Catanzaro “Magna Graecia”, 
Italy. 

NK cells adapt to host MHC class I molecules. In the mouse, this education process 
influences two endpoints –  the frequency distribution of NK subsets as defined by the 
combination of expressed Ly49 receptors (systemic level), and cellular responsiveness within 
each subset (single cell level). Studies by us and other groups support that cellular 
responsiveness can be regulated continuously and reversibly along a scale where NK cells in 
the extremes may appear as fully licensed or profoundly disarmed. The degree of inhibitory 
input via Ly49  receptors is considered to be a major regulatory factor in this rheostat model. 
The hypothesis and alternative models generate interesting predictions and questions 
regarding NK cell behavior in different clinical situations where the inhibitory input is 
perturbed by quantitative or qualitative changes in the surrounding MHC class I molecules 
and inhibitory input to NK  cells. The presentation will discuss different situations where 
mature or developing NK cells are exposed to perturbed inhibitory input in vivo, such as 
hematopoetic transplantation, adoptive transfer of mature NK cells, mixed hematopoetic 
chimerism and antibody mediated blockade of NK receptors. We ask if and how rapidly NK 
cells adapt to the altered environment, and we are particularly interested in comparing effects 
on ”missing self” induced rejection of normal and tumor cells. This has been tested also in a 
mouse strain displaying a profound impairment in missing self responses, despite normal 
number of NK cells. For further brief descriptions of experimental systems and results, please 
refer to abstracts by Wagner et al, Wickström et al, Salam et al. A general impression from 
our studies is that even if the NK system is tuned to robust tolerance visavi normal host cells 
that fail to express critical self MHC class I molecules, it may still reject efficiently after 
recognition of the same missing self phenotype when displayed by malignant cells.    
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Recognition of H2-M3 by Ly49A regulates mouse natural killer cell licensing 
and activation.  
Daniel M. Andrews1**, Nikola Baschuk1, Christopher J. Chan1, Lucy C. Sullivan2, 
Jie Lin2, Chyung-Ru Wang3, Anthony A. Scalzo4, Wayne M. Yokoyama5, Andrew 
G. Brooks2 and Mark J. Smyth1. 1Peter MacCallum Cancer Centre, Australia. 
2University of Melbourne, Australia. 3 Northwestern University, Chicago. Lions 
Eye Institute, Western Australia 5Howard Hughes Medical Institute, Washington 
University School of Medicine, St Louis. 
 
INTRODUCTION. Natural Killer (NK) cell target specificity results from a complex 
expression pattern of a large array of both activating and inhibitory receptors. 
Many of the receptors interact with MHC-I or MHC-I like molecules. We sought to 
identify whether the non-classical MHC class Ib molecule H2-M3 could be 
recognised by members of the Ly49 family. 
 
METHODS. Flow cytometric and biochemical analysis were performed in 
conjunction with in vivo models of NK cell recognition of targets. 
 
RESULTS. We describe a novel pathway of NK cell regulation through Ly49A 
recognition of the non-classical MHC class I molecule H2-M3. The absence of 
H2-M3 results in NK cell hypo-responsiveness, reduced NK cell activation, 
increased tumor burden and missing self rejection. 
 
CONCLUSIONS. These results provide evidence of a non-classical MHC class I 
ligand for Ly49A and provide a basis for dissecting the molecular pathways of NK 
cell self-tolerance. (This work was funded by the NHMRC of Australia and the 
Cure Cancer Foundation of Australia). 
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The role of aryl hydrocarbon receptor and Notch 
in the development of NKp46+ innate lymphoid 
cells 
Lee JS, Cella M, McDonald KG, Garlanda C, Kennedy GD, Nukaya M, 
Mantovani A, Kopan R, Bradfield CA, Newberry RD, Colonna M. 
 

Innate lymphoid cells (ILCs) protect the intestinal mucosa from infection by 
secreting interleukin 22 (IL-22). ILC cells include NKp46+ and lymphoid 
tissue-inducer (LTi)-like subsets that express the aryl hydrocarbon receptor 
(AHR). We found that Ahr-/- mice had a considerable deficit in ILC cells 
that resulted in less secretion of IL-22 and inadequate protection against 
intestinal bacterial infection. Ahr-/- mice also lacked postnatally 'imprinted' 
cryptopatches and isolated lymphoid follicles (ILFs), but not embryonically 
'imprinted' Peyer's patches. AHR induced the transcription factor Notch, 
which was required for NKp46+ ILCs, whereas LTi-like ILCs, cryptopatches 
and ILFs were partially dependent on Notch signaling. Thus, AHR was 
essential for ILC cells and postnatal intestinal lymphoid tissues. Moreover, 
ILC subsets were heterogeneous in their requirement for Notch and their 
effect on the generation of intestinal lymphoid tissues. 
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THE MATERNAL-FETAL INTERFACE AND UTERINE NK CELLS 
 
Ashley Moffett, Susan E. Hiby, Victoria Male, Shiqiu Xiong, Andrew 
Sharkey, Pippa Kennedy, Lucy Gardner, Lydia Farrell, Olympe Chazara. 
Dept of Pathology and Centre for Trophoblast Research,  
University of Cambridge. CB2 1QP, UK. 
 
 
The mucosal lining of the uterus contains large numbers of NK cells with a 
distinctive phenotype.  Uterine NK cells (uNK) are regulated hormonally by 
progesterone acting on stromal cells to induce IL-15.  We have found that 
women on drugs interfering with the Progesterone Receptor show a striking 
absence of uNK cells with the clinical outcome of cessation of all bleeding 
associated with mucosal breakdown.  This highlights that uNK cells have an 
important physiological role in normal mucosal maintenance and vessel 
function. 
 
Genetic studies of women with disorders of pregnancy (e.g. pre-eclampsia) 
show an increased frequency of KIR AA genotypes when the fetus has a 
paternal C2.  One particular allele of the inhibitory KIR for C2, KIR2DL1, 
confers most risk.  In contrast, in women who have very large babies, the 
KIRAA genotype is reduced in frequency. The KIR on the B haplotype that 
binds C2 and may be protective in pregnancies with a C2 fetus is the 
activating KIR2DS1.  We now show how the uNK KIR repertoire is skewed 
during pregnancy towards recognition of C2.  In vitro KIR2DS1+ cells are 
activated by C2+ target cells.  We have identified novel responses triggered 
by KIR2DS1+ on uterine NK cells; these include cytokines capable of 
regulating trophoblast invasion.  This provides a potential mechanism by 
which KIR2DS1 may extend a protective effect in pregnancy by defining the 
territorial boundary between mother and baby.  In this way the maternal 
KIR/fetal HLA-C interaction may regulate birth weight. 
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Liver-specific NK cells are characterized with DX5-CD49a+ phenotype and 
mediate adaptive immunity  Hui Peng1, Xiaojun Jiang1, Yonglin Chen1, Rui 
Sun1, Haiming Wei1, Zhigang Tian1* 
1Department of Immunology, School of Life Sciences, University of Science 
and Technology of China, Hefei, Anhui 230027, China 
INTRODUCTION. As an organ with predominant innate immunity, the liver is 
enriched in natural killer (NK) cells. Unlike other organs, the liver contains an 
unusually high frequency of phenotypically immature NK cells, the functional 
and developmental features of which is poorly understood at present. 
METHODS. The transcriptional and phenotypic  properties of liver DX5- NK 
cells were analyzed by gene chip and flow cytometry. To study the migration 
and developmental features of NK subsets, we adoptively transferred liver 
mononuclear cells (MNCs) or purified DX5- or DX5+ liver NK cells into 
recipients, and analyzed the donor-derived NK cells at different time points. To 
trace the origin of liver-specific NK cells, we performed bone marrow (BM) cell 
transfer, and the mixed transfer of normal liver Lin- cells and Nfil3-/- BM cells, 
the latter of which are deficient in NK cell generation, into lethally irradiated 
mice. To explore which subset of liver NK cells has memory capacity in contact 
hypersensitivity (CHS), we adoptively transferred different naïve NK subsets 
into lethally irradiated mice, which were then sensitized by oxazolone (OXA). 
The liver MNCs from the sensitized recipients were adoptively transferred into 
secondary naive recipients before irradiation-induced death, followed by 
challenging 1 month later, and ear swelling was measured. 
RESULTS.  We found that liver DX5- NK cells expressed CD49a exclusively 
and constitutively, and liver NK cells consist equally of two distinct subsets, 
DX5-CD49a+ and DX5+CD49a-, the former of which were deficient in other 
organs and tissues including the BM and circulation, and selectively 
accumulated in the liver after transfer. In contrast, DX5+CD49a- NK cells were 
the predominant NK cell population in other organs, and they showed 
extensive tissue distribution after transfer. The unique DX5-CD49a+ NK cells 
can not be recoverd in the liver after BM reconstitution in lethally irradiated 
mice compared to DX5+ NK cells, but they can be generated from liver Lin- 
cells. Furthermore, in CHS model, we found that only naïve DX5-CD49a+ NK 
cells possessed memory potential, whereas other NK subsets in the liver and 
splenic NK cells failed to mount hapten-specific recall responses. 
CONCLUSIONS.  These findings suggest that DX5-CD49a+ NK cells with 
memory capacity are liver-resident and directly develop from the precursors in 
the liver, whereas DX5+CD49a- NK cells, which are possibly generated in the 
BM, are highly migratory and unable to mediate memory response in CHS 
model.  Our findings of liver-specific NK cells may shed new light on 
developmental niche for NK cells to acquire memory capacity in a unique 
organ, and help unveil the immunologic myths of liver. 
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MNK-1, A CELL LINE MODEL OF INNATE LYMPHOID CELL AND NATURAL 

KILLER CELL DEVELOPMENT AND DIFFERENTIATION 
David S. J. Allan, Juan Carlos Zúñiga-Pflücker, and James R. Carlyle 

Sunnybrook Research Institute and University of Toronto, ON, Canada, 
james.carlyle@sri.utoronto.ca 

 
Recently, there has been intensive interest in populations of Innate Lymphoid 
Cells (ILC), including Lymphoid Tissue Inducer (LTi) cells, and IL-22-producing 
NK-like (NK22) cells present in mucosal tissues. Here, we describe a model cell 
line for the study of ILC development and differentiation. This cell line, MNK-1, 
was originally derived by transformation of Swiss-strain fetal thymic NK1.1+ cells. 
While MNK-1 was originally reported to have a thymic pre-NK cell phenotype, 
thus lacking cytotoxic function, we have recently undertaken a thorough 
characterization of MNK-1 sublines with distinct phenotypic and functional 
properties. One such subline, MNK-1.22 expresses the RORγt transcription 
factor and produces high levels of IL-22 in response to IL-23 and/or 
PMA/ionomycin stimulation. MNK-1.22 cells display patterns of surface markers 
and transcript expression characteristic of ILC and LTi cells, including expression 
of CD127 (IL-7Rα) and lymphotoxin (LTα1β2). Using an in vitro assay of LTi cell 
activity, MNK-1.22 cells successfully upregulate ICAM-1 (CD54) and VCAM-1 
(CD106) on stromal cells. Furthermore, MNK-1.22 cells engraft and proliferate in 
vivo in immunodeficient mice and home to digestive tissues. Thus, the MNK-1 
cell line possesses intrinsic developmental plasticity, and the MNK-1.22 subline 
provides an attractive model for the study of ILC function. The potential of the 
MNK-1 cell line will be discussed within the context of ILC and NK lineage 
differentiation models. 
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Transcription Factor Control of Natural Killer Cell Development 
James P. Di Santo 

Innate Immunity Unit, Immunology Department, Institut Pasteur, Paris, France 

 

NK cells are the founding member of an emerging family of innate lymphoid cells 

(ILC) that now includes cells with the capacity to rapidly produce a variety of 

cytokines (IL-5, IL-13, IL-17A, IL-22). As such, ILC subsets (ILC1, ILC2, ILC17, 

ILC22) may represent the innate counterparts of the already recognized T helper cell 

subsets (Th1, Th2, Th17, Th22). Distinct ILC subsets have been shown to play 

important roles in immune defense against pathogens and have critical roles in a 

'crosstalk' that promotes epithelial cell homeostasis. Development of the ILC 'branch' 

of the hematopoietic system requires expression of the transcriptional repressor Id2. 

In a current model, putative Id2+ ILC precursors are then subject to further 

differentiation to generate distinct ILC subsets under the control of transcription factor 

(TF) pathways that parallel those regulating Th cell differentiation. The role for 

specific TFs in the development of NK cell and other ILC subsets will be presented. 

 

(Supported by grants from the Institut Pasteur, INSERM, Ligue National Contre le 

Cancer and the Agence Nationale de la Recherche) 

danielvalle
Text Box
Abstract - H



SHAPING OF KIR/NKG2A REPERTOIRES BY HLA CLASS I AND THE STEM 
CELL NICHE 
 
Markus Uhrberg 
 
Institute for Transplantation Diagnostics and Cell Therapeutics, Heinrich-Heine 
University Düsseldorf, Germany, email: uhrberg@itz.uni-duesseldorf.de 
 
NK cell inhibition by HLA class I is primarily determined by the clonally-distributed 
expression of NKG2A and inhibitory KIR, which shows substantial variation in the 
population. We have previously shown that the presence of HLA class I-encoded KIR 
ligands influences repertoire composition of NK cells in peripheral blood but not in 
neonatal NK. Specifically, adaptation to HLA class I ligands in adults involves a decrease 
in NKG2A expression and an increase of self-specific single-KIR expressing NK cells. 
Nonetheless, neonatal NK cells are functionally educated (i.e. licensed) by cognate HLA 
class I similar to adult NK cells, which suggests that structural and functional adaptation 
of NK cells to HLA class I are independently regulated. To get a deeper insight into the 
role of HLA class I for regulation of KIR and NKG2A expression, we sought to develop 
an in vitro model that enables to study differentiation of hematopoietic progenitors in a 
human stem cell niche. To this end, we identified human mesenchymal stem cells (MSC) 
as potent accessory cells for NK cell development in vitro. The system enables to study 
the influence of HLA class I expression on education of NK cells by cognate ligands 
presented to the developing NK cells by the MSC niche. 

danielvalle
Text Box
Abstract - I



TUNING OF NK CELLS VIA NKP46 CALIBRATES ADAPTIVE IMMUNITY.  

Emilie Narni-Mancinelli
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INSERM U850, Univ. of Limoges, 
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INTRODUCTION. Natural Killer (NK) cells are cytotoxic and cytokine-producing 
lymphocytes involved in anti-viral and anti-tumoral immunity. They also participate in the 
shaping of adaptive immune responses. 
METHODS. Using  N-ethyl-N-nitrosourea (ENU) mutagenesis in mice, we searched for 
mutants with affected NK cell functions. 
RESULTS. We identified a mutant with increased resistance to murine cytomegalovirus 
infection due to the presence of hyperresponsive NK cells. Whole-genome sequencing and 
functional analysis revealed a loss-of-function mutation in the Ncr1 gene encoding the 
activating receptor NKp46. The downregulation of NK cell activity by NKp46 was associated 
with the silencing of the Helios transcription factor in NK cells. NKp46 was critical for the 
subsequent development of anti-viral and anti-bacterial T cell responses, which suggests that 
the regulation of NK cell function by NKp46 allows for the optimal development of adaptive 
immune responses. NKp46 blockade enhanced NK cell reactivity in vivo enabling the design 
of immunostimulation strategies in humans. 

(This work was funded by an European Research Council grant, Agence Nationale de la 
Recherche, Ligue Nationale Contre le Cancer, Association pour la Recherche sur le Cancer, 
Axa research fund and institutional grants from INSERM, CNRS and AIX-Marseille 
University.) 
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REQUIREMENT OF MIR-155 FOR NK CELL AND CD8+ T CELL RESPONSES 
AGAINST VIRAL INFECTION 
 
Carolyn L. Zawislak1, Gabriel B. Loeb1, Aimee M. Beaulieu1, Natalie A. Bezman2, Lewis 
L. Lanier2, and Joseph C. Sun*1 
 

1Immunology Program, Memorial Sloan-Kettering Cancer Center, NY, NY 10065, USA 
2Department of Microbiology and Immunology, UCSF, San Francisco, CA 94143, USA 
 
INTRODUCTION.  NK cells and CD8+ T cells function similarly in the recognition and 
destruction of host cells infected with pathogens. Although microRNAs (miRs) are 
critical for NK and T cell development and function, the role of specific miRs remain to 
be investigated. Because miR-155 has been recently shown to be vital for the homeostasis 
and function of various cells of the immune system, we investigated whether miR-155 
plays a role during NK cell and effector T cell proliferation and function during viral 
infection.   
 
METHODS.  In this study, wildtype mice were infected with mouse cytomegalovirus 
(MCMV) and splenic NK cells were sorted at various time points following infection to 
determine miR-155 expression levels by quantitative real-time PCR analysis. Adoptive 
transfer of NK cells from wildtype mice and mice containing a targeted deletion of miR-
155 allowed us to measure both the effector response of Ly49H-bearing NK cells 
following MCMV infection and “memory” NK cell numbers months later in lymphoid 
and non-lymphoid tissues. Furthermore, we generated mixed bone marrow chimeric mice 
that contained both WT and miR-155-deficient cells, and characterized the antigen-
specific NK and CD8+ T cell responses against MCMV infection in these mice. 
 
RESULTS.  We discovered that miR-155 is induced in activated NK cells during MCMV 
infection. Using the adoptive transfer method, we determined that miR-155 is 
indispensible for MCMV-specific NK cell expansion and generation of long-lived NK 
cells. Although miR-155-deficient NK cells do not appear to have any defects in basal 
homeostasis or function, they exhibit severely impaired effector and memory cell 
numbers in all organs examined following viral infection. Furthermore, CD8+ T cells 
lacking miR-155 are similarly compromised in their ability to undergo clonal expansion 
and survive following MCMV infection, together resulting in substantially diminished 
memory cell numbers.  
 
CONCLUSIONS.  Our study demonstrates that miR-155 is essential for the generation of 
protective effector and memory NK cells and CD8+ T cells during viral infection.  (We 
thank Silvia Vidal and Sasha Rudensky for providing mice and reagents critical to this 
study. This work was funded by the Searle Scholars Program, the Cancer Research 
Institute, and NIH grant AI085034.) 
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Natural	  killer	  cell	  memory	   	  
	  
Lewis	  L.	  Lanier	  
	  
Department	  of	  Microbiology	  and	  Immunology	  and	  the	  Cancer	  Research	  
Institute,	  University	  of	  California	  San	  Francisco,	  San	  Francisco,	  CA	  USA	  
	  
Recent	  studies	  have	  revealed	  that	  NK	  cells	  can	  undergo	  specific	  clonal	  expansion,	  
followed	  by	  contraction	  and	  the	  generation	  of	  long-‐lived	  “memory”	  cells	  capable	  of	  a	  
robust	  secondary	  response.	  	  We	  have	  investigated	  the	  cytokines	  required	  for	  the	  
generation	  and	  persistence	  of	  memory	  NK	  cells	  in	  response	  to	  cytomegalovirus	  
infection	  in	  mice,	  as	  well	  as	  the	  transcriptional	  differences	  in	  naïve,	  effector,	  and	  
memory	  NK	  cell	  populations.	  	  In	  addition,	  we	  have	  evidence	  for	  clonal	  expansion	  
and	  persistence	  of	  NK	  cells	  in	  humans	  after	  cytomegalovirus	  infection.	  	  We	  will	  also	  
discuss	  whether	  activation	  of	  NK	  cells	  in	  response	  to	  other	  stimuli	  or	  pathogens	  can	  
elicit	  a	  “memory”	  response.	  	  	  
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HUMAN MEMORY-LIKE NK CELLS ARE INDUCED FOLLOWING CYTOKINE-
ACTIVATION.  Rizwan Romee, Stephanie E Schneider, Catherine R Keppel, 
Jeffrey W Leong, Ryan P Sullivan, Megan A Cooper, and Todd A Fehniger*. 
Washington University School of Medicine 
INTRODUCTION.  How NK cells acquire enhanced functionality against infection 
or malignancy remains an important aspect of NK cell biology.  Recent studies in 
mice have shown that both specific (receptor) and non-specific (cytokine) 
activation of NK cells can lead to memory-like properties. The NK cell memory-
like response is characterized by an initial activation event, a subsequent return 

to the resting state, and then enhanced functionality (e.g. IFN-  production) upon 
re-stimulation.  The discovery of memory-like NK cells has important implications 
for NK cell-based therapeutics by providing new strategies to enhance and 
prolong NK cell responses in patients. We hypothesized that cytokines can 
induce human memory-like NK cells with enhanced ‘recall’ function. 
METHODS. Normal donor PBMC and NK cells were cultured with medium alone 
(control),  low dose (1 ng/mL) IL-15 alone (control), or IL-12+IL-18+low dose IL-
15 for 16 hours, washed, and then cultured for an additional 7 or 14 days in 
medium only or low dose IL-15.  Following this prolonged rest period in vitro, NK 

cell responses (IFN-  and degranulation) were assessed after re-stimulation with 
cytokines or K562 leukemia targets. 
RESULTS. Initial activation with IL-12+IL-18 for 16 hours resulted in the majority 

of NK cells producing IFN-  protein by intracellular flow cytometry.  After 7 or 14 
days of rest in medium only or low dose IL-15 to support survival, no 

spontaneous IFN-  protein production was observed.  However, after 7 days of 
rest the IL-12+IL-18-pre-activated CD56bright NK cells exhibited significantly 

increased IFN-  upon re-stimulation with K562 targets, IL-12+IL-15, or IL-12+IL-
18 (P<0.05), compared to controls indicating a memory-like response.  Human 
memory-like CD56bright NK cells also exhibited increased expression of granzyme 
B protein (P<0.01).  Notably, IL-12+IL-18-pre-activated CD56dim NK cells had 

increased IFN- upon re-stimulation with IL-12+IL-18, but not the other stimuli 
tested, suggesting a more limited memory-like function.  In both human NK cell 
subsets, IL-12+IL-18 pre-activation followed by 7 days of rest did not enhance 
the degranulation response to K562 leukemia targets.  Enhanced responses by 
IL-12+IL-18-pre-activated NK cells were durable, since similar results were 
obtained after 14 days of rest in vitro. 
CONCLUSIONS. IL-12+IL-18-pre-activated NK cells have memory-like properties 
lasting at least 14 days, evidenced by enhanced IFN-γ production upon re-
stimulation with leukemia targets, IL-12+IL-15, or IL-12+IL-18. To our knowledge, 
this is the first report of human cytokine-induced memory-like NK cells, and 
suggests that IL-12+IL-18-pre-activation should be explored in adoptive NK cell 
therapy. (Supported by: NIH-NHLBI, HHMI, and the ASH Foundation) 
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HARNESSING NK CELLS WITH SUSTAINED EFFECTOR FUNCTION 
FOR IMMUNOTHERAPY OF ESTABISHED SOLID TUMORS 

 
Jing Ni1, Matthias Miller1, Ana Stojanovic1, Natalio Garbi1,2, Adelheid Cerwenka1 

 

1German Cancer Research Center (DKFZ), Junior Research Group Innate Immunity, Heidelberg, 
Germany, 2Institutes of Molecular Medicine and Experimental Immunology (IMMEI), University of 
Bonn, Germany 
 
Immunotherapy is an innovative strategy of personalized medicine for the 
treatment of cancer. Since many tumors express low levels of MHC class I and 
ligands for activating NK cell receptors and therefore are efficiently recognized by 
NK cells, NK cell-based therapies represent a promising approach of 
immunotherapy of cancer. However, so far in most cases immunotherapy of solid 
tumors using transfer of NK cells classically expanded by IL-2 did not result in 
substantial clinical responses. There is emerging evidence that NK cell-based 
therapy is severely hampered by the poor ability of NK cells to penetrate solid 
tumors and their short-lived, transient effector function. Furthermore, within the 
tumor tissue NK cell function might become severely impaired. Thus, novel 
strategies of NK cell-based therapies are urgently needed.  
Recently, mouse NK cells preactivated in vitro with IL-12, IL-15 and IL-18 were 
shown to possess “memory-like” features after adoptive transfer (Cooper et al. 
PNAS, 2009). Our study demonstrates for the first time profound anti-tumor 
activity of such NK cells. One single injection of syngeneic IL-12/15/18 
preactivated NK cells combined with low-dose irradiation substantially reduced 
growth of established tumors such as lymphoma and melanoma. In parallel, 
transfer of IL-15 treated NK cells or NK cells classically expanded with IL-2, was 
not effective. Donor-derived IL-12/15/18 preactivated NK cells accumulated in the 
tumor tissue, proliferated rapidly and persisted at high cell numbers with potent 
effector function after adoptive transfer. High cell recoveries and sustained effector 
function were also observed with IL-12/15/18 preactivated human NK cells in 
vitro. Factors required for donor cell expansion, persistence and effector function 
will be further discussed. Our results establish a novel, promising strategy for NK 
cell-based immunotherapy of cancer with great potential for clinical application. 
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IL-15 AND THE GENESIS OF ACUTE NK CELL LEUKEMIA 

Anjali Mishra,1,2 Shujun Liu,2 Gregory H. Sams,1,2 Douglas P. Curphey,1,2 Ramasamy Santhanam,3 Laura J. 
Rush,4 Deanna Schaefer,4 Lauren G. Falkenberg,1,2 Laura Sullivan,1,2 Laura Jaroncyk,1,2 Harold Fisk,5 Lai-

Chu Wu,3 Jason C. Chandler,2 Yue-Zhong Wu,2 Nyla A. Heerema,1,6 Kenneth K. Chan,7,9 Danilo 
Perrotti,1,9 Jianying Zhang,8,9 Pierluigi Porcu,2,9 Frederick K. Racke,6 Jianhua Yu,2,9 Ramiro Garzon,2,9 

Robert J. Lee,7,9 Guido Marcucci1,2,9 and Michael A. Caligiuri1,2,9* 

 
1Department of Molecular Virology, Immunology and Medical Genetics, 2Division of Hematology, 
Department of Internal Medicine, 3Department of Molecular & Cellular Biochemistry; 4College of 
Veterinary Medicine, 5Department of Molecular Genetics, 6Department of Pathology, 7College of 

Pharmacy, 8Center for Biostatistics, 9The Comprehensive Cancer Center and  
The James Cancer Hospital and Solove Research Institute;  

The Ohio State University, Columbus OH, 43210 USA 
 

INTRODUCTION: Chronic inflammation involving innate immune cells has long been 
associated with the progression of malignancy but as of yet there is little direct evidence to 
support the role for inflammation in the initiation of cancer.  IL-15 is a pro-inflammatory 
cytokine which is required for the genesis and homeostasis of natural killer (NK) cells or large 
granular lymphocytes (LGL). Malignant blasts from patients with acute LGL leukemia express 
membrane bound IL-15 and require IL-15 or IL-2 to survive and expand in vitro, suggesting a 
pivotal role for IL-15 in the genesis of LGL leukemia in vivo.  Indeed, 30% of our IL-15 
transgenic (tg) mice engineered to overexpress IL-15 develop acute and fatal 
CD3(+)NK1.1(+)(NKp46+) and CD3(-)NK1.1(+)(NKp46(+) LGL leukemia (J Exp Med, 2001; 
JCI 2011), suggesting that IL-15 is a proto-oncogene; however, the mechanism(s) by which IL-
15 transforms wild type (wt) CD3(-)NK1.1(+)(NKp46(+) NK cells into LGL leukemia in 
mouse and man are unknown. RESULTS: Here, we show that chronic stimulation of wt CD3(-
)NK1.1(+)(NKp46(+) mouse NK cells with IL-15 alone initiates and promotes cytokine-
dependent expansion in vitro for over 2 years.  Adoptive transfer of these cells into 
immunodeficient mice does result in cytokine independent malignant transformation in vivo as 
these mice die with fulminant acute LGL leukemia with a CD3(-)NK1.1(+)(NKp46(+) 
phenotype.  We demonstrate that IL-15 induces an increase in chromosomal instability and by 
triggering hypermethylation of the genome, both in a Myc-dependent manner. 
Hypermethylation of the genome is also dependent on the downregulation of miR-29b which in 
turn up upregulates the DNA methyltransferase Dnmt3b.  Indeed, overexpression of Dnmt3b in 
IL-15tg mice results in a shorter latency of LGL leukemia with 100% penetrance.  
Overexpression of IL-15 and MYC, downregulation of miR-29b and overexpression of 
DNMT3B were all confirmed in human LGL leukemia.  CONCLUSIONS: Our findings 
suggest that IL-15 can initiate malignant transformation of wt LGL by inducing chromosomal 
instability and DNA hypermethylation which lead to LGL leukemia in both mouse and possibly 
in man.   
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NK	  cells	  in	  hematopoietic	  cell	  transplantation:	  lessons	  in	  tolerance	  and	  the	  importance	  of	  being	  
uninhibited	  
	  
Katharine	  C.	  Hsu	  MD	  PhD,	  Memorial	  Sloan-‐Kettering	  Cancer	  Center,	  New	  York,	  NY,	  USA	  
	  

The	  clinical	  setting	  of	  allogeneic	  hematopoietic	  stem	  cell	  transplantation	  (HCT)	  juxtaposes	  self	  

with	  non-‐self	  MHC-‐expressing	  cells	  in	  a	  system	  comprised	  of	  diseased	  and	  normal	  cells.	  	  As	  

such,	  it	  has	  provided	  a	  fertile	  testing	  ground	  for	  known	  and	  suspected	  mechanisms	  of	  NK	  

alloreactivity	  against	  malignant	  targets,	  in	  particular	  acute	  myeloid	  leukemia	  (AML).	  	  Studies	  in	  

HCT	  have	  also	  provided	  new	  and	  somewhat	  surprising	  insights	  into	  the	  mechanisms	  most	  

relevant	  to	  the	  in	  vivo	  NK	  response	  to	  disease.	  	  	  Focusing	  our	  studies	  in	  HCT	  on	  patients	  who	  

receive	  HLA-‐compatible	  stem	  cell	  allografts,	  we	  propose	  that	  the	  greatest	  anti-‐leukemic	  NK	  

effects	  in	  HCT	  are	  seen	  when	  NK	  activation	  is	  maximized	  and	  NK	  inhibition	  is	  minimized.	  	  Using	  

KIR	  and	  HLA	  genotype	  data	  from	  1277	  AML	  patients,	  we	  demonstrate	  that	  KIR2DS1,	  with	  its	  

ligand	  specificity	  for	  HLA-‐C2	  antigens,	  directs	  anti-‐leukemic	  NK	  activity	  in	  an	  HLA-‐dependent	  

manner:	  protection	  from	  AML	  relapse	  is	  specifically	  conferred	  by	  donors	  in	  whom	  KIR2DS1-‐

expressing	  cells	  have	  not	  been	  tolerized	  by	  high	  levels	  of	  the	  cognate	  activating	  ligand.	  	  	  These	  

studies	  demonstrate	  that	  education	  of	  NK	  cells	  through	  activating	  KIR	  is	  important	  for	  disease	  

recognition	  and	  control.	  Analysis	  of	  the	  KIR3DL1/3DS1	  locus	  with	  its	  HLA-‐Bw4	  ligand	  has	  

provided	  additional	  insights	  into	  the	  effectiveness	  of	  highly	  responsive	  NK	  cells	  in	  vivo.	  	  We	  find	  

that	  receptor-‐ligand	  combinations	  associated	  with	  greater	  NK	  responsiveness	  are	  also	  

associated	  with	  highest	  AML	  relapse	  after	  HCT,	  suggesting	  that	  strongly	  licensed	  NK	  cells	  are	  

more	  sensitive	  to	  inhibition	  by	  their	  cognate	  MHC	  ligand.	  	  In	  contrast,	  less	  licensed	  NK	  cells	  and	  

unlicensed	  NK	  cells	  are	  associated	  with	  greater	  AML	  control,	  possibly	  due	  to	  their	  reduced	  

capacity	  for	  inhibition	  by	  host	  MHC.	  	  	  Combined,	  these	  studies	  present	  new	  models	  NK	  

recognition	  of	  leukemia	  and	  support	  novel	  KIR/HLA-‐based	  algorithms	  for	  the	  selection	  of	  

allogeneic	  HCT	  donors.	  
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NK CELLS IN CANCER THERAPY: ADOPTIVE TRANSFER AND 
HEMATOPOIETIC CELL TRANSPLANTATION 
Sarah A. Cooley1, Michael R. Verneris2, Daniel J. Weisdorf1, Bree A. Foley1, Bin 
Zhang1, Libby A. Guethlein2, Peter Parham2, and Jeffrey S. Miller1  1) Univ of 
Minnesota, 2) Stanford University 
NK cells are widely accepted to play an important role in mediating the outcome of 
hematopoietic cell transplantation (HCT). Although the function of reconstituting 
NK cells is impaired after allogeneic HCT, many groups have shown a protective 
effect against relapse and infection from donors with B haplotype KIR genes. We 
evaluated our cohort of ~1100 unrelated donor transplants for AML to look for 
interactions between donor KIR and recipient KIR ligands (HLA molecules).  The 
protective effect on disease free survival observed with of haplotype B/x donors 
was seen only in recipients expressing at least one C1 group allele (RR 0.82; p = 
0.012 vs. no C1 (C2/C2) RR 1.24 p = 0.2).   Similarly, B/x donors were associated 
with increased protection against relapse and TRM (RR 0.72; p = 0.036) in 
recipients with 1 or 2 vs. no C1 alleles.  Importantly, the protective effect was 
similar for all 7 KIR B haplotype defining genes. The benefit from “Better and 
Best” KIR donors was preserved in C1-containing recipients, with no apparent 
influence from degree of HLA matching. The effect of host KIR ligand may reflect 
differences in NK cell education or direct signaling via NK cell receptors. A 
prospective trial of unrelated donor selection using on KIR genotype is underway. 
Our group also treats cancer patients with a lymphodepleting platform including 
IL-2 administration capable of achieving expansion and persistence of adoptively 
transferred adult haploidentical NK cells. In several cohorts, the absence of in vivo 
donor NK cell expansion was associated with a relative increase in host FoxP3+ 
regulatory T cells (Treg). Accordingly, we incorporated host Treg depletion with 1 
dose of denileukin diftitox (Ontak, Eisai) into treatment for 12 patients.  Of the 10 
patients with interpretable chimerism data, 9 had detectable donor DNA at day 7 
(median 68% donor), and 4 at day 14 (33% in vivo expansion), with absolute 
donor NK cell counts of 480, 530, 1470 and 12390 cells/µL blood, improving on 
the previous rate of 10%.  In those who successfully expanded NK cells, there 
were no detectable Treg at day 7 or day 14, whereas the presence of bona fide 
Treg populations correlated with lack of in vivo NK cell expansion. While one dose 
of denileukin diftitox improved the rate of NK expansion, it did not completely 
overcome the potent expansion of host Treg by IL-2.  A series of in vitro assays 
demonstrated that Treg inhibit NK cell proliferation in the presence of IL-2 but not 
IL-15. IL-2 promotes in vivo expansion of Treg, which act as a competitive 
cytokine sink.  Thus we started a phase I, dose escalation trial of IL-15 to promote 
in vivo NK cell proliferation.  The first 3 patients treated at the lowest dose had no 
significant toxicity and cleared leukemia, 2 of whom underwent successful 
allogeneic HCT.  
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Learning about antiviral NK cell responses from human and viral genomic variation 
 
Galit Alter, Ragon Institute of MGH, MIT, and Harvard. 
 
Natural killer (NK) cells are an important frontline defense against a number of 
pathogens, including HIV and HCV; however, little is known regarding the 
mechanism(s) by which NK cells specifically control these infections or the strategies by 
which the viruses aim to escape NK cell–mediated control. Genomic variation, as a 
marker of evolutionary adaption, can provide important clues regarding the strategies 
utilized by both pathogens and hosts to evade detection or infection. Given that distinct 
KIR/HLA compound genotypes have been associated with particular outcomes In both 
HIV and HCV infection, we sought to define the phenotypic and functional properties of 
the NK cell response in the setting of these chronic viral infections to gain a deeper 
appreciation for the mechanism by which NK cells contribute to antiviral control. 
Interestingly the protective KIR/HLA compound genotype in HIV, KIR3DS1/L1+HLA-
Bw480I, is associated with the preferential expansion of KIR3DS1-positive NK cells that 
can respond and eliminate HIV-infected CD4 T cells in a specific manner. In contrast, the 
specific compound HLA/KIR genotype in HCV, KIR2DL3/HLA-Cw1, is associated with 
an expansion of a population of NKG2A-positive NK cells with remarkably enhanced 
non-specific antiviral activity. These data strongly suggest that HLA/KIR-driven antiviral 
control regulates remarkably distinct antiviral pathways in NK cells that targets viral 
vulnerabilities ultimately resulting in the potent control and clearance of HIV- and HCV-
infected cells. However, both HIV and HCV evolve to escape antiviral pressure, and the 
viral genomes are marked by specific escape mutation foot-prints, identifying regions 
under selection pressure by the particular HLA/KIR genotypes. Overall, these studies 
provide critical mechanistic information regarding both the underlying biology of NK 
cell–mediated control of these chronic pathogens and the viral vulnerabilities, which if 
enhanced by vaccines could potentially confer more robust control of disease. 
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CONDITIONING OF NK CELL RESPONSES TO VIRAL INFECTIONS: 
CYTOKINE AND ACTIVATING RECEPTOR REGULATION FOR 
PROLIFERATION, MAINTENANCE AND FUNCTION 

Christine A. Biron, Delia A. Demers, Kwangsin Kim, Ethan A. Mack, Maria F. 
Fragoso, Lara E. Kallal, Seung-Hwan Lee, Jenny E. Suarez-Ramirez, and 
Margarite L. Tarrio 

Department of Molecular Microbiology and Immunology, Division of Biology and 
Medicine, Warren Alpert School of Medicine, Brown University, Providence, RI 
02912, USA 

Innate immune components are expressed under basal conditions, but early 
induction of particular cytokines and expression of ligands for the products of 
complex germ-line gene families, i.e. the natural killer (NK) cell 
activating/inhibitory receptors, act as sensors of infection.  These molecules 
signal to stimulate NK cells and condition their responses.  Together, their effects 
act to direct immunoregulatory as well as antimicrobial effects as needed.  
Remarkable aspects of the responses elicited during viral infections include 
conditioning of NK cells by innate cytokines to shape their responses to particular 
cytokines using the signal transducer and activator of transcription (STAT) 
molecules, and through their activating receptors to help in their maintenance, 
modify their subset frequencies, and alter their functions.  These effects change 
the resources available to a host for fighting off an infection.  Work characterizing 
the mechanisms and biologically important consequences of NK cell regulation 
during infections with lymphocytic choriomeningitis virus and murine 
cytomegalovirus will be reviewed and contrasted.  The results underscore the 
role for innate cytokine responses and activating receptors in differentially 
conditioning NK cell responses to viral infections.  The advances are elucidating 
how hosts have evolved to use limited genetic material to protect against 
exposure to varying microorganisms and from detrimental immune responses. 

(Supported by the National Institutes of Health, USA.  Current addresses for 
EAM and SHL are respectively the University of Pennsylvania School of 
Medicine and the University of Ottawa.) 
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Inhibition of NK cells by the synergistic interaction of HLA-E binding 
peptides 
 
Salim I Khakoo1 Kuldeep Cheent2, Sorcha Cassidy2, Marco A Purbhoo2. 
 
1Faculty of Medicine, University of Southampton, Southampton, UK and 
2Division of Medicine, imperial College, London, UK.  

 
Inhibition mediated by both KIR and CD94:NKG2A are dependent on the 
peptide bound by their cognate MHC class I molecules.  Using peptide 
titration assays, we found that NKG2A+ NK cells were inhibited at 
relatively low levels of MHC class I expression, as compared to KIR+ NK 
cells and that whilst the fraction of degranulating KIR+ NK cells was 
proportional to MHC class I expression, that of NKG2A+ NK cells was 
non-linear. Furthermore, we have recently shown that for KIR2DL2/3+ NK 
cells a peptide that stabilises MHC class I, but only weakly bind KIR can 
antagonise the inhibition mediated by a peptide that both stabilises MHC 
class I and binds KIR strongly.  To determine if this effects extends to 
CD94:NKG2A we have tested naturally occurring host and viral peptides.  
TAP-deficient 721.174 cells were loaded with the HLA-E binding peptide 
HCV core35-44.  This peptide stabilised HLA-E but did not inhibit NKG2A+ 
NK cells.  However it augmented the inhibition mediated by leader 
peptides derived from HLA-A, -B and –G.  The synergistic effect on 
inhibition of NKG2A+ NK cells was also observed for peptides derived 
from HIVp2414-22, EBVbzlf39-47and the Hsp60 signal peptide.  Mutation of 
residue 6 of the 10mer HCV core35-44 and residue 5 of the 9mer EBVbzlf39-

47 to a lysine residue abrogated this synergistic interaction.   
Thus we show that for NKG2A+ NK cells peptides which bind MHC, but do 
not inhibit can produce a synergistic, rather than an antagonistic effect.  
These data highlight subtle but important differences between KIR and 
NKG2A and how they respond to changes in MHC class I and its bound 
peptide. 
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TRACING ADAPTIVE HUMAN NK CELL RESPONSES BY HIGH-
RESOLUTION ANALYSIS OF KILLER CELL IMMUNOGLOBULIN-LIKE 
RECEPTOR REPERTOIRES 
 
Vivien Béziat1, Lisa Liu1, Jenny-Ann Malmberg, Martin Ivarsson1, Christelle Retière2, 
James Traherne3, Marie Schaffer1, John Trowsdale3, Jakob Michaëlsson1, Hans-Gustaf 
Ljunggren1, Karl-Johan Malmberg1,4.  
 
1Karolinska Institutet, Stockholm, Sweden. 2Établissement Français du Sang, Nantes, 
France. 3Cambridge Institute for Medical Research, Cambridge, United Kingdom. 
4Institute for Cancer Research, Oslo University Hospital Radiumhospitalet, Oslo, 
Norway. 
 
NK cells have been shown to acquire adaptive immune features by undergoing clonal 
expansion and generation of memory. Here, we performed an in-depth 
characterization of killer cell immunoglobulin-like receptor (KIR) repertoires in 199 
healthy human subjects, determining the extent of such responses in a physiological 
setting. Infection with human cytomegalovirus (HCMV) early in life led to expansion 
of NK cells with unique and stable expression-patterns of KIRs that became visible on 
a background of randomly generated KIR-repertoires. Although NKG2C was the 
major activating receptor underlying clonal expansions, we here provide evidence for 
a role of activating KIRs in such adaptive NK cell behavior. 
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ENHANCING THE ADAPTIVE IMMUNE RESPONSE BY THE NKG2D 
LIGAND EXPRESSED IN A HERPESVIRUS VECTOR 
 
Stipan Jonjić 
Faculty of Medicine, University of Rijeka, Rijeka, Croatia 
 
Recently, a number of top-notch studies have provided ample evidence that NK cells 
play an important role in the regulation of the CD8+ T cell response during viral 
infection. The published data suggest that the impact of NK cells on the specific CD8+ 
T cell response depends on infection conditions and a complex interplay between host 
and viral factors. NKG2D is an activating NK cell receptor which fine-tunes the 
adaptive immune response by co-stimulating CD8+ T cells. We have recently 
demonstrated that the infection of mice with a recombinant virus expressing the 
NKG2D ligand RAE-1γ results in a profound virus attenuation during the first days post 
infection due to NKG2D mediated NK cell activation, with equal or even enhanced 
magnitude of the MCMV-specific CD8+ T cell response (Slavuljica et al., J. Clin. 
Invest., 2010). In this presentation I will discuss the possibility of using a CMV vector 
expressing RAE-1γ as a CD8 T cells based vaccine. According to our preliminary data, 
the expression of a CD8 T cell epitope of various pathogens by RAE-1γMCMV 
dramatically enhances the effectiveness and longevity of epitope specific memory CD8 
T cell responses and confers protection against a successive infection challenge with 
corresponding pathogens. Overall, the recombinant herpesviral vector expressing the 
NKG2D ligand has a tremendous potential for subverting viral immunoevasion and 
enhancing the efficiency of the CD8+ T cell response (see also the Abstract by Trsan et 
al). 
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REGULATION OF NKG2D LIGAND GENES AND PROTEINS   
David H. Raulet 
Department of Molecular and Cell Biology and Cancer Research Laboratory, 
University of California, Berkeley, Berkeley, CA 94720  
 
Ligands for the NKG2D receptor are expressed poorly by normal cells but 
expression is induced in certain tumor cells, infected cells and stressed normal 
cells, enabling NK cells and other cells to recognize and destroy the cells. In other 
cases, ligand expression is induced, but the ligand proteins are cleaved from the 
cell surface, where they can accumulate in extracellular fluids and are believed to 
inhibit subsequent NKG2D-dependent immune responses. In order to determine 
the mechanisms that regulate expression of NKG2D ligands, and therefore help 
define a cell as a target cell for NK cells, we have investigated both transcriptional 
and post-transcriptional steps of NKG2D ligand regulation. Previous studies 
provided evidence that an activated DNA damage response pathway induces 
expression of several different NKG2D ligands. Subsequent analysis showed that 
this induction occurs primarily post-transcriptionally, by stabilization of the mRNA 
for the RAE1 ligand, rather that by inducing transcription. New results provide 
insights into transcriptional regulation of NKG2D ligands. The results show that 
the E2F family of transcription factors, the major factors that regulate cell cycle 
entry in proliferating cells, mediate transcriptional activation of the RAE1 family of 
NKG2D ligands. These new findings link NKG2D ligand expression to cell cycle 
regulation and cell proliferation, and therefore provide a basis for understanding 
ligand upregulation in cancer cells and infected cells, and in some cases in normal 
proliferating cells. To study regulation at a later step in the biogenesis of NKG2D 
ligands, we developed a system to study the significance of cleavage of NKG2D 
ligands from the cell surface. We have developed evidence that the MULT1 
NKG2D ligand in mice, like human MICA and ULBPs, is efficiently shed from the 
surface of cells as a result of cleavage by matrix metalloproteinases, and can be 
detected in the sera of tumor bearing animals. The mouse model provides a basis 
for direct experimentation, not possible in humans, to determine the physiological 
role of shed NKG2D ligands in vivo.  
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NK CELL REGULATION BY SAP FAMILY ADAPTORS. Zhongjun Dong1, Luis 
Alberto Pérez-Quintero1,2, Wojciech Swat3, Dominique Davidson1 and André 
Veillette1,2,4* Laboratory of Molecular Oncology1, Clinical Research Institute of 
Montréal, Montréal, Québec, Canada H2W 1R7; Division of Experimental Medicine2, 
Department of Medicine, McGill University, Montréal, Québec, Canada H3G 1Y6; 
Department of Pathology and Immunology3, Washington University School of Medicine, 
660 South Euclid Avenue, St. Louis, MO 63110, USA; and Department of Medicine4, 
University of Montréal, Montréal, Québec, Canada H3T 1J4  
 
INTRODUCTION: The greater efficiency of NK cells at killing hematopoietic “target” 
cells is mediated by the SLAM family, a group of hematopoietic cell-specific receptors 
including 2B4, NTB-A, CRACC, Ly-9 and CD84. With the exception of 2B4, all SLAM 
family receptors are self-ligands. In contrast, 2B4 recognizes as ligand CD48, which, like 
SLAM family receptors, exists solely on hematopoietic cells. SLAM family receptors 
associate in an inducible fashion with a group of SH2 domain-only adaptors named the 
SAP family. This family includes SAP, EAT-2 and ERT. All three members of the family 
are expressed in NK cells. The adaptor SAP, mutated in X-linked lymphoproliferative 
disease, has critical roles in multiple immune cell types. All three SAP family adaptors 
were shown to be essential for the ability of NK cells to eliminate abnormal 
hematopoietic cells. 
 
METHODS: Various approaches, including analyses of various mutant mouse strains, 
functional studies and biochemical experiments, were used to elucidated the molecular 
and cellular mechanisms by which SAP family adaptors promote the ability of NK cells 
to eliminate abnormal hematopoietic cells. 
 
RESULTS: We found that SAP enhanced NK cell responsiveness by a dual molecular 
mechanism. It coupled SLAM family receptors to Fyn, which triggered the exchange 
factor Vav-1 and augmented NK cell activation. SAP also prevented the inhibitory 
function of SLAM family receptors. This effect was Fyn-independent and correlated with 
uncoupling of SLAM family receptors from the lipid phosphatase SHIP-1. Both 
mechanisms cooperated to enable conjugate formation with target cells, and to stimulate 
cytotoxicity and cytokine secretion by NK cells. Contrary to SAP, EAT-2 promoted NK 
cell activation via sites of tyrosine phosphorylation in its carboxyl-terminal tail.  
Preliminary data indicated that this mechanism was required both for the ability of EAT-
2 to augment NK cell activation and for its capacity to prevent the inhibitory function of 
SLAM family receptors. 
 
CONCLUSIONS: These data showed that SAP and EAT-2 secure NK cell activation by 
distinct molecular mechanisms that are required for conjugate formation. They have 
implications for the role of SAP family adaptors in other immune cell types. 
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THE CELL BIOLOGY OF HUMAN NK CELL CYTOTOXICITY 
 
Jordan S. Orange 
University of Pennsylvania School of Medicine 
 
The major and most rapid pathway with which NK cells mediate cytotoxicity is 
through the directed release of lytic granule contents on to targeted cells.  Using 
insights gained from rare congenital deficiencies of the human immune system 
that affect NK cells, our laboratory has focused upon the cell biological process 
utilized by NK cells in order to affect cytotoxicity.  Specifically we have engaged 
in comprehending the individual events relative to the contact formed with a 
targeted cell also known as the lytic immunological synapse.  In doing so, we 
have identified some expected and some unexpected requirements for overall 
and optimal cytotoxic function.  These have included: 1) the Wiskott-Aldrich 
syndrome protein-directed reorganization and accumulation of a filamentous (F)-
actin network at the synapse; 2) the reorientation of the lytic granules relative to 
the microtubule organizing center (MTOC) using the minus ended motor, dynein; 
3) relatively gradual polarization of the lytic granules along with the MTOC to the 
target cell; 4) utilization of myosin-IIA which is associated directly with NK lytic 
granules for lytic granule penetration into the F-actin network; 5) creation and 
utilization of small conduits in the F-actin network for the exocytosis of lytic 
granule contents.  Our recent work has advanced these themes and utilized 
additional perspectives from human genetic deficiencies to further comprehend 
the coordination and regulation of the NK cell cytolytic process.   
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Human-‐specific	  evolution	  of	  the	  killer	  cell	  immunoglobulin-‐like	  receptors	  
	  
Peter	  Parham	  
	  
Stanford	  University	  
	  
Since	  chimpanzee	  and	  human	  lineages	  separated	  ~5-‐7	  million	  years	  ago	  the	  human	  
and	  chimpanzee	  systems	  of	  killer	  cell	  immunoglobulin-‐like	  receptors	  (KIR)	  have	  
significantly	  diverged,	  largely	  through	  human-‐specific	  evolution.	  During	  this	  same	  
period	  chimpanzees	  remained	  in	  equatorial	  Africa,	  while	  humans	  migrated	  out	  of	  
Africa	  on	  at	  least	  three	  separate	  occasions,	  eventually	  managing	  to	  colonize	  much	  of	  
the	  world’s	  landmass.	  The	  possible	  contribution	  of	  NK	  cells,	  and	  the	  selection	  
pressures	  that	  act	  upon	  them,	  to	  this	  human-‐specific	  evolution	  will	  be	  discussed.	  	  	  	  
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CO-STIMULATION IS REQUIRED FOR OPTIMAL EFFECTOR AND 
MEMORY NK CELL RESPONSES FOLLOWING MCMV INFECTION 
Jenny Karo**1 and Joseph Sun1  
1Immunology Program and Gerstner Sloan Kettering Graduate School of Biomedical 
Science, Memorial Sloan Kettering Cancer Center, New York, New York  
 
INTRODUCTION: Natural Killer (NK) cells are generally classified as a component of 
the innate immune system. However, recent evidence in mice and humans suggests that 
NK cells also possess properties of adaptive immunity. Resting NK cells have been 
compared to activated CD8+ T cells because of their robust cytotoxic potential and 
similar effector mechanisms. Optimal T cell activation requires both T cell receptor 
ligation and a co-stimulatory signal provided by CD28. Following activation, the potent 
cytotoxic T cell responses are regulated through the inhibitory receptor CTLA-4. 
Although NK cells have been shown to express CD28, we have new evidence that 
CTLA-4 is highly expressed on activated NK cells during MCMV infection. Therefore, 
we sought to elucidate the role of these co-stimulatory molecules during NK cell 
responses in vivo. 
 
METHODS: In this study, we infected wildtype mice with MCMV, and CD28 and 
CTLA-4 receptor expression were determined on NK cells from various organs. Using 
mice deficient in CD28 or CTLA-4, we investigated the role of these receptors on NK 
cell effector functions at steady state. In addition, following adoptive transfer of 
congenically distinct and wildtype (CD45.1) and knockout (CD45.2) NK cells (mixed at 
a 1:1 ratio) into Ly49H-deficient mice followed by MCMV infection, we measure the 
magnitude and kinetics of anti-viral effector and memory NK cell responses.   
 
RESULTS: We discovered that CD28 was critical for optimal NK cell effector function at 
steady state, as CD28-deficient NK cells were defective in mediating cytotoxicity against 
target cells in vivo and in vitro. Following MCMV infection, we found that CD28 is 
necessary for early viral control of MCMV by antigen-specific Ly49H+ NK cells and 
consequently memory NK cell formation. We observed that CTLA-4 was expressed on 
NK cells, and have evidence that induction is dependent upon pro-inflammatory 
cytokines such as IL-12 and IL-18. Surprisingly, expression of CTLA-4 was also required 
for maximum expansion and function of Ly49H+ NK cells during MCMV infection.   
 
CONCLUSIONS: Our results show that similar to CD8+ T cells, CD28 and CTLA-4 
signaling on NK cells is essential for optimal proliferation and cytotoxicity. Furthermore, 
co-stimulation is necessary for early viral control of MCMV by NK cells and memory 
formation. Manipulation of these co-stimulatory signals within the immune system is an 
emerging strategy of effective vaccination and tumor therapy. Therefore, understanding 
the molecular mechanisms behind effective NK cell responses to pathogens will be 
critical in our attempts to modulate the immune system against these ailments. 
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Clonal expression pattern of killer immunoglobulin-like receptors of 
rhesus macaques 

Meike Hermes1, Ralf Dressel2, Lutz Walter1 

1Primate Genetics Laboratory, German Primate Center, Leibniz Institute for Primate 
Research, Göttingen, Germany 

2Division of Cellular and Molecular Immunology, University of Göttingen, Göttingen, Germany 

 

Rhesus macaques are important animal models of human diseases in which NK cells play 
significant roles. Whereas data on killer immunoglobulin-like receptor (KIR) gene 
polymorphism, diversity (gene copy number variation) and haplotypes were recently 
published, data on KIR protein expression is currently not available due to lack of specific (or 
cross-reactive) antibodies. Therefore, we have established mouse monoclonal antibodies 
against one activating and two inhibitory rhesus macaque KIR3D molecules. Specificity of the 
obtained antibodies was determined using various rhesus macaque KIR-Fc fusion proteins, 
cells transfected with single rhesus macaque KIR genes as well as lymphocytes of KIR-typed 
rhesus macaques. The antibodies were conjugated with suitable dyes and multi-colour flow 
cytometry was performed with lymphocytes from different rhesus macaque individuals. Anti-
human antibodies against CD3, CD4, CD8, CD11c, CD14, CD16, CD20, CD45, 
TCRgamma/delta, NKG2A, were used together with the newly established anti-rhesus 
macaque KIR antibodies. Boolean gating was used to identify rhesus macaque NK cells and 
NK cell subpopulations expressing single KIRs as well as KIR-expressing T cell subsets. The 
analysis revealed a clonal expression pattern of rhesus macaque KIR that is similar to human 
KIR. Differences were seen between individuals: 35-75% of NK cells were positive with a 
pan-KIR antibody, whereas 2-13% of NK cells were positive with antibodies specific for single 
KIRs. The following T cell populations reacted specifically with the pan-specific KIR antibody: 
5-15 % of all CD3+ T cells, 12-40% of all CD3+CD8+ T cells and 6-8% of all gamma/delta T 
cells, respectively. Similar results were obtained with lymphocytes from cynomolgus 
macaques, baboons and African green monkeys. These monoclonal antibodies are an 
important tool for future studies in which the role of NK cells in infectious and autoimmune 
diseases are studied in macaques or other Old World monkeys. 

 

danielvalle
Text Box
Abstract # 2



 1 

Pro-inflammatory cytokine signaling required for the generation of NK cell 
memory  
Joseph C. Sun1, Sharline Madera1 **, Natalie A. Bezman2, Joshua N. Beilke2, Mark 
H. Kaplan3, and Lewis L. Lanier2  
1Immunology Program, Memorial Sloan-Kettering Cancer Center, NY, USA 
2 Department of Microbiology and Immunology, UCSF, CA, USA 
3 Department of Pediatrics, Indiana University School of Medicine, IN, USA 
INTRODUCTION: Recent studies have demonstrated that natural killer (NK) cells 
can become long-lived and can contribute to secondary immune responses 
similar to members of the adaptive immune system; however, the precise signals 
that promote the generation of these long-lived memory NK cells remain 
unknown.  Pro-inflammatory cytokines, such as IL-12, have been suggested to 
play an important role in the early response of NK cells to mouse cytomegalovirus 
(MCMV) infection, although previous studies relied on global ablation of cytokine 
signaling. Moreover, studies exploring the effects of these pro-inflammatory 
cytokines on the generation of NK cell memory have not been done. Our work 
seeks to define the influence IL-12 and STAT4 have on the activation, expansion, 
and generation of the long-lived virus-specific NK cell response to MCMV 
infection.  
METHODS: Using mice deficient in the IL-12R and STAT4 we generated bone 
marrow chimeric mice and employed an adoptive transfer system to study the role 
of these signaling pathways in the early and long-term NK cell response against 
MCMV infection.  
RESULTS: We demonstrate that IL-12 receptor-deficient NK cells exhibit a 
profound expansion defect following MCMV infection. This defect extended to the 
formation of long-lived memory cells, as IL-12 receptor-deficient NK cells were 
undetectable 2 weeks after infection whereas wildtype NK cells proliferated 
robustly and generated long-lived cells detectable months after MCMV infection. 
These findings were corroborated through the use of mice deficient in STAT4, 
which exhibited a defect in the expansion and formation of long-lived memory 
cells compared to wildtype NK cells in a competitive setting.  
CONCLUSIONS: This work demonstrates a key role for IL-12 and STAT4 during 
NK cell priming, and describes the requirements for generating robust 
virus-specific NK cell memory. Understanding the full contribution of inflammatory 
cytokines and the signals necessary for a long-lived NK cell response against viral 
infection will be of interest in the development of vaccines and therapeutics. 
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HLA-DR EXPRESSION ASSESSMENT HELPS TO DISCRIMINATE PERIPHERAL 
BLOOD NK CELLS BY FLOW CYTOMETRY 
Leonid M Kanevskiy and Elena I Kovalenko* 
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia  
INTRODUCTION. Both a lack of unique NK-cell-specific markers and overlaps of multiple 
mutual surface molecules and functional properties with other lymphoid and myeloid cells 
complicate NK cell identification in human peripheral blood. Part of NK cells expresses MHC 
class II molecules which expression is attributed as a rule to professional antigen-presenting 
cells. A common way of human NK cell identification is CD56-positive CD3/CD14/CD19-
negative cell phenotyping. However it is not inconceivable that some other cells particularly 
dendritic cells (DC) might express CD56 (neural cell adhesion molecule). The presence of rare 
DC populations in cell culture might influence NK cell functions by means of contact cell 
interactions and DC-derived cytokines. In this work we characterized CD56-positive leukocytes 
estimating surface HLA-DR expression.  
METHODS. Mononuclear cells were isolated from peripheral blood of normal donors. For some 
experiments NK cells were enriched with Miltenyi Biotec magnetic beads; proportion of 
CD3−CD56+ cells in the population was about 95-99%. Surface expression of CD3, CD14, 
CD19, CD56, HLA-DR, CD11c, CD303, CD141 and TLR4 was analyzed by multicolor flow 
cytometry using FACSVantage-DiVa instrument. No less than 7x105 events were analyzed in 
one probe. 
RESULTS. Two major populations of CD56-positive cells were distinguished depending on 
differential expression of HLA-DR. Low HLA-DR expression was detected in NK cells. There 
was a big variation of HLA-DR expression among NK cells isolated from different donors: from 
1% to 30% of NK cells were HLA-DR-positive. CD56dim cells expressed considerably lower 
level of HLA-DR comparing with CD56bright cells. HLA-DR expression increased in NK cells 
activated with IL-2. It was suggested that dendritic cells constituted the population with high 
level of HLA-DR expression. We have shown that at least a part of CD56+HLA-DRbright cells 
expressed CD141. HLA-DRhighCD141+ cells were TLR4-negative and corresponded with 
specialized subset of myeloid blood DC.  
CONCLUSIONS. Described peculiarities of CD56-expressing leukocytes are useful for 
considering in experiment design and analysis. Expression of HLA-DR may serve as an 
additional way to identify peripheral blood NK cell population as CD3–CD14–CD19–

CD56+HLA-DRdim/neg cells.  
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ADAPTIVE HUMAN NK CELL RESPONSES AS REVEALED BY HIGH-
RESOLUTION ANALYSIS OF KIR REPERTOIRES. Vivien Béziat*1, Lisa 
Liu1, Jenny-Ann Malmberg1, Martin Ivarsson1, Christelle Retière2, James 
Traherne3, Marie Schaffer1, John Trowsdale3, Jakob Michaelsson1, Hans-
Gustaf Ljunggren1, Karl-Johan Malmberg1,4. 1Karolinska Institutet, Stockholm, 
Sweden. 2Établissement Français du Sang, Nantes, France. 3Cambridge 
Institute for Medical Research, Cambridge, United Kingdom. 4Institute for 
Cancer Research, Oslo University Hospital Radiumhospitalet, Oslo, Norway. 
 
INTRODUCTION. Recent evidence in mice and humans suggest that NK cells 
may mediate responses where specific subpopulations undergo clonal 
expansion and attain higher responsiveness to future challenges. Because 
human KIR repertoires are generated in a random fashion and are stable over 
time, we hypothesized that such “adaptive” NK cell responses might lead to 
unique and visible alterations in KIR-expression profiles.  
 
METHODS. High-resolution KIR phenotyping of PBMC from 199 healthy 
donors was performed using a newly developed 13-color flow cytometry panel 
allowing simultaneous assessment of 7 KIRs (2DL1, 2DL2/S2, 2DL3, 2DS1, 
2DS4, 3DL1 and 3DL2) together with surface markers to define discrete 
stages of NK cell differentiation: NKG2A, NKG2C and CD57.  
  
RESULTS. An exploratory analysis of KIR repertoires in a large cohort of 
healthy individuals revealed KIR subsets with expression frequencies that 
could be classified as statistical outliers. In extreme cases, such “oligoclonal” 
expanded populations constituted up to 63 percent of the total NK cell 
compartment. These subsets deviated significantly from the random 
association of receptors described by the product rule and were largely, but 
not exclusively, confined to the NKG2C-positive NK cell subset previously 
shown to expand in human cytomegalovirus (HCMV) seropositive individuals. 
Expanded NKG2C-positive NK cells were highly differentiated and 
consistently expressed self-specific KIRs. Interestingly, some HCMV-positive 
individuals displayed expansion of NKG2C-negative NK cells that shared the 
same phenotypic and functional properties as oligoclonal NKG2C-positive NK 
cells.  
 
CONCLUSIONS. 
We show that unique deviations in KIR expression patterns, likely 
representing imprints of previous infections, become visible on a background 
of randomly generated KIR repertoires. Our results suggest that an “adaptive” 
NK cell-behavior can be deciphered by careful analysis of human KIR 
repertoires. 
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GENERATING THE FIRST CATTLE NK CELL CLONES TO DECIPHER 

PHENOTYPIC HETEROGENEITY. Alasdair J. Allan
**1

, Daniel Ngugi
2
, James Birch

1
, 

Nicholas D. Sanderson
1
, Jayne C. Hope

3
, Shirley A. Ellis

1
, Declan McKeever

2
 and John A. 

Hammond
1
. 

1
 The Institute for Animal Health, Compton, UK.

2
 The Royal Veterinary College, 

London, UK. 
3
 The Roslin Institute, University of Edinburgh, UK. 

INTRODUCTION: NK cell functions are mediated by an extensive repertoire of activating and 

inhibitory cell surface receptors. The variegated expression of these receptors creates individual 

NK cells with different specificities. Clonal proliferation of NK cells in vitro reduces the 

complexity of an NK cell population and enables examination of receptor expression diversity 

and associated function. We attempted to generate NK cell clones using cytokine stimulation 

alone and the cattle parasite Theileria. Theileria parasites are known to immortalise bovine 

lymphocytes, but NK cell immortalisation has never previously been described. 

METHODS: NK cells were isolated from peripheral blood by positive selection of NKp46+ cells 

(the only known bovine NK cell marker). Isolated cells were incubated in tissue culture medium 

containing either cytokine alone for 24 hours or in the presence of either Theileria annulata or 

Theileria parva for 48 hours. Limiting dilution assays were performed over autologous feeder 

cells and wells that exhibited growth were expanded and screened for NKp46 expression by 

FACS to confirm NK cell origin. NK cell clones were then phenotyped using a cattle specific 

panel of NK cell receptor PCRs and by FACS analysis. 

RESULTS: Clonal proliferation of NKp46+ NK cells occurred when cultured with either IL-2 or 

IL-15. Clones grew on average for 50 days and consistently reached 3-5 million cells in total. 

None of the cells trensformed with Theileria annulata had an NK cell phenotype, but a 

proportion of Theileria parva transformed cells were NKp46+ by FACS and PCR; and are 

immortal. PCR analysis of these clones revealed variable expression of specific C-type lectin and 

killer cell immunoglobulin-like receptor (KIR) genes between clones from the same animal. A 

majority of these receptors were restricted to NKp46+ clones, although some KIR and Ly49 

genes were transcribed in non-NK-like clones. In addition, gene content and expression patterns 

vary between the three individuals studied. 

CONCLUSIONS: We have generated cattle NK cell clones that provide a powerful tool with 

which to interrogate NK cell function. These immortalised and non-immortal clones are 

phenotypically similar and closely resemble ex vivo NK cell populations. The variable 

expression of receptor genes both within and between individuals resembles NK cells in other 

mammals. This suggests that different NK cell receptor gene content and expression patterns will 

influence the cattle immune response. These clones now allow us to use defined NK cells to 

study MHC class I restriction and ligand specificity and in in vitro disease models. These clones 

represent an essential tool to understand bovine NK cell receptor repertoires and their 

consequence on function. 
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NATURAL KILLER CELL MEDIATED ADAPTIVE IMMUNITY IS 
TRANSFERRABLE BY SOMATIC CELL NUCLEAR TRANSFER.  
Silke Paust**1,3, Michael Flynn1, Baozhong Wang4, Stephanie Dougan6, Hidde 
Ploegh6, Amalio Telenti5, Richard Compans4, Ulrich von Andrian1,2,3. 
1Department of Microbiology and Immunobiology, Harvard Medical School, 
Boston, MA, United States. 2Immune Disease Institute, Children's Hospital 
Boston, Boston, MA, United States. 3Department of Immunology, The Ragon 
Institute of MIT, MGH and Harvard, Boston, MA, United States. 4Department of 
Microbiology & Immunology and Emory Vaccine Center, Emory University, 
Atlanta, GA, United States. 5Institute of Microbiology, University Hospital, 
University of Lausanne, Lausanne, Switzerland. 6Biomedical Sciences, 
Whitehead Institute, Boston, MA, United States. 
 
INTRODUCTION.  Adaptive immunity is thought to be a unique feature of T- and 
B-lymphocytes. However, there is mounting evidence that adaptive immunity can 
be mediated by a discrete subset of liver-resident natural killer (NK) cells. To 
date, Rag-independent NK memory has been documented for at least four 
distinct haptens and six viral antigens (Ag).  
METHODS.  We have developed a sorting strategy to identify and isolate Ag-
specific NK cells from livers of Rag-/- mice sensitized with the hapten DNFB. By 
transplanting nuclei from sorted DNFB-responsive Rag-/- NK cells into enucleated 
oocytes, embryonic stem (ES) cell lines were generated that were used to clone 
mice.  
RESULTS.  NK cells from the cloned animals instantly responded to DNFB 
without requiring prior sensitization, but they could not be sensitized to other Ags, 
like OXA. Thus, the nuclear 'information' for Ag specificity of memory NK cells 
persists even in animals generated from a donor nucleus whose epigenetic state 
was reset by nuclear reprogramming.  
CONCLUSIONS. This apparent genetic fixation would be expected if Ag receptor 
specificity were encoded at the level of genomic DNA, rather than by epigenetic 
regulation of conventional 'hardwired' NK receptors, and suggest an entirely 
novel mechanism to generate Ag receptor diversity. Thus, current views of the 
immune system as a duality of adaptive (T- and B-cells) and arms, need to be re-
imagined as a trinity that includes memory NK cells as a third arm.  (Funding 
Support. US National Institutes of Health (AI069259, AI072252, AI078897, 
HL56949 and AR42689), the Ragon Institute (U.H.v.A.), the Cancer Research 
Institute (S.P.) and the Ragon Institute of MIT, Harvard and MGH (S.P.).) 
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NK CELL INTRINSIC CYTOKINE-INDUCED MEMORY-LIKE RESPONSES 
ARE MAINTAINED FOLLOWING HOMEOSTATIC PROLIFERATION.  Molly P. 
Keppel, Liping Yang, Megan A. Cooper*.  Washington University School of 
Medicine, Departments of Pediatrics and Internal Medicine. 
 
INTRODUCTION Recent studies have demonstrated that innate immune natural 
killer (NK) cells exhibit memory-like properties with enhanced non-specific and 
antigen-specific responses. We recently demonstrated that cytokine activation 
alone of NK cells induces the differentiation of cells more likely to produce 

interferon-gamma (IFN-γ).  Here we examined cytokine-induced NK cell memory-
like properties in the setting of homeostatic proliferation, an important 
consideration for the design of NK cell clinical therapies. 

METHODS Congenic cytokine-activated (IL-12 + IL-18) and control NK cells 
were adoptively co-transferred into lymphopenic hosts with or without NK cells, 

i.e. Rag or Rag/common gamma chain (Rag-2-/-γc-/-) deficient mice.  Memory and 

naïve NK cells were assayed 1d to 12 weeks later for IFN-γ production in 
response to re-stimulation with cytokines (IL-12 + IL-15), Yac-1 tumor target 
cells, and/or in vivo TLR activation with PolyI:C. 

RESULTS Using a co-transfer model, first we definitely determined that cytokine-
induced memory-like responses are NK intrinsic.  However, due to homeostatic 
control mechanisms, engraftment of donor NK cells in NK-competent hosts is 
limited, with donor cells constituting less than 10% of the NK compartment.  

When NK cells were adoptively transferred into alymphoid Rag-2-/-γc-/- hosts, 
cytokine-activated and control donor NK cells both expanded in vivo and based 
on CFSE labeling nearly all cells proliferated by 7d.  One day after transfer, 
cytokine-activated NK cells had not yet divided and exhibited a primed phenotype 

with most cells producing IFN-γ with re-stimulation. At later time points (3-28d), 
NK cells derived from donor cells activated by cytokines retained an intrinsic 

memory-like enhanced capacity to produce IFN-γ compared to control cells 
following re-stimulation with cytokines, tumor targets cells, and/or PolyI:C.  NK 
cell memory-like responses persisted for 4 weeks after homeostatic expansion, 
and 12 weeks after adoptive transfer into NK-competent hosts.  

CONCLUSIONS These findings support an NK-intrinsic model of cytokine-
induced NK cell memory.  Maintenance of this phenotype following homeostatic 
expansion may be clinically relevant when considering therapeutic approaches to 
boost NK cell responses or for adoptive NK cell immunotherapy in lymphopenic 
patients, for example in the setting of infection or chemotherapy-induced 
lymphopenia.  (This work was funded by the NIH-NIAID; The Children’s 
Discovery Institute; and The Child Health Research Center at Washington 
University). 
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NK CELL SURVEILLANCE STUDIED OVER TIME AT THE SINGLE CELL 
LEVEL BY A NOVEL MICROCHIP-BASED ASSAY REVEALS SURPRISING 
HETEROGENEITY IN THE CYTOTOXIC RESPONSE 
Bruno Vanherberghen1**, Per Olofsson1, Mohammad Ali Khorshidi1, Simon Pacouret1, Michal 
Sternberg-Simon3, Karolin Guldevall1, Elin Forslund2, Ramit Mehr3 and Björn Önfelt1,2 1The 
Royal Institute of Technology, Stockholm, Sweden 2Karolinska Institutet, Stockholm Sweden, 
3Bar-ilan University, Ramat-Gan, Israel 
INTRODUCTION.  The interaction between NK and target cells has been subject of intense 
scrutiny by microscopy since the discovery of the immune synapse almost 15 years ago. 
However, few microscopy studies have been devoted to study functional heterogeneity 
between individual cells within populations. By using a microchip-based, time-lapse imaging 
approach allowing the entire contact history of each NK and target cells to be recorded, we 
can here report details of how the killing efficiency and cytotoxic response varies between 
individual NK cells.    
METHODS.  Small populations (30-80 cells) of peripheral blood human IL-2 activated NK 
cells were seeded together with tumor targets (200-300 HEK 293T cells) into microchip wells 
(650×650 µm2) and imaged for ≈12 hours under physiological conditions. NK and target cells 
were fluorescently labeled with the viability dyes calcein-orange and calcein-green, respectively. 
Individual NK cells were tracked to assess migration behavior and contact history with target 
cells. NK-induced target cell death was detected by analyzing the decline of calcein-green 
fluorescence intensity and monitoring the morphology of the target cell in the bright-field 
channel. Mathematical simulations were used to evaluate the heterogeneity between individual 
cells.     
RESULTS.  Our data shows that a minority of NK cells (20%) was responsible for a majority 
of the target cells deaths (62%). Strikingly, a large fraction of the NK cells (50%) did not kill at 
all during the assay. Recording the entire contact history of NK cells revealed that NK cells 
could be grouped into 5 different categories; 1. Cells that did not interact with target cells, 2. 
Cell that did not kill, 3. Cells that always killed, 4. Cells that killed until unable to kill (i.e. 
exhausted). 5. Cells that stochastically alternated between killing and not killing. A small 
fraction of the NK cells (5%) were found to be capable of killing several target cells (5-7) in a 
consecutive fashion. Mathematical modeling showed that these different behaviors could not 
occur by chance, but instead reflect true heterogeneity in the NK cell population. The process 
of target cell death following lytic hits varied significantly between individual conjugates. Slow 
target cell death was associated with cell blebbing, consistent with apoptosis, whereas fast 
death was coupled to rapid swelling and bursting of the target cells, consistent with necrosis. 
Similar rapid cell death was observed with high doses of the pore-forming agent melittin 
suggesting that the fast and slow death could be related to the amount of perforin released by 
the NK cell. Interestingly, NK serial killers were found to deliver their lytic hit faster and cause 
rapid target cell death more frequently than the average cell.  
CONCLUSIONS. Polyclonal activated human NK cells display a significant heterogeneity in 
their cytotoxic response. A small fraction of serial killers act more decisive and release more 
perforin in each hit causing target necrosis rather than apoptosis. This is likely to be important 
as necrotic cells release their content into the surroundings in an uncontrolled way, which 
could activate other cells of the immune system. Our data is consistent with a model where a 
small fraction of NK cells are driving tumor elimination and inflammation.  
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GENERATION AND CHARACTERIZATION OF NKp46ICRE KNOCK-IN MICE. 
Emilie Narni-Mancinelli1,2,3,4, Julie Chaix1,2,3,4, Aurore Fenis1,2,3, Yann M. Kerdiles1,2,3, Nadia 
Yessaad1,2,3, Ana Reynders1,2,3, Claude Gregoire1,2,3, Herve Luche1,2,3, Sophie Ugolini1,2,3, 
Elena Tomasello1,2,3, Thierry Walzer1,2,3, and Eric Vivier1,2,3,5,*. 1Centre d'Immunologie de 
Marseille-Luminy, Université de la Méditerranée UM 631, Campus de Luminy Case 906, 
13288 Marseille, France; 2Institut National de la Santé et de la Recherche Médicale, Unité 
Mixte de Recherche S 631, 13009 Marseille, France; 3Centre National de la Recherche 
Scientifique, Unité Mixte de Recherche 6102, 13288 Marseille, France; 4JC generated the 
mice and ENM performed the experiments ; 5Assistance Publique, Hôpitaux de Marseille, 
Hôpital de la Conception, 13385 Marseille, France  
INTRODUCTION. Natural killer (NK) cells, defined as NKp46+CD3- lymphocytes, 
contribute to a variety of innate immune responses to viruses, tumors and allogeneic cells. 
However, our understanding of NK cell biology is severely limited by the lack of a genetic 
model where genes may be selectively ablated in NK cells.  
METHODS. We have generated a NKp46iCre knock-in mouse line in which the iCre 
recombinase is inserted under the control of an Internal Ribosome Entry Site (IRES) sequence 
in the 3’ untranslated region of the NKp46 gene. To assess the specificity of the iCre 
expression in NKp46+ cells, we crossed the NKp46iCre mice with the ROSA26loxpSTOPloxp 
YFP reporter strain, further referred as NKp46iCreR26ReYFP mice. 
RESULTS. We show that iCre mediated recombination occurs in all NK cells and is tightly 
restricted to NKp46+ cells. The genetic tracing of NKp46+ cells in vivo revealed the stability 
of NKp46 cell surface expression. The differential expression of YFP in NKp46iCreR26ReYFP 
mice showed that gut NKR+ROR-γt+ and NK cells represent two distinct lineages. In addition, 
fate mapping experiments revealed the genetic heterogeneity of the two subsets of 
CD11b−/lowDX5dimTRAIL+ and CD11b+DX5+TRAIL− liver NK cells. Besides their common 
NKp46dim/loweYFPhigh phenotype, gut and liver eYFPhi cells did not appear to be directly 
related, because gut eYFPhi cells were NK1.1−/dim and corresponded to NKR+ROR-γt+ cells, 
whereas liver eYFPhi cells were NK1.1+ and expressed TRAIL. Together, these results define 
Nkp46iCre mice as a unique mouse model of specific targeting in NKp46+ cells, allowing the 
generation of unique mouse strains based on the crossing of NKp46iCre mice to a variety of 
floxed mice to dissect the biology of NKp46+ NK, T, and gut NKR+ROR-γt+ cells. (This work 
was funded by an European Research Council grant, Agence Nationale de la Recherche, 
Ligue Nationale Contre le Cancer, Association pour la Recherche sur le Cancer, Axa research 
fund and institutional grants from INSERM, CNRS and AIX-Marseille University.) 
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Age related changes in natural killer cell subsets in the Gambia.  
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Introduction: Natural killer cells are known to play an important role in the early control 

of virus infections, prior to the development of antigen-specific memory T cell responses. 

In infants, NK cell function may be critical for the control of pathogens prior to the 

generation of effective antigen specific memory B cell and T cell populations. In adults, 

repeated long-term exposure to pathogens may result in progressive differentiation and 

loss of functionality within the NK cell pool. We therefore compared NK cell phenotype 

and activation in a cross sectional study to assess the influence of age on their functional 

potential.  

Methods: Individuals are currently being recruited (January-March 2012) from the 

villages of Keneba and Manduar (The Gambia, W.Africa), according to age-stratified 

groups. Subjects included in the study include children (1-2, 3-5; 5-9; 10-12 and 13-15 

years) and adults (16-19 years, 20-25 years, 26-40 years and over 40 years of age). 20 

individuals (10M/10F) have been recruited for each group. The phenotypic 

characteristics of CD56bright/CD16negative, CD56bright/CD16intermediate, 

CD56dim/CD16bright and CD56negative/CD16bright NK cell subsets are being assessed 

by flow cytometry. The activation potential of these subsets is also assessed in response 

to IL-12/IL-18 stimulation. These studies will reveal the impact of age and environmental 

pathogen exposure on the phenotypic differentiation and functional potential of NK cells.  

Results: Data will be presented on changes in the frequency of functional NK cell 

subsets with age.  

Conclusions:  We hypothesise that NK cells have distinct phenotypic and functional 

characteristics early in life and that ageing and environmental pathogen exposure drives 

the differentiation of these cells towards effector cells with altered function. This work is 

funded by the Medical Research Council – UK (G1000808). 
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CHARACTERIZATION OF MURINE NK CELL MIGRATION AND 
KILLING OF MHC CLASS I DEFICIENT TARGET CELLS AT THE 
SINGLE CELL LEVEL; OBSERVATIONS FROM A MICROCHIP-BASED 
ASSAY. 
Elin Forslund1**, Nadir Kadri1, Thomas Frisk2, Klas Kärre1, Petter Höglund1 and 
Björn Önfelt1,2. 1Karolinska Institutet, Stockholm, Sweden 2Royal Institute of 
Technology, Stockholm, Sweden 
 
INTRODUCTION. Previous studies in the mouse have shown that NK cell killing 
efficiency is determined by the type and level of MHC class I expression of the host. 
It has also been suggested that the response at the population level is dictated by 
qualitative and quantitative changes in individual NK cells or NK cell subsets within 
the NK cell population. To start to dissect this heterogeneity, we have developed a 
novel microchip-based in vitro imaging assay with single cell resolution to investigate 
the killing efficiency of murine NK cells and their capacity to migrate and form stable 
conjugates with target cells. We aim to characterize functional heterogeneities within 
murine NK cell populations and how this is linked to expression of MHC class I 
molecules.  
 
METHODS. Murine NK cells from wild type C57BL/6 (B6) mice were isolated from 
splenocytes using magnetic activated cell sorting (MACS). NK cells were identified 
based on their expression of DX5 and lack of CD3. NK cells were activated either by 
tilorone (interferon inducer) injections to the mice one day prior to isolation or by 
culturing isolated NK cells with the cytokines IL-2 and IL-15 for 6 days. Target cells, 
a transporter-associated-with-antigen-1 deficient (mTap1) murine cell line, were 
stained with the viability dye Calcein-AM. Approximately 50-80 target and 10-20 NK 
cells were then seeded into square microwells (side 450 µm) and imaged over 11-13 
hours under physiological conditions. Migration and killing behavior of individual 
NK cells was analyzed using the Volocity software. Target cell death was identified 
by analyzing Calcein leakage and membrane blebbing. 
 
RESULTS. B6 NK cells showed a significant heterogeneity in terms of individual 
cells’ ability to migrate and kill target cells. About 40% of the total viable population 
was characterized as being highly active, that is, either actively migrating or killing, 
or both. The remaining  60% displayed low activity. Approximately half of the NK 
cells formed stable conjugates with target cells and about every other stable conjugate 
resulted in target cell death. Strikingly, only a small subpopulation (about 10% of the 
NK cells) was responsible for virtually all the killing events. Thus, this population of 
cells was very active in terms of forming conjugates and had a high probability of 
killing at each encounter. Furthermore, the migratory behavior also differed within the 
population, as some cells were able to migrate fast and in a directed manner, while 
others stayed in one place or moved randomly. The polyclonal NK cell population 
was also made up of cells differing both in size and morphology, properties that might 
be linked to responsiveness. 
 
CONCLUSIONS. The murine NK cell population is heterogeneous and made up of 
individual cells with differences in migration behavior and ability to kill target cells. 
Many NK cells were surprisingly inactive, while a small fraction of cells showed an 
extraordinary capacity to kill several target cells in a consecutive fashion.  

danielvalle
Text Box
Abstract # 13



A Novel Framework Revealing Phenotypic and Functional Heterogeneity in NK cells. 
Amir Horowitz**1, Catherine A. Blish, Ozge C. Dogan, Michael Leipold, Holden Maecker, 
Peter Parham. Stanford University,  
INTRODUCTION. Human NK cells are an extremely heterogeneous population of 
lymphocytes crucial to antiviral and antitumor immune responses. They express an array of 
natural killer receptors (NKRs) and associated surface receptors, providing a complex 
repertoire of activating and inhibitory signals that dictate their functional capacity and 
influence disease susceptibility and pathogenesis.   To date, there has been no method for 
simultaneously evaluating the phenotype and function of NK cells.  The aim of this study is 
to establish a novel analytic framework utilizing flow cytometry with time of flight mass 
spectrometry (CyTOF) to evaluate NK cell phenotype and function comprehensively. 
METHODS. A 38-parameter CyTOF panel was established by labeling antibodies specific 
for lineage markers, NKRs, coreceptors, cytokines, and markers of cytolytic capacity with 
lanthanide metals. This panel was validated by staining both fresh and cryopreserved 
peripheral blood mononuclear cells from healthy donors in the presence and absence of 
stimuli including PMA and ionomycin, recombinant human (rh) IL-2, rhIL-15, rhIL-2 + 
rhIL-15, and 721.221 cells for periods ranging from 6 hours to 7 days. Phenotypic and 
functional assessments by CyTOF were compared to the results obtained from conventional 
flow cytometry. Spanning-tree progression analysis of density-normalized events (SPADE) 
was used for analysis of phenotypic and functional heterogeneity of NK cells.	  
RESULTS. The robust 38-parameter CyTOF panel revealed significant functional 
heterogeneity in NK cell populations.  Anticipated patterns such as lower levels of KIR 
expression on CD56bright NK cells were observed ex vivo, and heterogeneity in expression of 
NKG2A, NKG2C and NKp46 was observed. Signal intensity and signal-to-noise ratios 
were comparable to those obtained in conventional flow cytometry. All donor samples, 
whether freshly isolated or cryopreserved, demonstrated robust NK cell responses 
following exposure to various stimuli, with minimal background. Among all NK cell 
populations, cytokine stimulation increased expression of NKG2A, NKG2C and NKG2D 
from baseline levels observed ex vivo. Notably, following stimulation with either rhIL-2 
[200 U/ml] or rhIL-2 [200 U/ml] + rhIL-15 [10ng/ml] for 7 days, CD56bright NK cells were 
found in two populations, with one population expressing CD16, CD56 and KIR at high 
levels. Both populations of CD56bright cells expressed high levels of NKp44 and CD85j 
(ILT-2). 
CONCLUSIONS. The development of a high resolution technique for evaluating NK cell 
phenotype and function of NK cells should transform the evaluation of the role of NK cells 
in a variety of human settings, including infection, malignancy, and reproduction. (This 
work was funded by NIH grant #: A122039 PP; NIH training grant T32 AI07290 (AH); 
and a New Investigator Award from the University of Washington Center for AIDS 
Research (P30 AI027757 to CAB). 
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Markers of Nonselective and Specific Activation of NK Cells.   
Leslie A. Fogel**, Theresa A. Geurs, Michel M. Sun, and Anthony R. French.  
Washington University in St. Louis School of Medicine 
INTRODUCTION: Murine cytomegalovirus (MCMV) infection in C57BL/6 (B6) mice 
results in both nonselective (driven by proinflammatory cytokines) and specific (medi-
ated by recognition of a virally encoded protein, m157, by an NK cell activation receptor, 
Ly49H) activation of NK cells.  CD69 and killer cell lectin-like receptor G1 (KLRG1) 
have previously been described as markers of NK cell activation. 
METHODS: Splenic NK cells were harvested from naïve B6 mice or mice infected with 
salivary gland stock of Smith strain MCMV.  Unless otherwise noted, all infections were 
done with 5 x 104 pfu MCMV i.p.  Stem cell antigen 1 (Sca-1), KLRG1, CD27, CD69, 
Ly49H, and interferon-γ (IFN-γ) expression were analyzed on NK cells (CD3-, NK1.1+, 
NKp46+) by flow cytometry.  IFN-γ production was assessed 1.5 days post infection (dpi) 
with MCMV in wt B6 and Sca1-deficient mice (Sca-1-/-; a kind gift from T. Graubert, 
Washington University in St. Louis).  Sca-1, KLRG1, and CD27 expression were ana-
lyzed with respect to Ly49H expression in B6 mice infected with 1 x 104 pfu of wt 
MCMV or m157-deficient MCMV (MCMV-Δm157; which has a point mutation in base 
881 of m157, resulting in a premature stop codon).   
RESULTS: Sca-1 is upregulated to a greater extent (in both the frequency of Sca-1+ NK 
cells and mean fluorescent intensity) than previously identified markers of NK cell acti-
vation, KLRG1 and CD69.  A larger proportion of Sca-1+ and CD69+ NK cells produced 
IFN-γ than Sca-1- and CD69- NK cells.  Notably, a greater proportion of NK cells from 
Sca-1-/- mice made IFN-γ 1.5 dpi MCMV compared with those from wt mice.  Differen-
tial expression of Sca-1 as well as KLRG1 and CD27 on Ly49H+ and Ly49H- NK cells 
late during MCMV infection (6-10 dpi) suggests that these markers can distinguish NK 
cells stimulated through their activation receptors.  KLRG1 expression is maintained on 
Ly49H+ NK cells, while it is gradually lost on Ly49H- NK cells.  Conversely, Sca-1 and 
CD27 expression decrease more rapidly on Ly49H+ compared to Ly49H- NK cells. To 
confirm that these differences in marker expression were dependent on Ly49H recogni-
tion of m157, we compared Sca-1, CD27, and KLRG1 expression on NK cells from mice 
infected with either wt MCMV or MCMV-Δm157.  There was no differential expression 
of these markers on Ly49H+ and Ly49H- NK cells in mice infected with MCMV-Δm157.  
CONCLUSIONS: Sca-1 is a novel marker of nonselective NK cell activation. It is highly 
upregulated early during MCMV infection, and a greater proportion of Sca-1+ NK cells 
made IFN-γ compared to Sca-1- NK cells, consistent with nonspecific cytokine stimula-
tion.  Furthermore, the increased frequency of IFN-γ producing NK cells from Sca-1-/- 
mice compared to wt mice, suggests that Sca-1 has an inhibitory function. Differential 
expression of Sca-1, KLRG1, and CD27 on Ly49H+ and Ly49H- NK cells late during 
MCMV infection suggests that these markers can distinguish specifically activated NK 
cells. The absence of differential expression in MCMV-Δm157 infected mice shows that 
differential expression of these markers depends on Ly49H recognition of m157. 
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RESIDENT PERITONEAL NK CELLS 
Rosemary Gonzaga, Polly Matzinger and Ainhoa Perez-Diez** 
Ghost Lab, Laboratory of Cellular and Molecular Immunology, NIAID, National 
Institutes of Health 
INTRODUCTION. We have previously shown that CD4 cells can reject tumors in 
absence of CD8 cells and that the CD4 cells collaborate with NK cells for their anti-
tumor effect. During the process of understanding such collaboration we tried to 
reconstitute RAGγcKO mice with NK cells by intraperitonal (i.p.) injection and found 
that the NK cells remained “trapped” in the peritoneum and did not reconstitute the 
periphery. Therefore we tried to understand first, whether the peritoneum is a special 
tissue for the NK cells where they might behave differently than outside the peritoneum 
and second, whether there might be a special subset of NK cells residing in the mouse 
peritoneum under steady-state conditions. 
METHODS. We analyzed the phenotype and the function of NK cells found in the 
peritoneum, and compared them with different NK cell subsets previously described in 
the spleen and liver of RAGKO and wild type mice.  We also transferred whole splenic 
NK cells or their mature and immature subsets into RAGγcKO mice either i.p. or 
intravenously (i.v.). Four to 30 days later, we analyzed the location, phenotype and cell 
division of the transferred NK cells.  
RESULTS.  We found a new population of NK cells that reside in the normal, un-
inflamed peritoneal cavity. Phenotypically, they share some similarities with the small 
population of CD49b negative, CD27 positive immature splenic NK cells, and with liver 
NK cells, but differ in their expression of CD62L, TRAIL and EOMES.  Functionally, 
the peritoneal NK cells resemble the immature splenic NK cells in their production of 
IFN-γ, GM-CSF and TNF-α and in the killing of YAC-1 target cells.   We also found that 
the peritoneum induces different behavior in mature and immature splenic NK cells.  
When transferred intravenously into RAGγcKO mice, both populations undergo 
homeostatic proliferation in the spleen, but only the immature splenic NK cells, are able 
to reach the peritoneum.  When transferred directly into the peritoneum, the mature NK 
cells survive but do not divide, while the immature NK cells proliferate profusely.   
CONCLUSIONS. These data suggest that the peritoneum is not only home to a new 
subset of tissue resident NK cells but that it differentially regulates the migration and 
homeostatic proliferation of immature versus mature NK cells.   
(This research was supported by the Intramural Research Program of the NIH, NIAID). 
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MOUSE LUNG AND SPLEEN NK CELLS HAVE DIFFERENT CHARACTERISTICS, 

IN PART INFLUENCED BY MACROPHAGES. 
 
Tatiana Michel*, Aurélie Poli, Maud Thérésine, François Hentges, Jacques Zimmer. 
CRP-Santé, Laboratory of Immunogenetics and Allergology, Luxembourg City, 
Luxembourg. 
 
INTRODUCTION. The tissue distribution of NK cells in vivo may implicate their 
environmental role in immune responses. It has been described that in mice, NK cell 
profile markers are quite different in various lymphoid or non lymphoid organs. In 
bone marrow, NK cell subsets are considered as precursors, then a mature NK cell 
population, which is CD11bhigh, is predominantly found in peripheral organs such as 
the spleen, peripheral blood, liver and lung. The lung is an important organ of 
exposure to antigens and pathogens via its airways and its vascular system. A virus 
infection will enhance NK cell activity in the lung or spleen, depending on whether the 
virus is given intranasally or intravenously, respectively. It was described that NK 
cells from spleen and lung have quite the same surface characteristics, but the NK 
cell maturation is different, in fact there are more CD11bhighCD27low NK cell subsets 
in the lung compared to the spleen.  
Studies have shown that splenic NK cells are not programmed to home to the spleen 
which means that differences found between spleen and lung NK cells could be due 
to the local environment. It was demonstrated that macrophages can influence NK 
cell activity. Some major differences among species (rat, mouse and human) were 
found in vitro in the regulation of NK activity by macrophages. To determine the 
potential role of lung and spleen macrophages in the regulation of NK cell activity, we 
compared the NK cell cytotoxicity in presence of these two subsets of macrophages 
in vitro. 
METHODS. Spleen and lung were removed from 6-8 weeks old C57BL/6j mice and 
the cells were put in culture under different conditions to stimulate cytokine secretion. 
The division of the cells was followed with a CFSE staining and analysed by FACS 
after 4 days of culture with IL-2. Furthermore, the expression level of the NK cell 
receptors was observed by FACS. To study the influence of macrophages on NK cell 
cytotoxicity in vitro, spleen and lung NK cells as well as macrophages were purified 
and cytotoxicity assays were performed against YAC-1 targets.  
RESULTS. We could show that due to the influence of the environment or the 
difference of NK cell subsets, the NK cells from the lung have a different phenotype 
and different functional characteristics compared to NK cells from the spleen. We 
have observed that splenic NK cells have a stronger capacity to divide than lung NK 
cells. Moreover NK cell receptor levels present at the cell surface are lower in lung 
NK cells than in splenic NK cells. The functional capacities are also different between 
both subsets. We observed likewise an influence of lung or spleen macrophages on 
NK cell cytotoxicity.   
CONCLUSIONS. We have observed that lung NK cells have some characteristics of 
more mature cells compared to splenic NK cells; the level of the receptors present at 
the cell surface is lower in the lung. The functional capacities are also different 
between lung and splenic NK cells, due to the influence of tissue or cellular factors 
for instance from macrophages. 
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Four populations defined by CD11b and CD27 in human NK cells and 
their special function in maintaining fetomaternal tolerance Binqing Fu**,1 
Rui Sun,1 Zhigang Tian,1 and Haiming Wei1   

1Institute of Immunology, School of Life Sciences, University of Science and 
Technology of China, 443 Huangshan Road, Hefei 230027, China 
INTRODUCTION. By contrast to T cells and B cells, the knowledge about the 
development and the functions of NK cells is still in its infancy, especially 
decidual NK cells which have many differences in the gene expression, 
development stages and functions compared to periphery NK cells. In order to 
implant and grow, the trophoblast cells from the allograft fetus need to invade 
the mother tissues and inevitably bring certain inflammatory reaction. How to 
control these inflammations and maintain tissue homeostasis is the key 
problem of embryo tolerance. 
METHODS. To have researches on the development of human NK cells and 
their functions, we first select three kinds of NK cells: pNK, cNK and dNK. Here 
we characterise four novel populations defined by CD11b and CD27, which 
can represent the distinct stages of human NK cells from different tissues. In 
order to have research on the function of decidual NK cells, we separated 
decidual NK cells for vitro culturing experiments, FACS, Immunohistochemistry 
and PCR analysis. We also compared the normal decidual NK cells with the 
samples from abortion patients. 
RESULTS. Here we characterise four novel populations defined by CD11b and 
CD27, which can represent the distinct stages of human NK cells from different 
tissues. More than 90% of NK cells from peripheral blood are CD11b+CD27- 

population whereas NK cells from cord blood have 80% CD11b+CD27- and 
20% CD11b+CD27+ populations. Interestingly, we have found that there are 
more than 60% CD11b-CD27- population of NK cells from deciduas, which are 
differ from the other kinds of NK cells. We also demonstrate that each 
population could be characterised by unique functional and phenotypic 
attributes. CD11b-CD27+ and CD11b+CD27+ NK cells show the best ability to 
secrete cytokines. CD11b+CD27+ NK cells exhibit high cytolytic function. We 
also provide evidence that human NK cells are pivotal sentinels to keeping 
pregnancy tolerance controlling inflammation by antagonizing TH17 cells, 
which are involved in inflammations of recurrent spontaneous abortion. Such 
functions of NK cells are performed by CD56brightCD27+ decidual NK cells 
subsets.   
CONCLUSIONS. Thus, we demonstrate that human NK cells at different 
developmental stages have special functions and describe a new model of 
human NK cell differentiation. Meanwhile，we have verified that decidual NK 
cells have different characteristics compared to periphery NK cells, including a 
lot of CD11b-CD27- NK cells with developmental potential and CD11b-CD27+ 
and CD11b+CD27+NK cells with cytokine expressions. Our study also identifies 
NK cells as key regulatory cells during pregnancy by suppressing 
TH17-mediated inflammation and supports the immune tolerance at the 
maternal-fetal interface. 
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THE CONTRIBUTION OF TELOMERIC KIR GENES TO SUCCESSFUL 
PREGNANCY 
Philippa R. Kennedy**1, Shiqiu Xiong1, Andrew Sharkey1, Ashley Moffett1 
1University of Cambridge, UK. 

INTRODUCTION  Case control studies have suggested that telomeric B-haplotype KIR 
genes (KIR3DS1, KIR2DL5, KIR2DS5 and KIR2DS1) protect against diseases of 
pregnancy that arise from inadequate placental invasion. Strong linkage disequilibrium in 
the KIR region means that any of these four genes may be contributing to the observed 
protection. KIR2DS1 is the most likely candidate for this protective effect because it 
recognises HLA-C2 on placental trophoblast cells. We set out to investigate whether the 
orphan telomeric B-haplotype KIR (KIR2DL5 and KIR2DS5) could have a role in 
pregnancy. Moreover, we hypothesized that if KIR2DS1 is, indeed, promoting healthy 
pregnancy, could KIR2DS4, another activating KIR that recognises HLA-C, contribute to 
healthy pregnancy?  

METHODS  The expression of KIR on the cell surface of uterine NK cells and matched 
blood NK cells, was examined by flow cytometry using the following antibodies: UPR1, 
DF200, FES172, 179315, CHL, EB6 and 143211. NK cells were triggered by cross-
linking antibodies or 721.221 cells transfected with HLA-C. Degranulation (CD107a 
assay), RNA expression (microarray) and cytokine secretion (ELISA) were used as 
functional readouts of NK activation. 

RESULTS  KIR2DL5 was not detectable on uterine NK cells from any patient who had 
demonstrable KIR2DL5 on the surface of their blood NK cells. KIR2DS5 was not 
detectable on uterine NK cells using this method, but its expression by these cells could 
not be ruled out. KIR2DS4 and KIR2DS1 were both expressed on a large number of 
uterine NK cells. KIR2DS1 was expressed on a significantly higher proportion of uterine 
NK cells than blood NK cells. Both KIR2DS4 and KIR2DS1 were functional on blood 
and uterine NK cells. 

CONCLUSIONS  KIR2DL5 is not contributing to invasion of trophoblast in the uterus, 
because it is not present on uterine NK cells. The protective effect of the telomeric KIR 
genes is therefore generated by activating KIR. KIR2DS1, KIR2DS4 and KIR2DS5 may 
all be beneficial to pregnancy, although KIR2DS5 is difficult at present to study in the 
decidua. The cytokine profile and functional responses of uterine NK cells following 
triggering of activating KIR, suggests that these cells are influential mediators of 
pregnancy. (UPR1 and DF200 were the kind gifts of Carlos Vilches and Massimo Vitale, 
respectively. This work was supported by the Wellcome Trust.) 
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DBA-LECTIN REACTIVITY DEFINES FUNCTIONALLY DISTINCT MOUSE 
UTERINE NATURAL KILLER CELL SUBSETS.  B. Anne Croy*1, Zhilin 
Chen1, Jianhong Zhang1, Kota Hatta1, Francesco Colucci2, Patricia D.  A. Lima3, 
Aureo T. Yamada3.   1Biomedical and Molecular Sciences, Queen’s University, 
Kingston ON Canada; 2Obstetrics and Gynaecology, University of Cambridge 
Clinical School, The Rosie Hospital, Cambridge, UK; 3Laboratory of 
Cytochemistry and Immunocytochemistry, Institute of Biology, University of 
Campinas, Campinas, Brazil. 
INTRODUCTION.    Endometrial decidualization is accompanied by an 
enormous, transient NK cell influx. Uterine (u)NK cells are perforin+ cells that 
promote decidual stromal changes including spiral arterial modification. Mouse 
uNK cell subsets are currently defined by morphological maturation or 
histochemical reactivity with Dolichos biflorus lectin agglutinin (DBA) lectin. We 
asked if DBA+ and DBA- uNK cells are functionally equivalent for production of 
key cytokines, angiogenic molecules and components of the renin-angiotensin 
system (RAS). 
METHODS.  qRT-PCR analyses was conducted on RNA from gestation day 
(gd)10 CD1 uNK cells flow separated as CD3-CD122+DBA± for Ifng, Il22, Pgf, 
Vegfa, Agt, Ren1, Ace, Cma1, Agtr1, Agtr2 and Nppa. FACS analysis was 
conducted on uNK cells from pregnant eYFP-Ifng mice. Immunohistochemistry of 
implantation sites from normal mice was used to localize Ifng, Il22, perforin, Pgf, 
Vegfa, Ren1, Ace, Agtr1, Agtr2 and Nppa to uNK cells reactive with periodic acid 
Schiff’s reagent (PAS+) that lacked or co-expressed DBA lectin reactivity. 
PAS/DBA dual staining was used on gd6 implantation sites of Rag2-/-/Il2rg-/- mice 
previously engrafted with normal marrow to assess if DBA+ and DBA- uNK cells 
differ in origin. 
RESULTS.  CD3-CD122+DBA- cells are a dominant Ifng producing subset. In 
contrast, CD3-CD122+DBA+ cells have significantly greater potential for Il22 
synthesis, angiogenesis and hemodynamic regulation. CD3-CD122+DBA+ cells 
can be further refined into Vegfa+ and Vegfa- subsets, both of which are perforin 
producing. CD3-CD122+DBA+ uNK cells but not CD3-CD122+DBA- uNK cells 
arose from circulating, bone marrow-derived progenitor cells by gd6.  
CONCLUSIONS. UNK cells are a heterogeneous mixture of at least 3 subsets 
with biased functions and more than one origin. Our data suggest that subset 
refinement needs to become an essential component for future studies on uNK 
cell gene expression and function and for understanding uNK cell functions in 
human pregnancy and its complications. 
(ACKNOWLEDGEMENTS. Supported by awards from the Canada Research 
Chairs Program, NSERC, CIHR, CNPq) 
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MULTIPLE FUNCTIONS OF UTERINE LYMPHOCYTES DEFINED IN VIVO. 
 B. Anne Croy*1, Zhilin Chen1, Alexander Hofmann1, Edith M. Lord2, A. L. 
Sedlacek2 and Scott A. Gerber2.   1Biomedical and Molecular Sciences, Queen’s 
University, Kingston ON Canada; 2Microbiology and Immunology, University of 
Rochester, Rochester NY, USA. 
INTRODUCTION.    Large numbers of lymphocytes accumulate in implantation 
sites of species with endometrial decidualization accompanying pregnancy. 
Uterine (u)NK cells support decidual differentiation and trigger modification of 
spiral arteries, major vessels to placentae, but  lymphocyte functions during early 
pregnancy are undefined. To understand relationships between lymphocytes, 
conceptus-derived trophoblasts and uterine vessels, whole mount 
immunohistochemistry was used with leukocyte FACS analyses.  
METHODS.  Pregnancies in C57BL/6 (B6), BALB/c-Rag2-/-Il2rg-/- and B6 
E4bp4-/- were examined between gestation days (gd) 4.5-9.5. Most females 
were mated by B6-Gfp/Gfp males. At timed gd, uteri were dissected from 
euthanized females; implant sites were recovered and hemi-sected or used to 
prepare mechanically-dissociated cell suspensions. Live hemi-sections were 
suspended in fluorochrome-tagged antibodies for specific cell surface markers 
(CD31, CD45, NK1.1, CD4), washed and studied by fluorescence microscopy. 
Suspensions were studied using an eight channel FACSCanto cytometer with 
fluorescence minus one (FMO) controls.  
RESULTS B6 time course study showed CD45+ cells, many CD31+, cluster 
over unique vessels at some distance to trophoblasts. Trophoblasts migrated as 
individual cells of heterogeneous morphology from conceptuses into CD31-
upregulated maternal tissue, entered spiral arteries on gd9 and formed plugs. 
Numerous differences in the null mice defined five lymphocyte functions: 
upregulation of CD31 in the embryonic implantation crypt; definition of leukocyte 
domain boundaries; support of initial trophoblast migration; elevation of CD31 in 
decidua; promotion and connection of a network of finely branched new vessels 
in the placental invasion site. Half of decidual CD45+ cells were NK cells; 
macrophages were next abundant while B cells and granulocytes exceeded T 
cells in relatively stable ratios from gd4.5-9.5. 
CONCLUSIONS. Angiogeneis and promotion of trophoblast/placental 
development are major functions of decidual lymphocytes in early pregnancy.  
 (ACKNOWLEDGEMENTS. Supported by awards from NSERC, CIHR, Canada 
Research Chairs Program (BAC) and NIH (EML).  
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CONVERSION OF PERIPHERAL BLOOD NK CELLS TO A DECIDUAL NK-
LIKE PHENOTYPE BY A COCKTAIL OF DEFINED FACTORS. Ana Sofia 
Cerdeira1,2, Caroline M. Royle1, Agnes Lo1, Zaheed Husain1,  Ravi I. Thadhani3,  
Vikas P. Sukhatme1, S. Ananth Karumanchi1,4, Hernan D.Kopcow1*. 
1Beth Israel Deaconess Medical Center, Harvard Medical School, 2Gulbenkian 
Programme for Advanced Medical Education, Portugal., 3Massachusetts General 
Hospital, Harvard Medical School. 4Howard Hughes Medical Institute. 
INTRODUCTION. Natural killer (NK) cells that populate the decidua are 
important regulators of normal placentation.  In contrast to peripheral blood NK 
cells (pNK), decidual NK cells (dNK) lack cytotoxicity and secrete pro-angiogenic 
factors. We sought to understand what makes dNK cells pro-angiogenic and non-
cytotoxic and induce a dNK-like phenotype on pNK cells. 
METHODS. The decidual microenvironment has been hypothesized to influence 
NK cell phenotype and function. Human peripheral blood NK cells were cultured  
under hypoxia, transforming growth factor β1 (both factors present at the 
maternal-fetal interface) and 5-aza-2'-deoxycytidine (Aza), a demethylating 
agent; and evaluated for secretion of VEGF, a potent proangiogenic molecule, 
cytotoxic activity, expression of  the dNK cell marker CD9 and  expression of 
Killer cells immunoglobulin like Receptors (KIRs), which are expressed by 
CD56Bright CD16- dNK cells but not by CD56Bright CD16- pNK cells. 
RESULTS. The combination of hypoxia , transforming growth factor β1 and Aza  
functionally induced dNK-like properties on pNK cells resulting in NK cells that 
secreted VEGF and displayed reduced cytotoxicity. CD56Bright CD16- NK cells 
from these cultures expressed KIRs and the dNK cell marker CD9. Importantly, 
the phenotypic conversion was nearly completely reversible upon removal of the 
inducing agents. Interestingly FACS sorted dNK cells lost their dNK phenotype in 
culture as evidenced by the loss KIR expression and regain of  cytotoxicity.  
CONCLUSIONS. A combination of hypoxia, transforming growth factor β1 and 
Aza functionally induces a dNK-like phenotype on pNK cells. This phenotypic 
conversion is nearly completely reversible upon removal of the inducing agents. 
This is analogous to the loss of dNK cell phenotype upon removal of dNK cells 
from the decidual microenvironment. These findings have potential therapeutic 
applications for reproductive disorders associated with altered NK cell biology.  
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MODULATION OF INTERLEUKIN 22 PRODUCING NKp46+ CELLS BY 
LACTOBACILLI.  
Nalaayini Kandiah 1, Firoz Mian 2, Marianne Chew2, Ali Ashkar 2, John 
Bienenstock1, 3, Paul Forsythe 1, 2, Khalil Karimi*1, 2, 3. 
The Brain Body institute 1 & Departments of Medicine 2 and Pathology and 
Molecular Medicine 3 McMaster University, Hamilton, Ontario, Canada 
INTRODUCTION.  Evidence suggests that the development of NKp46+ cells is 
promoted by commensal microbiota. However, what specific microbial species 
regulate function of these cells is not yet known. We have therefore, sought to 
study the modulation of these cells in mice feeding with a strain of commensal 
bacteria, L. rhamnosus JB-1, which we have demonstrated possesses 
immunomodulatory effects in mice.  
METHODS. BALB/c mice were fed with L. rhamnosus JB-1 for 5 consecutive 
days. Peyer’s patches (PP) and mesenteric lymph nodes (MLN) were harvested 
and monitored for phenotype and cytokine production of NKp46+ cells, using flow 
cytometry technology and ELISA. 
RESULTS.  We found that both percentages and total numbers of identified gut 
NKp46+ cell populations increased in the Peyer’s patches of mice following oral 
administration of 109/day commensal bacteria, L. rhamnosus JB-1, for 5 days. 
The total number of NKp46+CD3- cells in Peyer’s patches of vehicle fed animals 
was 2.9 x104 (SD=5.7x103), which showed an increase to 5.7x104 (SD=2.6x103) 
in JB-1 fed mice. Moreover, higher IL-22 generation was detected in these cells 
in mice fed with L. rhamnosus JB-1, increasing from 2.2 x103, SD=2.2x103, to 2.9 
x104, SD=5.7x103; and was associated with a marked up-regulation in their 
expression of transcription factor RORγt (1.4 x104 (SD=4.2x102) in the vehicle fed 
mice to 9.5 x103 (SD=4.4x102) in L. rhamnosus JB-1 fed mice. Additionally, an 
increase in the percentage of NKp46+CD3-RORγt+ cells that express CD127 was 
also demonstrated following L. rhamnosus JB-1 feeding.  
CONCLUSIONS.  We demonstrated that feeding L. rhamnosus JB-1 to mice for 
5 days led to a significant increase in RORγt-expressing NKp46+ cells in the 
Peyer's patches with a high capacity of IL-22 production. Because IL-22 
receptors are broadly expressed in many types of epithelial cells, it is probably 
important for protecting mucosal surfaces from infection by a variety of bacteria. 
More studies employing an infection mouse model is needed to further clarify the 
significance of NKp46+ cell modulation by L. rhamnosus JB-1. Increased IL-22 
production following L. rhamnosus JB-1 may be related to the role that these 
cells play in innate defence against bacterial infection. 
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NKP44 AND CD103 DEFINE A NOVEL NK CELL SUBSET IN HUMAN 
MUCOSAL TISSUES. Anja Fuchs*, Marina Cella, and Marco Colonna.  
Washington University in Saint Louis  
INTRODUCTION.  We and other groups have recently reported on a mucosal NK 
cell subset, termed NK-22, found in human tonsils and intestinal tissues, that is 
characterized by the expression of the NK cell receptor NKp44 and the secretion 
of IL-22. However, tonsil NKp44+ NK cells comprise also an additional cell 
population that lacks IL-22 production, but expresses the marker CD103. We 
herein report the detailed characterization of this additional NKp44+ NK cell 
subset. 
METHODS.  Flow cytometry was employed to examine the surface phenotype, 
cytokine and transcription factor expression of NK cells from human tonsils, 
intestinal tissue samples (ileum removed from individuals with Crohn’s disease or 
a non-inflammatory condition) and placental tissue. For analysis of gene 
expression, NK cell subsets were sorted from tonsils. Immunofluorescence 
staining was performed on frozen sections of tonsils, intestinal tissues and the 
female reproductive tract. Collection and processing of all human tissues was 
performed according to human studies protocols approved by the institutional 
review board. 
RESULTS.  CD103+ NKp44+ NK cells were found in the tonsils, the small 
intestine and in the female reproductive tract. These cells lacked the typical NK-
22 cell markers CCR6, IL-1R and IL-7Rα. Instead, CD103+ NKp44+ NK cells in 
the tonsil expressed surface markers associated with mucosal intraepithelial 
lymphocytes, such as CD101, CD9 and CD160. Their integrin expression differed 
from other tonsil NK cell subsets, with high alpha E (CD103) and beta 7 integrin 
expression, but low levels of alpha M (CD11b) and alpha X (CD11c). CD103+ 
NKp44+ NK cells had abundant levels of intracellular granzymes and perforin, 
indicating cytolytic capacities, and were more potent in IFN-γ production than 
other tonsil NK cell subsets. 
CONCLUSIONS.  Our results demonstrate the existence of a human NK cell 
subset that is preferentially localized to mucosae and that displays markers of 
activated NK cells. In contrast to other NK cell populations at mucosal sites, this 
CD103+ NKp44+ NK cell subset has higher cytolytic capacities, coupled with 
elevated IFN-γ production, suggesting that these cells are specialized for the 
immune surveillance of the mucosae, a common site of pathogen entry. 
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ISOLATION OF INTRAHEPATIC NK CELLS FOR PHENOTYPIC AND 

FUNCTIONAL ASSAYS. Ning Li1, Gisella L. Puga Yung1**, Amandine Pradier1, 

Laurent Spahr2, Isabelle Morard2, Emiliano Giostra2 and Jörg D. Seebach1. 
1Department of Immunology and Allergology, 2Gastroenterology and Hepatology 

Specialties Department, University Hospital and Medical Faculty of Geneva, 

Switzerland. 

INTRODUCTION: In humans, natural killer (NK) cells comprise approximately 

30%-50% of intrahepatic lymphocytes (IHL). Routine liver biopsies (LB) have 

been considered the ‘gold standard’ of diagnosis, the most direct way of 

visualizing the necroinflammatory and architectural status of liver. Phenotypic 

studies of intrahepatic NK cells are already available for different liver 

pathologies; however the size of LB limits the NK cells functional determinations. 

Thus our goal was to establish a method to analyze IHL and NK function in LB to, 

in the near future, evaluate whether NK function is altered in liver pathologies. 

METHODS: A total of 11 fresh liver biopsies specimens were obtained from 

patients with chronic liver diseases at the time of routine percutaneous or trans 

jugular needle biopsy. The study protocol was approved by the Hospital Ethics 

Committee Board, and the written informed consent was obtained from each 

subject. LB specimens were dissociated by mechanical disruption and digested 

with a cocktail of collagenase IV-DNase. One fraction of the IHL was stained and 

analyzed by flow cytometry. The other part of IHL was cultured over-night in the 

presence of interleukine-2 (IL-2) and IL-12 and stimulated with K562 cell line to 

evaluate NK function by the combined detection of CD107a and IFN-by flow 

cytometry 

RESULTS: Proteolytic enzymes (collagenase and DNase) do not affect 

IHLviability as confirmed by exclusion of propidium iodide. The isolation of IHL 

treated with collagenase IV does not change the surface expression of CD56, 

CD16 or NKp46 in intrahepatic NK neither their function. A NK:K562 ratio of 1:1 

is needed for stimulation in the presence of IL-2/IL-12 to detect IFN-and 

CD107aby intrahepatic NK. We validated the use of 5,000 and 50,000 IHL for 

phenotype and functional determination, respectively.  

CONCLUSIONS: In the present study, we have developed a reliable four-color 

flow cytometry method to evaluate phenotype and function of intrahepatic NK 

cells by using LB-derived IHL. (This work was funded by Swiss National Science 

Foundation, the Hans Wilsdorf Foundation, and the late Christian Loepfe in 

support of transplantation research). 
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Defining early human NK cell developmental stages in primary and 
secondary lymphoid tissues  

Diana N. Eissens1, Jan Spanholtz2, Arnold van der Meer*1, Bram van 
Cranenbroek1, Harry Dolstra2, Jaap Kwekkeboom3, Frank W.M.B. 
Preijers2, and Irma Joosten1. 1Dept. of Laboratory Medicine and 2 
department of hematology- Laboratory of Medical Immunology, Radboud 
University Nijmegen Medical Centre, Nijmegen, the Netherlands; and 
3Laboratory of Gastroenterology and Hepatology, Erasmus Medical 
Centre, Rotterdam, The Netherlands 
 
Introduction  Bone marrow is generally considered as the primary site for 
human NK cell development. Maturation most likely continues in 
secondary lymphoid tissues as four different developmental  stages of 
NK cells can be identified in lymph nodes. How these NK cell 
developmental stages correlate with NK cell subsets in other 
compartments of the human body (e.g. peripheral blood, spleen, cord 
blood) remains unclear. A better understanding of human NK cell 
development in vivo is crucial to exploit NK cells for immunotherapy 

Methods: Mononuclear cells were isolated from bone marrow, cord 
blood, peripheral blood, inguinal lymph node, liver lymph node and 
spleen samples. At least 5 independent samples of each tissue were 
collected. Flowcytometric analysis was performed using 10-color 
flowcytometry.  
 
Results: We identified seven distinctive NK cell developmental stages in 
bone marrow and found that NK cell development is accompanied by 
early expression of stimulatory co-receptor CD244 in vivo. In addition, 
distinctive expression profiles of early development marker CD33 and C-
type lectin receptor NKG2A between the tissues, suggest that differential 
NK cell differentiation may take place at different anatomical locations. 
We observed a differential expression of NKG2A and stimulatory 
receptors (e.g. NCR, NKG2D) within the different subsets of committed 
NK cells.   

Conclusions: Our data demonstrate the heterogeneity of the 
CD56brightCD16+/- and CD56dimCD16+ subsets within the different 
compartments and suggests that microenvironment may play a role in 
differential in situ development of the NK cell receptor repertoire of 
committed NK cells. In combination with the trafficking towards multiple 
tissues this may give rise to the broad spectrum of mature NK cell 
subsets found within the human body. 
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LYMPHOCYTE-BASED RENIN ANGIOTENSIN SYSTEMS IN THE 
PATHOGENESIS OF PRE-ECLAMPSIA 
Sanchez-Rodriguez EN1**, Murphy M1, Smith GN2, Ramshaw H2, Croy A1 
1Departments of Biomedical and Molecular Sciences, Queen’s University 
2Obstetrics and Gynecology, Kingston General Hospital (KGH), Kingston Ontario, 
Canada. 
INTRODUCTION. Pre-eclampsia (PE) is one of the most severe complications of 
human pregnancy but its pathophysiology remains incompletely defined. 
Laboratory findings have linked elevated circulating anti-angiogenic molecules 
and pro-inflammatory cytokines as well as agonist anti-bodies for angiotensin 
type 1 receptor (AT1) with PE. The Renin Angiotensin System (RAS) is the 
pivotal renal system maintaining blood pressure homeostasis; blood T and NK 
cells express all components of RAS. The aim of this work was to characterize 
the expression of RAS in human lymphocytes and to know if the RAS expression 
is perturbed in PE. 
METHODS. Women diagnosed with severe PE (MAP 160/100 mmHg plus > 
5g/dL of urinary protein) were recruited at the Department of Obstetrics and 
Gynecology in KGH. Each woman was matched by gestational age and parity 
with a control pregnant volunteer. All women provided informed consent and 
gave 8 mL blood. Five-colour flow cytometric analysis was performed on isolated 
density gradient mononuclear cells in order to characterize quantitatively each 
major functional lymphocyte subsets: Th1, CD3+CD4+IL18Ra+; cytotoxic T cells, 
CD3+CD8+; Th17, CD3+CD4+IL17+ and NK cells, CD3-CD56+; for the expression 
of RAS molecules (ATR1, ATR2, ACE). FlowJo software was used in the 
analysis of data, 100,000 events were scored. Independent t student test was 
performed using Prisma4 (GraphPad). 
RESULTS. The distribution of lymphocyte subsets in both groups of patients was 
distributed as follow, the average percentage of cells is shown is each 
lymphocyte subset:  

  
CONCLUSIONS. We successfully demonstrated the expression of RAS proteins 
in lymphocyte subsets of pregnant women using flow cytometry analysis. No 
statistical differences have been found in our initial subjects in their proportions of 
T and NK cell subsets or in the frequency of RAS expression between 
lymphocyte subsets. Current studies are addressing at term, 6 weeks and 6 
months post partum. 
(An award from KGH Research foundation supports this work. ENSR receives is 
a Post Doctoral Research Fellow supported by the Government of Canada. 
Medical and nursing staff and patients from KGH are acknowledged). 

PE (n=3) Control (n=5) Lymphocyte 
subset Total 

% 
ATR1 
% 

ATR2 
% 

ACE 
% 

Total 
% 

ATR1 
% 

ATR2 
% 

ACE 
% 

CD3+CD4+IL18Ra+ 0.32 10.95 7.33 24.65 1.35 59.4 10.3 3.3 
CD3+CD4+IL17+  1.34 4.9 3.5 39.3 1.2 13.8 16.33 12.9 
CD3+CD8+ 5.42 0.27 6.5 7.2 18.2 1.5 5.8 15.0 
CD3-CD56+ 10.4 8.08 1.6 1.2 3.7 15.5 16.9 0.28 
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CHARACTERISATION OF A DISTINCT SUBSET OF 
IMMUNOREGULATORY NK CELLS IN HUMAN TONSILS. Anna 
Lünemann**1, Liliana D. Vanoaica1, Tarik Azzi1,2, David Nadal1,2, and 
Christian Münz1. 1University of Zurich, 2Childrens Hospital Zurich 
INTRODUCTION.  Natural Killer cells include distinct subsets with disparate 
functions, location and developmental origin. The CD56bright subset has 
been described to have immunoregulatory functions and produces cytokines 
such as IFN-γ. Human secondary lymphoid organs such as tonsils harbor a 
distinctly more potent CD56bright subset, which is able to produce high levels 
of IFN-γ upon stimulation with cytokines.  
METHODS. Buffy coats were kindly provided by the blood bank of Zurich. 
After informed consent tonsils were collected immediately after surgery from 
patients undergoing tonsilectomy for chronic inflammation. Of note, tonsils are 
not acutely inflamed at the time of removal. Mononuclear cells were isolated 
by Ficoll density centrifugation and either analysed by flow cytometry (ex 
vivo), or NK cells were purified by MACS separation (Miltenyi), or flow sorted 
into subsets, and cultured with different cytokines or EBV infected B cells, 
followed by flow cytometric analysis. 
RESULTS. We analysed these IFN-γ high cells in human tonsils and 
characterised them phenotypically. By further investigating this subset, we 
found that i) it is enriched in secondary lymphoid tissue and accumulates 
upon stimulation, but is already present in tonsils and peripheral blood ex 
vivo; ii) it shows very low plasticity in its expression of NKG2A expression and 
the CD62L negativity even after longer stimulation with cytokines; and iii) 
tonsils of children carrying the Epstein Barr Virus (EBV), a chronic and 
cancerogenic virus infection entering the human body via the tonsils, harbor 
significantly more of this highly immunoregulatory subset of NK cells than 
those of non-infected children; whereas, iv) there are significantly less of this 
subset in the blood of EBV carrying children than in non-infected; furthermore, 
v) this distinct subset has the ability to significantly restrict EBV-induced B cell 
transformation.  
CONCLUSIONS.  Our data provide evidence for a potential NK cell-mediated 
host defense mechanism controlling chronic EBV infection, and suggest that 
this NK cell subset should be further explored for their immunotherapeutic 
potential into the development of more effective vaccination strategies against 
chronic virus infections. (This work was funded by the Swiss National Science 
Foundation and the National Cancer Institute of the NIH.) 
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Restricted tissue expression of NKC-encoded mouse Clr molecules suggests 

involvement in dedicated tissue-specific-immunosurveillance 

S. Leibelt**, C. Rohe, A. Steinle 

Institute for Molecular Medicine, Johann Wolfgang Goethe University, 

Frankfurt am Main, Germany 

 

INTRODUCTION. The Natural Killer Gene Complex (NKC) of mice harbors at least 9 
genes of the CLEC2 family of C-type lectin-like receptors (CD69, Clr-a to Clr-h) and 7 of 
these CLEC2 genes potentially encode for functional C-type lectin-related (Clr) 
molecules. For some Clr molecules interaction with cognate members of the NKR-P1 
family of NK receptors has been shown, with genes of NKR-P1 receptors being 
intermingled with CLEC2 genes in the centromeric region of the mouse NKC. Apart from 
these physical interactions and apart from Clr-b, knowledge on expression and function 
of Clr molecules is scarce. In our efforts to further elucidate the immunological 
significance of C-type lectin-like receptors of the NKRP1 and CLEC2 families, we began 
to investigate the expression and function of previously uncharacterized mouse Clr 
molecules. 
METHODS. Initially, we performed quantitative PCR for expression analyses of Clr 

genes in various tissues of different mouse strains. Cellular expression of Clr molecules 

was assessed using CHO transfectants. To investigate physiologic expression of certain 

Clr molecules, e.g. by flow cytometry and immunohistochemistry, monoclonal antibodies 

were raised in rats. Functional assessments of NKRP1-Clr interactions were done by 

BWZ reporter assays, chromium release- and degranulation assays. 

RESULTS. While we confirmed broad tissue expression of Clr-b, a ligand of the 

inhibitory Nkrp1b/d receptor broadly expressed by splenic NK cells, tissue expression of 

other Clr molecules appeared more biased or even rather specific for hematopoetic 

organs or certain non-hematopoetic tissues. Unexpectedly, expression of certain Clr 

molecules was abundant in specific epithelia as shown by qPCR and flow cytometry of 

purified epithelial cells as well as by immunohistochemistry. Epithelia-specific 

expression of these Clr molecules matched expression of the cognate NKR-P1 receptor 

in corresponding lymphocyte compartments suggesting functional interaction in vivo. In 

vitro, functional consequences of this particular NKRP1/Clr interaction were analyzed in 

co-cultures of NKRP1-transduced NK92MI cells with CHO-Clr transfectants in the 

presence of blocking Clr mAbs. 

CONCLUSIONS. Previously, we have shown that the NKRP1-CLEC2 receptor/ligand 

pair NKp65/KACL facilitates specific immunorecognition of human keratinocytes. Here 

we provide evidence for dedicated immunosurveillance of epithelia by a mouse NKRP1-

CLEC2 receptor/ligand pair. Collectively, these studies indicate mechanisms of tissue-

specific (or epithelia-specific) immunosurveillance exerted by pairs of genetically 

coupled C-type lectin-like innate immune receptors. 
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KIR2DS1 IS UPREGULATED ON UTERINE NK CELLS AND INDUCES 
STRONG ACTIVATION UPON BINDING HLA-C2. 
Shiqiu Xiong*1, Andrew Sharkey1, Philippa R. Kennedy1, Lucy Gardner1, Lydia E 
Farrell1, Susan E Hiby1, Ashley Moffett1     1University of Cambridge, UK. 
INTRODUCTION Mothers with the KIR AA genotype, are at increased risk of disorders 
of pregnancy caused by inadequate trophoblast invasion, particularly when confronted by 
a fetus expressing a group 2 HLA-C allele. This risk is reduced if the mother expresses 
the activating receptor KIR2DS1. We compared the expression and function of KIR2DS1 
and KIR2DL1 by uterine NK (uNK) cells to determine if KIR2DS1 is functional and 
investigated what potentially protective responses arise when KIR2DS1 binds HLA-C2. 
METHODS KIR2DS1 and KIR2DL1 expression on uNK and blood NK cells, was 
examined by flow cytometry using antibodies EB6 and 143211. KIR2DS1 or KIR2DL1 
were triggered by cross-linking with antibody 11PB6 or with 721.221 cells transfected 
with HLA-C (221.C2). Degranulation (CD107a), RNA expression (microarray) and 
cytokine secretion were used as functional readouts of NK activation.    
RESULTS  KIR2DS1 was highly upregulated in uNK cells compared with pbNK (36% 
vs 14% of total NK). The percentage of total NK cells that were KIR2DS1 single positive 
(2DS1sp), KIR2DL1sp, or double positive for both receptors was determined. The higher 
frequency compared with pbNK was due to a marked increase in uNK cells coexpressing 
KIR2DL1 and KIR2DS1. Activation of KIR2DS1 in uNK cells by cross-linking or by 
incubation with 221.C2 cells resulted in strong activation of the 2DS1sp cells as assessed 
by CD107 degranulation. In contrast to pbNK, activation of KIR2DS1 was unaffected by 
maternal HLA-C2 status. We used microarrays to identify the responses triggered by 
binding of 221.C2 cells to uNK cells expressing either KIR2DS1 or KIR2DL1. 
CONCLUSIONS  The percentage of NK cells expressing KIR2DS1 is significantly 
increased in uterine compared to blood NK cells. KIR2DS1 on uNK cells is functional 
and can be activated by antibody cross-linking or by 721.221 cells expressing HLA-C2. 
There was no difference in KIR2DS1 activation depending upon whether the uNK cells 
derived from a mother with or without HLA-C2. In uNK cells KIR2DS1 activation is 
therefore not downregulated in the presence of maternal HLA-C2. However double 
positive (KIR2DS1/KIR2DL1+ve) cells were not activated indicating that KIR2DL1 
inhibition can override the activating receptor. Microarray analysis of KIR2DS1sp and 
KIR2DL1sp cells after ligation by HLA-C2 has allowed us to identify the differential 
responses induced by binding of the same ligand to these two receptors. The goal of this 
work is to determine how responses induced by KIR2DS1 contribute to successful 
placentation. (Supported by Wellcome Trust project grant 090108/Z/09/Z). 
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NK RECEPTOR REPERTOIRE AND EDUCATION STATUS OF UTERINE 

NK CELLS. 

Shiqiu Xiong*
1
, Andrew Sharkey

1
, Philippa R. Kennedy

1
, Lucy Gardner

1
, Lydia E 

Farrell
1
, Susan E Hiby

1
, Ashley Moffett

1
     

1
University of Cambridge, UK. 

INTRODUCTION. Maternal uterine NK cells (uNK) at the fetal-maternal interface, 

express receptors such as KIR, NKG2A and ILT-2, which can bind the unusual 

repertoire of MHC molecules expressed by fetal trophoblast cells. These include 

HLA-C, -G and –E. Immunogenetic studies suggest that these interactions regulate 

placentation and fetal growth. We compared the repertoire of these receptors on 

paired samples of blood and uterine NK cells and measured their responsiveness to 

activation, to determine whether there is evidence of education in uNK cells. 

METHODS.  The NK receptor repertoire was measured using paired samples of 

uterine and peripheral blood (pb) NK cells from normal pregnant women of KIR AA 

genotype. The frequency of expression of NK receptors (KIR2DL1, KIR2DL3, 

KIR3DL1, NKG2A and ILT-2) was determined by 9 color flow-cytometry. NK cells 

were activated by cross-linking with monoclonal antibody (mAb) to NKp46 or by 

culture with K562 cells. Degranulation (CD107a assay) and cytokine secretion 

(intracellular TNF-alpha) were used as functional readouts of NK activation. HLA or 

KIR genotyping was performed by PCR-SSP or PCR-SSOP. 

RESULTS. Most pbNK cells express at least one inhibitory receptor for self MHC 

class I. Such cells exhibit increased responsiveness when activated by MHC-deficient 

target cells or antibody cross-linking - a phenomenon known as education. As the 

number of self-inhibitory receptors expressed on pbNK cells increases, the 

responsiveness to missing-self target cells also increases. The receptor repertoire and 

education status of pbNK from pregnant women matched previous blood NK reports. 

In contrast, paired uNK cells from the same patient exhibited a different repertoire. 

Most uNK cells expressed NKG2A and the proportion of cells expressing two or 

more other inhibitory receptors was increased compared to matched blood. There was 

evidence for education of uNK cells via KIR2DL1, KIR3DL1 and KIR2DL3, but not 

via ILT-2. However, unlike pbNK cells, the uNK cells with multiple inhibitory 

receptors for self-MHC did not show increased responsiveness, compared to cells 

with a single inhibitory receptor for self MHC. 

CONCLUSIONS. The repertoire and education status of pbNK from pregnant women 

resembles that previously reported for non-pregnant subjects. In contrast, most uNK 

cells express NKG2A, and the frequency of cells expressing multiple inhibitory 

receptors is increased compared with pbNK from the same patient. All inhibitory 

receptors studied, except ILT-2 contributed to the education of uNK cells but their 

effects were not additive. This means that the responsiveness of most uNK subsets 

was buffered to a more even level than in matching pbNK.  This study suggests that 

the maternal microenvironment alters uNK phenotype and function and the education 

status of uNK cells appears to differ from that of pbNK cells from the same patient.  
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A NOVEL NKR-P1Bbright NK CELL SUBSET EXPRESSING AN ACTIVATED 
PHENOTYPE IS PREVALENT IN BLOOD, LIVER, AND GUT-ASSOCIATED 
LYMPHOID ORGANS OF RATS. 
Marit Inngjerdingen*1, Lise Kveberg1, and John T. Vaage1

Oslo University Hospital and University of Oslo, Norway. 
 
INTRODUCTION. In the rat, we have previously defined two major NK cell subsets in the 
spleen  based on the complementary expression of either the activating Ly49s3 receptor or the 
inhibitory NKR-P1B receptor. Ly49 expression is mainly confined to Ly49s3+ NK cells, while 
NKG2 receptors are preferentially expressed by the Ly49low NKR-P1B+ NK cell subset. Here, we 
describe a novel NK cell subset with high expression levels of NKR-P1B (NKR-P1Bbright). 
METHODS. PBMCs, spleen, liver, Peyer’s patches, lungs, bone marrow, and cervical, 
mesenterial, and inguinal lymph nodes were harvested from PVG strain rats, and NK cells were 
analyzed by flow cytometry. Functional assays were performed on FACS purified NKR-
P1BbrightLy49s3+, NKR-P1BbrightLy49s3-, NKR-P1BdimLy49s3-, and Ly49s3+NKR-P1B- NK cells. 
RESULTS. A subset of NKR-P1Bbright NK cells showed preferential location to peripheral blood 
and liver, and represented the majority of NK cells in the peritoneal cavity and gut-associated 
lymphoid organs. They were scarce in the spleen, peripheral lymph nodes, bone marrow, and 
lungs. The NKR-P1Bbright NK subset displayed an activated phenotype, expressing CD25, CD93, 
and CX3CR1 and near absence of CD62-L, c-Kit, CD127, CD11b, and CD27. Functionally, 
NKR-P1Bbright NK cells were highly responsive in terms of IFN-γ production and exerted potent 
cytolytic activity. They showed little spontaneous proliferation, were reduced in numbers upon in 
vivo activation with poly (I:C), and had poor survival in ex vivo cytokine cultures.  
CONCLUSIONS. Our findings suggest that NKR-P1Bbright NK cells are fully differentiated 
effector cells that rapidly die upon further activation. NKR-P1Bbright NK cells may arise in tissues 
particularly enriched for activation signals, such as the gut and liver, with the inhibitory NKR-
P1B receptor playing a tolerogenic role.  
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NKR-P1G – AN INHIBITORY RECEPTOR IN THE GUT. Lise Kveberg1*, 
Izabela Todros-Dawda1, Marit Inngjerdingen1, John Torgils Vaage12*. 1Oslo 
University Hospital and 2University of Oslo. 
INTRODUCTION. The NKR-P1 family (CD161) of receptors in rodents consists of 
several members with different functionalities and expression patterns. NKR-P1G is a 
putative inhibitory receptor that is phylogenetically conserved in mice and rats and 
also shows an overlapping specificity for Clr ligands, but little is known about its 
involvement in NK mediated immune responses.  
METHODS. We generated a mAb against rat NKR-P1G by immunizations of 
Armenian hamsters with CHO NKR-P1G transfectants. Expression analysis was 
performed by multicolor flow cytometry, and coimmunoprecipitations of SHP-1 and 
NKR-P1G visualized by Western Blotting using IL-2 activated NKR-P1G+ NK cells. 
RESULTS.  Our data show that NKR-P1G functions as an inhibitory receptor, which 
associates with SHP-1 following stimulation, in rat NK cells. An ontogenetic analysis 
showed that NKR-P1G is aquired relatively late compared with the inhibitory NKR-
P1B receptor, these two receptors are mainly expressed by two non-overlapping 
subsets of NK cells. Splenic NK cells from neonates express virtually no NKR-P1G, 
but a considerable fraction (3.5%) of positive cells was detected after 12 days. 
Analyzing the expression of rat NKR-P1G in different organs of healthy adult rats 
revealed an interesting expression pattern. NKR-P1G was expressed by subsets of NK 
and T-cells in many organs, being particularly abundant in liver and in the intestine, 
both in the intraepithelial compartment and in the Peyer’s patches. We speculate that 
NKR-P1G function is an important tolerogenic receptor in the gut microenvironment. 
CONCLUSIONS.  NKR-P1G is an inhibitory receptor expressed by subsets of NK 
cells and T cells, being particularly prevalent in the liver and gut. Functional studies 
are in progress. 
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Selec tive  Infiltration of CD6-CD56bright NK ce lls  into the  s ynovial fluids  of 
Rheumatoid Arthritis  and Os teoarthros is  Patients .

Bernadette Mueller1**, B. Simm1, M. Braun1, B. Mosetter2, M. Witt3, B. Moradi4, H.M. 
Lorenz5, N. Blank5, R. Gruber3, J. Marticke6, G.O. Hofmann6, and C.S. Falk1

1Institut for Transplant Immunology, IFB-Tx, Hannover Medical School
(mueller.bernadett@mh-hannover.de)
2 Helmholtz Zentrum-Institut für Molekulare Immunologie 3 Synlab, Weiden 4

Department of Orthopaedic Surgery, University Clinic Heidelberg, Germany 5 Division 
of Rheumatology, University of Heidelberg, Germany 6 Neuroregeneration Laboratory, 
Department of Neurology, University of Jena Medical School

Natural killer (NK) cells are part of the innate immune system and respond rapidly to a 
variety of stimuli via cytolytic activity and cytokine secretion. In the periphery, human 
NK cells can be divided into two major subsets defined as CD16+CD56dim and CD16-
CD56bright NK cells. Recently, we demonstrate that CD6 is differentially expressed by 
the major fraction of peripheral CD56dim NK cells and absent on CD56bright NK cells 
(Braun et al. 2011). In contrast to peripheral blood, the distributio        se two NK cell 
subsets is reverse in synovial fluid (SF) of Rheumatoid arthritis (RA) patients (n=33) 
and Osteoarthritis (OA) patients (n=36). Amongst all tested markers, the absence of 
CD6 represented the strongest correlation regarding NK cell infiltration, independently 
from their CD16 expression. One reason for this reversed NK cell distribution could be 
the selective recruitment of CD56bright NK cells by chemokines. As shown in other 
publications, CD56bright NK cells express CXCR3 and CCR5 at h             whereas 
CD56dim NK cells express more CXCR1. Therefore the most important cytokines, 
chemokines and growth factors in synovial fluids and sera were determined by the 
Luminex-based multiplex method. As expected for CD56bright NK cells, two ligands 
for CXCR3 i.e. CXCL10 (IP-10) and CXCL9 (MIG) where found in significantly high 
concentrations in the SF of RA and OA patients compared to autologous sera. The 
same is true for the CCR5 ligand CCL4 (MIP-1b), however CCL5 (Rantes) was 
significantly decreased in the SF of RA and OA patients compared to sera. The 
CXCR1 ligands CXCL8 and CXCL1 are also present at sign   cantly high 
concentrations while CXCL5 (ENA-78) is significantly reduced in SF compared to sera 
of both patient cohorts. Therefore the lack of the CD16+CD56dim NK cell infiltration is 
not due to the absence of their recruiting chemokines. 
Our results indicate that CD6 is differentially expressed on NK cell subsets and 
represents a novel NK cell marker for infiltration into synovial fluid. Furthermore, the 
infiltration of CD6-CD56bright NK cells seems to be supported by high concentrations 
of the ligands CXCL10 (IP-10) and CXCL9 (MIG).
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CELLULAR SENESCENCE INDUCED BY SOLUBLE CD158D LIGANDS IN 
HUMAN NK CELLS PROMOTES VASCULAR REMODELING. Sumi Rajagopalan* 
and Eric O. Long.  Laboratory of Immunogenetics, NIAID/NIH. 
INTRODUCTION. Natural killer (NK) cell cytotoxicity and cytokine secretion can be 
triggered by target cell interactions or through soluble mediators such as cytokines. 
Resting human NK cells are stimulated to secrete pro-inflammatory and pro-angiogenic 
factors by soluble HLA-G, a non-classical major histocompatibility complex (MHC) 
molecule. It is endocytosed into early endosomes, where its receptor CD158d resides, to 
initiate a signaling cascade involving DNA-PKcs, Akt and NFκB. The molecular 
mechanism and physiological relevance of endosomal signaling by CD158d for the 
regulation of NK cell activation at sites of HLA-G secretion are unknown. 
RESULTS. Endosomal signaling by CD158d involves DNA damage response (DDR) 
signaling and p21 induction to promote senescence. CD158d engagement leads to 
morphological alterations in cell size and shape, cell cycle arrest and resistance to 
apoptosis, all hallmarks of senescence. Microarray analysis revealed a senescence 
signature of transcriptionally upregulated genes upon activation of NK cells through 
CD158d. These metabolically active NK cells initiate a senescence associated secretory 
phenotype (SASP) that promotes tissue remodeling and angiogenesis, as assessed by 
functional readouts of vascular permeability and endothelial tube cell formation. 
CONCLUSIONS. Our studies have identified ligand-induced senescence as the 
molecular switch for the sustained activation of NK cells, the predominant lymphocytes 
in the uterus in early pregnancy, upon sensing soluble HLA-G secreted by fetal 
trophoblast cells, for the purpose of remodeling the maternal vasculature.  

danielvalle
Text Box
Abstract # 38



DX5-CD49a+ NK cells represent a unique liver-specific NK-cell subset  
Hui Peng**1, Xiaojun Jiang1, Yonglin Chen1, and Zhigang Tian1. 1Institute of 
Immunology, School of Life Sciences, University of Science and Technology of 
China, Hefei 230027, China  
INTRODUCTION. As a unique anatomical and immunological site, the liver is 
enriched in innate immune cells such as NK cells, and relies on its innate 
immune system to defend against pathogens. It has been reported NK cells of 
liver are more phenotypically immature compared to those of other organs. But 
the characterization of liver-specific NK cells remains to be addressed. 
METHODS. Since the liver is enriched in DX5- NK cells, we performed gene 
chip and flow cytometry analysis to compare differences between DX5- and 
DX5+ liver NK cells. We also compared the phenotype of DX5- and DX5+ NK 
cells in liver with those in other organs. We analyzed the function of DX5- and 
DX5+ liver NK cells by assessing IFN-γ and CD107a expression. To study the 
migration and development features of liver-specific NK cells, we adoptively 
transferred liver MNCs or purified DX5- or DX5+ liver NK cells into recipients, 
and analyzed the donor-derived NK cells at different time points. 
RESULTS. About half of hepatic NK cells were DX5-, but NK cells in spleen, 
BM, peripheral blood and LN were mostly DX5+. Substantial differentially 
expressed genes existed in comparison of DX5- and DX5+ liver NK cells. DX5+ 
NK cells expressed more genes associated with immune response and cell 
maturation, but DX5- NK cells expressed more genes associated with immune 
tolerance. The expression of CD51, TRAIL, CXCR3, CXCR6, CD49a ect, 
which were at much higher levels on DX5- liver NK cells, were further 
confirmed by flow cytometry. Hepatic DX5+ NK cells resembled splenic DX5+ 
NK cells in phenotype. Interestingly, DX5- NK cells of liver were phenotypically 
different from those of BM, reflected in the expression of CD49a, TRAIL and 
CD11c. CD49a was exclusively and constitutively expressed by DX5- liver NK 
cells. Liver–specific CD49a+ NK cells were also identified in BALB/c and 
Rag-1-/- mice. Nevertheless, the frequency of liver-specific NK cells did not 
change in Cd49a-/- mice. After adoptive transfer, donor-derived DX5- NK cells 
maintained their phenotype and accumulated in liver, but they were absent in 
the recipient spleen. In contrast, donor-derived DX5+ NK cells did not show 
tissue-specific distribution. In addition, liver-specific NK cells expressed lower 
amounts of CD107a and IFN-γ than DX5+ NK cells. 
CONCLUSIONS.  Our results show that DX5-CD49a+ NK cells selectively 
exist in liver and exibit substantial transcriptional, phenotypic and functional 
differences from “classic” NK cells. Their absence in bone marrow suggests 
this NK-cell subset may generate from liver and develop in a pathway distinct 
from other NK-cell subsets. DX5-CD49a+ NK cells preferentially accumulate in 
liver, which is independent of CD49a. In all, the transcriptional, phenotypic, 
tissue-distribution and functional features that we have defined for DX5- 

CD49a+ NK cells represent the hallmarks of a unique population in liver clearly 
distinct from other NK-cell subsets. 
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IMMUNOMODULATORY DRUGS AUGMENT THE CYTOLYTIC ACTIVITY 
OF PLACENTA DERIVED NK CELLS.  Lin Kang1, Lei Wu2, Vanessa Voskinarian-
Berse1, J Blake Bartlett3, Peter Schafer2, Robert Hariri1, Stewart Abbot1, Xiaokui 
Zhang*1.  1 Celgene Cellular Therapeutics, New Jersey. 2 Celgene Corporation, New 
Jersey. 3 Bristol-Myers Squibb, New Jersey. 
 
INTRODUCTION.  Human placenta derived stem cells (HPDSC) are obtained from full-
term human placenta vasculature which is readily available and non-controversial. We 
have recently demonstrated that HPDSC is a rich source of placental immature NK 
(piNK) cells with unique properties and can be cultured and activated to yield a clinical 
relevant quantity of highly cytotoxic cells. Celgene Immunomodulatory Drugs 
lenalidomide (len, Revlimid®) and pomalidomide (pom) are chemical analogs of 
Thalidomide.  It has been shown that thalidomide increased serum IL-2, IFN-γ levels and 
NK cell numbers in the peripheral blood of multiple myeloma patients.  Len/pom have 
been shown to enhance NK cell activity leading to enhanced lysis of autologous MM 
cells in vitro and enhanced ADCC-mediated killing of NHL cells in vivo. 
METHODS. piNK cells were isolated from cryopreserved units comprised of 
mononuclear cells from the donor-matched HPDSC and HUCB.  After isloation, piNK 
cells were cultured up to 3 weeks in the presence of IL-2 (200IU/mL) and mitomycin C 
treated K562 and peripheral blood mononucleated cells (PBMC) as feeder cells.  The NK 
cell cytotoxicity was measured by the lactate dehydrogenase (LDH) –release assay after 
4-hour co-culture.   
RESULTS.  To gain insights on tumor cells susceptibility to cultured piNK cells, a wide 
range of tumor cell lines (n=12) including human chronic myelogenous leukemia (CML), 
lymphoma, retinoblastoma (RB), and multiple myeloma (MM) were co-cultured with 
piNK cells followed by the cytotoxicity assay.  At effecter to target (E:T) ratio of 10:1 
significant cytotoxicity of cultured piNK cells was seen towards K562 cells (CML) at 
88.6% ± 5.6%, U937 cells (lymphoma) at 89.2% ± 9.8%, WERI-RB-1 cells (RB) at 
73.3% ± 11.8%, RPMI8226 cells (MM) at 61.3% ± 1.3%, and U266 cells (MM) at 57.4% 
± 4.7%.  To study if len and pom could enhance piNK cell cytotoxicity, ex vivo cultured 
(day 19) piNK cells were pre-treated with len or pom for 24 hours followed by co-
culturing with colorectal carcinoma HCT-116 cells.  Our results showed that 24.3% 
cytotoxicity was achieved by control piNK cells.  After treatment a significant increase in 
cytolytic activity of piNK cells towards HCT-116 cells was demonstrated, 42.1% for len 
treatment and 47.4% for pom treatment.  Quantitaive real-time PCR and flow cytometry 
analyses showed that the poma-elicited enhancement of NK cell cytotoxicity was 
correlated with an increased granzyme B (GZMB) gene expression (60% ± 1.7%) and 
increased percentage of GZMB –positive NK cells (25%). In addition, increased 
expression of GM-CSF was demonstrated in len (232% ± 1.6%) or pom (396% ± 0.3%) –
treated piNK cells. 
CONCLUSIONS.  In summary, our results demonstrated the high cytotoxicity of 
cultured piNK cells towards myelogenous leukemia, lymphoma, retinoblastoma, and 
multiple myeloma cells.  Len and pom significantly augment piNK cell cytolytic activity 
by increasing GZMB production.  It provides a strong rationale for combination of len 
and pom in NK cell-based adoptive immunotherapy as off-the-shelf cellular product to 
treat hematological cancers. 

danielvalle
Text Box
Abstract # 40



POXVIRUS INDUCED LOSS OF CLR-B 
Kinola J.N. Williams1, Evan Wilson1, Chelsea L. Davidson1, Oscar A. Aguilar2, Li Fu1, James 
R. Carlyle2,  and Deborah N. Burshtyn*1. 
1Medical Microbiology and Immunology, University of Alberta, Edmonton, Alberta, 
Canada, 2Department of Immunology, University of Toronto, Sunnybrook Research 
Institute, Toronto, Canada 
 
INTRODUCTION: Innate immune recognition of virus-infected cells includes natural 
killer cell detection of changes to endogenous cell surface proteins through inhibitory 
receptors.  One such receptor system is the natural killer cell receptor, NKR-P1B, and its 
ligand, C-type lectin-related-b, Clr-b. NKR-P1B and Clr-b are encoded within the NKC, 
a locus that has been linked to strain-dependent differences in susceptibility to infection 
by poxviruses. Here we report the impact of vaccinia virus and ectromelia virus infection 
on expression of Clr-b and Clr-b mediated protection from NK cells.   
METHODS:  NIH-3T3 and C1498 cells were infected at various doses of either vaccinia 
virus (WR encoding EGFP) or ectromelia virus (strain Moscow) and the surface 
expression of Clr-b was assessed at various time points post infection by flow cytometry 
and PCR.  Assays were also performed with UV-treated virus or in the presence of 
inhibitors of late viral genes.  The functional consequences of Clr-b loss was determined 
with IL-2 activated NK cells from CD-1 mice and vaccinia virus infected C1498 cells by 
standard 51Cr-release assays. 
RESULTS:  We observed a loss of Clr-b cell surface protein upon vaccinia virus and 
Ectromelia virus infection of murine cell lines and bone marrow derived macrophages. 
The reduction of Clr-b during vaccinia virus infection was more rapid than MHC-I.  
Reduction of Clr-b required active viral infection but not expression of late viral genes 
and loss of Clr-b messenger RNA appears to lag behind loss of Clr-b protein from the cell 
surface.  We also observed a loss of Clr-b mediated protection from NK cells following 
vaccinia virus infection.   
CONCLUSIONS: Together, these results provide the second example of Clr-b 
modulation during viral infection and suggest reductions of Clr-b may be important for 
sensitizing poxvirus-infected cells to natural killer cells. 
(This work was supported by CIHR  grants: D.N.B.  MOP36344 and J.R.C. MOP 74754)  

danielvalle
Text Box
Abstract # 41



ERI1 REGULATES MICRORNA ABUNDANCE AND NATURAL KILLER 
CELL CONTROL OF MOUSE CYTOMEGALOVIRUS INFECTION. Molly F. 
Thomas**1, Sarah Abdul-Wajid1, Joshua E. Babiarz1, Misha Rajaram1, Prescott G. 
Woodruff1, Lewis L. Lanier1, Vigo Heissmeyer2, K. Mark Ansel1.1University of 
California San Francisco, 2Helmholtz Zentrum München. 
INTRODUCTION. Eri1 is a conserved exoribonuclease that targets the 3’ ends of RNA. 
Eri1-deficient mammalian cells display enhanced RNAi and defects in 5.8s rRNA 3’ end-
processing. Eri1 expression is strongly enriched in lymphoid tissues, suggesting a role in 
the immune system. We sought to determine if Eri1 is required for normal lymphocyte 
function and if Eri1 can regulate mammalian endogenous small RNA pathways. 
METHODS. We evaluated splenocyte population frequencies in wildtype (WT) and Eri1–

/– animals and in chimeras reconstituted with 1:1 congenic Eri1+/+ and Eri1–/– fetal liver 
cells. NK markers of maturation and activation and NK receptor (NKR) expression were 
evaluated by flow cytometric analysis. NK cells were also subjected to cytotoxicity 
assays to evaluate target cell killing and IFN-γ production in response to NKR 
stimulation. To investigate Eri1’s role in anti-viral defense in vivo, mixed and unmixed 
chimeras were infected with mouse cytomegalovirus (MCMV) and examined for viral 
load and antigen-specific Ly49H+ NK cell expansion. Small RNA profiles from WT and 
Eri1–/– lymphocytes were evaluated by qPCR and high throughput sequencing. 
RESULTS. Adult mice deficient in Eri1 showed a 50% reduction in NK cell numbers in 
secondary lymphoid tissues and bone marrow (BM) while maintaining normal numbers 
of B and T lymphocytes. Reduced Eri1–/– NK cells were also observed in mixed 
chimeras. Peripheral Eri1–/– NK cells had an immature cell surface phenotype and a 
selective decrease in Ly49D and Ly49H activating receptors in the periphery that was 
associated with delayed acquisition of Ly49 receptors in the BM. Compared with WT NK 
cells, Eri1–/– NK stimulated with antibodies against Ly49D and Ly49H showed decreased 
IFN-γ and LAMP1 staining proportional to receptor reduction. In response to MCMV 
infection, antigen-specific Ly49H+ Eri1–/– NK showed little expansion, and Eri1–/– 
chimeras had increased viral titers compared to WT controls. Small RNA profiling 
studies revealed that Eri1–/– lymphocytes cells have a global, sequence-independent 
increase in miRNA abundance that could be rescued by ectopic Eri1 expression.  
CONCLUSIONS. Our findings establish that mammalian Eri1 modulates global miRNA 
abundance, a novel regulatory activity that may be important for proper lymphocyte 
development and effector function. Lymphocyte development was impaired in the 
absence of Eri1, with NK cells being particularly affected. Steady-state NK cell 
populations were reduced in a cell intrinsic-manner to half their normal number and 
contained a higher frequency of immature cells. The remaining Eri1–/– NK cells exhibited 
a skewed Ly49 repertoire marked by reduced Ly49H+ cells. Furthermore, these Eri1–/– 

Ly49H+ NK cells failed to expand efficiently during MCMV infection and mediate 
effective antiviral immunity. (This work was supported by the Burroughs Wellcome Fund 
and the Sandler Program for Breakthrough Biomedical Research).  
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Nonresolving inflammation accelerates HBV-induced liver tumor in an NK 
cells-dependent manner   Xiaohui Kong1, Zixue Jin1, Rui Sun1, Zhigang Tian1  
1Institute of Immunology, School of Life Sciences, University of Science and 
Technology of China, Hefei 230027, China 
INTRODUCTION. Chronic HBV patients had a high risk of hepatocellular 
carcinoma, the reason of which was known to have induced by infected cell 
transferring. Published data have shown that inflammations were related with 
tumor genesis. We wonder to know whether liver inflammations have been 
involved in liver cancer. 
METHODS. HBV transgenic mice were bred for the whole life to observe the 
tumor and inflammation formation. B6 mice were taken as control group. Carbon 
tetrachloride (CCl4) was i.p. injected into the HBV transgenic mice to  induce 
persistent inflammation in the liver; after 6 month induction, mice liver were 
harvested  to calculate the tumor nodules and the epithelial- mesenchymal 
transition (EMT) relative mRNA by quantitative PCR and NK cells by FACS. We 
also have depleted NK cell in the mice models to study its role in the inflammation. 
RESULTS. HBV-tg mice but not B6 mice bred in specific pathogen free condition 
had determined inflammation with lymphocyte infiltrate in the liver and elevated 
alanine transarninase (ALT) level at 6 month, and spontaneously developed liver 
tumors at 17 month. Then we treated HBV-tg mice with CCl4, and we found it 
could induce significant inflammation in the liver, with increased lymphocyte 
infiltration, elevated ALT level, and enhanced IL6 and decreased IL10 expression. 
It also causes more fibrosis area in the liver of HBV transgenic mice. At the same 
time vimentin expressions were also raised in CCl4 treated HBV transgenic mice, 
which represent increased EMT in the liver. HBV-tg mice generate liver tumor with 
CCl4 treatment after 6 month, which couldn’t observe in B6 mice with CCl4 treat 
or HBV-tg mice control. As it had been reported that NK cells were involved in 
CCl4 induced liver fibrosis, we also found NK cells were inhibited in this CCl4 
induced inflammation with decreased expressions of NK activating markers 
NKG2D, NKp46, Ly49H and enhanced NK inhibitory marker NKG2A and Ly49G.  
When we depleted NK cells, we could see notable upregulation of vimentin 
expression in CCl4 treated liver of HBV transgenic mice.  
CONCLUSIONS. Our data show that liver inflammations could promote HBV 
induced hepatic tumor through hepatocytes epithelial- mesenchymal transition. 
This inflammation could also induce impaired immune-surveillance. Restore the 
function of NK cells to enhance the immune-surveillance may be benefit for 
reduce HBV induced liver tumor. 
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Therapeutic simultaneous knockdown of multiple ligands of innate 
receptor NKG2D highly efficiently prevents NK cell-mediated fulminant 
hepatitis  Mei Huang1, Rui Sun1, Haiming Wei1, Zhigang Tian1.  
1Institute of Immunology, School of Life Sciences, University of Science and 
Technology of China, Hefei 230027, China 
INTRODUCTION. NKG2D activation plays an important role in initiating and 
maintaining liver inflammation, and blockade of NKG2D recognition becomes a 
potential approach to treat a variety of hepatitis. Treatment by silencing 
NKG2D ligands on hepatocytes, but not NKG2D on immune cells, will be more 
specific to liver diseases. Since hepatocytes simultaneously express all 
ligands of NKG2D, construction of a single vector for simultaneously silencing 
multiple NKG2D ligands will be highly attractive.  

METHODS. We constructed a vector that could simultaneously express 
multiple shRNAs against murine NKG2D ligands including Rae1, Mult1 and 
H60. After hydrodynamic injection of plasmid containing the three shRNA 
sequences (shRae1-shMult1-shH60), also called pRNAT-shRMH, the 
expression of these three NKG2D ligands on hepatocytes was analyzed both 
on mRNA and protein levels. Plasmid was administrated 3 days prior to 
polyI:C/D-GalN injection and to improve this approach in clinical practice, we 
constructed a recombinant adenovirus containing pRNAT-shRMH (called 
Ad-RMH) for its hepatotropism and high infection efficiency. Furthermore, a 
vector that could simultaneously express multiple shRNAs against human 
NKG2D ligands including MICA/B, ULBP2 and ULBP3 was constructed and 
transfected with human NKG2D ligands-positive hepatocyte L-02 cells to 
generate stable cell lines. Cytotoxicity of NK cells to L-02 cells was analyzed 
by 51Cr release assay. 
RESULTS. The NK cell-mediated NKG2D-dependent fulminant hepatitis of the 
mice was most high efficiently alleviated, and activation of hepatic NK cells 
was highly inhibited by pRNAT-shRMH if compared with its counterpart RNAi 
vectors against single or double ligands, the therapeutic efficacy of which is 
equivalent to that by injecting three monoclonal antibodies against Rae1, Mult1 
and H60. Furthermore, we observed the similar therapeutic efficiency of 
Ad-RMH through i.v. infection as plasmid pRNAT-shRMH through 
hydrodynamic injection. Noticeably, simultaneous knockdown of multiple 
human NKG2D ligands (MICA/B, ULBP2 and ULBP3) most significantly 
decreased NK cells cytotoxicity against human NKG2D ligands-positive 
hepatocyte L-02 cells, suggesting a possible utilization in human.  
CONCLUSION. Simultaneous knockdown of multiple ligands of NKG2D highly 
efficiently prevents NK cell-mediated fulminant hepatitis, and may possibly 
become a potential therapeutic approach to treat liver diseases. 
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Blockade of Inhibitory Receptor NKG2A Reverses HBV-induced NK Cell 
Tolerance   Hairong Wei1, Fenglei Li**1, Haiming Wei1, Yufeng Gao, Long Xu1, 
Wenwei Yin1, Rui Sun1, and Zhigang Tian1   
1Institute of Immunology, School of Life Sciences, University of Science and 
Technology of China, Hefei 230027, China 
INTRODUCTION. The role of natural killer (NK) cells in human persistent virus 
infection is not well understood, and human hepatrophic virus infection such as 
hepatitis B virus (HBV) is more elusive since the immune tolerant feature of the 
livers. 
METHODS. The phenotype and the function of peripheral blood NK cells from 49 
active chronic hepatitis B (CHB) patients, 33 inactive patients, and 35 healthy 
age- and sex- matched volunteers were detected by FACS and its correlation 
with virus load was also analyzed. Five chronic hepatitis patients treated with a 
combination of recombinant interferon (IFN)-α1b in combination with adefovir 
dipivoxi were also enrolled to study the NKG2A expression change after HBV 
virus titers decline. HBV-carrier mice established by hydrodynamic injection with 
HBV-containing plasmid were used to imitate CHB patients. The NKG2A 
expression on NK cells was detected and the possible mechanism was also 
researched. Antibody dependent blocking of NKG2A and its ligand was also 
done to research its impact on the reverse of the tolerance of NK cells both in 
vitro and in vivo.  
RESULTS.  We found that the active CHB patients had a significant increased 
number of inhibitory receptor NKG2A+ NK cells with lower IFN-γ secretion and 
cytolytic activity when compared with inactive CHB patients. Importantly, 
frequency of NKG2A+ NK cells correlated positively with serum viral load, 
suggesting a possibility that the increased NKG2A expression helps virus escape 
since inactivation of NK cells by HBV with unknown mechanisms. It was also 
noted that regular anti-viral therapy-induced decline of HBV load in active CHB 
patients resulted in a decreased expression of NKG2A on NK cells. Importantly, 
antibody blockade of NKG2A-HLA-E recognition in vitro reversed the decreased 
cytotoxicity of NK cells from active CHB patients. Moreover, in HBV-carrier mice, 
we also found the increased NKG2A expression on NK cells which was possibly 
induced by hepatic Tregs-derived IL-10, and antibody blockade of NKG2A-Qa-1 
recognition in vivo markedly promoted virus clearance in both HBV-carrier 
C57BL/6 mice and HBV-carrier Rag1-/- mice (T cell- and B cell-deficient) in a NK 
cells-dependent manner. 
CONCLUSIONS.  These findings suggest that NKG2A plays a critical role in NK 
cell tolerance to HBV, which is harmful to virus clearance in active CHB patients. 
As an alternative approach to treat active CHB patients, blockade of NKG2A 
recognition could reverse HBV-induced tolerance of NK cells and promote HBV 
clearance.  
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IMMUNE REGULATION BY NATURAL KILLER CELLS THROUGH LYSIS OF 

ACTIVATED T CELLS.  Stephen N. Waggoner*1, Raymond M. Welsh1.  
1Department of Pathology and Program in Immunology and Virology, University 
of Massachusetts Medical School, Worcester, MA, USA 

INTRODUCTION.  We have previously shown that natural killer (NK) cells can 
influence viral pathogenesis either by directly killing virus-infected cells or 
through lysis of activated CD4 T cells.  The latter phenomenon contributed to an 
inhibition of anti-viral T cells that favored viral persistence and host survival 
rather than lethal pathology during lymphocytic choriomeningitis virus (LCMV) 
infection.  We sought to determine whether NK cell regulation of T cells is a 
general principle of virus infections and also examine whether particular NK cell 
receptors contribute to NK cell specificity for certain subpopulations of T cells. 
METHODS.  C57BL/6 or type I IFN receptor-deficient (IFNAR-/-) mice were 

treated i.p. with 25 g mouse IgG2a or anti-NK1.1 in order to selectively deplete 
NK cells.  One day later, mice were inoculated with Pichinde virus (PV), LCMV, 
or polyI:C.  Viral burden and anti-viral T cell responses were assessed at various 
times post-infection.  In vivo cytotoxicity assays were performed by transferring 
bulk splenic T cell populations from congenic, virus-infected mice that had been 
depleted of NK cells into groups of uninfected or infected mice that had or had 
not been depleted of NK cells.  After 5 hours, donor cell recovery was assessed 
by flow cytometry and compared amongst experimental groups. 
RESULTS.  Similar to our previous results with LCMV, inoculations with PV or 
the type I IFN inducer, polyI:C, also triggered NK cell lysis of activated CD4 T 
cells.  This lysis was coincident with poor control of PV infection and diminished 
PV-specific memory T cell responses.  LCMV infection was unable to induce NK 
cell lysis of activated T cells in IFNAR-/- mice, implicating type I IFN in stimulation 
of this NK cell activity.  Expression of the CD48, the ligand for the inhibitory NK 
cell receptor 2B4/CD244, was greater on NK cell-resistant CD8 T cells than their 
NK cell-susceptible CD4 counterparts.  Importantly, genetic deletion of 2B4 
facilitated lysis of activated CD8 T cells, and was associated with substantially 
impaired clearance of both acute and chronic virus infections.   
CONCLUSIONS.  NK cell lysis of activated T cells is a general mechanism of 
immunoregulation during virus infection which impairs viral clearance and the 
efficient generation of virus-specific memory T cell responses.  Type I IFN 
expression during virus infection or vaccination stimulates NK cell lysis of 
activated CD4 T cells, while 2B4/CD48 interactions prevent detrimental direct 
lysis of anti-viral CD8 T cells. Incorporation of our results into current paradigms 
of human virus infections, including those with hepatitis C virus, suggests a new 
means by which NK cells may contribute to disease pathogenesis.  (This work 
was funded by National Institutes of Health (NIH) training grant AI07349 (S.N.W.) 
and research grants AI-081675 and CA34461 (R.M.W.) 
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SUSCEPTIBILITY OF T CELLS TO NK CELL DEATH LIGAND-
MEDIATED DELETION IN THE LIVER OF CHRONIC HEPATITIS B 
VIRUS INFECTED PATIENTS 
Dimitra Peppa1,3**, Nicholas J. W. Easom1, Upkar S. Gill4, Lorenzo Micco1,  Anna 
Schurich1, Gaia Nebbia1, Harsimran D. Singh2, William Rosenberg2,  Richard J. 
Gilson3, Patrick T.F. Kennedy4, Mala K. Maini1   1Division of Infection and Immunity and 
2Division of Medicine, UCL, London, UK, 3Centre for Sexual Health and HIV Research, London, UK, 
4Centre for Digestive Disease, Barts and the London School of Medicine and Dentistry, London, UK. 
INTRODUCTION. Persistent infection with HBV is associated with a number of T 
cell defects culminating in marked depletion of the HBV-specific CD8 T cell 
responses that constitute a critical component of antiviral defence. In this study we 
addressed the contribution of NK cells to the apoptotic propensity of antiviral T cells 
through the TRAIL pathway.  
METHODS. PBMC were studied from healthy volunteers and patients with chronic 
HBV infection (CHB) and assessed by flow cytometry for TRAIL receptor 
expression. Intrahepatic T cells were examined in CHB patients with available liver 
biopsy tissue. Virus-specific CD8 T cells were identified by intracellular cytokine 
staining for IFN-γ and or HLA-A2/peptide multimer staining following ten day 
PBMC stimulation with a pool of HBV or control virus peptides in the presence or 
absence of NK cells -/+ TRAIL blockade. The degree of caspase activation was 
determined using the carboxyfluorescein-FLICA apoptosis kit. 
RESULTS. Our data show enhanced survival of HBV-specific CD8 T cells following 
NK cell depletion. The degree of pancaspase activation in HBV-specific T cells was 
reduced when NK cells were depleted or not in contact with T cells, suggesting that 
NK cells have a direct effect on virus-specific CD8 T cell survival that is contact 
dependent and involves caspase activation. Conversely, depletion of NK cells did not 
increase virus-specific responses to unrelated viruses (CMV, EBV, Influenza) within 
the same patients, suggesting that this rescue is restricted to HBV-specific 
populations. We have previously demonstrated that TRAIL-expressing NK cells are 
enriched and have an activated phenotype in the liver. The intrahepatic predominance 
of TRAIL+NK cells, in conjunction with the unique architecture of the liver 
encouraging close contact between lymphocyte subsets, could therefore promote this 
pathway of deletion. This is supported by our data showing an increase in the 
expression of TRAIL-R2, which transduces apoptotic signals, on both peripheral and 
intrahepatic T cells from CHB patients compared to controls. Depletion of NK cells 
led to an increase of TRAIL-R2+ T cells and TRAIL blockade could partially 
abrogate deletion of HBV-specific T cells, suggesting that these cells are vulnerable 
to NK cell-mediated apoptosis through this pathway. The incomplete recovery of 
virus-specific T cell responses suggests that some responses are committed to their 
apoptotic fate and/or implicates additional receptor-ligand interactions.  
CONCLUSIONS. We provide evidence for a new mechanism whereby TRAIL-
bearing NK cells may down-modulate the antiviral immune response in CHB, 
constituting an important pathway for therapeutic manipulation. 
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Murine CMV MHC-I-like Molecules – Function, Structure, and Evolution of 
Homologs for Immunoevasion.  Rui Wang1, Maria Jamela Revilleza1, Manqing Hong1, 
Janet Mans2, Kannan Natarajan1, and David H. Margulies1. 1Molecular Biology Section, 
Laboratory of Immunology, NIAID, National Institutes of Health, Bethesda, MD, 
20892;2present address: Department of Medical Virology, U of Pretoria, Campus, 
Pretoria, South Africa 0001 
INTRODUCTION. The mouse cytomegalovirus (MCMV) as well as the human 
counterpart (HCMV) exploit a number of genes to subvert the host’s immune response, 
utilizing molecules that contribute to the evasion of both natural killer (NK) and CD8+ T 
cell immunity.  To explore the function, structure, and evolution of virus-encoded 
molecules that may be involved in immunoevasion, we studied the function and structure 
of glycoproteins encoded by MCMV genes m144, m152, and m153.  
METHODS.  We determined the X-ray crystallographic structures of m144 and m153 
proteins and of the molecular complex of m152 with its stress-induced ligand, 
RAE1γ. We also examined the binding of m152 with various RAE1 isoforms and a set of 
site-directed mutants suggested by the intermolecular contacts observed in the three-
dimensional structure.  Using reporter cells expressing chimeric m144 and m153, we 
screened for cell subsets expressing ligands for these molecules, and for m153, confirmed 
this identification by staining with m153 multimers. 
RESULTS.  High resolution structures of each of these molecules reveal that, despite 
relatively little amino acid sequence identity, these molecules clearly possess the MHC-I 
fold.  The structure of m152 in complex with Rae1γ, a stress-induced host molecule that 
it downregulates, indicates that the m152/Rae1γ interaction depends on multiple contacts 
involving a large concave surface involving all domains of m152.  These structural 
contacts were confirmed by extensive site-directed mutagenesis and binding studies, and  
explain quantitative differences in the interaction of m152 with various Rae1 isoforms.  
To explore the function of m153, which has a unique non-covalent dimeric structure, we 
have screened a number of cell populations and have identified a subset of CD11c+ 
dendritic cells that specifically activate a reporter cell expressing an m153/CD3ζ 
chimera.  Structural and amino acid sequence comparisons of these and other MCMV 
MHC-like molecules with related cytomegaloviruses suggest a scheme for the coordinate 
evolution of molecules involved in host defense and those of the virus that promote 
immunoevasion. 
(Supported by the Intramural Research Program of the NIAID, NIH) 
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Genetic analysis of NK cell responses in murine CMV infected mice reveals 
extended MHC haplotype regulation of NK receptor expression and viral 
control.  Michael G. Brown*, Jessica Prince, Alyssa Lundgren, and Michael D. 
Stadnisky.  University of Virginia School of Medicine 
 
INTRODUCTION.  MHC I Dk confers genetic resistance to MCMV infection in 
MA/My and C57L mice with licensed Ly49G2+ NK cells. Interestingly, Dk-
mediated MCMV control is superior in C57L suggesting that the strains differ in 
expression of viral control modifiers.  In line with this, Ly49G2 expression is 
highest on NK cells in C57L due to natural variation in MHC, NKC and other loci.  
MHC I Dk can affect Ly49G2 expression, but additional modifiers have not been 
identified.  We speculate that Ly49G2 NK receptor regulation may further affect 
sensitivity to viral infection.   
METHODS.  To address this question, we combined flow cytometric with 
classical genetic analytical approaches to examine peripheral blood (before) and 
spleen (after) NK cells (CD3- NKp46+), NK cell subsets defined by mAbs 4D11 
(Ly49G2) and 14B11 (Ly49C/I/F/H) and 4D11- 14B11- NK cells, as well as NK 
receptor expression and NK responses to acute (day 3.5) murine CMV infection, 
in addition to traditional measurements of viral control in 233 hybrid offspring 
issued in three different MA/My x C57L genetic crosses. All offspring were 
genome-wide genotyped using the Illumina medium density (1449 SNP) array 
and we carried out a genome-wide association study with all offspring data 
analyzed together and by individual genetic cross in R/qtl.   
RESULTS.  As expected, the MHC I D locus had a major effect on viral control 
as defined by spleen MCMV levels at day 3.5 after infection.  A positive change 
in the frequency of Ly49G2+ NK cells and the final Ly49G2+ NK population were 
associated with the MHC I D gene and MCMV control, whereas Ly49C/I/F/H+ 
cells and 4D11-14B11- NK cells were not.  However, both Ly49G2 expression 
and the frequency of Ly49G2+ NK cells prior to infection mapped beyond the 
class I D gene, as did several additional loci implicated with NK cell numbers 
control, surface receptor expression and responses to viral infection.   
CONCLUSIONS.  These data show that the MHC I D gene and several 
additional MHC-linked genes altered both NK cells frequency and NK receptor 
surface expression profile and consequently, their response to viral infection. 
These studies are the first to examine modulation of NK receptor expression, 
how this affects virus control, and the responsible genes. The involvement of 
multiple MHC and MHC-linked loci regulating NK cell receptors expression and 
NK responses in viral infection may have important implications for 
understanding the role of MHC control of NK cell effector functions and further in 
MHC linked disease associations. 
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RECOGNITION OF HUMAN CYTOMEGALOVIRUS BY NK CELLS 

Aura Muntasell**1, Marcel Costa2, Noemí Marina2, Miguel López-Botet1, 2 

1Immunity and Infection group, IMIM-Hospital del Mar Research Institute, 
Barcelona; 2Pompeu Fabra University, Barcelona; Spain. 
 
INTRODUCTION: NK cells play a critical role in the defence against viral 
infections. Activation of NK cells is tightly controlled by both inhibitory and 
activating receptors and modulated by cytokines released along the anti-viral 
response. On the other hand, NK cells express several TLRs able to boost NK 
cell functions upon activation. The present study was undertaken to investigate 
whether NK cells could directly recognize Human Cytomegalovirus (HCMV). 
METHODS: Human NK cells were purified from peripheral blood by negative 
selection using immunomagnetic techniques. After a 24h coculture with HCMV 
(TB40/E strain), NK activation was monitored by measuring CD69 expression 
and IFNg secretion by flow cytometry and ELISA, respectively. NK cell cytotoxic 
activity was measured by the CD107a-mobilization assay 
RESULTS: HCMV recognition by NK cells resulted in the expression of CD69, 
increased IL-12-induced IFNγ secretion and improved cytotoxic response to 
infected fibroblasts and autologous monocyte-derived dendritic cells. Indeed, 
HCMV-primed NK cells showed increased activity of NKp46, NKp30 and CD16 
activating receptors as measured in P815-based redirected degranulation 
assays. HCMV-induced activation was prevented by the pre-treatment of NK 
cells with bafilomycin A1 and by the addition of IFNAR and TLR2 blocking mAb 
along the coculture. Thus, indicating that sensing of HCMV by NK cells required 
a functional endocytic pathway and involved the production of type I IFNs and 
TLR2 activation.  
CONCLUSIONS: Direct recognition of HCMV by NK cells results in the priming 
of NK cell effector functions, and could likely contribute to the anti-viral 
response in vivo. 
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ACTIVATION MECHAINSIMS OF NK CELL DURING INFLUENZA VIRUS

INFECTION. Ilwoong Hwang**1, Tejaswi Kakarla1, David M. Duriancik2, Seohyun
Choi1, Eleni Beli2, Chunghwan Cho1, Taehyung Lee1, Hyojin Park1, Jeannine M.
Scott1, Mijeong Jo1, Tina Ortiz1, Anthony R. French3, Elizabeth Gardner2 and
Sungjin Kim1. 1Department of Microbiology and Molecular Genetics, Michigan
State University, 2Department of Food Science and Human Nutrition, Michigan
State University, 3Washington University School of Medicine
INTRODUCTION. Accumulating evidence indicates that NK cells play a critical
protective role in host defense against influenza virus (flu) infection.  However,
the molecular mechanisms leading to activation of NK cells in vivo during flu
infection are poorly understood.
METHODS. Using knockout mice and adoptive transfer approaches, the role of
cytokines and their action mechanisms for NK cell activation were examined.
RESULTS. Following acute flu infection, NK cells in wild-type (WT), IL-12R-
deficient and IL-18R-deficient mice displayed strong cytolytic potential, but NK
cells in type I interferon receptor (IFNAR)-deficient mice showed no such activity.
Additionally, IFNAR -/- NK cells showed impaired IFN-  production and CD69

expression. In WT mice, flu infection led to activation of both STAT1 and STAT4.
In contrast, neither of these transcription factors were activated in NK cells in
IFNAR-/- mice. When IFNAR-/- NK cells were adoptively transferred into WT
mice, their responses to flu infection remained poor compared to those of WT
control NK cells. Up-regulation of granzyme B was abrogated in STAT1-deficient
NK cells following in vitro flu infection, whereas IFN-  production was comparable

to WT. In contrast, STAT4-deficient NK cells displayed compromised IFN-

production, whereas granzyme B induction was not affected.
CONCLUSIONS. Following flu infection, type I IFNs are critical to enhance
expression of NK effector molecules, whereas IL-12 and IL-18 are dispensable.
NK cell activation is mediated by direct action of type I IFNs. Finally, STAT1-
mediated granzyme B induction is likely key to enhanced cytotoxicity of NK cells
following flu infection. (This work was supported in part with NIH, MSU start-up
funds and Korea Research Institute of Bioscience and Biotechnology)
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COMPREHENSIVE IMMUNE PHENOTYPING OF NATURAL KILLER CELLS 
IN HEPATITIS DELTA VIRUS INFECTION 
 
Sebastian Lunemann**1,2, David F. G. Malone2, Jan Grabowski1, Brigit Bremer1, Michael 
Manns1, Verena Schlaphoff1, Johan K. Sandberg2, Markus Cornberg1, Hans-Gustaf 
Ljunggren2, Heiner Wedemeyer1, and Niklas K. Björkström2. 1Dept. of Gastroenterology, 
Hepatology and Endocrinology, Hannover Medical School, Hannover, Germany 2Center 
for Infectious Medicine, Department of Medicine, Karolinska Institutet, Stockholm, 
Sweden 
 
INTRODUCTION. Infection with the hepatitis delta virus (HDV) causes hepatitis delta, 
the most severe form of viral hepatitis, frequently leading to liver cirrhosis and liver 
failure. Worldwide approximately 15 million people are chronically infected with HDV. 
Hepatitis delta is believed to be an immune-mediated disease however, adaptive immune 
responses against HDV are hardly detectable. This suggests a possible role of natural 
killer (NK) cells in the pathogenesis of HDV infection.  In this study we aimed to 
elucidate, for the first time, the phenotypic and functional properties of NK cells in HDV 
infection. 
METHODS. Blood samples from patients infected with hepatitis delta, chronic hepatitis 
B and C (n=36, 20, 15, respectively) as well as 30 healthy controls were studied. Out of 
the hepatitis delta patients, ten were sampled longitudinally during antiviral treatment 
with pegylated interferon alpha (peg-IFNα). Phenotype and function of NK cells was 
studied using 15-color flow cytometry, including expression levels of activation and 
inhibitory receptors as well as multi-functional responses against K562 cells. 
RESULTS. The frequency of total NK cells did not differ significantly between the 
different groups of viral hepatitis patients, but individuals infected with HDV exhibited 
higher baseline frequencies of CD56bright NK cells. Peg-IFNα treatment of the HDV 
patients was associated with a redistribution between bright and dim NK cell subsets with 
increased CD56bright frequencies. Strikingly, in some individuals, CD56bright NK cells 
represented up to 40% of all NK cells. After twelve weeks of treatment, CD56dim NK 
cells exhibited a more immature phenotype expressing lower levels of CD57 and KIRs 
but higher levels of NKG2A. Interestingly, the expanding CD56bright NK cells expressed 
high levels of TRAIL and the increase in TRAIL-expression during treatment closely 
correlated with the decline in HDV viral load. 
CONCLUSIONS. Our data suggests a reshaping of the NK pool by IFNα during 
treatment resulting in a more immature phenotype. The data also suggests the possibility 
that NK cells contribute to the control of hepatitis D virus infection, at least in part, via 
expansion of CD56bright NK cells expressing high levels of TRAIL. This last finding is in 
line with work, where a TRAIL dependent mechanism has been described for the control 
of hepatitis C virus infection. 
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Persistent NK cell activation in HIV patients receiving combination antiretroviral 
therapy is associated with innate immune activation.

Anthony Jaworowski1,2,3 Wan-jung Cheng1, Suzanne M. Crowe1,2 and Gregor F. 
Lichtfuss1,2

1Centre for Virology, Burnet Institute, Melbourne Victoria, 3004 Australia
Departments of 2Medicine and 3Immunology, Monash University, Victoria Australia

INTRODUCTION! HIV infection disrupts NK cell function, which may be restored in 
virologically suppressed (VS) patients receiving combination antiretroviral therapy  (cART), 
coincident with recovery of T cell numbers and reduced T cell activation. However innate 
immune activation and inflammation persist in VS patients, and their life expectancy 
remains significantly  shorter than HIV-uninfected individuals, suggesting incomplete 
recovery of immune function. We have previously  shown that NK cells from VS patients 
have defective FcRγ expression and signaling1,2 but the factors causing this are unknown. 

METHODS! We conducted a cross-sectional study of 16 cART-naive viremic  patients 
(ART-), 17 VS (viral load <50/ml) patients receiving cART(ART+) and 20 HIV-uninfected 
age/sex-matched controls. VS patients had a sustained undetectable viral load for an 
average of 3.5 years (range 0.6-7.7 years) prior to recruitment. NK and T cell phenotype 
and signaling were measured using whole blood assays within 1h of blood sampling. NK 
cells were purified by sorting; protein and RNA extracts were prepared and used for signal 
protein quantitation. Inflammation and macrophage activation markers were measured on 
stored plasma samples by ELISA.

RESULTS! CD8+CD38+HLA-DR+ T cells were elevated in ART- patients (p<0.0001) but 
were significantly  reduced in ART+ patients (p=0.0005), though still above control values 
(p=0.0008). In contrast, CD38+HLA-DR+ NK cells were elevated in ART- patients 
(p=0.0001) but did not decrease in ART+ patients (p=0.88). NK cells showed high levels of 
spontaneous degranulation in ex-vivo whole blood assays. Degranulation did not correlate 
with viral load or CD4 counts, but correlated with neopterin (rho=0.54, p=0.0009) and 
sCD14 (rho=0.51, p=0.0016) levels in plasma. NK cells from both ART- and ART+ patients 
exhibited alterations in CD16 receptor components and signaling including decreased 
CD16 expression (p=0.0001 and 0.0025 respectively), FcRγ mRNA (p<0.0001 for both 
groups), protein expression (p=0.0016 and <0.0001 respectively) and CD16-dependent 
Syk phosphorylation (p=0.0001 and 0.003 respectively). 

CONCLUSIONS! In HIV patients receiving cART with virologic suppression, NK cell 
activation persists. This suggests that NK cells respond to factors different to those driving 
T cell activation, but which are associated with activation of myeloid cells. Understanding 
the factors responsible for NK cell activation will help the development of future adjunctive 
therapies to reduce morbidity and mortality in HIV patients receiving cART.
This work was funded by NHMRC Project grant 543137 to AJ. SMC  is supported by an 
NHMRC  Principal Research Fellowship. The authors gratefully acknowledge the 
contribution to this work of the Victorian Operational Infrastructure Support Program.

1. Leeansyah, E., Zhou, J., Paukovics, G., Crowe, S.M. and Jaworowski, A. (2010) “FcRγ expression is 
decreased in NK cells of HIV-1 infected individuals receiving combination antiretroviral therapy” PLoS 
ONE 5(3):e9643 

2. Lichtfuss, G.F., Meehan, A.C., Cheng, W-J., Cameron, P.U.C., Lewin, S.R.,  Crowe, S.M. and Jaworowski, 
A. (2011) “HIV inhibits early signal transduction events triggered by CD16 cross-linking on NK cells which 
are important for antibody-dependent cellular cytotoxicity” J. Leukoc Biol 89(1):149-58. 
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Engagement of NKp30 on Vδ1 T-cells induces the production of CCL3, CCL4 and 
CCL5 and suppresses HIV-1 replication 
Kelly Hudspeth1, Manuela Fogli2, Daniel V. Correia3, Joanna Mikulak1, Alessandra 
Roberto1, Silvia Della Bella1-4, Bruno Silva-Santos3 and Domenico Mavilio1. 
1 Istituto Clinico Humanitas, Rozzano, Milano, Italy, 2 University of Brescia, Italy, 
3Univesidade de Lisboa, Portugal, 4Department of Translational Medicine, University of 
Milan, Italy 
INTRODUCTION. Natural Cytotoxicity Receptors (NCRs) have been originally 
identified as specific natural killer cell activating receptors that, upon binding to their 
natural ligands, trigger the killing of tumor cell targets. We recently described the 
differentiation of a novel subset of NCRpos Vδ1 T-cells characterized by a remarkably 
high cytolytic potential against cancer cells. 
METHODS. NKp30pos Vδ1 γδ T-cells were expanded from human PBMCs following 
the same protocol recently developed by our group (Correia D. et al., Blood 2011). 
2x106/ml of NCRpos/NKG2Dpos Vδ1 T-cells were cultured for 18 hours at 37°C in 96 flat-
bottom well-plates coated with anti-NCRs, anti-NKG2D and anti-TCR-γδ mABs) . Cell 
supernatants were then collected and the levels of CCL3/MIP-1α, CCL4/MIP-1β, 
CCL5/RANTES and SDF-1/CXCL12 were measured by ELISA.  CD4pos/CCR5pos PM1 
cell line was infected with an HIV-1BaL R5 strain. Levels of viral replication were 
detected by p24 ELISA in time course-experiments either in the presence or in absence of 
a combination of neutralizing Abs against CCL3, CCL4 and CCL5. 
RESULTS. In line with our previous results, we confirmed that NKp30 was the NCR 
most highly expressed on in vitro expanded Vδ1 T-cells, followed by NKp44 and 
NKp46. The cross-linking of the de novo expressed NKp30 induced the production at 
high levels of CCL3, CCL4 and CCL5 but not of CXCL12. To understand whether in 
vitro activated NCRpos Vδ1 T-cells could naturally suppress HIV-1 replication through 
the NKp30-induced production of cc-chemokines, we incubated in time course-
experiments CD4pos/CCR5pos PM1 cell line infected with an R5 tropic strain of HIV-1 
either in the presence or in the absence of supernatants from cultures of Vδ1 T-cells 
selectively activated via NCRs and NKG2D. The highest and statistically significant 
suppression of HIV-1 replication occurred with supernatants from Vδ1 T-cells cross-
linked with the NKp30 mAb, similar to that observed with the supernatant of Vδ1 T-cells 
activated via TCR-γδ. We did not find any analogous suppression of HIV-1 replication 
when supernatants of Vδ1 T-cells cross-linked with anti-NKp46, -NKp44 and -NKG2D 
mAbs were added to cultures of HIV-1 infected PM-1 cell line 
CONCLUSIONS. NKp30-induced secretion of cc-chemokines is able to significantly 
suppress the replication of a CCR5 tropic strain of HIV-1 in CD4pos/CCR5pos infected 
PM1 cell lines. This experimental evidence disclosing an unanticipated antiviral function 
of NCRpos Vδ1 T-cells opens new avenues for understanding the pathogenic role and for 
manipulating the function of γδ T-cells in HIV-1 infection.  
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HUMAN CMV-INDUCED NKG2C+ MEMORY NK CELLS ARE TRANSPLANT-
ABLE AND EXPAND IN VIVO IF RESIDUAL RECIPIENT CMV ANTIGEN IS 
PRESENT. Bree A. Foley**, Sarah Cooley, Michael R. Verneris, Julie Curtsinger, 
Daniel Weisdorf and Jeffrey S. Miller. University of Minnesota, Minneapolis, MN. 
INTRODUCTION. We have recently reported that in the setting of CMV 
reactivation, NK cells expressing the activating receptor NKG2C expand and 
persist during the first year following allogeneic umbilical cord blood (UCB) 
transplantation. These NKG2C+ NK cells express KIR, lack NKG2A and are 
potent producers of IFNγ. We did not observe an increase in NKG2C+ NK cells in 
recipients of UCB donor grafts (which are CMV naïve) who were CMV+ but did 
not reactivate. Thus we were interested in comparing the kinetics of the NK cell 
responses to CMV reactivation after allogeneic transplantation with HLA-matched 
adult unrelated donors based on the CMV status of the donor/recipient pairs. 
METHODS. Twenty-five donor/recipient pairs were studied with a total of 6 CMV 
reactivation events. Receptor expression and NK cell function (IFNγ production) 
was measured at 3 and 6 months post-transplant after incubation in media alone 
or with the class I negative cell line K562. 
RESULTS. CMV- recipients who received grafts from CMV- donors, who did not 
reactivate CMV, the percentage of NKG2C+ NK cells remained consistently low. 
The CMV recipients who reactivated had an increased frequency of NKG2C+ NK 
cells (donor: 9±2% vs. recipient: 31±2%, p=0.01) similar to our findings in UCB 
transplant recipients. These expanding NKG2C+ cells co-expressed KIR. 
Interestingly, NKG2C+ NK cells from CMV+ donors transplanted into CMV+ 
recipients also expanded, even in the absence of detectable CMV viremia. In this 
setting, the frequency of NKG2C+ cells was higher at 6 months compared to the 
CMV-/CMV- donor/recipient pairs (34±2% vs. 9.2%±2%, p=0.004). These donor-
derived NK cells also expressed more KIR at 6 months compared to the CMV-

/CMV- donor/recipient pairs (65%±5% vs. 26%±5%, p=0.0001). There were two 
important control groups in this study. The frequency of NKG2C+ NK cells from 
CMV+ donors transplanted into CMV- recipients remained low at 6 months 
(9.3%±1.3%), similar to that seen in CMV-/CMV- donor/recipient pairs. 
Furthermore, the frequency of NKG2C+ NK cells remained low after transplants 
from CMV- donors into CMV+ recipients (10.8%±3.4%). This suggests that NK 
cells exposed to CMV in the donor are successfully transplanted in the graft, and 
that they retain memory to CMV.     
CONCLUSIONS. Our results show that CMV reactivation promotes the 
expansion of NKG2C+ NK cells in recipients of unrelated adult donor grafts. We 
detected long-lived NKG2C+ NK cells expanded from CMV+ donors in the 
absence of detectable CMV viremia, but only in recipients who had prior CMV 
exposure. This suggests that latent CMV antigen is required to maintain 
expanded NKG2C+ NK cells that had been previously exposed to CMV.  
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THE NATURAL KILLER CELL RESPONSE TO VIRAL INFECTION IS 
INDEPENDENT OF NFIL3 
Matthew A. Firth**1, Georg Gasteiger1, Kimberly Schluns2, and Joseph C. Sun1 
1Immunology Program, Memorial Sloan-Kettering Cancer Center, New York, NY, USA 
2Department of Immunology, MD Anderson Cancer Center, Houston, TX, USA 
 
INTRODUCTION:  Natural killer (NK) cells are a crucial component of the immune 
system, recognizing virally infected and transformed cells through germline-encoded 
receptors, and eliminating these targets by secretion of lytic granules and pro-
inflammatory cytokines. The development of the NK cell lineage has been shown to be 
dependent on the activity of the transcription factor Nfil3 (or E4BP4), as mice lacking 
this gene are deficient in NK cells. Whereas other mouse strains are also known to be 
deficient in NK cells (such as RAG2-/- x IL2Rγ -/-, IL15-/- and IL15Rα-/- mice), Nfil3-/- 
mice constitute the only model that is specifically deficient in NK cells, while other 
lymphocyte populations (B, T and NKT cells) remain unaltered.  Since infection of 
RAG2-/- x IL2Rγ -/- mice with murine cytomegalovirus (MCMV) results in the appearance 
of a population of NK cells at day 7 post-infection (PI), and Nfil3 operates downstream 
of IL-15 signaling in NK cells, we investigated whether a population of NK cells will 
also appear during infection of Nfil3-/- mice with MCMV and other model viruses.  
METHODS: Wildtype B6 and Nfil3-/- mice were infected with MCMV and two 
recombinant viruses engineered to express the MCMV glycoprotein m157, VSV-m157 
and VV-m157.  NK cell responses and phenotype were measured by flow cytometry in 
lymphoid and nonlymphoid tissues at various time points post-infection. Furthermore, 
NK cell degranulation, cytokine secretion, and cytotoxicity were characterized ex vivo 
throughout the course of viral infection. RESULTS:  Expansion of a NK1.1+/TCRβ- 
population in Nfil3-/- mice was observed following MCMV infection.  At day 7 PI, 
greater than 80% of Nfil3-/- NK cells were positive for the activating Ly49H receptor 
(which recognizes m157) and displayed a surface phenotype associated with mature NK 
cells (KLRG1+, CD11bhi, CD27lo).  Other members of the Ly49 receptor family (Ly49A, 
Ly49D, Ly49C/I, and Ly49G2) were also observed.  Nfil3-/- NK cells at day 7 PI were 
functionally similar to WT NK cells with respect to IFN-γ production and degranulation 
(as measured by expression of LAMP-1).  Infection with control viral strains lacking 
m157 (MCMVΔm157 and VVOVA) resulted in the appearance of a small NK cell 
population, however far diminished compared to viruses expressing m157. 
CONCLUSIONS:  We have found that although Nfil3 plays a critical role in the 
development of NK cells, specific activating signals generated during MCMV infection 
can bypass the requirement for Nfil3, and promote the survival and proliferation of 
virus-specific NK cells. This enhanced survival of NK cells was dependent upon 
signaling through activating receptors, as Ly49H-m157 interactions combined with 
inflammation during viral infection enhanced NK cell numbers compared with 
inflammation alone.   

danielvalle
Text Box
Abstract # 57



NK CELLS REGULATE T-CELL RESPONSES IN CHRONIC HEPATITIS B 
VIA NKG2D. N. J. W. Easom1, D. Peppa1,2, X. Tang1, L. Pallett1, C. Chang3, 
J. Trowsdale3, M.K. Maini1.  1Division of Infection and Immunity UCL, London, 
UK, 2Centre for Sexual Health and HIV Research, UCL, London, UK, 
3Department of Pathology, University of Cambridge, Cambridge, UK. 
INTRODUCTION. T cells have been shown to upregulate ligands for the 
activating natural killer cell receptor NKG2D and to be susceptible to 
autologous NK mediated lysis when activated in vitro or in murine models. We 
postulated that the dysregulated T cell response found in the setting of 
persistent viral infections may likewise become susceptible to NK cell 
mediated deletion through increased expression of NKG2D ligands. We 
addressed this in patients with chronic HBV infection, where the virus-specific 
T cell response is markedly depleted.  
METHODS. Using a 2B4 hybridoma cell line expressing NKG2D and a GFP 
reporter we evaluated the expression of NKG2D ligands (NKG2DL) on the 
peripheral T cells of patients with chronic hepatitis B (CHB).  Flow cytometric 
analysis of ex-vivo PBMCs was performed for the expression of NKG2D 
ligands and NK cell markers. To assess the expression on HBV specific T 
cells, PBMCs were expanded in 10-day culture in the presence of overlapping 
peptides derived from HBV core protein amino acid sequences. T cells 
expressing IFNγ were then assessed for NKG2D ligand expression.  
RESULTS. Hybridoma GFP expression was increased when co-cultured with 
PBMCs from CHB patients with liver inflammation compared with controls. Of 
the panel tested, MICA/B and ULBP1 were the predominant NKG2D ligands 
expressed on both CD4 and CD8 T cells in CHB. MICA/B and ULBP1 were 
further upregulated on HBV specific T cells. MICA/B levels were increased on 
global T cells from CHB patients in the liver, the site of HBV replication. 
Depletion of NK cells in short-term culture resulted in increased numbers of 
virus specific T cells and increased expression of NKG2D ligands, suggesting 
that virus specific T cells may be amenable to NKG2D mediated deletion. To 
investigate the potential triggers of NKG2DL upregulation, we analysed ex-
vivo PBMCs from patients sampled longitudinally through the course of acute 
hepatitis B, allowing temporal correlations with viraemia and liver inflammation 
to be dissected. Differential kinetics of upregulation of NKG2DLs were 
observed, with increased levels of ULBP1 on CD4 T cells early in infection at 
the peak of viraemia, and MICA/B levels mirroring the inflammatory response. 
CONCLUSIONS. Our results suggest that expression of NKG2DLs on HBV 
specific T cells may render them susceptible to NK cell mediated cytotoxicity. 
NKG2DLs may be upregulated as a homeostatic mechanism in response to 
acute liver inflammation to curtail T cell responses and constrain excessive 
immune activation, whereas in chronic infection NKG2D interactions may 
contribute to excessive down-regulation of antiviral immunity.  
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TREATMENT RESPONSE TO PEGYLATED INTERFERON AND RIBAVIRAN 

IN PATIENTS CO-INFECTED WITH HEPATITIS C AND HIV CAN BE 

PREDICTED BY VARIATION IN IL28B AND KIR2DS3 GENES. Ciara Keane**
1, 

Daire O’Shea2, Gillian Farrell2, Colm Bergin2 and Clair M Gardiner1
 

1Natural Killer Cell Group, School of Biochemistry and Immunology, Trinity 
College, Dublin 2, Ireland, 2Department of GU Medicine & Infectious Diseases, 
St. James’s Hospital, Dublin 8, Ireland 
 

Pegylated-IFN and ribavirin remains the current treatment for chronic Hepatitis C 
(HCV) infection, but it has low efficacy rates, severe side effects and is extremely 
costly. Patients co-infected with HIV are of particular concern given they respond 
less well to treatment, have more side effects and suffer a more rapid disease 
progression. New approaches are required that enable accurate prediction of 
treatment responsiveness. The identification of a SNP associated with the type-III 
interferon gene, IL28B, has proven very powerful for predicting patient response 
to treatment. We have recently shown that the IL28B SNP and KIR2DS3 gene 
synergise to increase the risk of chronic infection in a HCV mono-infected cohort. 
In the current study, we investigated if the presence of both the IL28B SNP and 
KIR2DS3, predicted treatment response in an Irish cohort of HIV/HCV co-
infected patients. In our cohort of co-infected patients (n=83) the presence of the 
IL28B SNP, in contrast to KIR2DS3, predicted sustained virological response 
(SVR) following treatment. However, presence of both host genetic risk factors 
was strongly predictive of treatment failure. Any patient that achieved a rapid 
virological response (RVR i.e. no virus after 4 weeks of treatment), ultimately 
achieved a SVR. In general, failure to achieve RVR does not predict whether a 
patient will ultimately respond to treatment. However, we found that assessment 
of host genetic risk factors was highly predictive of a lack of SVR in RVR 
negative patients (n=87). We propose a revised treatment algorithm for the 
treatment of HCV in co-infected patients that includes assessment of a host 
genetic panel for predicting treatment responsiveness. 
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THE IMPACT OF PRIMARY HIV INFECTION AND AGE ON NK CELL PHENOTYPE 
IN INFANTS. Jennifer A. Slyker1,2, Barbara Lohman-Payne1, Grace C. John-Stewart1, 
Dorothy Mbori-Ngacha3, Sarah L. Rowland-Jones2, and Catherine A. Blish*1,4. 
1University of Washington, 2MRC Human Immunology Unit, 3University of Nairobi, 
4Stanford University 
INTRODUCTION.   NK cells play an important role in the containment of HIV replication 
during primary infection, yet chronic HIV-1 infection results in impaired NK cell 
responses.  Infants experience more rapid HIV disease progression than adults, with 
high viral loads and mortality rates, yet the contributions of infant NK cells to containing 
infant HIV infection are unknown.  The aim of this study was to determine the impact of 
HIV infection and age on infant NK cell phenotype. 
METHODS. Samples and data from a longitudinal cohort study of women and their 
infants, conducted in Nairobi, Kenya between 1999-2003 were utilized. The frequency 
and phenotype of NK cells was evaluated longitudinally over the first year of life in HIV 
infected (HIV+, n=17) in HIV-exposed uninfected (HIV-EU, n=6), and healthy unexposed 
controls (HIV-, n= 4). Evaluation of NK cell subsets and expression of activation markers 
was performed by multi-parameter flow cytometry. 
RESULTS.  CD3-CD56-CD16+ NK cells, previously associated with chronic HIV-1 
infection and functional anergy, were detected in all infants at birth, regardless of HIV 
status (overall median=14.5%, IQR=10.9-19.8). However, at 6 months post-partum, HIV- 
infants had significantly lower frequencies of CD3-CD56-CD16+ (median 13%, range 
8.82-17.7) compared to HIV+ (28.8%, range 1.32-45.2; p=0.03) and HIV-EU (median 
29.4%, range 23.2-34; p=0.04) infants.  In all infants, CD69 expression, proliferating 
cells (CD71+CD57-), and apoptosis-vulnerable cells (CD95+Bcl-2dim) were more 
frequently detected in the CD56hi subset compared to the CD56dim, whereas senescent 
(CD71-CD57+) cells were found at higher frequencies in the CD56dim subset. In the 
CD56hi subset, HIV+ infants had a higher frequency of early-activated (CD69+, median 
6.93%, range 2.75-64.2) cells at 6 months compared to the HIV- infants (2.82%, range 
0.39-3.09, p=0.02), and HIV+ infants had a trend for higher frequencies of CD38hiHLA-
DR+ cells compared to HIV-EU and HIV- at birth and at 6 months of age. The frequency 
of perforin-containing cells declined rapidly after birth in the HIV+ infants (slope -
1.8%/month, 95%CI=-2.7,-0.87; p<0.001).  Most infants acquired CMV infection by 1 
month of age, which also influenced the NK cell pool. 
CONCLUSIONS.  Exposure to and infection with HIV during infancy were associated 
with elevated frequencies of CD3-CD56-CD16+ and activated NK cells by six months of 
age. In all infants, the CD56hi subset expressed an early activated, proliferating, and 
apoptosis-vulnerable phenotype whereas the CD56dim subset expressed markers of 
activation and senescence. HIV-1 infection during infancy is associated with depletion of 
perforin expression by infant NK cells, which could contribute to their poor control of HIV-
1 infection. (This work was funded by the NICHD through grant #R01 HD-23412 (PI 
John-Stewart), the University of Washington Center for AIDS Research, an NIH funded 
program (P30 AI 027767) and MRC grant to the Human Immunology Unit of the 
Weatherall Institute of Molecular Medicine (PI Rowland-Jones).  JAS was supported by 
the University of Washington STD and AIDS Research Training Program, T32 AI007140 
from the National Institutes of Health, USPHS.) 

danielvalle
Text Box
Abstract # 60



ACTIVATING AND INHIBITORY LY49 RECEPTORS HAVE DIFFERENTIAL 

REQUIREMENTS FOR M04-DEPENDENT RECOGNITION OF MCMV-

INFECTED CELLS. Marina Babić Čač**1, Vanda Juranić Lisnić1, Michal Pyzik2, 
Astrid Krmpotić1, Silvia M. Vidal2, Stipan Jonjić1. 1Department of Histology and 
Embryology, Medical Faculty, University of Rijeka, Croatia; 2Department of 
Human Genetics, McGill University, Montreal, QC, Canada. 
 
INTRODUCTION. To prevent recognition by CD8+T cells, cytomegaloviruses 
(CMVs) encode proteins that downmodulate the expression of MHC I. Although 
this process should make infected cells prone to ‘missing-self’-mediated killing, in 
most laboratory mouse strains, murine CMV (MCMV) efficiently avoids early NK 
cell control. We have previously shown that MCMV prevents NK cell activation 
and killing by restoring the ‘self’ signature and allowing the engagement of 
inhibitory Ly49A receptor by their natural ligands. Moreover, the ligation of this 
receptor by m04/MHC I complex leads to the protection of infected cells from 
specific lysis, impaired proliferation of NK cells and loss of control of viral titer in 
mice of H-2d and H-2k haplotype, all during the first 3 days of infection. In 
addition, we have shown that m04 is essential for the recognition of infected cells 
by the activating Ly49 receptors (Ly49P, Ly49L and Ly49D2), which recognize 
MHC I, together with m04 and another, unidentified viral component. The 
recognition of m04/MHC I complex by Ly49L+ NK cells in BALB.K mice leads to a 
specific expansion of this NK cell subset resulting in faster clearance of infectious 
virus from organs of these mice when compared to BALB/c or BALB.B mice 
(days 6-10 pi). Our current work is aimed to define the mechanisms leading to 
activation of NK cells in the context of the above described results.  
METHODS AND RESULTS. Our previous results show that m04 is necessary, 
however, not sufficient for the activation of reporter cells expressing activating 
Ly49P receptor, suggesting requirements for additional factor(s). By using a 
panel of MCMV deletion mutants we were able to show that this additional factor 
is located in the genomic region containing ORFs m167-m170. Deep sequencing 
and RACE analysis of this region revealed the existence of a single, highly 
abundant, 1.6 kb long transcript, called MAT, which gave rise to a single 17 kDa 
protein that corresponded to ORF m169. However, further characterization 
showed that it is not the coding region that is relevant; it is the presence of a non-
coding part of the transcript that is required for the recognition by activating Ly49 
receptors.  
CONCLUSIONS. Our results suggest that activating and inhibitory Ly49 
receptors have differential requirements for recognition of MCMV-infected cells, 
suggesting more stringent conditions that allow activation of NK cells. We here 
show that the newly identified non-coding region of the MCMV genome is 
important for immune regulation. 
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CONTRIBUTION OF KIR NK CELLS IN CONTROLLING CYTOMEGALOVIRUS 
INFECTION. Zakia Djaoud1, Gaëlle David1, Céline Bressollette2, Catherine Willem1, 
Katia Gagne1, Nolwenn Legrand1, Thierry Schneider1, Berthe-Marie Imbert-Marcille2, 
Christelle Retière1. 1Etablissement Français du Sang, EA4271, Nantes, France; 
2Université de Nantes, EA4271, Nantes, France.  
INTRODUCTION. Cytomegalovirus (CMV) infection represents a major complication in 
allogeneic hematopoietic stem cell transplantation (HSCT), which compromises 
engraftment. Down-regulation of HLA class I expression is one mechanism by which 
CMV evades T cell-mediated immune detection, rendering infected cells vulnerable to 
Killer cell Immunoglobulin-like Receptors (KIR) NK cells, which sense the missing of 
HLA class I molecules. Reciprocally, to escape to this NK-cell surveillance, CMV has 
developed different strategies preventing expression of ligands for some activating 
receptors or maintaining inhibitory receptors engagement with viral proteins. However, 
activating and inhibitory KIR contribution to NK cell control of CMV infection has not 
been investigated. 
METHODS. In this study, we have developed an in vitro model based on dendritic cells 
(DC) which can be infected by the endotheliotrope VHL/E strain. The cytotoxic potential 
of main KIR NK cell subsets is evaluated against mock-DC or CMV-infected DC. In 
parallel, we focused our study on main immune target proteins of CMV, IE1 and pp65. 
We used stable pp65 and IE1 transfected EBV-transformed B lymphoblastoid cell lines 
(EBV-LCL) as target cells in in vitro model of NK cell expansion to evaluate proliferative 
capacity of KIR NK cell repertoire. 
RESULTS. We have set up suitable experimental conditions to obtain an efficient 
infection of DC with CMV VHL/E strain. HLA class I molecules were down-regulated on 
CMV-infected DC which strongly activate the degranulation of NK cells. Likewise, 
preliminary data underline a negative impact of pp65 on proliferation of KIR2DL3+ NK 
cells from 10 studied individuals and no effect on other KIR (KIR2DL1, 2DL2, 3DL1 and 
2DS1) NK cell subsets.  
CONCLUSION. Experiments are in process to evaluate the degranulation of KIR2DL3+ 
NK cells against CMV-infected DC. Because pp65 is expressed at nuclear localization in 
transfected EBV-LCL, we can hypothesize a modulation of KIR2DL3-HLA-C interaction 
by a loaded pp65 peptide. Taken together, these data have to highlight inhibitory and 
activating NK cell subsets implicated in controlling CMV infection. (This work was 
financially supported by grants from “EFS 2010” and “International Related Group on 
Hematopoietic stem cell Transplantation 2010-06”. ZD is a PhD student supported by a 
CIFRE grant (N°447/2011)). 
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IMPAIRED VIRUS-DEPENDENT NK CELL ACTIVATION DURING CHRONIC 
HCV INFECTION. 
Stefania Varchetta, Dalila Mele, Stefania Mantovani, Barbara Oliviero, Serena 
Ludovisi, Mario U. Mondelli. Research Laboratories, Department of Infectious 
Disease, Fondazione  IRCCS Policlinico San Matteo and University of Pavia. 
 
INTRODUCTION. Hepatitis C virus (HCV) has developed different strategies to 
evade innate immune responses. However, several lines of experimental 
evidence suggest that tumour necrosis factor-related apoptosis-inducing ligand 
(TRAIL) is upregulated  in NK cells during interferon (IFN)α treatment,  
suggesting that it may be important in the control of HCV infection. We  analysed 
NK TRAIL expression and degranulation after coculture with cell culture-derived 
HCV (HCVcc). 
METHODS. Freshly isolated unsorted PBMC or negatively-selected NK cells 
from patients with chronic HCV infection and healthy donors were incubated for 
24 hours with supernatants  from uninfected or HCV JFH1 strain-infected Huh-
7.5 cells (2.5 and 15×106 HCV RNA copies/mL) in the absence of cytokines. After 
incubation NK cells were analysed for TRAIL expression , degranulation capacity 
by means of CD107a evaluation, and cytokine production. In some experiments 
IFNα (1000 U/ml) was added in culture. 
RESULTS. Exposure of unsorted NK cells to HCVcc resulted in a HCV-RNA 
dose-dependent increment of degranulation with a concomitant  upregulation of 
TRAIL in healthy donors, which was particularly evident  on CD56bright NK cells.  
In contrast, exposure of patients’ unsorted NK cells to HCVcc failed to induce a 
significant increase in degranulation or  TRAIL expression. Failure to upregulate 
TRAIL or CD107a was completely rescued by IFNα treatment, independently of 
the presence of HCVcc. 
Purified NK cells showed reduced  CD107a and TRAIL expression compared to 
unsorted NK cells and addition of HCVcc induced a weak but significant 
upregulation of these molecules both in controls and HCV patients. There was a 
positive correlation between the proportion of IL12-producing monocytes from 
healthy donors, but not from HCV patients, with that of TRAIL positive (mostly 
CD56bright) NK cells after exposure to HCVcc.  
CONCLUSIONS.  NK cells from HCV-infected patients showed impaired cytolytic 
potential and failed to upregulate TRAIL in response to  HCVcc stimulation. This 
phenomenon seemed to be accessory cell-dependent since negatively-selected 
NK cells showed instead a significant, though minimal, increase in degranulation 
and TRAIL expression both in patients and controls. Indirect evidence suggests 
that IL12 is involved in this process. Experiments are in progress to dissect the 
fine mechanisms responsible for impaired virus-dependent NK cell activation 
during chronic HCV infection. 
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HANTAVIRUSES EMPLOY MULTIPLE MECHANISMS TO ESCAPE FROM NK 
CELL RECOGNITION 
Monika Braun**1, Jonas Klingström2, Shawon Gupta2, Niklas K. Björkström1 and 
Hans-Gustaf Ljunggren1.  1Center for Infectious Medicine, Karolinska Institutet 
2Swedish Institute for Infectious Disease Control 
 
INTRODUCTION. Hantaviruses can cause potentially fatal diseases in humans 
including hemorrhagic fever with renal syndrome (HFRS) and hantavirus 
pulmonary syndrome (HPS), both of which are characterized by increased 
vascular permeability and substantial mortality. The pathogenesis is unclear, but 
immune-mediated mechanisms have been suggested as the virus, per se, is non-
cytopathogenic and intense immune activation has been observed in patients, 
including rapid expansion and persistence of activated NK cells for more than 60 
days following symptom debut. As viral antigens are mainly found in endothelial 
cells lining small vessels in different organs, e.g. the kidney (HFRS) or lung 
(HPS), NK cells can potentially directly interact with infected cells. The aim of this 
study was to characterize the interaction of NK cells and hantavirus infected 
endothelial cells in vitro to elucidate a possible contribution of NK cells to 
pathogenesis.  
METHODS. We established an in vitro infection model where human primary 
endothelial cells were infected with hantaviruses. That system allowed us to 
explore in detail the interaction between NK cells and infected target cells 
regarding NK cell functions, proliferation and activation using flow cytometry-
based techniques. Microscopy and specific enzyme activity assays were used to 
study effects of hantavirus infection on NK cell-mediated target cell apoptosis. 
RESULTS. Infection of endothelial cells resulted in decreased NK cell functions 
and proliferation, both in an HLA class-I dependent manner, while, at the same 
time, paradoxically, leading to an activated NK cell phenotype. This NK cell 
activation was strictly contact-dependent and resulted in an increased 
responsiveness against K562 and uninfected endothelial cells. In addition to be 
protected against NK cell recognition by high HLA class-I expression, infected 
endothelial cells gained resistance towards NK cell-induced apoptosis by 
specifically inhibiting granzyme B- and caspase 3-activity through virus encoded 
nucleocapsid protein.  
CONCLUSION. We observed that hantaviruses utilize multiple mechanisms to 
evade NK cell recognition after infection of endothelial cells, including decrease 
of NK cell functions and resistance towards NK cell-induced apoptosis. NK cell 
activation following contact with infected cells might at the same time promote 
killing of adjacent uninfected endothelial cells, presenting a potential explanation 
for the findings of increased vascular permeability in infected patients. 
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INFLUENCE OF CONGENITAL HUMAN CYTOMEGALOVIRUS INFECTION 
AND THE NKG2C GENOTYPE ON NK CELL SUBSET DISTRIBUTION IN 
CHILDREN. Daniel E. Noyola1, Claudia Fortuny2, Aura Muntasell5, Antoni 
Noguera-Julian2, Carmen Muñoz-Almagro3, Ana Alarcón4, Teresa Juncosa3, 
Manuela Moraru7, Carlos Vilches7, Miguel López-Botet5,6(*) 
1Department of Microbiology, Universidad Autónoma de San Luis Potosí, México. 
Departments of 2Infectious Diseases, 3Microbiology and 4Neonatology, Hospital 
Universitari Sant Joan de Déu, Barcelona. 5IMIM (Hospital del Mar Research 
Institute), Barcelona. 6Immunology Unit, University Pompeu Fabra, Barcelona, 
Spain. 7Inmunogenetics-HLA, Hospital Universitario Puerta de Hierro, 
Majadahonda, Madrid, Spain.  
INTRODUCTION: Human cytomegalovirus (HCMV) is the commonest cause of 
congenital infection worldwide, affecting 0.2-2.2% of newborns of which ~10% 
display a variety of clinical disorders. The immature fetal adaptive immune 
response is believed to contribute to the severity of HCMV congenital infection, 
but little is known about the role of NK cells. Increased proportions of NK and T 
cells bearing the CD94/NKG2C and LILRB1 NK cell receptors (NKR) have been 
previously associated to HCMV infection. A deletion of the NKG2C gene has 
been reported in healthy individuals, but its putative influence on the NK cell 
response to HCMV is unknown. The relationship between congenital HCMV 
infection, NKG2C genotype and NKR distribution in children was addressed. 
METHODS: NKG2C, NKG2A, LILRB1 and CD161 expression in NK and T cells 
and the NKG2C genotype were studied in children with congenital symptomatic 
(n=15), asymptomatic (n=8) and postnatal (n=11) HCMV infection, compared to 
non-infected children (n=19).  
RESULTS: NKG2C+ NK and T cells, as well as LILRB1+ T lymphocytes, were 
increased in cases with congenital or postnatal HCMV infection as compared to 
non-infected children. The expansion of NKG2C+ NK cells was particularly 
marked in symptomatic cases and was associated to increased proportions of 
LILRB1+ NK cells. The frequency of the NKG2C deletion was comparable in 
children with congenital HCMV infection and controls. The NKG2C genotype 
appeared related with surface levels of the NKR and the absolute numbers of 
NKG2C+ NK cells in HCMV-infected individuals, thus suggesting that NKG2C 
copy number might influence the magnitude and/or persistence of the expansion 
of this NK cell subset. Yet, HCMV-infected NKG2C+/+ children displayed as well 
higher absolute numbers of NKG2A+, CD161+ and total NK cells than NKG2C+/- 
individuals.  
CONCLUSIONS: Our study provides novel insights on the influence of HCMV 
infection on the NKR repertoire, revealing a complex relationship of the viral 
infection and NKG2C genotype with qualitative and quantitative changes of 
circulating NK cells in children.  
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CD155 DOWN-MODULATION BY THE HIV-1 NEF AND VPU PROTEINS
PROTECTS INFECTED T CELLS FROM DNAM-1-MEDIATED KILLING BY NK
CELLS. Giulia Matusali1, Angela Santoni2, Cristina Cerboni2, and Margherita
Doria1*
1Children’s Hospital Bambino Gesù, Rome, Italy; 2Sapienza – University of
Rome, Rome, Italy

INTRODUCTION. The human immunodeficiency virus type 1 (HIV-1) evades the
immune responses of NK cells through mechanisms that have been partially
deciphered. One strategy relies on the capacity of the HIV-1 Nef protein to down-
regulate ligands (MICA, ULBP1-2) for the activating NKG2D receptor that is
express by all NK cells. To efficiently escape from immune responses, other
viruses (e.g. HCMV) down-regulate the MIC and ULBP proteins as well as
CD155 (PVR, Necl-5) and nectin-2, ligands for the activating receptor DNAM-1
expressed by all NK and CD8+ T cells. Here we investigated the expression of
CD155 during the course of HIV-1 infection and evaluated the contribution of the
DNAM-1 pathway in the NK-cell mediated lysis of HIV-infected T cells.
METHODS. Jurkat T cells and primary CD4+ T lymphocytes were infected with
HIV-1 wt, defective for Nef and/or Vpu, or expressing a Nef protein mutated at
conserved residues. Individual or combined expression of the Nef and Vpu
proteins, either wt or mutated, was achieved by cell transfection. The expression
of CD155 was analyzed by measuring cell-surface and total protein levels. NK-
cell mediated lysis of T cells infected with wt or Nef-deficient virus was evaluated
in the absence or presence of blocking antibody specific for DNAM-1 and
NKG2D receptor, either alone or in combination.
RESULTS. Results showed that, in HIV-1-infected T lymphocytes, Nef reduced
the cell surface expression of CD155 (nectin-2 is not expressed on T cells). This
novel Nef activity was conserved by Nef proteins of laboratory HIV-1 strains
(NL4-3, SF2) or patient-derived, however it was not maintained by HIV-2. Nef
used the same motifs to down-regulate CD155 and HLA-I molecules, hence likely
the same mechanisms. Indeed, as previously demonstrated for HLA-I, Nef
reduced the total cell-associated CD155 amounts. Optimal down-regulation of
cell surface CD155 by Nef also requires the presence of the late viral factor Vpu.
In line with CD155 reduction, Nef protected HIV-infected cells from NK-cell
mediated lysis at least in part by preventing DNAM-1-mediated responses.
Finally, killing of T cells infected by a wt but not Nef-deficient virus was virtually
abrogated upon blocking of both DNAM-1 and NKG2D on NK cells.
CONCLUSIONS. The down-modulation of CD155 by Nef and Vpu is a strategy
evolved by HIV-1 to protect infected cells from NK-cell mediated lysis. Reduced
CD155 levels have the potential to affect the immune responses of other DNAM-
1+ cells besides NK cells and to alter multiple PVR-mediated cellular processes
such as adhesion and migration, and may thus greatly influence HIV-1
pathogenesis.
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INHIBITION OF KIR2DL2(+) NK CELLS VIA ENGAGEMENT OF THE 
INHIBITORY NK CELL RECEPTOR KIR2DL2 BY HIV PEPTIDE/HLA-Cw*0102 
COMPLEXES AS A POTENTIAL MECHANISM TO EVADE NK CELL-
MEDIATED IMMUNE PRESSURE. Christian Kӧrner**1, Lena Fadda1, Swati 
Kumar1, Nienke van Teijlingen1, Alicja Piechocka-Trocha1, Mary N. Carrington1, 2, 
and Marcus Altfeld1. 1Ragon Institute of MGH, MIT and Harvard, Charlestown, 
MA, USA, 2National Cancer Institute at Frederick, Frederick, MD, USA 
INTRODUCTION: Accumulating evidence suggests an important role for Natural 
Killer (NK) cells in the control of HIV infection. Recently, it was shown that NK 
cell-mediated immune pressure can result in the selection of HIV escape 
mutations. A potential mechanism for this NK cell escape is the selection of MHC 
class I-presented HIV-1 epitopes that allow for the engagement of inhibitory killer 
cell Ig-like receptors (KIRs), and notably the inhibitory receptor KIR2DL2. We 
therefore investigated the consequences of sequence variations within HLA-
Cw*0102-restricted epitopes on the interaction with KIR2DL2 using a large panel 
of overlapping HIV-1 p24 Gag peptides.  
METHODS: 10aa long peptides spanning HIV-1 p24 Gag and overlapping by 9aa 
were screened for HLA-Cw*0102 stabilization by co-incubation with Cw*0102+ 
TAP-deficient T2 cells using a flow cytometry-based assay. Peptides stabilizing 
HLA-Cw*0102 expression were then assessed for KIR2DL2 binding using 
KIR2DL2-IgG fusion constructs. Function of KIR2DL2(+) NK cells was flow 
cytometrically analyzed by measuring degranulation of NK cells after co-
incubation with peptide-pulsed T2 cells. 
RESULTS: Overall, 222 overlapping p24 peptides were studied. Among those, 
11 peptides stabilized HLA-Cw*0102 on the surface of T2 cells (>4 fold 
compared to unloaded T2 cells). One of these 11 peptides (p24 Gag209-218 
AAEWDRLHPV) not only stabilized HLA-Cw*0102 expression, but also allowed 
for binding of KIR2DL2. More importantly, functional analysis showed a 
significant inhibition of KIR2DL2(+) NK cells in the presence of p24 Gag209-218-
pulsed T2 cells as compared to control peptides which do not allow for KIR2DL2 
binding. In contrast, degranulation of KIR2DL2(-) NK cells was not affected by 
the p24 Gag209-218 epitope. 
CONCLUSIONS: Our results show that the majority of HIV p24 Gag peptides 
stabilizing HLA-Cw*0102 do not allow for binding of KIR2DL2, but that some 
peptides/HLA complexes can be recognized by the inhibitory NK cell receptor 
KIR2DL2 and can lead to functional inhibition of KIR2DL2-expressing NK cells. 
Engagement of KIR2DL2 might protect virus-infected cells from NK cell-mediated 
lysis and selections of sequence polymorphisms that increase avidity to KIR2DL2 
might provide a mechanism for HIV to escape NK cell-mediated immune 
pressure. (This study was supported by National Institutes of Health (NIH) (R01 
AI066031).) 
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HIV-1 down-modulates NK- T- and B-cell antigen (NTB-A) on CD4+ T-cells to avoid 
lysis by autologous CD56bright and CD56dim natural killer cells 
Zachary B. Davis* and Edward Barker, Department of Immunology, Rush University 
Medical Center, Chicago, IL 60612, USA 
Introduction: HIV-1, like many other viruses, possesses means to avoid destruction by 
natural killer (NK) cells. This is important because HIV-1 Vpr induces ligands (i.e., ULBP-1 
and -2) to the NK cell activation receptor (aNKR), NKG2D. Moreover, HIV-1 Nef down-
modulates ligands (i.e., HLA-A and -B) to the NK cell inhibitory receptor (iNKR), 
KIR3DL1. Although, HIV-1 infected T-cells leads to autologous NK cell activation, they are 
insufficient to induce NK cell degranulation. We have found that the simultaneous 
engagement of NKG2D and NK-, T- and B-cell antigen (NTB-A) by antibodies prompts NK 
cells to release the contents of the their lytic granules. We have also uncovered that HIV-1 
Vpu down-modulates NTB-A on infected primary CD4+ T-cells. Since triggering NTB-A 
with NKG2D leads to NK cell degranulation, we wanted to determine whether Vpu plays a 
role in regulating NK cell lysis of HIV-infected cells. In addition to NTB-A down-
modulation, HLA-C and -E remain on the surface of HIV-infected cells and could alter the 
ability of NK cells to degranulate by triggering specific iNKR on the NK cells. Here we 
determined whether NTB-A down-modulation and/or presence of HLA-C and –E on infected 
cells play a role in decreasing NK cell ability to destroy HIV-infected cells. 
Methods: CD4+ T-cells were isolated from peripheral blood of HIV-uninfected individuals 
after informed consent and stimulated with anti-CD3 and CD28 Ab.  The stimulated T-cells 
were infected with HIV-1 containing (WT) or lacking Vpu activity (URD).  At the peak of 
HIV replication, fresh CD56pos CD3neg lymphocytes were mixed with purified autologous 
HIV-infected cells. Four hours later the percent of NK cells labeled with antibodies to 
KIR2DL1, 2/3 as well as NKG2A/CD94 that expressed CD107a was determined by flow 
cytometry. In some studies fresh autologous NK cells were mixed with the infected cells in a 
4-hour 51Cr release assay. Positive and negative control target cells in these studies consisted 
of K562 cells and uninfected T-cells, respectively. 
 Results/Conclusion: Our studies show that HLA-E, on HIV-infected cells, does not inhibit 
autologous NK cell degranulation. HLA-C prevents NK cell degranulation of a minor 
population (<30%) of CD56dim NK cells while the majority of NK cells remain unaffected.  
CD56bright NK cells do not express inhibitory receptors to HLA-C but almost all these cells 
express inhibitory receptors to HLA-E. Both CD56bright and CD56dim NK cells degranulate 
when exposed to autologous HIV-infected cells, although, two-fold more CD56bright NK cells 
degranulate in response to HIV-infected cells than CD56dim NK cells. HIV-1 with a Vpu 
mutant that no longer down-modulates NTB-A triggered a three-fold increase in NK cell 
degranulation and lysis of the infected cells that approaches levels seen when the same NK 
cells are exposed to NK sensitive cell lines (i.e., K562 cells).  Even NK cells regulated by 
HLA-C degranulated 3-fold higher when exposed to autologous primary T-cells infected with 
an HIV strain (URD) unable to down-modulate NTB-A.  These studies indicate that HIV-1 
prevents NK cell destruction not only by leaving HLA-C on its surface but more importantly 
by Vpu’s down modulation of NTB-A. 
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NK cells in a human viral infection model 
 
Nicole Marquardt**1, Martin Ivarsson1, Kim Blom1, Monika Braun1, Veronica 
Gonzalez1, Johan K. Sandberg1 and Jakob Michaëlsson1.  
 
1Karolinska Institute, Stockholm, Sweden 
 
 INTRODUCTION. One major function of NK cells is the response to viral 
infections, most well studied in mouse cytomegalovirus (MCMV) models. 
However, surprisingly little is known about the early acute stages of the NK cell 
response to viral infections in humans, and model systems for human viral 
infections need to be established. In this study, we made use of the live 
attenuated vaccine against yellow fever virus (YFV) to study the earliest phases 
of the NK cells response to a viral infection.  
 
METHODS. We collected longitudinal samples (before vaccination, day 1, 3, 6, 
10,15 and 90 after vaccination) from 21 individuals vaccinated with the YFV. The 
donors were HLA and KIR genotyped and blood samples were cryopreserved to 
allow batch analysis of NK cell phenotype and function using 15-color flow 
cytometry. 
 
RESULTS. Our results revealed a substantial activation of NK cells in response 
to the YFV vaccine, as measured by Ki67 expression, from day 6 to day 15, with 
a distinct peak at day 10. Both CD56dim and CD56bright NK cells were activated, 
with up to 30% and 20% of the CD56bright and CD56dim NK cells being Ki67+, 
respectively. Interestingly, activation of CD56dim NK cells was associated with 
lack of CD57, in line with recent reports of CD57+ NK cells having less 
proliferative capacity. After controlling for CD57 expression on NK cells, there 
was no detectable effect on NK cell activation by expression of inhibitory KIRs or 
CD94/NKG2A. Thus, inhibitory signals conferred by inhibitory HLA class I 
receptors may not influence the response YFV. Moreover, the functional 
responsiveness of NK cells to target cells or cytokine stimulation increased after 
vaccination. This coincided with a transient increase in type I interferon levels in 
plasma, suggesting that YFV vaccination primes NK cells in vivo.  
In conclusion, vaccination with live attenuated YFV activates NK cells and 
provides a model to study the earliest phases of the NK cell response to viral 
infections in humans.  
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CONSEQUENCES OF NATURAL SEQUENCE VARIATIONS OF MURINE CYTOMEGALOVIRUS 
M157 FOR LY49 RECEPTOR SPECIFICITY, NK CELL ACTIVATION AND CONTROL OF VIRAL 
REPLICATION.  Catherine A. Forbes1, Alexandra J. Corbett1, Anthony A. Scalzo1,2 

and Jerome D. Coudert*1,2.  1Lions Eye Institute, 2University of Western Australia 
 INTRODUCTION. The Ly49H activating receptor on C57BL/6 (B6) NK cells 
plays a key role in early resistance to murine CMV (MCMV) infection through 
specific recognition of the MCMV-encoded MHC class I-like molecule m157 that 
is expressed on infected cells.  However, the m157 gene is highly sequence 
variable among MCMV isolates, with many m157 variants unable to bind 
Ly49HB6.  We sought to define if m157 variability alters the spectrum of 
interactions with other Ly49 molecules and if this modifies host susceptibility to 
MCMV. 
METHODS.  We produced m157-Fc fusion proteins corresponding to various 
MCMV variants and tested their capacity to bind NK cells from different mouse 
strains.  Then, cell lines transfected with various m157 variants were co-cultured 
with reporter cells expressing NK cell receptors or with NK cells to test their 
responsiveness in vitro.  NK cell ability to control viral replication in vivo was also 
addressed by infecting mice with the laboratory MCMVK181 strain expressing 
variant m157G1F.  
RESULTS.  We have identified in the MCMVG1F strain, novel m157/Ly49 receptor 
interactions involving Ly49C inhibitory receptor from B6 and BALB/c in addition to 
Ly49H activating receptor from B6.  Reporter cells expressing Ly49HB6 displayed 
a strong activation when stimulated by m157G1F-expressing cells while the 
response of reporter cells co-expressing Ly49HB6 and Ly49CB6 was weaker when 
the two receptors were simultaneously engaged.  Infection of B6 mice using a 
MCMVK181 recombinant virus in which m157K181 was swapped with m157G1F 
showed that the expected m157G1F/Ly49C interaction in vivo did not attenuate 
viral clearance.  However, when looking at the level of individual NK cells ex vivo, 
m157G1F triggered a lesser activation in the cell subset that co-expressed both 
Ly49C and Ly49H than in those who expressed only Ly49H. 
CONCLUSIONS.  These data indicate that m157 variants that are able to interact 
with inhibitory Ly49C receptor in addition to activating Ly49H receptor can 
interfere with early responses of the NK cells that co-express these two types of 
receptors. It is likely that the frequency of this specific subset in the NK cell 
population will determine how well the virus will be controlled.  This unveils a 
mechanism developed in the wild by MCMV to escape NK cell mediated immune 
surveillance. 
 
(This work was supported by National Health and Medical Research Council 
Grants 303212, 458754 and 1011489) 
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IDENTIFYING Cmv5, A GENETIC MODULATOR OF CMV RESISTANCE. Peter 
Moussa**1, Nassima Fodil-Cornu1, Silvia Vidal1. 1McGill University 
Introduction: Natural killer (NK) cells are innate lymphocytes that are critical for 
the control of virus infections and tumorigenesis, but the mechanisms in place to 
access their functions, while preventing collateral damage, are incompletely 
understood. Using a model of mouse cytomegalovirus infection (MCMV) our 
laboratory has previously demonstrated that activating NK cell receptors of the 
Ly49 family, including Ly49H, play unique role in recognition of target cell and 
resolution of the infection. More recently, we observed that the genetic 
background modulates the function of Ly49H either in Ly49h-transgenic mice. 
Currently, a new locus on chromosome 9 has been observed which seems to 
modulate host response to MCMV infection; Cmv5. 
Methods: Informative F2 crosses between the MCMV resistant strain C57BL/6 
and the MCMV-susceptible strain 129S1 were conducted and linkage analysis 
using SNP marker genotypes across the genome and spleen virus load only in 
Ly49H homozygous mice identified Cmv5. A congenic strain having the 
CMV5129S1 genotype but a C57BL/6 background was then bred based on the 
results from the linkage analysis, and susceptibility has been confirmed via viral 
load in the spleen. 
Results: We detected a chromosome 9 locus between 71.9 and 96 Mb (max LOD 
score of 7.4, p=0.05) that controls virus load, which we named Cmv5. F2 mice 
homozygous for 129S1 alleles at the most significantly linked marker had more 
than 10 fold higher virus load compared to mice carrying one or two C57BL/6 
alleles at the same locus. Once the congenic strains were established, their 
capability to clear MCMV in the spleen was tested, giving results that mimicked 
the initial ones seen in the F2 generation. 
Conclusion: It has been well documented that there are functional interactions 
between NK cells, dendritic cells (conventional and plasmocytoid) and 
macrophages that are required for NK cells to be fully activated. The results of 
our F2 linkage analysis indicated that the Cmv5 locus controls Ly49H+NK cells 
antiviral function. The confirmation obtained from the congenic strain moreover 
proves that the Cmv5 locus can independently modulate Ly49H+NK cells’ 
function either directly or indirectly. The absence of obvious candidate genes 
within the target interval indicates that the molecular identification of Cmv5 will 
shed new light into the regulation of NK cell antiviral functions.  
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Combined Tuning and Licensing Effects of Polymorphic 2-Domain and 3-
Domain Killer Cell Immunoglobulin-like Receptors Predict Spontaneous 
Resolution of Hepatitis C Virus. JC Ryan1,2, M Lehil1, RL Wu1,2, MP Martin3, F-M 
Duh3, X Gao3, H Shen1,2, ML Cozen1,2, M Lin1,2, RM Yee1,2, K Page1, MR Segal1, A 
Erickson4, Y Phung4, SL Cooper1,4, LL Lanier1, A Monto1,2, M Carrington3,5.  1UCSF 
and 2VAMC- SF, 3NCI-Frederick, MD; 4Cal Pacific MC, SF, CA; 5Ragon Institute of 
MGH, MIT and Harvard 
 
INTRODUCTION. Resolution of hepatitis C virus (HCV) infection is influenced by host 
polymorphisms of killer cell immunoglobulin-like receptors (KIR) and their human 
leukocyte antigen (HLA) class I ligands.  Previously reported genomic analyses 
suggest that weak inhibitory combinations of KIR and HLA (and hence stronger 
immunity) are associated with modestly increased rates of HCV resolution.  Genomic 
typing alone, however, fails to examine critically important features of KIR biology, 
including polymorphisms that affect receptor density, frequency, and function.   
METHODS. We used flow cytometry and genomic analyses to examine the combined 
effects of KIR expression and of compound KIR and HLA types on HCV resolution in a 
cohort of 228 HCV seropositive patients.   
RESULTS.  HCV persistence is associated with NK cell expression of strong inhibitory 
KIR in the context of their HLA ligands.  By contrast, nearly 50% of patients with the 
weakest inhibitory KIR2DL and HLA-C pairs in the absence of confounding inhibitory 
KIR3DL1 and HLA-A or -B pairs, resolved HCV, as compared with 23% in the overall 
sample.  The beneficial effects of weak inhibitory KIR/ligand pairs were most 
pronounced in African American patients and in those with the detrimental T 
nucleotide polymorphism at rs12979860 near the IL28B locus on chromosome 19.  
Influences due to KIR/HLA and polymorphisms at the nearby IL28B locus were 
independent and additive. Among patients with strong inhibitory KIR and HLA 
interactions, HCV resolution was associated with increasing numbers of putatively 
licensed NK cells.   
CONCLUSIONS.  KIR and HLA interactions on NK cells may have profound 
influences on HCV immunity independent of IL28B polymorphisms, and HCV 
persistence stems in part from inadequate NK cell activation.   
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Investigating the molecular and genetic mechanisms that impair ly49H 
signaling. Nassima Fodil-Cornu*1, Peter Moussa1, Gregory boivin1 and Silvia 
Vidal1. 1McGill Life Science Complex, McGill University, Montreal, Canada  
INTRODUCTION: NK cells play a major role in the control of cytomegalovirus 
infection. In the C57BL/6 strain, Ly49H activating receptor interacts with MCMV-
derived m157 glycoprotein and triggers IFN secretion and NK cell cytotoxicity. 
Here, we investigated the molecular and genetic mechanisms by which NK cell 
hyporesponsiveness is linked to mouse cytomegalovirus (MCMV) susceptibility. 
METHODS: Survival and viral titers were monitored upon MCMV infection in 
C57BL/6 mice, A/J mice that express Ly49H receptor (A-Ly49h) and a panel of 
29 recombinant congenic strains (RCS) derived from A/J and C57BL/6J mice. 
Multiple NK cell functional studies were conducted; cell proliferation, perforin and 
granzyme secretion, and the ability to reject target cells were analyzed by flow 
cytometry. NK cell receptor activation and cytokine production were analyzed 
after co-culture with RMAS-m157 target cells or in the presence of IL15, 
IL12/IL18 and PMA/Ionomycin (P/I) by flow cytometry. ERK phosphorylation on 
NK cells was assessed upon stimulation with P/I. A mixed-model statistical test 
known as Efficient Mixed Model Association (EMMA) was used for QTL mapping.  
RESULTS: We found that the outcome of MCMV infection differs between strains 
despite equal Ly49H expression. More strikingly, Ly49H expression can only 
rescue A-Ly49h mice from death at a low viral dose. We investigated whether the 
impaired control of viral replication observed in A-Ly49h mice was NK cell 
dependent and found that at low MCMV inoculum, Ly49H+NK cells were capable 
of proliferating and secreting perforin and granzyme. However, these cells 
showed a noticeably impaired ability to produce IFN upon Ly49H engagement, 
cytokine stimulation or P/I treatment. This difference seems to arise 
independently of Erk signaling. Interestingly, in these conditions IFN production 
was unaffected in T cells. Finally, the quantification of MCMV viral titer in the 
panel of the RCS strains revealed that only one strain was clearly susceptible to 
the infection. In a secondary screen analyzing IFN production by NK cell in 
response to P/I stimulation, we found that this strain also possessed an NK cell 
hyporesponsive phenotype. This data allowed us to map a genetic determinant 
linked to NK cell responsiveness to a 6Mb region on chromosome 10.  
CONCLUSIONS: The analysis of NK cell response upon MCMV infection in A-
Ly49h strain allowed us to identify a new mechanism of NK cell 
hyporesponsiveness. During MCMV infection, this NK cell dysfunction is 
overcome only at low viral inoculums suggesting the contribution of other 
immune cells such as T cells. Remarkably, the defect of IFN production upon P/I 
stimulation is restricted to NK cells and is not observed in T cells. In conclusion, 
the confirmation of the gene (s) underlying the chromosome 10 locus may 
provide new insights into NK cell responses. 
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NK CELL EXPRESSION OF TIM-3 AND PRODUCTION OF GALECTIN-9 ARE 
DYSREGULATED IN HIV-1 INFECTION.  Stephanie Jost**, Uriel Y. Moreno-
Nieves, Wilfredo F. Garcia Beltran, Keith Rands, Jeff Reardon, Ildiko Toth, Alicja 
Piechocka-Trocha, Bruce D. Walker, Marcus Altfeld, Marylyn M. Addo.  Ragon 
Institute of MGH, MIT and Harvard 
INTRODUCTION.  Increased expression of several immunoregulatory molecules 
including T-cell immunoglobulin domain and mucin domain 3 (Tim-3) on T-cells 
correlates with the emergence of impaired virus-specific T-cell responses in 
chronic HIV-1 infection. However, whether chronic exposure to HIV-1 modulates 
the expression of Tim-3 on NK cells, which constitutively express high levels of 
this receptor, and how signaling through Tim-3 affects the NK cell response to 
HIV-1 has not been elucidated to date. 
METHODS.  We examined Tim-3-expression on NK cells by flow cytometry in 
HIV-1 elite controllers (HIV-VL <50 copies/ml), viremic controllers (HIV-VL <2000 
copies/ml), individuals with treated and untreated chronic progressive HIV-1 
infection and HIV negative control subjects. Plasma concentrations of the Tim-3 
ligand, Galectin-9 (Gal-9), were measured by ELISA and Gal-9 intracellular 
expression was assessed by flow cytometry in different cell types including NK 
cells and dendritic cells (DCs).   
RESULTS.  HIV-1 infection was associated with overall decreased expression 
levels of Tim-3 on NK cells, with a marked decline on NK cells from HIV-1 elite 
and viremic controllers. Moreover, increased NK cell responses to MHC-deficient 
target cells were associated with low or no Tim-3 expression. Regarding the Tim-
3 ligand, plasma levels of Gal-9 were higher in HIV-1-infected individuals than in 
healthy subjects. Interestingly, intracellular Gal-9 expression was increased 
during the acute phase of the infection in all cell types analyzed, yet monocytes 
and DCs displayed significantly higher levels, which correlated with HIV-1 viral 
loads.  
CONCLUSIONS.  Altogether, our data suggest that Tim-3 signaling in NK cells 
might be dysregulated in HIV-1 infection. Further investigations are warranted to 
examine how Tim-3 expression impacts the NK cell response to HIV-1 infected 
cells, and how Gal-9 production affects the cross-talks between NK cells and 
DCs during acute HIV-1 infection. (This study was supported by NIH A1074415-
04) 
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NK CELLS IN DEFENSE AGAINST PARAINFLUENZA VIRUS. Deborah W. 
Hendricks**1, Jacob E. Kohlmeier2, and Lewis L. Lanier1.  1University of California San 
Francisco, 2Emory University. 
INTRODUCTION. Respiratory viral infections, such as influenza and parainfluenza 
virus (PIV), cause significant illness and death among both children and adults, especially 
those who are immunocompromised. Understanding the immune response to these 
viruses is crucial for reducing pathology during infection as well as for developing 
vaccines. Natural killer (NK) cells play a crucial role in host protection against viruses 
and transformed or malignant cells. Because NK cells constitute a first line of defense 
during infection, their presence at potential sites of pathogen entry is not surprising. 
Indeed, NK cells comprise approximately 10% of the lymphocyte population residing in 
the lungs. Sendai virus (SeV), also known as mouse PIV type 1, is a natural mouse 
pathogen belonging to the paramyxoviridae family of viruses. SeV causes respiratory 
infection and pneumonia, similar to that seen in human patients infected with human PIV. 
No studies have yet to address whether NK cells contribute to host protection against the 
virus. In our studies, we wish to define the functional role of NK cells during SeV 
infection. 
METHODS. Wild-type C57BL/6 mice were infected with varying doses of SeV 
intranasally. In some experiments, cohorts of mice were treated with anti-NK1.1 (PK136) 
monoclonal antibody to deplete NK cells. Weight loss and survival at varying doses were 
assessed for 15 days post-infection. Lung viral titers, as well as NK cell phenotype, 
proliferation and accumulation in the lungs, spleen, bronchoalveolar lavage fluid, blood 
and mediastinal lymph nodes were assessed at various timepoints post-infection.  
RESULTS.  NK cells become activated and accumulate in the lungs of SeV-infected 
mice, reaching a peak on day 6 post-infection. Expression of KLRG1, Ly49G2 and 
NKG2D appear to be upregulated on NK cells during the course of infection. Mice 
depleted of NK cells have higher viral titers in the lungs at days 3 and 5 post-infection 
than NK-sufficient control mice. 
CONCLUSIONS.  These early results indicate that NK cells play a protective role during 
SeV infection, accumulating in the lungs and affecting viral titers as early as day 3. These 
data suggest that NK cells are an important cell population during parainfluenza 
infection. Future experiments will address how NK cells mediate protection, and whether 
they exhibit specific recognition of SeV-infected cells. 
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DOWN REGULATION OF NCR1 FOLLOWING STREPTOCOCCUS 
PNEUMONIA LUNG INFECTION.Avishai Shemesh**1, Shirin Elhaik-Goldman1, 
Yaffa Mizrachi-Nebenzahl1, Angel Porgador1. 1Ben Gurion University of the Negev.  
INTRODUCTION: Streptococcus pneumoniae is a gram positive bacterium that belongs 
to the commensal flora of the human respiratory tract and is the fifth leading cause of 
death worldwide. We recently showed that the presence of the Natural Cytotoxicity 
Receptor 1 (NCR1) is imperative for the early clearance of S. pneumoniae. In vitro, BM-
derived macrophages and DC expressed ligands to NCR1; and co-incubation of S. 
pneumoniae-infected macrophages/DC with NCR1-deficient NK cells resulted in 
significantly lower IFNγ levels, compared to NCR1-expressing NK cells. Through an in 
vivo system, we demonstrated that NCR1 deficiency resulted in reduced lung NK cell 
activation and IFNγ production in the early stages of S. pneumoniae infection. Our results 
pointed to the essential contribution of NK-expressed NCR1 in the early response to S. 
pneumoniae infection. Therefore, we further studied the kinetics of NCR1 expression by 
lung NK, following S. pneumoniae infection. 
METHODS: wild type C57BL/6 mice were employed. Each mouse was anaesthetized 
and inoculated intranasally with 5x107 CFU. After 3 and 6h the mice were sacrificed and 
lungs were removed and used for qRT-PCR and Flow cytometry analysis for NCR1 
expression and NK cells, respectively.   
RESULTS: qRT-PCR analysis shows that in the early hours of lung infection, 
S.pneumoniae induces down regulation of NCR1-mRNA level in the lung. This down-
regulation could not be explained by changes in the number of NK cells.  
CONCLUSIONS: Further studies are needed to explore whether S. pneumoniae infection 
induces suppression of NCR1 expression as a mechanism by which Streptococcus 
pneumoniae can escape the NK-mediated immune response, leading to a successful 
infection of the lung.   
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THE BTB-ZF TRANSCRIPTION FACTOR ROG (REPRESSOR OF GATA) IS 
REQUIRED FOR NK CELL RESPONSES TO VIRAL INFECTION 
Aimee M. Beaulieu1**, Carolyn Zawislak1, Joseph C. Sun1 
1Immunology Program, Memorial Sloan-Kettering Cancer Center, NY, NY 10065, USA  
 
INTRODUCTION. Broad complex, Tramtrack, Bric á brac and Zinc Finger (BTB-ZF) 
transcription factors, such as Bcl-6, ThPOK, and PLZF, are critical regulators of 
lymphocyte development and effector function. The BTB-ZF protein, ROG, was 
previously shown to control proliferation and cytokine production in activated T cells. 
Given its role in T cell function, and the broader relevance of BTB-ZF proteins to 
lymphocyte biology, we investigated whether ROG was important for NK cell responses 
to viral infection.   
 
METHODS. NK cells were sorted from wildtype mice infected with mouse 
cytomegalovirus (MCMV) and ROG mRNA levels were measured by quantitative real-
time PCR (qPCR). ROG expression in NK cells from MCMV-infected IFNαR-, IL-
12Rβ-, or STAT4-deficient animals was similarly evaluated to determine the signals 
required for ROG induction. To address the role of ROG in NK cell responses to viral 
infection, adoptively transferred wildtype and ROG-deficient NK cells were compared 
for their ability to proliferate, survive, acquire effector function, and persist as long-term 
“memory” cells following MCMV infection. NK cell development and function were 
also evaluated in mixed bone marrow chimeric animals harboring a mix of wildtype and 
ROG-deficient cells.   
 
RESULTS. Our studies show that ROG expression was dramatically and transiently 
induced in activated NK cells early after MCMV infection. This upregulation was 
markedly impaired in NK cells from MCMV-infected IL-12Rβ- or STAT4-deficient, but 
not IFNαR-deficient, mice. We found ROG to be dispensible for homestatic NK cell 
development and function in both ROG-deficient and mixed bone marrow chimeric mice. 
Nevertheless, ROG-deficient NK cells exhibited a profound proliferation defect after 
MCMV infection and were barely detectable in all organs even at the peak of infection.   
 
CONCLUSIONS. Our studies show that the BTB-ZF transcription factor, ROG, is highly 
upregulated in activated NK cells as a result of proinflammatory signals, in particular IL-
12, that arise during viral infection. Using ROG-deficient animals, we have discovered a 
critical role for ROG in the proliferation and function of antigen-specific NK cells during 
MCMV infection. (We thank Toshinori Nakayama for the ROG-deficient mice. This 
work was funded by the NIH/NIAID post-doctoral training grant T32 CA09149, the 
Searle Scholars Program, the Cancer Research Institute, and the NIH grant AI085034.) 
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MODULATION OF THE EFFECT OF HLA-C EXPRESSION BY KIR2DS2 
AFFECTS HIV DISEASE OUTCOME. Maureen P. Martin*1, Richard Apps1, 
Rasmi Thomas2, Ying Qi1, Gregory D. Kirk3 Susan P. Buchbinder4, James J. 
Goedert5, Steven Wolinsky6, Mary Carrington1  
1NCI-Frederick, SAIC-Frederick, 2US Military HIV Research Program, Henry M. 
Jackson Foundation for the Advancement of Military Medicine, 3Johns Hopkins 
University, 4University of California, San Francisco, 5Division of Cancer 
Epidemiology and Genetics, NCI, 6Northwestern University 
INTRODUCTION. The HLA-C locus is distinct relative to the other classical HLA 
class I loci in that it is less polymorphic, has lower cell surface expression, and 
more extensive ligand–receptor interactions with killer-cell immunoglobulin-like 
receptors (KIR). HLA-C allotypes are ligands for KIR2D receptors and their 
expression levels are known to affect KIR signaling on natural killer cells, so 
differential expression of HLA-C may alter NK cell function. A single nucleotide 
polymorphism (SNP) 35 kb upstream of HLA-C (rs9264942; termed −35) 
associates with control of HIV, and with levels of HLA-C mRNA as well as cell-
surface expression. Here we have tested whether there is an interaction between 
differential HLA-C expression and KIR2D in altering HIV disease progression.  
METHODS. We genotyped 729 European American HIV infected individuals with 
known dates of seroconversion (seroconverters) for HLA, KIR and -35. Four 
AIDS-related outcomes were considered in survival analyses: (i) CD4+ T-cell 
count <200 cells/mm3, (ii) progression to AIDS according to the 1993 CDC 
definition (iii) progression to AIDS according to the 1987 CDC definition and (iv) 
death from an AIDS-related cause. A multivariate model testing for an interaction 
between -35 genotype (which serves as a proxy for HLA-C expression) and 
specific KIR2D was performed to determine whether the effect of variation at one 
genotype was a function of the other genotype. 
RESULTS. An interaction between -35 genotype and each of four KIR genes, 
KIR2DL2, KIR2DL3, KIR2DS2 and KIR2DS1 was tested. There was a significant 
interaction between -35C (the genotype that associates with high HLA-C 
expression) and absence of KIR2DS2, with HIV disease progression.  This 
interaction was protective during the later HIV outcomes: AIDS 1987 (HR = 0.55, 
p = 0.01) and death (HR = 0.51, p = 0.01).  
CONCLUSIONS. Our results show that differential expression of HLA-C may 
alter NK cell function and consequently HIV disease outcome. Aberrant immune 
activation is a feature of late stage HIV disease. Thus, it is possible that high 
HLA-C expression in the absence of the activating KIR2DS2 results in less 
immune activation, which in turn correlates with slower disease progression in 
the later stages of HIV infection. (This work was funded by NCI Contract No. 
HHSN261200800001E).  
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STIMULATION OF DCs BY A SECRETED BACTERIAL PROTEIN ELICITS 
NK CELL ACTIVATION, ANTI-BACTERIAL, AND ANTI-TUMOR 
RESPONSES.  Rebecca L Schmidt, Jessica L Humann, Holly C Filak, Jack D Lemon, 
Caroline M Cole, and Laurel L Lenz*.  National Jewish Health and University of 
Colorado School of Medicine, Denver CO. 
INTRODUCTION. The molecular mechanisms governing NK cell activation during 
bacterial infection are incompletely defined. We investigated the mechanisms and 
immunological consequences of NK cell activation by a secreted protein from the 
bacterial pathogen Listeria monocytogenes. 
METHODS.  Wildtype or mutant L. monocytogenes strains differing in expression of a 
secreted LysM domain-containing protein known as p60 were evaluated for in vivo 
pathogenicity and NK cell activation during systemic infections. NK cell activation was 
also evaluated in a cell culture model. Recombinant p60 protein and mutated derivatives 
of this protein were produced, purified, and evaluated for the ability to stimulate NK cell 
IFNγ production and lysis in a cell culture model. Polypeptides containing the minimal 
active region of p60 were tested for their ability to stimulate NK cell activation using cell 
culture and animal models. The requirements for NK cell activation by p60 were 
investigated using wildtype and mutant mouse cells. 
RESULTS.  The minimal region conferring NK cell activation by p60 was mapped to a 
LysM domain (LysM1). Synthetic LysM1 or a recombinant polypeptide containing the 
LysM1 and SH3 regions of p60 (L1S) were sufficient to stimulate NK cell activation 
when added to cultures containing naïve mouse or human NK cells plus autologous 
primed/mature dendritic cells (DCs). Activation of NK cells by L1S or LysM1 
polypeptides correlated with binding of the polypeptide to the DCs but not NK cells. 
Activation of NK cells by the L1S polypeptide required production and processing of IL-
18 by the DCs and DC expression of the inflammasome adaptor protein NLRP3. 
However, cell contact with the DCs was also essential for the NK cell activation. This 
suggests involvement of an unknown ligand/receptor pair, since, L1S binding did not 
modulate expression of several known NK cell activating or inhibitory receptor ligands. 
Recombinant L1S treatment activated NK cells in vivo. Post-exposure treatment of mice 
with L1S rendered them resistant to infection by an unrelated pathogen, Francisella 
tularensis, and to B16 melanoma.  
CONCLUSIONS.  Our results show that the LysM domain from p60 binds to DCs to 
elicit NK cell activation and protective immunity to intracellular pathogens and tumors. 
This LysM domain activated NK cells by triggering inflammasome activation and 
production of IL-18 as well as cell contact-dependent factors. We hypothesize that the 
p60 LysM1 domain binds a DC surface glycoprotein receptor to trigger IL-18 production 
and upregulation of an unknown ligand(s) to mediate NK cell activation. The p60 protein 
or its LysM1 domain may have value as a therapeutic stimulator of DC and NK cell 
activation. (This work was funded by grants from NIAID and the State of Colorado 
Bioscience Discovery Development Program.) 
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Role of NK cells in control of EBV infection and EBV associated tumorigenesis 
 
Obinna Chijioke and Christian Münz 
Viral Immunobiology, Institute of Experimental Immunology, University of Zurich, Zurich, 
Switzerland 
 
In order to investigate the role of human NK cells during Epstein-Barr virus (EBV) infection 
in vivo we have reconstituted human immune system components by transplantation of 
human hematopoietic progenitor cells into NOD-scid IL2Rγnull (hu-NSG) mice. We 
demonstrate here that depletion of NK cells leads to increases in EBV-induced tumor burden 
and elevated viral titers. The immunophenotype after EBV infection in hu-NSG with respect 
to the T cell compartment closely resembled the one seen in human subjects during acute 
infectious mononucleosis slightly more accentuated by NK cell depletion. During EBV 
infection in hu-NSG mice, we have observed increases of overall CD16+ NK cells and the 
CD56dimCD16+ NK cell subset. Furthermore, we could demonstrate that lytically EBV 
replicating target cells are preferentially killed over target cells in the latent phase of EBV 
infection by human NK cells from hu-NSG mice ex vivo. These data suggest that human NK 
cells are essential in the control of EBV infection in vivo and underscores the potential 
therapeutic use of NK cells in the clinical setting during viral infection and cancer. 
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CHANGES IN KIR GENE TRANSCRIPTION IN EXPERIMENTAL SIV INFECTION 
 
Christina Albrecht**1, Markus Brameier1, Aftab A. Ansari2, Lutz Walter1 
 
1 German Primate Center, Primate Genetics, Goettingen, Germany 
2 Emory University School of Medicine, Department of Pathology and Lab Medicine, Atlanta, GA, USA 
 
INTRODUCTION. Certain killer immunoglobulin-like receptors (KIR) are associated 
with lower viral load and slower progression to AIDS in human. Experimental SIV 
infection of rhesus macaques (Macaca mulatta) is an important model of human HIV 
infection and AIDS. However, data on rhesus macaque KIR genes are limited and their 
role in SIV infection is unclear, but are crucial to refine this animal model. 
METHODS. We used 454 sequencing of cDNA amplicons for in-depth analysis of 
Mamu-KIR gene transcripts to study a cohort of 52 SIV-infected rhesus macaques, of 
which 28 had high viral load (HVL) and 24 had low viral load (LVL). Samples of 
PBMCs were obtained before infection (pre), approximately 2 weeks after infection 
(acute phase), and 12 weeks after infection at the earliest (chronic phase). 
RESULTS. The KIR transcript analysis revealed that Mamu-KIR3DL02 (P=0.022) and 
Mamu-KIR3DSW08 (P=0.044) were more frequently found in the LVL cohort and 
Mamu-KIR3DL10 (P=0.049) in the HVL cohort. Moreover, the relative expression levels 
(% of total sequencing reads per individual) of Mamu-KIR3DL08 transcripts were lower 
(mean 15.85 ± 3.1) in the HVL cohort (P=0.0181) compared to the LVL cohort (mean 
30.95 ± 5.5), particularly in elite controllers (mean 36.85 ± 6.3) among LVL animals. 
Higher frequencies of Mamu-KIR3DL05 transcripts (mean 13.07 ± 1.8) were observed in 
the HVL cohort, compared to LVL (mean 6.907 ± 1.4) (P=0.0134). In addition Mamu-
KIR3DL05 transcript levels are increased (P=0.0104) and Mamu-KIR3DL07 transcript 
levels are decreased (P=0.0003) during acute phase of SIV infection in the HVL cohort. 
Interestingly changes in transcript frequencies of these two KIR genes are in most cases 
inversely correlated, suggesting shared ligands of 3DL05 and 3DL07 with differences in 
avidity or differential expression of these KIRs in NK and T cell subsets. 
CONCLUSION. Here we identified several KIR genes and differences in transcript 
frequencies of KIR genes, which are associated with either high or low viral loads. 
Moreover we identified changes in transcript frequencies during course of SIV, 
suggesting that these KIR genes are involved in the observed differences in disease 
outcome. Thus, the data of our study are helpful to identify suitable animals for future 
SIV infection experiments.	  

danielvalle
Text Box
Abstract # 83



NK-CELL RESPONSES TO EPSTEIN-BARR VIRUS INFECTION DIFFER WITH 
ONTOGENY 
Ebba Sohlberg1**, Shanie Saghafian-Hedengren1, Eahsan Rasul2, Noemi Nagy2, Eva 
Klein2, Caroline Nilsson3 and Eva Sverremark-Ekström1.  
1Stockholm University2 Karolinska Institutet3 Karolinska Institutet and Sachs’ Children’s 
Hospital 
INTRODUCTION: Epstein-Barr virus (EBV) is a B lymphotropic γ-herpes virus that 
infects >90% of the world’s population. Primary EBV infection often occurs during early 
childhood, after which EBV establishes latency and persists for life. Chronic interplay 
between host and virus is likely to make an imprint, also affecting other immune cells 
and immune responses. Previously we found that EBV seropositive children have 
dampened NK-cell responses, as compared to their EBV seronegative peers. The time- 
point for EBV infection (before or after 2 years of age) also appeared to relate to the 
extent of NK-cell activation at 5 years of age. This raised the question if the response to 
EBV and the virus’s modulatory effect on host immunity could differ depending on when 
in childhood EBV is encountered. 
METHODS: Mononuclear cells (MCs) from cord blood or from 2-5-year old children with 
EBV negative serostatus were used for ex vivo EBV infection. On day 3 changes in the 
composition of the B- and NK-cell compartment were assessed by flow cytometry. NK-
cell NKG2D, intracellular IFN-γ and CD107a expression was determined. Further, IFN-γ 
and IFN-α levels in supernatants were determined. 
RESULTS: The B cell population in cord blood was affected by EBV to a greater extent 
than that of older children and NK-cell activity was related to the degree of B-cell 
activation. Further, in the EBV infected cultures NK-cell expression of NKG2D was 
decreased. The greatest down-regulation was observed in those cultures with the 
highest IFN-α levels. The effect could be mimicked by addition of the culture 
supernatants or recombinant IFN-α to cord or peripheral blood MCs. 
CONCLUSIONS: Our results show that an ex vivo EBV infection progresses differently 
depending on the maturational state of the immune cells being infected. NK cells are 
responders to, and are modulated by, an EBV infection. We speculate that an early 
acquired infection in a permissive state may lead to efficient viral establishment and 
subsequent prolonged interactions with host NK cells, leading to an ‘exhausted‘ 
phenotype. 
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The functional role of Natural Killer cells and their activating receptor 
NKG2D in a murine model of enterovirus-mediated inflammatory 
cardiomyopathy 
Katrin Göldner1,2, Diana Stauch2, Martina Sauter1, Reinhard Kandolf1, Nicole 
Ettischer1, Sabine Gahlen1, Andrew P. Makrigiannis3, Simon Bélanger3, Bojan 
Polić4, Johann Pratschke5, Karin Klingel1, and Katja Kotsch5*. 1Medical 
University Tübingen, Germany, 2Charité-Universitätsmedizin Berlin, Germany 
3University of Ottawa, Canada, 4University of Rijeka, Croatia, 5Medical 
University Innsbruck 
INTRODUCTION: In enterovirus-induced inflammatory heart disease 
information regarding the functional involvement of Natural Killer (NK) cells is 
limited. We hypothesized that NK cells and their NK cell receptors determine 
the different outcome of coxsackievirus B3 (CVB3) myocarditis.  
METHODS AND RESULTS: A.BY/SnJ mice which are susceptible for chronic 
myocarditis were found to display an immature phenotype of cardiac NK cells 
characterized by their CD11blow expression, whereas resistant C57BL/6 mice 
revealed significantly more mature CD11bhigh NK cells. In the naive state and in 
the course of CVB3 infection, C57BL/6 derived NK cells showed a significantly 
higher expression of the activating NK cell receptor NKG2D compared with 
A.BY/SnJ NK cells, reflecting enhanced NKG2D dependent NK cell activity 
(p<0.001). In addition, C57BL/6 derived NK cells displayed enhanced 
cytotoxicity against the CVB3-infected cardiomyocytic HL-1 cell line (p<0.001) 
and increased IFNγ production (p<0.01). Moreover, we defined a highly 
protective role of NKG2D in CVB3 myocarditis which was proven by 
neutralization of NKG2D as well as in NKG2D-deficient mice resulting in 
increased viral replication and an acceleration of myocarditis in C57BL/6 mice. 
The importance of NKG2D in NK cell-mediated resistance to CVB3 is further 
supported by the observation, that susceptible A.BY/SnJ mice possess the 
same Ly49 haplotype as permissive BALB/c mice. These mice do not express 
the activating Ly49H and Ly49D genes present in resistant C57BL/6. 
Importantly, the adoptive transfer of immunocompetent C57BL/6 NK cells pre 
(day -1) as well as post infectionem (day +2) displayed the potential to defend 
susceptible A.BY/SnJ mice from a progressive outcome of CVB3 myocarditis.  
CONCLUSION: Our results provide evidence for an involvement of NK cells 
mediated by cytolytical functions of NKG2D in CVB3 myocarditis leading to 
effective virus clearance in dependency of genetic host factors. The highly 
protective character of NK cells observed in this model offers novel therapeutic 
options in the treatment of viral myocarditis.     
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NATURAL KILLERS AS EFFECTORS OF VACCINE-INDUCED IMMUNITY 
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Introduction: Vaccination is the most sustainable and cost-effective way to reduce the 

global burden of infectious disease.  The quality of antigen-specific CD4
+
 T cell 

responses after vaccination is increasingly recognised as being as important as, or 

perhaps even more important than, the size of this response.  We aimed to test the 

hypothesis that T cell/IL-2-driven Natural Killer (NK) cell responses contribute to post-

vaccination immunity.  Initial evidence from malaria naive infected red blood cells has 

shown NK cells dominate the early cytotoxic response almost exclusively producing 

IFN at 6-12 hours and contributing equally with  and  T cells from 24-48 hours.  

NK cells however require IL-2 as well as accessory signals in the form of IL-12 and IL-

18 from antigen presenting cells to mediate effective IFN production and degranulation.  

Previous other studies in our group have demonstrated NK cells as effectors of acquired 

vaccine induced immunity to rabies virus in humans.  NK cells can produce a robust 

secondary response to inactivated rabies virus in the presence of antigen-specific post-

vaccination CD4 T cells, representing the majority of IFN producing cells at 18-24 

hours.  This effect is abrogated when NK cells are cultured in the presence of an IL-2 

blocking antibody or with naive pre-vaccination CD4 T cells.  In addition the presence of 

recombinant IL-12 and IL-18 was shown to enhance the NK response while blocking of 

these accessory signals neutralised the ability of NK cells to respond to IL-2.  The role of 

NK cells in vaccine induced immunity is poorly understood in humans, the magnitude of 

the IL-2 driven NK cell response may play a crucial role in maintaining vaccine 

immunity.  We will explore the potential for NK cells to participate in the effector phase 

of adaptive immune responses to infection following Hepatitis B vaccination in humans 

in The Gambia, and define the pathways by which this occurs. 

Methods: A stratified, all-age cross sectional survey of the population of Keneba and 

Manduar (The Gambia, W.Africa), including unvaccinated adults born prior to 1980 is 

currently being conducted (January-March 2012).  This will determine the prevalence 

and magnitude of NK and CD4
+
 T cell responses to HBV in individuals of differing age 

and allow us to correlate NK and T cell responses with peak and current anti-HBs 

antibody titres (which are known for all vaccinated individuals) and with indicators of 

natural infection (HBs antigen, anti-HBc antibody; viral DNA load).  

Results: Pilot studies have revealed robust human NK responses to hepatitis B virus 

surface antigen in both vaccinated and naturally infected individuals; these responses 

correlate with T cell-derived IL-2 responses and are enhanced by low dose IL-12 and IL-

18.  Data from the first cross-sectional study in The Gambia will be presented.   

Conclusions:  We hypothesise that IL-2-driven NK cell effector functions contribute to 

containment and elimination of certain pathogens in vaccinated individuals.  If so, IL-2-

driven NK cell activation may represent a novel correlate of vaccine-induced immunity 

and designing vaccines to optimise this response may enhance their efficacy.  (This work 

is funded by the Medical Research Council - UK). 

http://nk2012.wordpress.com/
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THE ROLE OF NK CELLS IN NON-LETHAL MURINE MALARIA INFECTION 
Kerstin A Stegmann**, J Brian de Souza, Eleanor M Riley    
Department of Immunology and Infection, London School of Hygiene and Tropical 
Medicine, London, UK 
 

INTRODUCTION: Innate and adaptive immune responses are involved in the 
outcome of malaria infections. Early pro-inflammatory cytokine responses are 
involved in clearance of parasites. Although NK cells secrete IFNγ rapidly after 
stimulation with P. falciparum infected RBC there is little information on the impact of 
NK cells on the outcome of malaria infection in vivo. Therefore, murine NK cells were 
characterized during non-lethal P. yoelii infection. 
METHODS: 6-8 wk old female, C57BL/6 mice were infected i-p with 105 P. yoelii 
17XNL parasitized red blood (pRBC). On selected days post infection (p.i.) mice (3-5 
animals) were sacrificed and blood, spleen, liver and bone marrow analyzed by 
surface and intracellular flow cytometry.  
RESULTS: Parasitemia peaked between days 17-21 and was cleared by day 28. 
While the frequency of NK cells (NKp46+, CD3-) in the spleen declined throughout 
infection, NK cell frequency increased in the blood until day 7 and declined thereafter 
to below the levels seen in naïve controls. In both bone marrow and liver, NK cell 
frequency increased markedly on day 3 and then fell below the level in naïve 
controls. Marked changes in NK cell maturation state were detected by CD27/CD11b 
staining. In bone marrow, the majority of NK cells were CD27+ CD11b+ with a peak 
in their frequency on day 3 p.i. In blood, spleen and liver, the majority of NK cells are 
CD27- CD11b+, however on day 3 p.i. the majority of NK cells were CD27+ CD11b+. 
This shift normalized by day7-10. CD69, granzymeB and perforin expression showed 
similar kinetics. In all organs investigated, expression of these molecules increased 
during infection, peaked around day 7 p.i. and declined thereafter, with the exception 
that perforin expression continued to increase in liver NK cells. However, another 
cytotoxic molecule, TRAIL, was elevated at all times post-infection on bone marrow 
NK cells and peaked on day 7 p.i. on blood NK cells. Liver and spleen NK cells 
showed a slight increase in TRAIL expression during early infection and another 
peak on day 28 p.i., after clearance of parasites. CD107a expression (a marker for 
degranulation) peaked on day 3 in blood NK cells, on day 7-10 in bone marrow, and 
increased throughout infection on liver and spleen NK cells. In all organs 
investigated, IFNγ production by NK cells was detected on day 1 with a second peak 
later during infection. TNF production in bone marrow, liver and spleen derived NK 
cells increased around day 7-10 p.i. Blood derived NK cells showed an increased 
TNF production early during infection and after parasites have been cleared. 
CONCLUSIONS: NK cells are activated within 24 hours of malaria infection and 
show evidence of both cytokine production and cytotoxicity. NK cell responses are 
highly dynamic, with peaks of activation early and late in infection. Shifts in 
frequencies of CD27+ CD11b+ NK cells are consistent with expansion of these cells 
in bone marrow and subsequent mobilization to peripheral tissues. Future 
experiments will determine the functional relevance of these responses.  
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TGF-β1 down-regulation of NKG2D/DAP10 and 2B4/SAP expression on human 

NK cells contributes to HBV persistence 

Cheng Sun,1 Binqing Fu,1,2 Yufeng Gao,3 Xiaofeng Liao,1 Rui Sun,1,2 Zhigang Tian,1,2 
and Haiming Wei1,2 
1Institute of Immunology, School of Life Sciences, University of Science and 
Technology of China, 443 Huangshan Road, Hefei 230027, China , 2Hefei National 
Laboratory for Physical Sciences at Microscale, University of Science and 
Technology of China, 443 Huangshan Road, Hefei 230027, China; and 3 Department 
of Liver diseases of The Second Affiliated Hospital of Anhui Medical University, 
Hefei 230001, China 
Correspondence should be addressed to Haiming Wei (ustcwhm@ustc.edu.cn) or 
Zhigang Tian (tzg@ustc.edu.cn). 
Abstract 
The mechanism underlying persistent hepatitis B virus (HBV) infection remains 
unclear. We investigated the role of innate immune responses to persistent HBV 
infection in 154 HBV-infected patients and 95 healthy controls. The expression of 
NKG2D- and 2B4-activating receptors on NK cells was significantly decreased, and 
moreover, the expression of DAP10 and SAP, the intracellular adaptor proteins of 
NKG2D and 2B4 (respectively), were lower, which then impaired NK cell-mediated 
cytotoxic capacity and interferon-γ production. Higher concentrations of transforming 
growth factor-beta 1 (TGF-β1) were found in sera from persistently infected HBV 
patients. TGF-β1 down-regulated the expression of NKG2D and 2B4 on NK cells in 
our in vitro study, leading to an impairment of their effector functions. Anti-TGF-β1 
antibodies could restore the expression of NKG2D and 2B4 on NK cells in vitro. 
Furthermore, TGF-β1 induced cell-cycle arrest in NK cells by up-regulating the 
expression of p15 and p21 in NK cells from immunotolerant (IT) patients. We 
conclude that TGF-β1 may reduce the expression of NKG2D/DAP10 and 2B4/SAP, 
and those IT patients who are deficient in these double-activating signals have 
impaired NK cell function, which is correlated with persistent HBV infection. 
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A NK COMPLEX-LINKED LOCUS RESTRICTS THE SPREAD OF HERPES 
SIMPLEX VIRUS TYPE 1 (HSV-1) IN THE CENTRAL NERVOUS SYSTEM (CNS) OF 
C57BL/6 MICE.  Lorne F Kastrukoff *1, Allen S Lau1, Fumio Takei2, Anthony A Scalzo3, and 
Francis R Carbone4.  1University of British Columbia, Vancouver, 2British Columbia Cancer 
Research Centre, Vancouver, 3University of Western Australia, Nedlands, 4University of 
Melbourne, Melbourne. 
INTRODUCTION.  Natural resistance to mortality in mice infected with HSV-1 is mouse strain 
dependent and an autosomal dominant trait.  In mice infected with virus via the oral mucosa, 
HSV-1 spreads throughout the CNS of susceptible strains but is restricted to the brainstem of 
resistant mice.  In resistant BL/6 mice, viral restriction is mediated by NK and CD8+ T-
lymphocytes. 
METHODS.  We combined mendelian analysis, studies of congenic and intra-NKC recombinant 
mice, along with antibody depleted mice to further examine the restriction of viral spread in the 
brains of BL/6 mice. 
RESULTS.  We report a NK complex-linked genetic locus, Hrl2, whose alleles determine the 
restriction of viral spread in the CNS.  Mendelian analysis determined that restriction of viral 
spread is a dominant trait and consistent with a single gene effect.  Studies with congenic mice 
determined that the locus maps to the NKC on chromosome 6 but is separate from previously 
defined loci; Hrl and Rhs1.   Studies with intra-NKC recombinants determined that the locus 
maps to a segment between CD69 and D6Mit13.  Studies with antibody depleted mice 
determined the effect of this locus is mediated by NK1.1+ expressing cells.  
CONCLUSIONS.  A NK complex-linked locus (Hrl2) restricts the spread of HSV-1 in the CNS 
of BL/6 mice however the precise mode of action of the locus remains unknown.  (This work 
was funded by the Canadian Institutes of Health Research)  
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EX VIVO EXPANDED CANINE CYTOTOXIC LARGE GRANULAR 

LYMPHOCYTES EXHIBITING CHARACTERISTICS OF NK CELLS SHOW 

ANTI-CANINE DISTEMPER VIRUS ACTIVITY.  Sang-ki Kim*1, Ji-Yun Park1, 
Dong-jun Shin1,2, Youn-young Jang2, and Duck Cho2.  1Kongju National 
University, 2Chonnam National University Hwasun  Hospital 
 INTRODUCTION.  Canine NK cells remain poorly characterized, and no NK cell-
restricted markers have been described for dogs. Recently, we established a 
suitable culture system for the activation and expansion of canine cytotoxic large 
granular lymphocytes (CLGLs) that exhibited morphologic, genetic, and 
functional characteristics of NK cells from the PBMCs of normal dogs. In this 
study, we demonstrated that the cultured CLGLs and their culture supernatant 
inhibited canine distemper virus (CDV) infection in Vero cells.   
METHODS.  The PBMCs isolated from fourteen healthy dogs were stimulated 
with irradiated feeder cells in RPMI-1640 media with 10% FBS, 100 IU/mL IL-2, 
and 10 IU/mL IL-15 for 14 days. The phenotypic, morphologic characteristics, 
and production of IFN-γ, and expression of mRNAs for NK cell-associated 
receptors of expanded CLGLs were studied. Natural cytotoxic activity of CLGLs 
was evaluated against CTAC cells, and other two canine tumor cell lines with 
51Cr-release assay for 4 hours. To investigate the anti-CDV effect of CLGLs and 
CLGLs culture supernatants, Vero cells were infected with CDV, and natural 
cytotoxic activities of CLGLs against CDV-infected cells were measured with flow 
cytometry after staining the cells with Calcein-AM, and anti-CDV effect of CLGLs 
culture supernatants were evaluated with real-time RT-PCR.  
RESULTS.  Canine CLGLs were expanded up to 200-fold in two weeks with 
more than 80% purity. The CLGLs were identified as large granular lymphocytes 
with azuorphilic granules in the cytoplasm, and were characterized by a 
production of large amount of IFN-γ. The phenotype of the majority of the 
population of CLGLs was CD5(dim)CD3+CD8αβ+CD4–CD21–CD11c+/–CD11d+/–

CD44+. The expression of mRNAs for NK cell-associated receptors, such as 
NKp44, Ly49, NKp30, NKG2D, CD16, granzyme B, and perforin, was highly 
upregulated in CLGLs compared to PBMCs. The natural killing activity of the 
CLGLs against canine NK cell-sensitive CTAC cells and other tumor cells was 
remarkably elevated in a dose-dependent manner, and expanded CLGLs also 
showed the potent cytotoxicity against CDV-infected Vero cells. The CLGL 
culture supernatants inhibited both CDV replication and CDV-induced cytopathic 
effect in Vero cells when added before or after infection.   
CONCLUSIONS.  Our results strongly suggest that the selectively expanded 
canine CLGLs exhibit the characteristics of NK cells, and also show that CLGLs 
inhibit CDV infection through both cytolytic and noncytolytic activities, which may 
imply a potential role of NK cells in CDV infection and an ability of combating 
CDV infections in the right conditions. 
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AUTOMATED CLINICAL SCALE PBMC GENERATION AND NK CELL 
EXPANSION.  Markus Granzin, Mareke Brüning, Iris Spiegel, Sabine Müller, Volker 
Huppert *, Jürgen Schmitz. Miltenyi Biotec GmbH, Bergisch Gladbach, Germany 

 

INTRODUCTION: Natural Killer (NK) cells detect and combat abnormal cells and are 
a promising tool for cancer cell therapy. One challenge is to get high numbers of 
activated NK cells for autologous or allogeneic use. Here we present a new method 
for automated expansion of human NK cells using a novel process technology, which 
provides the application of a standardized protocol within a closed system. 

METHODS: Process steps for NK cell expansion were automated by the CliniMACS® 
Prodigy instrument, which enabled process control in a clinical environment. Protocol 
started with automated preparation of Peripheral Blood Mononuclear Cells (PBMC) 
from buffy coat. PBMC was cultivated with IL-2 and OKT-3 and NK cells expanded 
under these conditions for three weeks according to [1]. Phenotype of expanded cells 
was investigated by flow cytometry analysis and compared to NK cells expanded 
manually in small scale. 

RESULTS: NK cells from three healthy donors were used for automated NK cell 
expansion and expansion factor varied between 54-208 fold. Flow cytometry analysis 
revealed comparable expression of CD16, NKp30, NKp46 and NKG2D for automated 
and manually expanded NK cells. 

CONCLUSIONS: Results show that large scale automation of NK cell expansion is 
possible by use of the CliniMACS® Prodigy. This provides a basis for applicability of 
NK cells in a clinical treatment of malignant disorders. 

 

[1] Alici E. Blood, 2008, 6:3155-3162. 
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CHARACTERIZATION OF PRIMARY AND EXPANDED NK CELLS.  
 
Sabine Mueller1, Andrea Jacobs2, Stefan Tomiuk1, Bernhard Gerstemayer1, 
Andreas Bosio1, Jürgen Schmitz1, Volker Huppert*1 and Bernd Wollscheid2. 
1Miltenyi Biotec GmbH Bergisch Gladbach Gemany, 2ETH Zürich Switzerland 
 
 
INTRODUCTION.  Natural Killer cells are clinically evaluated for their potential in 
the treatment of leukemia. Clinical NK cell therapy evaluation would benefit from 
the availability of larger numbers of fully functional NK cells. NK cell expansion 
can be used to achieve higher numbers of NK cells as well as raise or even 
recovery of cytotoxicity against tumor cells. The perspective of a clinical use for 
expanded NK cells demands characterization of the possible cellular product. 
 
METHODS.  Purified NK cells from 24 healthy donors were expanded for 14 
days with cell sized magnetic particles (MACSiBeads, Miltenyi Biotec) loaded 
with CD2 and NKp46 antibodies. In order to characterize primary and expanded 
NK cells of all donors the cells were analysed according to two different 
technologies. We used the published Cell Surface Capturing (CSC) technology 1 
which is mass-spectrometry based as well as Gene expression analysis using 
Agilent Whole Human Genome Oligo Microarrays. Differentially expressed cell 
surface molecules detected by both technologies were further analysed via flow 
cytometry. 
 
RESULTS.  Both technologies CSC analysis and Gene expression analysis 
revealed that the expansion of NK cells using cell sized magnetic particles results 
in a well characterizable and consistent NK cell population. All together 111 
differentially expressed cell surface Proteins were detected by both technologies. 
Selected markers such as CD80, CD86, CD160 and CD276 were confirmed 
using flow cytometry analysis. 
 
CONCLUSIONS. Quantitation of the changes within the NK cell surfacome 
during their expansion in vitro show the need for characterization of these cells. 
Together, the CSC analysis and Gene expression analysis could narrow down 
marker which could be used for consistent and specific clinical release criteria for 
fresh NK cells and their manufactured counterparts. 
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TIME-LAPSE IMAGING OF NK CELL MIGRATION IN 3-D COLLAGEN 
MATRICES FORMED IN MICROWELLS  
 
Per E. Olofsson**1, Thomas Frisk1 and Björn Önfelt1,2. 1Royal Institute of Technology, 
Stockholm, Sweden, 2Karolinska Institutet, Stockholm, Sweden 
 
INTRODUCTION. Cell motility is an essential part of NK cell function since these cells 
form transient contacts with other cells in the body in search of signs of disease or infection. 
It has been shown that interactions between cells and the extracellular matrix (ECM) can 
radically alter the migration behavior of certain types of cells. However, conventional studies 
of cell migration are usually performed on flat two-dimensional (2-D) surfaces, which may 
not adequately recreate in vivo-like migration. Current in vivo imaging techniques do not allow 
for long-term single-cell tracking of small, well-defined populations of cells. It is therefore of 
interest to implement well-controlled in vitro migration assays that utilize ECM-like 
biomaterials. 
 
METHODS.  This project used silicon microchip-based technology, ECM-like type I 
collagen hydrogel, and fluorescence laser scanning confocal microscopy to study the three-
dimensional (3-D) migration behavior of NK cells. Primary human NK cells and human 
embryonic kidney (HEK) 293A target cells were embedded in a collagen gel matrix 
deposited inside sub-mm scale microwells. The microwells provide natural barriers to cell 
migration, and thus ensure that a small population of cells remains confined within the 
imaging volume. The entire volume of the microwell was optically sectioned and scanned for 
several hours by time-lapse fluorescence microscopy. The volume was then reconstructed 
and individual NK cells were tracked by using fluorescence centroid measurements in the 
image analysis program Volocity. Trajectories were used to calculate the speed and 
directionality of migration. Interactions between NK and target cells were detected manually 
using Volocity. 
 
RESULTS.  A population of randomly selected migrating cells was found to have an average 
3-D migration speed of 3.7 ± 0.5 µm/min (mean ± SEM). This value is slightly lower than 
what has been reported for murine NK cells in lymph nodes but faster than what we see for 
human NK cells in 2-D in vitro assays. Additionally, the gel-embedded NK cells exhibited a 
directional bias in migration, slightly preferring horizontal migration over vertical migration. 
The NK cells were also observed to form contacts with target cells in the collagen matrix, 
which sometimes led to NK cell-induced target cell death.  
 
CONCLUSIONS.  The developed assay is suitable for time-lapse imaging of the 3-D 
migration behavior and cell–cell interactions of NK and target cells embedded in collagen 
gel in microwells. This assay could be a valuable complement to in vivo imaging, since it 
allows experiments with human cells and well-controlled studies of the influence of, e.g. 
cytokine activation, treatment with receptor-blocking antibodies or siRNA.   
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MEASURING NK CELL-MEDIATED KILLING BY FLOW CYTOMETRY: A SIMPLE, 
INEXPENSIVE AND QUICK ALTERNATIVE TO STANDARD ASSAYS 
 
Maike Sauer**, Katrin S. Reiners, Elke Pogge von Strandmann 
 
Laboratory for Immunotherapy, Department of Internal Medicine I, University 
Hospital Cologne, Germany 
 
INTRODUCTION 
Standard NK cell cytotoxicity assays (europium or chromium release assays) 
demand for time-consuming and in some cases error-prone labeling procedures 
and/or handling of radioactive substances, whereas commercially available 
cytotoxicity kits usually happen to be quite expensive.  Therefore, we established a 
handy, money and time saving flow cytometry-based NK cell cytotoxicity assay.  
METHODS 
For this purpose, no prior labeling or staining is required. Effector and target cells 
can be distinguished by CD45 staining (or CD56 for CD45-positive target cells) and 
forward/side scatter. After NK cell-dependent killing occurred during a standard 
incubation of 3 to 4 hours lyzed target cells can be displayed by 7-AAD or propidium 
iodide (PI) staining without any washing steps.  
RESULTS 
To proof the validity, we compared this assay to a standard europium release assay 
and obtained equal results. If desired, it is possible to detect CD107a in one and the 
same tube that is used for the detection of killed target cells, thereby combining two 
ways of visualizing NK cell-mediated killing in just one assay. 
CONCLUSIONS 
In short, our novel NK cell cytotoxicity assay is a simple, fast and inexpensive 
alternative to established standard assays. 
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RAE-1γ EXPRESSED BY RECOMBINANT HERPESVIRUS DRAMATICALLY 

IMPROVES ITS VECTOR CAPACITY AND PROMOTES SPECIFIC IMMUNE 

RESPONSE.  Tihana Tršan**
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INTRODUCTION. NKG2D is a potent activating receptor expressed by cells of innate 

and adaptive immunity that recognizes cell surface molecules structurally related to 

MHC-I proteins induced by infection or other type of cellular stress. Engagement of 

NKG2D leads to cytotoxicity and cytokine secretion by NK cells, or to costimulation of 

CD8
+
 T cells. Both human and mouse cytomegalovirus (CMV) developed numerous 

evasive mechanisms to prevent expression of NKG2D ligands. We have recently shown 

that insertion of the gene encoding NKG2D ligand in the place of its viral inhibitor is a 

powerful approach for engineering immunologically attenuated viruses (Slavuljica et al., 

2010). Here we present the ability of such recombinant virus to serve as a vaccine vector 

able to promote robust and protective CD8
+
 T cell response to various pathogens.  

METHODS AND RESULTS. On the backbone of MCMV expressing RAE-1 we 

constructed recombinant viruses bearing immunodominant CD8
+
 T cell epitopes such as 

listeriolysin (LLO) of Listeria monocytogenes or SIINFEKL peptide derived from 

ovalbumin. These epitopes were introduced in the place of MCMV CD8
+
 T cell epitope 

m164 by ’’orthotopic peptide swap’’ strategy (Lemmermann et al., 2010). The 

recombinant viruses were tested for their capacity to activate NK cells and to induce 

specific memory CD8
+
 T cell response. Although extremely attenuated, MCMV 

expressing RAE1 and foreign epitope induced a strong and long-lasting CD8
+
 T cell 

response able to protect immunized mice against bacterial challenge infection. 

CONCLUSIONS. Our results demonstrated that herpesviruses engineered to express 

NKG2D ligand in addition to a foreign CD8
+
 T cell epitope dramatically improved 

efficacy and longevity of the protective CD8
+
 T cell response, suggesting that a similar 

approach could be used in designing new vaccine vectors.  
(supported by NIH grant RO1AI083201-01) 
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ULTRASOUND MEDIATED CELL AGGREGATION IN MULTIWELL 
MICROCHIPS FACILITATES STUDIES OF INTERACTIONS BETWEEN 
NATURAL KILLER CELLS AND TARGET CELLS Athanasia E. Christakou1, Mathias 
Ohlin1, Mohammad Ali Khorshidi1, Nadir Kadri2, Bruno Vanherberghen1, Thomas Frisk1, 
Martin Wiklund1 and Björn Önfelt1,2 *  1Royal Institute of Technology, Stockholm, Sweden, 
2Karolinska Institutet, Stockholm, Sweden 
INTRODUCTION  NK cells kill target cells that show signs of disease through the release of 
toxic granules into a tight intercellular contact formed between the NK cell and target cell. 
Many experiments are performed on bulk cultures although it is becoming clear that individual 
NK cells vary in terms of their type and potency of response. To resolve how NK populations 
are built up of individual cells with different sensitivity to distinct input signals leading to 
disparate responses new approaches for single cell studies are needed. Here we have developed 
a novel assay based on ultrasound assisted cell-cell aggregation in a multiwell plate allowing 
high-resolution time-lapse imaging of one hundred NK-target cell interactions in parallel.  
METHODS  A microdevice consisting of a multiwell silicon-glass microchip, an ultrasonic 
transducer and a custom made holder was assembled. By modulating the voltage and 
frequency of the ultrasound, effectively vibrating the chip creating a standing wave in each 
microwell, conjugates between NK and target cells could be formed in a gentle and controlled 
manner. Ultrasound-induced cell-cell contact was synchronized in all microwells and well 
defined in time (within seconds) and space (within micrometers from the center of each well).  
Thus, this allowed high-resolution 3-D confocal imaging at multiple coordinates in parallel 
over time (several hours) and accurate determination of the timing of events like immune 
synapse formation or killing. The human NK cell line YTS transfected to expressed the 
inhibitory receptor KIR2DL1 and the human B cell line 721.221 transfected to express MHC 
Class I Cw6-GFP were used to study formation of inhibitory immune synapses. Activated (IL-
2 for 7 days) human peripheral blood NK cells were mixed with 721.221 cells in the 
microdevice to study NK-mediated killing.   
RESULTS We show that it is possible to induce contact between NK and target cells with 
forces that are comparable to other biological forces, e.g. adherence or migration on glass or 
cell-cell contact, and that vital NK cell functions, such as protein trafficking, immune synapse 
formation and killing, are preserved under the exposure of ultrasound. We use the assay to 
study the timing and frequency of immune synapse formation between YTS/KIR1 and 
221/Cw6-GFP and to resolve individual NK cells’ ability to kill MHC class I deficient tumor 
cells (221). We find that only approximately two thirds of the NK cells show cytotoxicity with 
some NK cells being particularly active killing up to six target cells during a four-hour long 
assay.  
CONCLUSION  We present a novel assay for synchronized and parallelized imaging studies 
of NK-target cells interactions. This is an important complement to experimental approaches 
that are based on population averages and to current imaging experiments where it is difficult 
to study many individual cells over long times. Furthermore, in other imaging studies we 
observe that the NK cells’ ability to migrate is important for forming new contacts with target 
cells. By inducing cell-cell contact by ultrasound we effectively by-pass that step and can focus 
on studying immune synapse formation. We find a significant heterogeneity in individual NK 
cells’ capacity to kill target cells with a rather large fraction of cells (≈1/3) not killing at all 
while some serial killers can eliminate several targets one after the other.    
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ENGINEERING NATURAL KILLER CELL HOMING THROUGH 
TROGOCYTOSIS: APPLICATION IN ADOPTIVE IMMUNOTHERAPY 
*Srinivas S Somanchi, Anitha Somanchi, Laurence JN Cooper and Dean A Lee 
Division of Pediatrics, University of Texas MD Anderson Cancer Center, Houston, TX, 
USA 77054 
 
INTRODUCTION: NK cells are instrumental in mounting primary immune responses 
against viral infections and play an important role in tumor immune surveillance. 
Consequently NK cells have gained significant attention for adoptive immunotherapy for 
cancer. Recently, various methods of collecting and propagating NK cells have emerged, 
enabling clinical applications. However expanded NK cells are limited in their repertoire 
of chemokine receptor expression, such as CCR7 that is involved in lymph node homing. 
In addition, CCR7 is implicated in lymph node metastasis of numerous cancers; hence 
expression of CCR7 on NK cells intended for immunotherapy of such cancers would be 
advantageous. In order to circumvent the limitations inherent to gene modification 
approaches, we have exploited trogocytosis to transiently add CCR7 as a model molecule 
to NK cells without gene transfer. 
METHODS: We developed a method of expanding human NK cells using K562 
modified to express membrane-bound IL21 (Clone9.mbIL21), which yields on average 
30,000 fold expansion in three weeks. We further modified the Clone9.mbIL21 cell line 
to express CCR7 (Clone9CCR7) as a ‘donor’ cell to enable trogocytosis of CCR7 by 
expanded ‘acceptor’ NK cells. We co-cultured NK cells and Clone9CCR7 and assessed the 
kinetics of acquisition and decay of CCR7 expression on NK cells by flow cytometry, 
assessed for gene expression of CCR7 by RT-PCR, assessed protein transfer of CCR7 by 
fluorescence microscopy of the co-cultures, and assessed functionality of the acquired 
CCR7 in vitro and in vivo.  
RESULTS: Upon co-culture of NK cells with ‘donor’ cells, up to 80% of the NK cells 
rapidly became positive for CCR7 expression only when the ‘donor’ cells also expressed 
CCR7. Following the removal of the ‘donor’ cells from the co-cultures, the percentage of 
NK cells positive for CCR7 steadily declined, reaching background levels by 72 hours. 
RT-PCR analysis showed that these NK cells lacked endogenous transcript for CCR7 and 
fluorescence microscopy showed CCR7 at the synapse with “donor” cells and on NK cell 
membranes in patches, giving evidence to trogocytosis as the mechanism for CCR7 
uptake by NK cells. The acquired CCR7 receptors were functional as assessed by the 
migration in vitro towards CCL19 and CCL21 and by increased lymph node homing in 
vivo in an athymic nude mouse model. 
CONCLUSIONS: Our findings confirm that trogocytosis can be used as a powerful tool 
to rapidly and transiently modify NK cells to express desired membrane-bound proteins 
without genetic intervention to improve their potential for adoptive immunotherapy. 
(This project was funded by the MD Anderson Cancer Center Physician Scientist 
Program and the St. Baldrick’s Foundation) 
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CHARACTERISING THE E4bp4 GENETIC PATHWAY IN NK DEVELOPMENT 
Victoria Male1**, Ilaria Nisoli1, Tomasz Kostrzewski1, Andreas Wack2 and Hugh 
JM Brady1; Imperial College1 and National Institute for Medical Research, 
London, UK2 
 

Introduction.  E4bp4 is a basic leucine zipper transcription factor that is essential 
for the development of NK cells. Previous studies have shown that E4bp4-/- mice 
lack both immature and mature NK cells. Hematopoietic progenitor cells (HPCs) 
from E4bp4-/- mice are unable to generate NK cells when cultured with IL-15 and 
OP9 stromal cells. Using a retroviral transduction system, we sought to identify 
genes that could complement E4bp4 function by rescuing NK cell production 
from E4bp4-/- HPCs and thus discover genes that participate in the same genetic 
pathways as E4bp4. 
Methods. To identify novel candidate targets of E4bp4, we isolated lineage-
negative bone marrow cells from E4bp4+/+ and E4bp4-/- mice (n = 6 of each), 
generated RNA, compared their transcriptomes by DNA microarray and tested 
the candidates identified in our retroviral transduction system. Lineage negative 
bone marrow was cultured for five days in IL-7, Flt3L and SCF and transduced at 
day 2 with a pMSCV vector expressing a single candidate gene. Cells were then 
transferred onto OP9 stromal cells and cultured with IL-15 for a further seven 
days before examination by flow cytometry. We also tested transcription factor 
(TF) genes already known to affect NK development. 
Results. Lineage-negative bone marrow cell transcriptomes were similar 
between E4bp4+/+ and -/- mice, although notably Id2 and GATA3, TFs already 
implicated in NK development, were expressed at lower levels in E4bp4-/- HPCs. 
Indeed, both Id2 and GATA3 affected NK development following retroviral 
transduction of E4bp4-/- HPCs. Other TFs identified as differing between 
E4bp4+/+ and -/- HPCs were not able to rescue NK development. T-bet was not 
identified as a candidate target gene by the microarray, but was able to rescue 
NK development from E4bp4-/- HPCs. 
Conclusions. Although some TFs remain to be tested, most novel candidates 
identified by the microarray were not able to complement E4bp4 function. As 
lineage-negative bone marrow is highly heterogenous, the nature of the screen 
was not necessarily specific to NK cells and may have identified some targets of 
E4bp4 that have roles in the development of other lineages, principally that of 
CD8α+ cDCs. Id2, T-bet and GATA3, all of which were already thought to have a 
role in NK development, were able, to different extents, to rescue NK production 
from E4bp4-/- HPCs. This suggests that these TFs are part of the E4bp4-
dependent pathway of NK development and future work will clarify their positions 
within the hierarchy. 
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Lineage relationship of human IL-22-producing CD56+ Rort+ ILCs and 
conventional NK cells using an in vitro UCB CD34+ cells differentiation 
system. Yong-Oon Ahn**1, Jeffery S Miller2, and Michael R Verneris1.  
1Department of Pediatrics, 2Department of Medicine, University of Minnesota  
 
INTRODUCTION. Rort+ innate lymphoid cells (ILCs) are a subset of immune 
cells expressing NK-associated receptors and are involved in lymphoid tissue 
generation, tissue remodeling, and mucosal immunity. As these cells were found 
in secondary lymphoid tissues and give rise to conventional NK (cNK) cells after 
culture, they have been considered to be immature NK cells (i.e. stage III NK 
cells). However, recent murine studies show that Rort+ ILCs and cNK cells have 
distinct lineage relationships. The relationship of these cell types in humans is 
less well understood. Here we investigated the lineage relationships between 
these two populations in humans using in vitro differentiation from CD34+ 
precursors. 
METHODS.  To generate Rort+ ILCs and cNK cells, human CD34+ cells cultured 
on irradiated EL08.1D2 murine stroma. The influence of recombinant cytokines, 
IL-3, IL-7, IL-15, SCF, and Flt3L were evaluated on Rort+ ILC or cNK 
differentiation. After 3-6 weeks, cells were analyzed by FACS to measure their 
surface markers, chemokine/cytokine receptors, transcription factors, and 
intracellular cytokine secretion. 
RESULTS.  With IL-7, IL-15, SCF, and Flt3L, both IL-22 producing Rort+ ILCs 
and cNK cells differentiated from CD34+ cells. Rort+ ILCs were defined as cells 
able to produce IL-22 in response to pro-inflammatory cytokines (IL-1 and IL-
23).  Using this, we defined the phenotype of Rort+ ILCs to be: CD56+CD94-

CD7-LFA-1-VLA-4high.  These cells also produced IL-8, GM-CSF, but not IL-17A 
or IFN- in response to IL-1 and IL-23. Rort+ ILCs expressed CD117 (SCF-R), 
IL-1R1, CCR6, CXCR5, CD161, NKp44, but not NKp46. In contrast to Rort+ 
ILCs, cNK cells lacked Rort and AhR expression, but expressed T-bet and NF-
AT. cNK cells, but not ILCs expressed granzymeB/K, perforin, secreted IFN- in 
response to IL-12 and IL-18 and had cytotoxicity against tumor targets. In the 
absence of IL-15, CD56+Rort+ ILCs were generated and their phenotype and 
function were normal, while omission of IL-15 resulted in a complete block cNK 
generation. Conversely, in the absence of IL-7 and SCF, Rort+ ILCs did not 
differentiate while cNK cells were generated normally.  
CONCLUSIONS. While human Rort+ ILCs have a phenotype that overlaps with 
stage III NK progenitors, these studies demonstrate that they are distinct from 
cNK cells.  These two cell types develop in response to different cytokines, have 
distinct transcription factor expression, surface phenotype and cytokine 
production.  
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PROTEOMIC ANALYSIS OF DISTINCT DEVELOPMENTAL STAGES OF CD56pos 
NK CELLS 
Maxi Scheiter**1, Sebastian König1, Ulrike Lau1, Frank Klawonn1, Lothar Gröbe1, 
Henk Garritsen2, and Lothar Jänsch1 

1 Helmholtz Center for Infection Research, Braunschweig, Germany 
2 Institute for Clinical Transfusion Medicine, Klinikum Braunschweig, Germany 
INTRODUCTION. 
NK cells make up an important part of the innate immune response and defense 
against viral infections and cancer. CD56bright and CD56dim NK cells constitute 
functionally distinct subsets. Former studies confirmed immune regulatory CD56bright 
NK cells as progenitors of cytotoxic CD56dim NK cells. Furthermore, recent studies 
determined CD57+ and CD57- NK cells among the CD56dim NK cell population and 
suggested a fully mature developmental status for CD57+ NK cells. However, the 
protein functions and cellular processes required at different maturation steps are 
currently only incompletely characterized. 
METHODS. 
Distinct developmental stages of primary NK cells were isolated from blood of 10 
healthy human donors by FACS-based sorting. CD56bright, CD56dim, CD56dimCD57- 
and CD56dimCD57+ NK cells (1x10E6) were comparatively analyzed by quantitative 
peptide sequencing (iTRAQTM-LC-MS/MS). Stringent statistical evaluation confirmed 
data robustness and produced a list of significantly regulated proteins. Selected 
novel candidates were functionally analyzed, e.g. by co-localization studies. 
RESULTS. 
This proteomic study generated relative quantitative data for 2941 proteins of the 
CD56dim/bright NK cells subsets and 3224 for the CD56dimCD57+/- NK cell subsets. 
Notably, 1162 (CD56dim/bright) and 1427 (CD56dimCD57+/-) proteins were repeatedly 
identified in all blood donors. Signaling pathway annotation provided comprehensive 
insight into relevant cellular processes, such as cytoskeletal rearrangement, NK 
activation and cytotoxicity, as well as differentiation. Comparative analysis of CD56dim 
and CD56bright NK cells exhibited both more regulations and a higher dynamic range 
of regulation. In contrast, we detected only a limited number of significant regulations 
in the terminal maturation step from CD56dimCD57- to CD56dimCD57+ NK cells. . The 
list of significantly regulated proteins provides proof of concept data, as well as so far 
undescribed NK cell proteins.  
CONCLUSIONS. 
This study provides for the first time insight into developmental stages of NK cells at 
the proteome level. The data support the recent differentiation model. Significant 
regulations were observed in both steps of maturation. Whereas the comparative 
view on CD56dim/bright NK cells and the involved processes of differentiation 
significantly extends our knowledge, the limited number of regulated proteins gives a 
clear guidance for perspective NK-CD57+ research. This work is funded by the DFG 
initiated International Research Training Group (IRTG1273) “Strategies of human 
pathogens to establish acute and chronic infections”.  
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MOLECULAR MECHANISMS OF IFN-g REGULATION DURING NK CELL 
DIFFERENTIATION  
Merlin Luetke-Eversloh**1, Monica Killig1, Timor Glatzer1, Jun Dong2, Jenny 
Thom1, Basak Cicek1, Quirin Hammer1, Chiara Romagnani1. 1Innate Immunity, 
2Cell Biology, German Rheumatism Research Center (DRFZ), Berlin, Germany 
INTRODUCTION. Molecular mechanisms of IFN-g regulation have been 
extensively studied in T cells. During T cell differentiation towards Th1, 
demethylation of the IFNG locus occurs and an open configuration at the IFNG 
promoter and at the conserved non-coding sequence (CNS) -6 is a specific 
requirement for IFN-g competence in Th1 cells. NK cells were described to 
exhibit constitutive IFN-g promoter activity and to display an open configuration 
of the IFNG locus. However, these data were obtained on total NK cells, 
independent of their differentiation/education stage. In this study, we revisit this 
concept and analyzed for the first time how the epigenetic status of the IFNG 
gene as well as the expression of IFN-g and transcription factors (TF) correlates 
to NK cell differentiation/education. 
METHODS. Human peripheral blood NK cell subsets were sorted by the 
expression of CD56, CD62L, CD57 and KIRs. Expression of IFN- g and TF was 
analyzed by flow cytometry ex vivo and after activation via activating receptors 
(ActRec) or cytokines. Methylation analysis of the IFNG locus was performed in 
NK cell subsets and mRNA expression of IFN-g and other genes was analyzed 
by quantitative PCR. 
RESULTS. We could show that, during differentiation from CD56bright towards 
CD56dimCD62L-CD57+KIR+ cells, NK cells expressed progressively decreasing 
amounts of IFN-g  in response to cytokines, which strongly correlated with the ex 
vivo mRNA levels of IL-12Rβ2. Conversely, we detected increasing amounts of 
IFN-g in response to stimulation via ActRec. This phenomenon was only partially 
dependent on the expression of an educating KIR and could not be explained by 
differences in signaling downstream of ActRec. Interestingly, ex vivo mRNA 
levels of IFN-g and Tbet also increased from CD56bright towards CD56dimCD62L-
CD57+KIR+ cells, thus suggesting that NK cells might progressively acquire 
higher competence for IFN-g during their terminal differentiation. In agreement 
with these data, we could show that during differentiation NK cells undergo 
remodeling at the IFNG 5’UTR, similar to human Th1 cells, and that this region 
can partially enhance NK cell IFNG promoter activity in a luciferase reporter 
assay. Conversely, despite of its strong enhancer activity and accessibility in Th1 
cells, CNS-6 is methylated in all NK cell subsets.  
CONCLUSIONS. Here we show for the first time that, during their differentiation, 
NK cells undergo remodeling of the IFNG promoter and progressively acquire 
higher competence for IFN-g, which might explain the ability of more 
differentiated NK cells to produce IFN-g in response to stimulation via ActRec.  
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COMPARISON OF HUMAN EX VIVO AND IN VIVO NK CELL DEVELOPMENT  
Jan Spanholtza**, Dorit Reicheb, Marleen Tordoira, Frank W.M.B. Preijersa, Erhard 
Hoferb and Harry Dolstraa 
a Department of Laboratory Medicine-Laboratory of Hematology, Radboud 
University Nijmegen Medical Centre, The Netherlands and b Department of 
Vascular Biology, Medical University of Vienna, Austria 
 
INTRODUCTION NK cells arise from lymphoid or myeloid hematopoietic stem 
and progenitor cells within the bone marrow (BM) and further differentiate and 
maturate in secondary lymphoid organs or peripheral tissues. We recently 
described seven distinctive NK cell developmental stages in various human 
tissues1. NK cell development is accompanied by early expression of CD244 in 
vivo and distinctive expression profiles of CD33 and NKG2A between the tissues. 
However, a better understanding of human NK cell development in vivo as well 
as ex vivo is crucial to exploit powerful NK cell products for immunotherapy. 
METHODS A stroma cell-free culture system2 developed by Glycostem 
Therapeutics was used for ex vivo NK cell generation in order to study how NK 
cells arise from CD34+ cells and whether there is a relationship to in vivo NK cell 
development. We analyzed NK cell development by gene expression profiling, 
real-time RT-PCR, 10 color flow cytometry and functional assays. 
RESULTS We defined classical NK cell developmental stages during ex vivo 
differentiation based on the expression of the backbone markers CD34, CD117, 
CD56 and CD94. Looking closer to these stages we identified novel subsets by 
using additional markers CD133, CD244, CD33 and CD159a. We identified 
specific subpopulations, which highly correlate with their natural human 
counterparts in vivo. Furthermore, the data show sequential expression of CD56 
and the CD94 and NKG2 receptor chains resulting finally in the expression of a 
range of genes with partial characteristics of peripheral blood CD56bright and 
CD56dim NK cells. Especially the analysis of cytolytic genes revealed a pattern 
close to cytotoxic CD56dim NK cells. In line with this finding, ex vivo generated NK 
cells displayed potent cytotoxicity similar or even higher to IL-2 activated NK cells 
from peripheral blood. 
CONCLUSIONS We showed, that the Glycostem Therapeutics ex vivo 
differentiation system faithfully reproduces major steps of the differentiation of NK 
cells from their progenitors, constituting an excellent model to study NK cell 
differentiation. 
1 Eissens et al. Defining early human NK cell developmental stages in primary 
and secondary lymphoid tissues (PlosOne 2012, manuscript accepted) 
2 Spanholtz et al. (2010) High Log-Scale Expansion of Functional Human Natural 
Killer Cells from Umbilical Cord Blood CD34-Positive Cells for Adoptive Cancer 
Immunotherapy. PLoS ONE 5(2): e9221. doi:10.1371/journal.pone.000922 
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IDENTIFICATION AND CHARACTERISATION OF THE EARLIEST NK 
CELL PRECURSOR IN THE MOUSE BONE MARROW. 
Sebastian Carotta*1, Nick Huntington1, Pradnya Gankatirkar1, Swee HM 
Pang1, Gabrielle T Belz1, Martina Minnich2, Meinrad Busslinger2. 1 WEHI, 
Melbourne, Australia, 2 IMP, Vienna, Austria 
 
INTRODUCTION. Natural killer (NK) cells are generated in the bone marrow 
from lymphoid progenitors. While several different maturation states of 
committed NK cells have been described, the initial stages of NK cell 
differentiation from the common lymphoid progenitor are not well understood. 
Here we describe the identification of the earliest committed NK cell 
precursors in the bone marrow. 
METHODS: The transcription factor inhibitor of DNA binding 2 (ID2) is 
essential for NK cell development. We used a novel report mouse line in 
which GFP has been introduced into the ID2 locus and analysed the onset of 
ID2 expression within the lineage negative multipotent progenitor populations. 
The earliest ID2 expressing populations were then isolated and analysed in 
vitro for their lineage potential. Gene expression profiles of these populations 
were generated RNA sequencing.  
RESULTS. While no expression was observed in the hematopoietic stem cell 
enriched LSK (lin-Sca-1+CD117+) population, ID2gfp fluorescence was found 
within the gate containing the lymphoid-restricted CLP population, defined as 
lin-Sca-1+CD117intCD127+. ID2gfp+ cells, however, differed from the CLP in 
that they expressed very high levels of CD127 and lacked expression of 
CD135. When cultured on OP9 cells plus IL-7 and IL-15, ID2gfp-expressing 
population only gave rise to NK1.1+ NK cells while sorted ID2 negative 
multipotent progenitors and CLP gave rise to B and NK cells. Given the 
immature surface marker phenotype and NK cell potential we conclude that 
these cells represent the earliest commitment NK cell precursors and termed 
them “pre-pro NK cells” by analogy to the hierarchical B cell developmental 
system. Furthermore, sorting for ID2 expression within the previously 
published NK precursor (NKP) resulted in the enrichment of NK cell potential 
from the heterogeneous NKP population. To determine the earliest 
transcriptional changes during NK cell commitment we sequenced the 
transcriptome of ALP, prepro-NK, ID2+ NKP, iNK and mature NK cell 
populations. 
CONCLUSIONS. Using the ID2gfp reporter mouse model we have 
prospectively identified and characterized the pre-pro NK cell that likely 
represents the direct precursor of the earlier described NKP, whose purity can 
also be greatly enhanced by use of the ID2gfp reporter. By RNA sequencing 
of these populations we also identified the earliest steps in NK cell formation. 
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LY49 NK CELL RECONSTITUTION IN DIFFERENT MOUSE STRAINS IS 
DEPENDENT NOT ON THE MHC BUT ON BACKGROUND GENES.   
Isabel Barao*1, Doug Redelman2, and William Murphy3. 1,2University of Nevada, Reno, 
3University of California Davis 
INTRODUCTION.  Natural killer (NK) cells are considered as a first line of defense 
against cancer and viral infection. NK cell subsets can be defined by the differential 
expression of inhibitory receptors for major histocompatibility complex (MHC) class I 
molecules. Expression of inhibitory receptors that bind self-MHC class I molecules (e.g. 
Ly49 receptors in mice) paradoxically educate NK cells to be more responsive than NK 
cells that do not bind self-MHC class I. Despite multiple studies based on NK cell 
development, the regulation of the maturation and differentiation of NK cells is still 
poorly understood. Our previous data indicate that during reconstitution after 
congeneic/syngeneic hematopoietic stem cell transplantation (HSCT), cytotoxic Ly49G2+ 
NK cells represent the "first-responder" NK cells, in B6, B10 and B10.D2 recipients, 
which occur independently of NK-cell licensing via Ly49-MHC interactions. To 
determine the influence of background genes of the recipient in the emergence of Ly49 
receptors, we assessed NK cell recovery after HSCT in black and white mice that differed 
within the MHC. 
METHODS.  Lethally irradiated C57BL/6 (B6, H-2b), C57BL/10 (B10, H-2b), B10.D2 
(H-2d), BALB/c (H-2d), BALB/b (H-2b) and F1 (B6xBALB/c; H-2bxd) mice were 
transplanted with 5x106 congeneic or syngeneic T cell and NK cell-depleted BMCs. At 
day 14 post-BMT, recipient mice were sacrificed, and splenocyte single-cell suspensions 
were stained for NK cell receptors. We used the mAbs 5E6 and Cwy3 (B6), AT8 
(BALB/C), 4D11 (B6 and BALB/C), 4E5 for Ly49D, YE1/48.10.6 for Ly49A, and 30-
H12 for Thy1.2, and the LSRII flow cytometer. Data analysis was analyzed with FlowJo 
software. The two-tailed Student’s t-test and One-way ANOVA were used for statistical 
analysis. P values were considered statistical significant when p<0.05. 
RESULTS.  We found that Ly49G2+ NK cells did emerge as the distinct and predominant 
NK cell subset after syngeneic BMT in F1 as seen in B6, B10, and B10.D2, but not in 
BALB/c, BALB/b recipients. Interestingly, only the NK cells expressing the B6 Ly49G2 
isoform (4D11-positive cells) expanded and exhibited increased receptor MFI in the F1 
recipients, which shows co-dominance. Moreover, in all the strains of mice tested, the 
percentages of Ly49C/I + and Ly49A+ NK cells were low and comparable. No increase in 
the MFIs for Ly49C/I and Ly49A was observed in BALB/c, BALB/b, and F1 recipients. 
CONCLUSIONS.  These data suggest that Ly49 NK cell reconstitution in different mouse 
strains is dependent not on the MHC but on background genes. 
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IDENTIFICATION AND CHARACTERISATION OF THE EARLIEST NK CELL 
PROGENITORS IN HUMAN FETAL BONE MARROW 
 
Huntington ND1**, Alves NL2, Legrand N3, Weijer K3, Jacques Y4, Spits H3, Nutt 
SL1, Carotta S1 and Di Santo JP5.1 The Walter & Eliza Hall Institute, Australia, 2 

Instituto de Biologia Molecular e Celular, Porto, Portugal, 3 Academic Medical 
Center, The Netherlands, 4 Institut de Biologie, France, 5 Institut Pasteur, France.  
 
INTRODUCTION. Bone marrow is the site of NK cell generation during adult life. 
While mature NK cells have been the focus of much research, the identity of 
human hematopoietic progenitors restricted to the NK cell lineage is undefined. 
Here we describe the early stages of commitment to the NK cell lineage in 
human bone marrow. 
METHODS. CD7 is expressed by T and NK cells throughout development and 
has been used to enrich for common lymphoid progenitors (CLP) in various 
human hematopoietic material. Guided by CD7 expression, we analyzed several 
subsets of CD7+ hematopoietic progenitors in bone marrow obtained from 
human fetuses aged between 13 – 20 weeks gestation. These cells were 
thoroughly investigated for surface antigen expression, responsiveness to growth 
factors, in vitro and in vivo lineage potential and total genome expression 
profiles. 
RESULTS. We have identified 2 subsets of CD7+CD244.2+CD38+CD45RA+Lin-
(CD56-) hematopoietic progenitors in bone marrow with either high or exclusive 
restriction to the NK cell lineage in vitro and after transfer into Balb/C Rag2-/-gC-
/- mice. These cells differ in expression of receptors for interleukin-7, stem cell 
factor and Flt-3 to putative CLP’s and respond to interleukin-15 in vitro and in 
vivo. Early committed NK cells lacking expression of the classic human NK cell 
marker CD56, but expressing IL-2Rb, NKG2D, CD161 and NKp46 are rapidly 
induced following stimulation with IL-15 and are augmented in vivo following IL-
15R agonist treatment of human immune system mice.  
CONCLUSIONS 
CD7 and CD244.2+ identify the first stages of human NK cell generation in the 
primary hematopoietic tissue in humans. 
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QUALITATIVE CHANGES IN NK CELL FUNCTIONALITY DURING NK CELL 
DIFFERENTIATION.  Monika Enqvist**1, Mattias Carlsten1, Sandra Andersson1, 
Jakob Theorell1, Susanne Lutje1, Eva Hellström-Lindberg2, Hans-Gustaf 
Ljunggren1, Yenan Bryceson1, Karl-Johan Malmberg1,3. 1Center for Infectious 
Medicine, Karolinska Institutet, Sweden, 2Center for Hematology and 
Regenerative Medicine, Karolinska Institutet, Sweden and 3Institute for Cancer 
Research, Oslo University Hospital Radiumhospitalet, Norway. 
 
 
INTRODUCTION. CD56dim NK cells were recently shown to undergo a 
differentiation process characterized by coordinated changes in expression of 
CD94/NKG2A, CD62L, killer cell immunoglobulin-like receptors (KIRs) and 
CD57. NK cell differentiation is associated with gradually decreasing proliferative 
responses to cytokines and a shift in functionality. Here we aimed to further 
investigate qualitative aspects of NK cell function during NK cell differentiation. 
 
RESULTS. We report that differentiation of CD56dim NK cells, as defined by 
acquisition of KIRs and expression of CD57, is associated with a significant 
increase in the expression of the activating receptor DNAM-1, which is involved 
in immune surveillance and in the recognition of multiple tumor types. Specific 
co-engagement of DNAM-1 and 2B4 receptors led to a shift of the adhesion 
molecule LFA-1 to an open conformation and up-regulation of CD107a 
expression that were more pronounced on CD57-positive compared to CD57-
negative NK cells. These qualitative changes in NK cell degranulation and in 
expression of adhesion molecules were accompanied with a better ability of 
differentiated NK cells to kill freshly isolated, PVR-expressing CD34+ blasts from 
patients with Myelodysplastic syndrome (MDS). 
 
CONCLUSIONS. We show that NK cell differentiation is associated with 
qualitative changes in functionality, promoting signals for adhesion and 
degranulation following specific co-engagement of DNAM-1 and 2B4.  
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CONDITIONAL TARGETING OF IKBKG (NEMO) IN NKp46+ CELLS. Leila Ben 
Merzoug1**, Naoko Satoh-Takayama1, Nicolas Serafini1, Sarah Lesjean-Pottier1, 
Angèle Schiavo1, Solenne Marie1, Hervé Luche2, Hans-Jörg Fehling2, Manolis 
Pasparakis3, James P. Di Santo1 and Christian A. J. Vosshenrich1 

1Innate Immunity Unit, INSERM U668, Institut Pasteur, Paris, France; 2Institute of 
Immunology, University Clinics Ulm, Ulm, Germany; 3Institute of Genetics, 
Cologne, Germany 
INTRODUCTION. The human disease hypohidrotic ectodermal dysplasia with 
immune deficiency (HED-ID) is caused by hypomorphic mutations in the gene 
encoding the inhibitor of kappaB kinase gamma (IKBKG also known as NFκB 
essential modifier or NEMO). HED-ID patients harbor NK cells with reduced 
cytotoxic potential suggesting a role for the NFκB pathway in the functional 
maturation of NK cells. Consistent with the broad role for IKBKG/NEMO-
dependent activation of the canonical NFκB pathway, loss of Ikbkg/Nemo results 
in death in utero due to multiple developmental defects. Here we analyze the role 
of NFκB pathway in NK cell biology through conditional ablation of Ikbkg/Nemo in 
NKp46+ cells. 
METHODS. A new transgenic mouse model - Ncr1-creGFP Tg mice - was 
developed that allows for a conditional gene targeting in NKp46+ cells. We 
documented that the Cre recombinase-GFP fusion protein was specifically 
expressed in NK cells. To validate Cre recombinase function, we crossed Ncr1-
creGFP mice with ROSA26-tdRFP reporter mice. We showed specific co-
expression of GFP/RFP in NK cells, but not in B cells, T cells, DC or 
macrophages. Ncr1-creGFP Tg mice were subsequently bred with Ikbkgflox/flox 

mice to generate NEMO-deficient NK cells. 
RESULTS. In naïve mice, we observe a reduction of the total number of mature 
NK cells in the spleen and the bone marrow of Ikbkgflox/flox Ncr1-creGFP Tg mice, 
while differentiation of NEMO-deficient splenic NK cells (according to CD11b and 
CD27 expression) is unaffected. Cytokine production was assessed following 
stimulation with a combination of IL12 and IL18. We observed that NEMO 
deficient NK cells present a defect in IFNgamma production that can be 
corrected by culturing NEMO-deficient in the presence of IL2. In contrast, 
expression of cytotoxic effector molecules (granzyme B) was not affected by loss 
of NEMO. The functional impact of NK-specific NEMO ablation on MCMV 
responses is currently being assessed and will be presented. 
CONCLUSIONS. Ncr1-creGFP Tg mice provide an appropriate tool to study the 
cell-intrinsic roles for floxed genes in NK cell biology. The use of a Cre 
recombinase-GFP fusion protein allows specific tracking of Cre-expressing 
NKp46+ cells. NEMO-deficient mouse NK cells show a cytokine production 
defect yet normal cytotoxicity suggesting a species-specific difference of NEMO 
in controlling NK cell effector function. (This work was funded by the Institut 
Pasteur, INSERM, La Ligue Contre Le Cancer, and MUGEN). 
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Conditional targeting of PRDM1 in NKp46+ cells. Leila Ben-Merzoug1, Vera 
G. Ribeiro1, Naoko Satoh-Takayama1, Nicolas Serafini1, Sarah Lesjean-Pottier1, 
Solenne Marie1, Angèle Schiavo1, Hervé Luche2, Hans-Jörg Fehling2, James P. 
Di Santo1, Christian A. J. Vosshenrich1* 
1Innate Immunity Unit, INSERM U668, Institut Pasteur, Paris, France; 2Institute of 
Immunology, University Clinics Ulm, Ulm, Germany 
 INTRODUCTION.  The development and differentiation of lymphocytes is 
regulated by the activity of transcription factors. The transcription factor PR 
domain zinc finger protein 1 (Prdm1 or Blimp1) has been shown to be important 
for the terminal differentiation of adaptive lymphocytes. We aimed to study 
whether Prdm1 is involved in the development and/or differentiation of murine NK 
cells. As Prdm1-deficieny is embryonic lethal we used a conditional gene 
targeting strategy to study Prdm1 function in NK cells in an otherwise intact 
hematopoietic system. 
METHODS. We generated transgenic mice in which the proximal promoter 
region of the murine Ncr-1 gene drives the expression of a GFP-cre gene fusion 
construct. GFP expression in Ncr1-creGFP Tg mice was restricted to NKp46+ 
cells, and following breeding with ROSA-tdRFP reporter mice we found that RFP 
expression was limited to GFP+ NK cells. We generated Ncr1-creGFP Tg/ 
Prdm1flox/flox mice to study Prdm1-deficient NK cells. 
RESULTS.  Our analyses showed that Prdm1 is dispensable for the generation 
of normal numbers of NK cells. Analyses of the stages of NK cell differentiation 
using the markers CD27 and CD11b revealed a block in NK cell differentiation as 
Prdm1-negative NK cells contained less CD27-CD11b+ cells accompanied by a 
predominance of CD27+CD11b+ cells. Preliminary functional studies suggest 
that Prdm1 dispensable for the elaboration of IFNgamma, granzyme B, and the 
process of degranulation upon cytokine stimulation in vitro. The characterization 
of consequences of Prdm1-deficiency in NK responses in vivo is being assessed. 
CONCLUSIONS. Ncr1-creGFP Tg mice allow for the cell-type specific deletion of 
target genes in NKp46+ cells.  Moreover, our analyses of Ncr1-creGFP 
Tg/ROSA26-tdRFP mice revealed the usefulness of a Cre-GFP fusion protein. 
Our data suggest that GFP expression might be used as a surrogate marker to 
identify NK cells carrying recombined alleles of a given floxed target gene. Our 
studies of Prdm1-deficient NK cells revealed that this transcription factor is 
involved in the regulation of the terminal differentiation of these innate cells. As 
such it appears that Prdm1 fulfills a similar function in adaptive and innate 
lymphocytes. Moreover, Prdm1-deficiency does not seem to have consequences 
for NK cell functions in vitro. (This work was funded by the Institut Pasteur, 
INSERM, La Ligue Contre Le Cancer, and MUGEN). 

danielvalle
Text Box
Abstract # 109



Neutrophils are required for natural killer cell maturation, function and homeostasis 

Baptiste N. Jaeger1,2,3,**, Jean Donadieu5,9, Céline Cognet4,9, Claire Bernat1,2,3,9, Diana Ordoñez-
Rueda1,2,3,9, Vincent Barlogis7, Nizar Malhaoui8, Aurore Fenis1,2,3, Emilie Narni-Mancinelli1,2,3, 
Blandine Beaupain5, Christine Bellanné-Chantelot6, Marc Bajénoff1,2,3, Bernard Malissen1,2,3, 
Marie Malissen1,2,3, Eric Vivier1,2,3,4,10 and Sophie Ugolini1,2,3,10  

1Centre d’Immunologie de Marseille-Luminy, Aix-Marseille University UM 631, Campus de 
Luminy case 906, 13288 Marseille, France ; 2INSERM U631, Marseille, France ; 3CNRS 
UMR6102, Marseille, France ; 4 Assistance Publique – Hôpitaux de Marseille, Service 
d’Immunologie, Hôpital de la Conception, Marseille, France ; 5Assistance Publique – 
Hôpitaux de Paris, Service d'Hémato Oncologie Pédiatrique, Régistre des Neutropénies 
Congénitales, Hopital Trousseau, Paris, France ; 6Assistance Publique – Hôpitaux de Paris, 
Département de Génétique, Groupe Hospitalier Pitié-Salpêtrière, Université Pierre et Marie 
Curie, Paris, France ; 7Assistance Publique – Hôpitaux de Marseille, Service d’Hématologie 
Pédiatrique, Hôpital Timone Enfants, Marseille, France ; 8Assistance Publique – Hôpitaux de 
Paris, Unité d'Immuno-Hématologie et Rhumatologie Pédiatriques, Hôpital Necker-Enfants 
Malades, Paris, France ; 9 Contributed equally to this work; 10 Corresponding authors 

INTRODUCTION. Natural Killer cells were originally identified on the basis of their ability 
to kill tumor cells without prior sensitization, but recently multiple mechanisms were found to 
be required for the acquisition of their full effector function. 
 
METHODS.	   Results were obtained using a new N-ethyl-N-nitrosourea (ENU)-generated 
mouse mutant and further confirmed on human patients.  
 
RESULTS.	   We identified a new mouse mutant called Genista, with impaired NK cell 
reactivity in vitro and in vivo. Dissection of this phenotype showed that mature neutrophils 
were required both in the bone marrow and at the periphery for proper NK cell development. 
In mice lacking neutrophils, NK cells displayed hyperproliferation and poor survival and were 
blocked at an immature stage (CD27+CD11b+CD43-) associated with hyporesponsiveness. 
The role of neutrophils as key regulators of NK cell functions was confirmed in patients with 
severe congenital neutropenia and auto-immune neutropenia.  

CONCLUSIONS. In addition to their direct antimicrobial activity, mature neutrophils are thus 
endowed with immunoregulatory functions that are conserved across species. These findings 
reveal novel types of cooperation between cells of the innate immune system and prompt to 
dissect the impact of NK cell functional deficiency in patients suffering from neutropenia-
associated diseases. (This work was supported by European Research Council advanced grant 
(E. V., S. U.); MUGEN Network of Excellence and MASTERSWITCH Integrating Project 
from European Communities (B. M., M. M.); Fondation pour la Recherche Médicale and 
ARC (D.O-R.); Agence Nationale de la Recherche (S. U.); Ligue Nationale contre le Cancer 
(E. V.); Axa Research Fund (B. N. J.); institutional grants from INSERM, CNRS and Aix-
Marseille University.) 
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CX3CR1 DEFICIENCY PROMOTES TISSUE ACCUMULATION OF A KLRG1+ 
NK CELL SUBSET. Giovanni Bernardini*, Andrea Ponzetta, Giuseppe Sciumè, Giorgia 
Benigni, Fabrizio Antonangeli and Angela Santoni. Department of Molecular  Medicine, 
Sapienza University of Rome, Italy. 
INTRODUCTION: We previously showed that membrane expression of the chemokine 
receptor CXCR4 is down-modulated during NK cell maturation and that this receptor 
provides a key retention signal for NK cells in the bone marrow (BM). In addition, we 
have recently shown that expression of CX3CR1 defines a CD11bhighKLRG1+ population 
of NK cells with reduced effector capacity. We herein focused on the role of 
CX3CR1/CX3CL1 pair in the regulation of NK cell development and tissue distribution 
during steady state and inflammatory conditions. 
METHODS: We used a modified mouse model, in which CX3CR1 gene was replaced by 
a green fluorescent protein (GFP) cDNA, maintaining CX3CR1 promoter. NK cell 
subsets at different maturation stages were identified in several organs by flow cytometry 
discriminating within CD11blow/high populations, KLRG1pos and KLRG1neg NK cells. To 
perform mixed bone marrow chimera experiments, irradiated Ly5.1+ host mice were 
reconstituted with equal amounts of CX3CR1+/GFP  (Ly5.1+/Ly5.2+) and CX3CR1GFP/GFP 
(Ly5.2+/Ly5.2+) BM cells. In vivo homing experiment were performed by transferring 
equal amount of NK cells from CX3CR1+/GFP  and CX3CR1GFP/GFP mice into wild-type 
mice and analyzing the kinetics of NK cell recruitment into tissues. 
RESULTS: Our initial observation revealed that that CD11bhighKLRG1+ NK cell 
frequency is substantially increased in the BM of CX3CR1-deficient mice. A selective 
role of CX3CR1 in the regulation of differentiation and/or accumulation of this 
population into tissues is supported by the increased tissue frequency of KLRG1+/GFP+ 
NK cells in  CX3CR1GFP/GFP as compared to CX3CR1+/GFP mice. Mixed bone marrow 
chimera experiments showed that NK cells derived from CX3CR1GFP/GFP donor mice 
displayed a higher frequency of CD11bhigh/KLRG1+ cells indicating that  KLRG1+ NK 
cell population is affected by CX3CR1 deficiency in a cell autonomous fashion. 
Competitive homing experiments evidenced that transferred GFP+ NK cells from 
CX3CR1GFP/GFP mice accumulate in the BM more than their CX3CR1+/GFP counterpart. 
Finally, we analyzed the NK cell tissue redistribution following administration of the pro-
inflammatory TLR3 ligand, Poly(I:C). In control mice, NK cells were rapidly mobilized 
from BM, spleen and blood to enter into inflamed tissues, including liver. Interestingly, 
BM NK cell decrease was accelerated in CX3CR1GFP/GFP mice and this was associated 
with a reduced mobilization of NK cells from spleen.  
CONCLUSION: Our data indicate that CX3CR1 regulates accumulation of a KLRG1+ 
NK cell subset in BM during steady state. Competitive homing experiments indicate that 
CX3CR1 deficient NK cells have an higher propensity to remain into BM suggesting a 
role for this receptor in the regulation of the exit of NK cells from BM or in their 
survival. In addition, the strong alteration of CX3CR1 deficient NK cell redistribution we 
observed following Poly(I:C) administration suggests that the receptor regulate the 
availability of NK cells stored in BM and spleen during hepatic inflammation. 
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MicroRNA in Human Natural Killer Cells: Differential Expression, Changes 
during Maturation, and Role in Activation. Ahmad Al-Attar1, Frank Cichocki3, 
Martin Felices3, Valarie McCullar3, Steven R Presnell1, Jeffrey S. Miller3 and 
Charles T. Lutz1,2. 1Departments of Pathology and Laboratory Medicine and 
2Microbiology, Immunology, and Molecular Genetics University of Kentucky, 
3Division of Hematology, Oncology, and Transplantation, University of Minnesota 
 
INTRODUCTION. Natural killer (NK) lymphocytes respond rapidly to viruses, 
intracellular bacteria, and cancer. NK cells and T cells share many properties, yet 
unlike T cells, NK cells kill targets without pre-activation. MicroRNAs (miRNAs) 
are small non-coding RNAs that regulate gene expression by decreasing mRNA 
stability and translation. We explore the role of miRNA in human NK cell 
maturation and function. 
 
METHODS. RNA extracted from NK- and T-enriched PBMC populations (from 
healthy subjects) using standard TRIzol® reagent was analyzed by miRCURY™ 
locked-nucleic acid array (Exiqon, Denmark). Five miRNAs were studied further 
using standard TaqMan-based RT-qPCR in relation to NK maturation and 
response. NK-92 cells were transduced with two miRNA antisense knockdowns 
(miR-181a and miR-181b) using lentiviral vectors, and then tested for response 
to NK stimulation.  
 
RESULTS. Less than 4% of the miRNAs significantly differed between NK and T 
cells, reflecting similarities in their development and function. Investigating 5 
miRNAs that were selectively expressed in NK cells, we found that miR-223 and 
miR-363 levels were higher in CD56bright NK cells than in more mature CD56dim 
NK cells. In contrast, expression of miR-181a and miR-181b, known to play a 
role in committing primitive hematopoietic cells into lineage differentiation, rose 
as NK cells transitioned through late stages of development. A similar trend was 
seen with miR-22. Knockdown of either miR-181a or miR-181b suppressed NK-
92 cell IFN-gamma and CD107a production in response to K562 stimulation. 
They also led to diminished IFN-gamma production in response to IL-12 and IL-
18 stimulation. Primary NK cells stimulated with cytokines responded with 
changes in their miRNA levels; however, these responses were only two-fold, at 
best – the significance of which warrants further investigation. 
 
CONCLUSIONS. Human NK cells selectively express miRNAs that change with 
maturation and stimulation. miR-181a and miR-181b appear to help set a low 
activation threshold in mature CD56dim NK cells. 
 
(We acknowledge help from Jeffrey Ebersole, Yelena Alimova, Peter Nelson, Luke 
Bradley, Wangxia Wang, Francesc Marti, and Dennis Williams.)  
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DIFFERENTIATION AND FUNCTION OF HUMAN FETAL NK CELLS   
Martin A. Ivarsson*1, Liyen Loh2, Niklas K. Björkström1, Douglas F. Nixon2, and 
Jakob Michaëlsson1.   
1Center for Infectious Medicine, Karolinska Institutet, Stockholm, Sweden 

2Division of Experimental Medicine, University of California San Francisco 
INTRODUCTION.  Little is known about the fetal immune system, but it has 
nevertheless been widely viewed as immature or unresponsive. Here we have 
investigated the development and function of human fetal NK cells.   
METHODS.  Fetal tissues from electively aborted fetuses were processed into 
single-cell suspensions by mechanical and enzymatic treatment. Using original 
multi parameter flow cytometry panels in combination with established functional 
assays, fetal NK cell phenotype and function was examined. 
RESULTS.  We demonstrate that differentiated NK cells, as characterized by 
expression of CD16, decreased expression of CD94/NKG2A and acquisition of 
killer cell Ig-like receptors (KIR), are present in fetal lung, spleen, liver, lymph 
nodes, bone marrow and skin. Interestingly, the pattern of differentiation differed 
substantially between different organs, but remained stable throughout 
gestational weeks 16 - 22. KIRs were most abundantly expressed by fetal lung 
CD16+ NK cells, where acquisition of multiple KIRs was more frequent than in 
adult CD16+ blood NK cells. Despite differentiation, fetal NK cells expressed 
lower levels of perforin and granzyme B, and also responded less well to target 
cell stimulation compared to adult CD56dim NK cells. In contrast, fetal NK cells 
were highly responsive to cytokine stimulation, producing large amounts of IFN-γ. 
CONCLUSIONS.  Taken together, our results indicate that fetal NK cell 
differentiation is active already during the 2nd trimester, generating KIR-
expressing CD16+ NK cells with a different functional profile as compared to their 
adult counterparts. 
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The “missing ligand” effect:  unlicensed natural killer cells can dominate 
tumor killing in the presence of monoclonal antibody.  Nidale Tarek1,2, Jean-
Benoit Le Luduec**1, Meighan M. Gallagher1, Nai-Kong V. Cheung1 and 
Katharine C. Hsu1. 1Memorial Sloan-Kettering Cancer Center, New York, 
2University of Texas, Houston. 
 
INTRODUCTION. Monoclonal antibody (MoAb) therapy targeting the 
disialoganglioside surface antigen GD2 has significantly improved the survival of 
high-risk neuroblastoma (NB) patients. The anti-GD2 MoAb 3F8 mediates NB 
killing by recruiting NK cells for antibody-dependent cell-mediated cytotoxicity 
(ADCC). In patients with high risk NB, treatment with anti-GD2 MoAb was 
associated with improved survival. We have previously shown that genotypes of 
inhibitory KIR and their respective HLA ligands, predictive of “missing ligand”, 
were strongly associated with improved survival outcome in patients treated with 
MoAb 3F8 therapy, suggesting a positive role of the “unlicensed NK cell”. 
Treatment of NB in vivo with immunotherapy or chemotherapy leads to 
upregulation of HLA class I, which may inhibit licensed NK cells, thereby favoring 
the unlicensed NK cell activity. We investigated the role of the unlicensed and 
licensed NK cells in ADCC against NB tumor targets with variable expression of 
HLA class I ligands.  
METHODS. To dissect the relative contributions of unlicensed and licensed NK 
cells, we used multiparameter flow cytometric analysis (FACS) of CD107a 
mobilization and IFN-γ production. We quantitated single KIR-positive NK cell 
subpopulations against the NB target cell, in presence or absence of 3F8 MoAb. 
A panel of NB cell lines were used included LAN1, IMR32, NB1691, BE(1)N and 
BE(2)N. 
RESULTS. The NB targets studied lacked HLA class I at rest, but could not be 
killed by NK cells alone. Addition of 3F8 MoAb was associated with a consistent 
increase in CD107a mobilization and IFN-γ production among both unlicensed 
NK cells expressing inhibitory KIR for non-self HLA, and among licensed NK cells 
expressing inhibitory KIR for self HLA, indicating that both unlicensed and 
licensed NK cells contributed to tumor killing. Licensed NK were moderately 
more effective than unlicensed at ADCC, and KIR negative NK cells were 
unresponsive. The expression of CD94/NKG2A did not affect the response of 
single KIR-positive NK cell subpopulations. However, when HLA class I antigen 
expression was induced on the target cell, cytotoxicity against NB by licensed NK 
cells was significantly reduced, while unlicensed NK cell cytotoxic activity 
remained high and unchanged.   
CONCLUSIONS. Both unlicensed and licensed NK cells can be recruited by 
MoAb for ADCC. HLA class I expression on tumor cells selectively abrogates 
licensed NK cell activity, highlighting the key anti-tumor role of unlicensed NK 
cells in patients undergoing MoAb therapy. These results not only demonstrate 
the potential dominance of the unlicensed NK cell population in ADCC and tumor 
eradication, but also provide an explanation for the “missing ligand” benefit noted 
among patients with NB treated with 3F8 MoAb. As a result of these findings, NB 
patients at MSKCC now undergo KIR and HLA genotyping for prognostic 
purposes. This data may be applicable to other patient populations receiving 
monoclonal antibody therapies that recruit NK for ADCC, making KIR/HLA 
genotyping a powerful prognostic marker for tumor response to therapy. 
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DISSOCIATION BETWEEN INHIBITORY RECEPTOR SKEWING AND 
FUNCTIONAL ENHANCEMENT DURING NK CELL EDUCATION 
Petter Brodin1, Tadepally Lakshmikanth1, Elin Forslund1,2, Nadir Kadri1, Michal 
Simon3, Sridharan Ganeshan1, Klas Kärre1, Kalle Malmberg1, Ramit Mehr3, Björn 
Önfelt1,2 and Petter Höglund1*. 
1Karolinska Institutet, Stockholm, SWEDEN, 2Royal Institutet of Technology, 
Stockholm, Sweden, 3Bar Ilan Universtiy, Israel. 
INTRODUCTION 
MHC class I molecules convey functional capacity to NK cells in an education process. 
They also affect the distribution of NK cell subsets expressing different combinations of 
inhibitory receptors, i.e. the NK cell repertoire. Whether repertoire changes and 
functional education are linked processes, or occur independently from each other, is 
unknown. The mechanisms that translate the inhibitory input into repertoire changes 
and functional responsiveness are also not known. 
METHODS 
Multicolor flow cytometry, MHC class I transgenic mice, cell culture 
RESULTS 
Multicolor flow cytometry on NK cells from single MHC class I transgenic mice 
revealed that individual MHC class I alleles convey specific changes of the inhibitory 
receptor repertoire, including processes resembling both positive and negative selection. 
Positively selected subsets tended to express few self-specific inhibitory receptors, 
while NK cells expressing many inhibitory receptors, or only one activating receptor for 
self MHC, were negatively selected. These selection processes were quantitatively 
controlled by the expression level of the educating MHC class I allele and correlated 
with susceptibility to IL-15 and sensitivity to apoptosis in relevant NK cell subsets. 
Interestingly, MHC class I interactions enhanced function in most subsets, also 
negatively selected ones, which lead us to conclude that subset skewing and functional 
education are unlinked processes. Nevertheless, when positive selection and functional 
enhancement occur simultaneously, they synergize and contribute significantly to 
polyclonal NK cell responses in vivo. The cellular basis for NK cell education is further 
tested using real time live cell confocal imaging, and the underlying mechanisms for 
repertoire formation are appraoced using statistical methods in combination with 
computational modeling. 
CONCLUSIONS 
In addition to conveying functional competence to most NK cells, MHC class I 
interactions affects Ly49 receptor distribution. Some of the repertoire changes were 
caused by enhanced sensitivity to IL-15 and resistance to apoptosis, suggesting a link 
between inhibitory receptor signaling and signaling via the IL-15 receptor. Controlling 
the size of NK cell subsets that suit the self MHC setup may represent one mechanism 
by which MHC class I molecules generate a population of tolerant NK cells, optimally 
suited for efficient missing self-recognition. 
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The NK cell inhibitory receptor repertoire is shaped by MHC-dependent and 
independent effects.  Michal S. Sternberg*1, Petter Brodin2, Kalle Malmberg2, 
Marcus Uhrberg3, Ramit Mehr1 and Petter Höglund2. 
1Bar Ilan University, Israel, 2Karolinska Institutet, Sweden, 3University of 
Düsseldorf Medical School, Germany. 
 
INTRODUCTION.    NK cell specificity for target cells is determined by a range of 
stimulatory and inhibitory cell surface receptors. Inhibitory receptors for MHC 
class I are expressed in a variegated fashion and are responsible for self-nonself 
discrimination in NK cells. Host MHC class I molecules have been reported to 
affect the expression pattern of inhibitory receptors, both in mice and humans. 
Here, we have used a combination of multicolor flow cytometry and statistical 
methods to quantify the effects of MHC-dependent and independent processes 
that shape the NK repertoire. 
METHODS.  Statistical tools were used to investigate the inhibitory receptor 
expression in MHC-sufficient mice and humans and from MHC-deficient mice. 
RESULTS. The inhibitory receptor repertoires of MHC-deficient mice were 
analyzed first. Using a Jensen-Shannon distance-based algorithm, we found that 
the repertoires of individual mice (n=43) within the same MHC-deficient 
background were surprisingly variable when compared to each other. As a group, 
however, they differed significantly from the repertoire predicted by the ‘product 
rule’, describing the association of random and independent events. In two 
different MHC-sufficient mouse strains, there were additional and specific 
deviations from the repertoire with clear allele-specific influences, including signs 
of positive enrichment of NK cell subsets expressing a single self-specific 
receptor. The KIR repertoires of 62 haplotype A humans from two independent 
cohorts exhibited large inter-individual deviations from each other, but as a group 
also deviated significantly from the product rule. These deviations differed from 
those in the mouse in several respects. Because of the large variation between 
individuals, no certain conclusions regarding potential HLA-effects were seen, 
even when individual were grouped as either C1/C1 or C2/C2. 
CONCLUSIONS. The inhibitory receptor repertoire in MHC-deficient mice deviate 
significantly from the product rule. These deviations appeared to be random and 
could be due to epigenetic modifications in the receptor genes or variations of 
promoter activities. MHC-sufficient mice displayed additional MHC class I allele-
specific repertoire changes, on top of those dictated by MHC-independent 
effects. Human KIR repertoires as a group also deviated from the product rule 
but in a different way compared to mice. The inability to determine the effects of 
MHC in humans may reflect a difference between humans and mice, but may 
also be due to the much larger variability between individuals in combination with 
differences in analysis protocols between studies. 
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NK CELL EDUCATION/LICENSING IMPARTS DIFFERENCES IN THEIR 
ADHESIVE INTERACTION WITH TARGET CELLS.  L. Michael Thomas** and 
Eric O. Long. National Institutes of Allergy and Infectious Disease. 
 
INTRODUCTION. Natural killer (NK) cells possess balancing sets of activating 
and stochastically expressed inhibitory receptors. NK cells that have experienced 
less binding of MHC class I to inhibitory receptors are rendered less responsive 
to activation stimuli. Furthermore, NK cells can reversibly adjust their 
responsiveness through inhibitory receptor interaction with MHC class I through a 
process called NK cell tuning (aka NK cell education). 
 
METHODS. Human NK cells were isolated from leukapheresis from healthy 
donors using lymphocyte separation protocols and EasySep® Human NK 
Enrichment negative selection kits. Depletion of CD158a+, CD158b+, CD158e+, 
and CD159a+ NK cells was performed to obtain tuned-down (uneducated) NK 
cells. These depleted NK cells were compared to non-depleted NK cells in 
various functional assays including NK cell-mediated lysis, degranulation, and 
conjugation to target cells by flow cytometry and polarization of lytic granules to 
target cells by confocal microscopy.   
 
RESULTS. Tuned-down NK cells displayed reduced adhesion to ICAM-1 
expressing target cells. Tuned-down NK cells degranulated less in response to 
NK-sensitive target cells, as reported previously, but polarized perforin towards 
ICAM-1 expressing target cells similarly.  
 
CONCLUSIONS. Tuned-down NK cells demonstrated reduced adhesive function 
compared to educated NK cells in addition to established differences in 
degranulation/killing and pro-inflammatory cytokine production. Surprizingly, LFA-
1 is differentially regulated in tuned-down NK cells for conjugation to target cells 
but not for lytic granule polarization. These results demonstrate potentially 
different signaling capabilities downstream of LFA-1 between educated and 
uneducated NK cells.  
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LOSS OF MHC CLASS I EXPRESSION DOES NOT ALTER ACTIVATION 
RECEPTOR-INDUCED NK CELL HYPORESONSIVENESS.  Fred D. Bolanos 
and Sandeep K. Tripathy*.  Washington University School of Medicine, MO. 
INTRODUCTION. The continuous engagement of the Ly49H activating receptor 
with its ligand (m157) in the context of a transgenic mouse expressing m157 
(m157-Tg), results in hyporesponsiveness of the Ly49H+ natural killer (NK) cells. 
The same interaction, in the context of murine cytomegalovirus (MCMV) 
infection, results in activation of the Ly49H+ NK cells. One explanation for this 
difference is that during MCMV infection, the virus has developed a number of 
mechanisms to downregulate MHC class I expression on the infected cell’s 
surface in order to avoid recognition by the adaptive immune response. Since 
MHC class I molecules serve as ligands for the inhibitory receptors on NK cells, 
such changes should allow for easier activation of the NK cells and an increased 
ability of the NK cells to kill infected targets. We hypothesized that expression of 
normal levels of MHC class I in our transgenic mice allows the NK cells to remain 
hyporesponsive in this setting, while downregulation of the MHC class I (such as 
in the context of MCMV infection) allows the NK cells to be activated.  
METHODS.  We generated m157-Tg mice in the beta-2-microglobulin knockout 
(β2m-/-) background, allowing us to assess the function of the Ly49H+ cells in a 
mouse that expresses m157 but lacks expression of MHC class I molecules 
(H2Kb and H2Db). We assessed NK cell activation by (1) measuring interferon 
gamma (IFN-γ) production following stimulation with plate bound anti-NK1.1 mAb 
and (2) assessing expression of activation markers on the NK cells. 
RESULTS.  We found that the Ly49H+ NK cells in the β2m-/- background remained 
hyporesponsive in the context of m157 expression as demonstrated by 
decreased production of IFN-γ by Ly49H+ NK cells following stimulation with plate 
bound antibodies as well as no change in the expression of NK cell activation 
marker CD69 or maturation marker CD11b. This was similar to what is seen in 
mice that express normal levels of MHC class I molecules. Furthermore, upon 
transfer of wildtype (WT) splenocytes into m157-Tg mice in the β2m-/- 
background, the Ly49H+ cells became hyporesponsive.  
CONCLUSIONS. Here we demonstrate that engagement of activating receptors 
in the absence of inhibitory receptor engagement still results in the 
hyporesponsiveness rather than activation of the NK cell. Thus, engagement of 
MHC class I molecules does not appear to play a role in the induction of 
hyporesponsiveness seen in the Ly49H+ NK cells upon engagement with its 
ligand. This suggests that other factors such the as site of m157 expression or 
the cytokine milieu are responsible for differences in Ly49H+ NK cell activity seen 
in the context of MCMV infection versus the m157-Tg mouse.  (The Edward  
Mallinckrodt Jr. award and an RDCC at Washington University P&F grant funded 
this work). 
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EVIDENCE OF LY49 NK CELL SUBSET LICENSING IN MCMV RESISTANCE 
AFTER HSCT. Can M. Sungur**1, Yajarayma Tang-Feldman2, Lewis L. Lanier3, Claire 
Pomeroy2, William J. Murphy1,2. 1Department of Dermatology, 2Department of Internal 
Medicine, School of Medicine, University of California, Davis, Sacramento, CA, 95816 
3Department of Microbiology and Immunology, University of California, San Francisco, 
San Francisco, CA, 94143 
 

INTRODUCTION: Natural killer (NK) cells can be divided into subsets based on their 
capability of binding to MHC I molecules and exhibiting functionality (licensed) or not 
capable and hyporesponsive (unlicensed). In vivo studies initially failed to show evidence 
of such licensing, with the unlicensed population potentially having a greater role in 
murine cytomegalovirus (MCMV) control than the licensed (Orr, 2010). However, 
hematopoietic stem cell transplantation (HSCT) studies demonstrated evidence of 
licensing effects on allogeneic bone marrow rejection, suggesting a similar phenomenon 
may exist in MCMV resistance after HSCT. Because of the lack of the T cell 
compartment early after HSCT, we hypothesized that regulatory T cells (Tregs) could 
account for the absence of the in vivo licensing effect in resting mice infected with 
MCMV, suggesting strong regulation of licensed cells after the initiation of the immune 
response. 
METHODS: B10 (H2b) and B10.D2 (H2d) underwent syngeneic HSCT with bone 
marrow cells depleted of NK and T cells. Mice were allowed to recover for 8 days before 
treatment with rIgG or one of the depletion antibodies for NK1.1, Ly49G2, or Ly49C/I. 
The mice were then infected with MCMV 2 days after depletion and euthanized 7 days 
later to study NK populations, cytokines produced, and viral titers in target organs. Treg 
depletion was done using anti-CD25 and performed on mice that had not undergone 
HSCT but had been depleted of certain NK populations prior to MCMV infection.  
RESULTS: In both B10 and B10.D2 strains of mice that underwent HSCT, we observed 
significantly greater viral loads in mice depleted of licensed NK populations as compared 
to unlicensed depleted mice. We also observed an expansion of the licensed, Ly49H+ NK 
population with greater production of IFNγ from these cells as compared to unlicensed. 
Similarly, when Tregs were depleted in mice that had not undergone a HSCT, the viral 
loads were greater when the licensed population was depleted.  
CONCLUSIONS: Licensed NK cells serve as the initial and rapid response to MCMV 
infection after HSCT, but may be suppressed or regulated in resting mice. Our data 
suggest Tregs are a crucial component of this regulation and limit the activity of the 
licensed NK cells. (this work was supported by NIH RO1 HL089905) 
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MHC CLASS I MOLECULES SET DIFFERENT THRESHOLDS FOR 
EDUCATION AND TARGET CELL SENSITIVITY  
Tadepally Lakshmikanth¶**1, Petter Brodin¶1, 2, Sofia Johansson1, Klas Kärre1 
and Petter Höglund1, 2. 1Department of Microbiology, Tumor and Cell Biology, 
Karolinska Institutet, Stockholm, Sweden, 2Laboratory for Hematology and 
Regenerative Medicine (HERM), Department of Medicine, Karolinska Institutet 
and Karolinska University Hospital, Novum Research Center, Huddinge, Sweden 
(¶ These authors contributed equally). 
INTRODUCTION. Many inhibitory receptors on NK cells recognize MHC class I 
molecules and prevent NK cell activation upon engagement. When cells 
downregulate MHC class I molecules, the protective self-ligand is lost allowing 
the NK cell to mediate “missing self” recognition. To allow such self/non-self 
discrimination, the NK cell system is “educated” by self-MHC class I ligands. It 
has been proposed that NK cell education is sensitive to MHC class I ligand 
density, but how this quantitative education process relates to the sensitivity to 
inhibition of target cell MHC class I is unclear. 
METHODS. Transgenic mice, flow cytometry, in vivo CFSE-based rejection 
assays, peptide stabilization. 
RESULTS. To study the impact of MHC class I levels on NK cell education, we 
created transgenic mice expressing MHC class I molecules in a homo- or hemi-
zygous fashion. Hemizyguous mice were less efficient in missing self rejection 
compared to homozyguous mice, suggesting that NK cell education is a 
quantitative phenomenon. Diminished missing self rejection was paralleled by 
decreased function of individual NK cell subsets and a skewed Ly49 receptor 
repertoire. Interestingly, Ly49 receptor downmodulation was similar in hemi- and 
homozyguous mice, suggesting dissociation between functional education and 
Ly49 receptor downregulation. Surprisingly, when hemizyguous spleen cells 
were grafted into homozygous mice, no rejection was seen, suggesting a 
different threshold for target cell recognition and NK cell education. To generate 
target cells with more controlled MHC class I levels, we pulsed Tap-deficient 
spleen cells with antigenic peptide to stabilize MHC class I to different cell 
surface levels. Peptide-pulsed spleen cells were tolerated by NK cells over a 
wide range of MHC class I cell surface levels; rejection occurring only when MHC 
class I levels fell below approximately 20% of the host levels. 
CONCLUSIONS. Our data suggest that NK cell education and target cell 
recognition are controlled by different MHC class I thresholds. (This work was 
supported by grants from Karolinska Institutet, The Swedish Foundation for 
Strategic Research and the Swedish Cancer Society, The Magnus Bergwall 
foundation, The Royal Swedish Academy of Sciences, The Swedish Research 
Council, Marianne and Marcus Wallenberg Foundation and STINT, and Swedish 
Foundation for International Cooperation in Research and Higher Education). 
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Long-Lived NK Cells Expressing KIR2DL2/KIR2DL3 Survive Longer on 
“Probation” Regardless of their “Educational” Status 
Martin Felices**1, Sarah Cooley1, Julie Curtsinger1, Stephen K. Anderson2, and 
Jeffrey S. Miller1.  1University of Minnesota, and 2NCI-Frederick. 
INTRODUCTION. Discrepancies in NK cell KIR distribution in developmental 
cultures and after allogeneic transplantation have been previously described. 
These discrepancies tend to result in an increased proportion of CD158b+ NK 
cells. We propose here that NK cells receive a “probation” signal through 
CD158b expression that gives rise to long-lived NK cells through enhanced 
survival, explaining the aberrant KIR proportions observed. 
METHODS. Multicolor flow cytometry was used to determine viability of different 
NK cell KIR subsets based on CD158a (KIR2DL1 and KIR2DS1), CD158b 
(KIR2DL2, KIR2DL3, and KIR2DS2), and NKB1 (KIR3DL1) expression. 
Peripheral blood NK cells and CD34 derived NK cell cultures were assessed. NK 
cells were also HLA typed and KIR genotyped to look at education. Finally, 
proportions of KIRs on NK cells reconstituting after cord blood transplant were 
investigated. 
RESULTS. Upon being placed in serum starving conditions CD158b+ NK cells 
from peripheral blood underwent less cell death (9.3% ± 2.8) when compared to 
the total NK cell population (31.8% ± 4.2, P=0.0004), CD158a+ NK cells (64.5% ± 
5.4, P<0.0001), or NKB1+ NK cells (62.7% ± 5.7, P<0.0001). Similar results were 
seen in CD34 derived NK cell cultures. In the peripheral blood NK cells, the 
enhanced survival did not correlate with the presence of self-ligand and 
functional competence.  The effect was also not linked to the presence of 
activating KIR. Expression of CD57 was associated with increased survival.  We 
next tested whether there was any in vivo data that might add relevance to our in 
vitro findings. We chose to study umbilical cord blood transplantation, a setting 
where NK cells rapidly reconstitute from their donor stem cell graft. Patients that 
received cord blood transplants had statistically significant larger proportions of 
CD158b+ NK cells (21.7% ± 1.7), when compared to CD158a+ (7.2% ± 0.84, 
P<0.0001), and NKB1+ (14.4% ± 1.9, P=0.01) NK cells early after transplant, but 
these differences decreased at later time points. 
CONCLUSIONS. We show here that expression of KIR2DL2/KIR2DL3 correlates 
with increased survival and with enhanced CD57 expression, resulting in the 
long-lived persistence of certain NK cell subsets. This differential survival might 
explain why there are discrepancies in KIR distribution early post transplant. We 
propose that NK cells receive “probation” signals, either directly through their 
inhibitory CD158+ KIRs or through mechanisms associated with specific KIR 
expression that dictate whether the cell will survive and become long-lived or die. 
These “probation” signals correlate positively with CD158b expression and are 
not dependent on the “education” status of the cell. 
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In vitro skewing of the human KIR repertoire leads to enhanced NK 
cell alloreactivity. Diana N. Eissens1, Clive Michelo**1,Frank W.M.B. 
Preijers2, Bram van Cranenbroek1, Kjeld van Houwelingen1, Arnold van 
der Meer1, Irma Joosten1 
1 Dept. of Laboratory Medicine, 2 Dept. of Laboratory Medicine - 
Laboratory of Medical Immunology, Radboud University Nijmegen 
Medical Centre, PO box 9101, 6500 HB, Nijmegen, the Netherlands 

Introduction In allogeneic stem cell transplantation, NK cells are able to 
perform graft-versus-leukemia responses without the induction of graft-
versus-host disease, a feature that can be exploited for cellular 
immunotherapy. NK cell alloreactivity is induced when inhibitory killer 
immunoglobulin-like receptors (KIR) fail to recognize HLA molecules on 
potential target cells. We examined the plasticity of the KIR repertoire 
and the cytolytic response of mature human peripheral blood NK cells in 
the presence of specific KIR receptor-ligand (i.e. HLA-C) mismatches. 
Methods: Freshly isolated NK cells were cultured with irradiated K562-
C1, K562-C2, and K562-Cneg feeder cells in a 1:1 ratio in the presence 
of rhIL-2 and rhIL-15. Cells were analysed phenotypically using 10-color 
flowcytometry. Proliferative and cytotoxic capacity was analysed using 
CFSE staining and CD107a staining. 
 Results: We show that the introduction of specific KIR-ligand 
mismatches (KIR vs. HLA-C) in vitro favors the outgrowth of KIR+ NK 
cells lacking their cognate ligand leading to an increased frequency of 
alloreactive KIR+ NK cells within the whole NK cell population. 
Furthermore, after culture, these KIR+ NK cells are more cytolytic on a 
per cell basis towards KIR-ligand mismatched K562 target cells and 
primary leukemic target cells.  
Conclusions: This study demonstrates that HLA class I can skew the 
mature NK cell phenotype and enrich the alloreactive NK cell population 
towards leukemic target cells, which may be important for future clinical 
applications of NK cell-based immunotherapies in transplantation 
settings.  
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IMPACTS OF INHIBITORY RECEPTOR EXPRESSION AND MATURATION 
ON SIGNALING COMPETENCE OF NK CELLS. Kerry S. Campbell* and 
Alexander W. MacFarlane IV, Fox Chase Cancer Center, Philadelphia, PA 
INTRODUCTION:  The expression of self-recognizing inhibitory receptors (SRIR) 
promotes NK cell maturation to achieve functional competence for eliciting 
cytotoxicity and cytokine production, whereas NK cells lacking SRIR are non-
functional.  Several theories have been proposed to explain how SRIR promote 
functional competence, including licensing/education, arming, rheostat, and cis 
interaction models. In this study, we have tested these models by dissected the 
intertwining roles played by the expression of SRIR, their MHC class I (MHC-I) 
ligands, non-SRIR, and cellular maturation on the signaling competence of 
activating receptors expressed on individual NK cells. 
METHODS:  Nine-color multiparametric flow cytometry was performed on fresh 
mouse splenocytes to systematically measure calcium signaling responses in 
distinct subsets of NK cells defined by surface expression of inhibitory receptors 
and maturation markers.  Splenocytes from C57BL/6 Ncr1gfp/+ mice (in which all 
NK cells express GFP) were labeled with fluorophore-conjugated panel of 
antibodies, loaded with indo-1 calcium indicator dye, and analyzed over time on a 
BD Aria II flow cytometer.  After establishing a baseline, NK cells were stimulated 
with anti-NK1.1 antibody and monitored several minutes for calcium mobilization.  
GFP+ NK cells were gated for expression of inhibitory receptors and maturation 
markers to quantify and compare mean calcium responses in individual subsets.  
RESULTS: NK cells expressing SRIR exhibited significantly more robust calcium 
mobilization responses, which progressively increased in direct correlation with 
the numbers of SRIR expressed.  Surprisingly, however, the expression of 
increasing numbers of non-SRIR progressively blunted calcium responses, 
despite absence of their cognate MHC-I ligand. In fact, cells lacking detectable 
inhibitory receptor responded better than those with only one non-SRIR. Also, 
calcium responses of SRIR-expressing NK cells progressively increased in direct 
correlation with NK cell maturation (CD11b-CD27+ to CD11b+CD27-), while 
signaling in NK cells lacking SRIR was only marginally influenced by maturation.   
CONCLUSIONS:  As expected, expression of SRIR on NK cells promoted 
greater signaling competence in a quantitative manner, which is consistent with 
the licensing/education/arming and rheostat models of achieving functional 
competence.  The expression of non-SRIR, however, serves as a negative 
rheostat to suppress calcium signaling competence, suggesting that cis 
interactions between inhibitory Ly49 and MHC-I play some role in reducing the 
inhibitory impact of SRIR on activation signaling.  Finally, signaling competence 
increased with stage of NK cell maturation, especially in the SRIR-expressing NK 
cell subset.  (Supported by NIH grant CA083859, FCCC Blood Cell Development 
and Cancer Keystone Program, and a PA Dept. of Health Tobacco CURE grant). 
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(RE)TUNING OF NK CELLS AFTER CHANGE OF MHC CLASS                         
I-ENVIRONMENT: TOLERANCE TO NORMAL HOST CELLS, PRESERVED 
MISSING SELF REJECTION OF TUMOR CELLS . Arnika K. Wagner**
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INTRODUCTION. The ability of NK cells to reject cells lacking self MHC class I 
(MHC-I) depends on an in vivo education process which confers functional competence 
to the individual NK cell bearing the critical MHC-I-specific receptor(s). The education 
also skews the repertoire of NK subsets defined by Ly49R expression, in an MHC 
dependent way. Studies by us and others have suggested that education is tunable, similar 
to a rheostat and that the functional competence of an individual NK cell may be the 
result of continuous quantitative and qualitative influence by host  MHC-I molecules. 
This system may be harnessed in hematopoietic transplant or immunotherapy settings, by 
transfer of NK cells (or their precursors) from a host whose MHC-I molecules educate 
them for potential to recognize and eliminate the recipients (malignant) cells. It is 
therefore important to study how the host educating environment influences developing 
or mature NK cells in such settings: are the NK cells tuned to tolerate recipient cells, and 
if so, is there a transient period where missing self recognition, especially of tumor cells, 
is allowed? We have studied this in two situations: hematopoietic reconstitution and 
adoptive transfer of mature NK cells, and we have assessed missing self recognition of 
normal as well as malignant (lymphoma) cells. 
METHODS. We confronted cells from B6 mice with an environment where the MHC-I 
was missing completely by transferring either bone marrow cells (BMCs) or mature, 
educated NK cells to irradiated β2m

-/-
 mice. The missing self capacity was tested in vivo 

by challenging the mice with MHC-I-deficient target cells. In the case of BMCs, the 
rejection of MHC-I-deficient target cells was tested starting 1 week after transplantation 
and followed up to 8 weeks. When we transferred mature NK cells, the ability to perform 
missing self rejection was assessed at 8 days after transfer. Reconstitution of different 
immune cells was assessed in parallel, particularly NK cells for which phenotypic 
analyses of activating receptors and maturation markers as well as repertoire assessment 
based on inhibitory receptors were performed. 
RESULTS. NK cells that matured from transplanted B6 BMCs showed missing self 
rejection capacity against β2m

-/-
 spleen cells by two weeks after transfer to B6 hosts. In 

contrast, they appeared tolerant to β2m
-/-

 spleen cells at this time point after transfer to a 
β2m

-/-
 deficient environment, and they did not show any sign of early, transient missing 

self-reactivity. The Ly49R subset repertoire in the B6-derived NK cells showed skewing 
towards the repertoire of the recipient already 2 weeks after transplantation. Mature NK 
cells also lost their ability to reject MHC-I-deficient spleen cells when transferred to  
β2m

-/-
 hosts, while they retained this ability when transferred to B6 mice. However, when 

mice where challenged with MHC-I-deficient tumor cells the transferred NK cells were 
equally capable of rejecting the tumor cells regardless of the MHC environment.  
CONCLUSION. These results show that developing as well as mature NK cells adapt 
rapidly to the MHC- environment. Importantly, our results suggest that tuning to tolerate 
normal cells lacking critical MHC-I ligands may still allow NK cells to detect and 
efficiently eliminate tumor cells lacking the same ligands. This supports the notion that 
the outcome of NK cell education is quantitative and context-dependent  at the target cell 
level. Monitoring in missing self settings for immunotherapy should therefore preferably 
test functional competence of NK cells against the relevant tumor cells.  
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NKG2A AND NKG2C DEPENDENT NK CELL ACTIVATION IS SHAPED BY 
HLA-E EXPRESSION AND THE PEPTIDE PRESENTED BY HLA-E.  
Nina Lauterbach**, Lotte Wieten, Laura van Zon, Christina E.M Voorter, Marcel G.J 
Tilanus. Transplantation Immunology, Tissue Typing Laboratory, Maastricht 
University Medical Centre, the Netherlands. 
INTRODUCTION. HLA-E plays a crucial role in immune surveillance by 
presentation of self- and non-self peptides to T and NK cells. Two functional alleles 
exist in the population which interact with the inhibitory- (NKG2A) or activating-
(NKG2C) receptors. Our aim is to study the impact of HLA-E polymorphism and the 
peptide present in the groove on HLA-E expression and NK cell functionality. 
METHODS. PBMC from healthy donors homozygous for HLA-E*01:01 or HLA-
E*01:03 were directly analysed for HLA-E surface and RNA expression, or after 
incubation with a panel of peptides derived from classical HLA class I, CMV or 
Hsp60. Surface expression was determined by flow cytometry and RNA expression 
by qPCR. NK cell activation was studied by analysis of the degranulation marker 
CD107a. NK cell subsets were studied by NKG2A, NKG2C and KIR staining in the 
CD107a assay. Anti-HLA-E was used to block the interaction between HLA-E and 
the NK cell to study the effect on the NK cell response. 
RESULTS. Our data showed a lower basal cell surface expression in HLA-E*01:01 
when compared to HLA-E*01:03, however, no difference in RNA expression level 
was observed. Also upon peptide incubation with CMV or class I leader peptides, 
HLA-E surface expression was significantly higher in HLA-E*01:03 as compared to 
HLA-E*01:01. In contrast, the Hsp60 peptide did not stabilize HLA-E on the surface. 
Peptide-induced HLA-E expression decreased activation of NKG2A+ but not 
NKG2A- NK cells, which could be restored by an anti-HLA-E antibody. Moreover, 
the HLA-E mediated NK cell response was peptide concentration dependent. 
Interestingly, the Hsp60 and C17 peptide did not influence NK cell recognition. This 
could be due to the fact that Hsp60 peptide did not stabilize HLA-E, and C17 peptide 
is the only peptide having a Gln at position five. NK cells expressing the activating 
NKG2C receptor showed increased degranulation after upregulation of HLA-E by the 
A80 and B13 peptides. 
CONCLUSIONS. Our study describes a clear difference in HLA-E surface expression 
between HLA-E*01:01 and HLA-E*01:03 in PBMC. In addition, we showed that 
NKG2A and NKG2C dependent NK cell activation is regulated by HLA-E expression 
levels and by the presented peptide. Our data provide new insight in the regulation of 
NKG2 receptor-mediated NK cell responses by HLA-E, which could be relevant for 
NK cell defence against virally infected- or tumour cells. 
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CHARACTERIZATION OF MICE WITH A DEFICIENCY IN NATURAL 

KILLER CELL MISSING-SELF REACTIVITY. Stina Wickström**, Linda Öberg, 

Klas Kärre, Maria H Johansson 

Karolinska Institutet, Dept of Microbiology, Tumor and Cell Biology, Box 280, 17177 

Stockholm 

Introduction: In experiments with a KO mouse strain deficient for a nonclassical MHC 

class I like gene, but with otherwise normal MHC class I expression, we unexpectedly 

observed that the mice had severely impaired capacity for NK cell mediated rejection of 

MHC class I deficient cells. Control experiments with independently derived KO strains 

for the same gene as well as F1 and F2 intercrosses with B6 mice, indicated that the NK 

cell defect was not caused by the targeted gene, and that the two phenotypes segregated 

independently. As this mouse strain might represent an opportunity to study the 

mechanisms and regulation of missing-self rejection and other NK functions, we decided 

to characterize its NK cell system in more detail. 

Methods: In vivo studies of NK cell mediated rejection of normal and tumor cells. In 

vitro flow cytometry based assays to study the phenotype and functional capacity of NK 

cells. In vitro cytotoxicity assays. Construction of bone marrow chimeras.  

Results: The mouse strain showed a normal number of NK cells, as well as normal 

profiles for their cell surface phenotype, as evaluated by a large panel of antibodies to 

activating and inhibitory receptors. In vivo, the NK cells showed a severely impaired 

capability for missing self rejection of normal spleen cells ( 2m- vs 2m+) as well as of 

tumor cells (RMA-S vs RMA). Kinetic studies and tumour outgrowth experiments 

revealed a profound defect rather than just a delay in missing-self rejection. Positive 

allorecognition by NK cells in vivo was not affected:  the mice showed a normal capacity 

for DAP-12 dependent rejection of MHC disparate (H-2Dd) cells. In vitro assays also 

showed a profound defect in missing self recognition, which could not be overcome with 

cytokine stimulation. In contrast, there was a normal or only partly impaired capacity 

with respect to other NK functions, such as ADCC and NKG2D dependent cytotoxicity. 

Studies of genetic crosses suggested that the defect is under control of (a) recessive  

gene(s). Experiments with bone marrow chimeras indicated that the defect is manifested 

in bone marrow derived cells and not due to the host environment. 

Conclusion: Our results indicate that this mouse strain has a genetically based, selective 

deficiency in the killing pathway used to sense missing self. This defect is intrinsic to 

bone marrow cells, possibly to the NK cells themselves. One possibility is a dysfunction 

that involves an unknown activating receptor or signaling molecule, critical for missing 

self recognition but not in other situations. Alternatively, the defect may disturb 

education/licensing for missing self recognition, while leaving other NK functions 

relatively intact. Further studies of these mice may shed light on the regulation and the in 

vivo role of missing self recognition as compared to other NK cell functions, in different 

responses or diseases.  

 

 

 

. 
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ASSESSING CHEMOKINE PRODUCTION IN EDUCATED AND 
UNEDUCATED NATURAL KILLER CELLS  
 
Nadir Kadri1, jagadeeswararao Muva1, Björn Önfelt12 and Petter Höglund1 
 
1Karolinska Institutet, Stockholm, SWEDEN 

2Royal Institute of Technology, Stockholm, Sweden 
 
 
INTRODUCTION 
Once activated, Natural Killer (NK) cells secrete an array of inflammatory 
chemokines and cytokines at the site of infection. Host MHC-I molecules 
direct NK cells responsiveness. This process, named ‘’education’’, has been 
studied mainly for the ability of NK cells to secrete cytotoxic granules and 
cytokines. In contrast, only limited data is available regarding chemokine 
expression by educated versus uneducated NK cells. In this study, we 
examined chemokine expression in NK cells subsets from MHC-expressing 
and MHC-deficient NK cells at steady state and upon specific stimulation.  
 
METHODS 
Spleen cells isolated from C57BL/6 (B6), B6.Kb−/−Db−/− (MHC−/−) and β2-
microglobulin deficient (β2m−/−) mice were used either unstimulated or 
following activation with an antibody against NKp46 (50 μg/mL), with or 
without IL-2 (1000U/ml). PMA/Ionomycin and PBS were used as positive and 
negative controls, respectively. Cell surface and intracellular expression of 
CCL3, CCL4, CCL5 and XCL1 were analyzed in various subsets of NK cells.  
 
PRELIMINARY RESULTS  
Unsurprisingly, and as previously described, our results showed the robust 
induction of CCL3/4/5 and XCL1 by B6 NK cells upon activation. However, 
our study also demonstrated the presence of polyfunctional NK cell subsets 
that did not systematically co-produce chemokines and IFN-γ. B6 NK cells 
exhibited enhanced levels of CCL3 and CCL4 production (although not 
significant for the latest) compared to MHC-/- NK cells, while expression of 
CCL5 was similar. Further, B6 NK cells exhibited low levels of constitutive and 
spontaneous XCL1 expression. Interestingly, XCL1 production was higher in 
MHC-/- NK cells and β2m-/- NK cells when compared to B6 NK cells, with even 
more pronounced differences upon NKp46+IL2 stimulation. 
 
CONCLUSIONS 
Our results demonstrate differential chemokine expression in B6 compared to 
MHC-deficient NK cells at the individual cell level. A detailed phenotypic 
characterization of the distribution of the chemokines produced by NK cell 
subset is under investigation, which will include the analysis of the inhibitory 
receptor repertoire. The putative role of the chemokines CCL3/4 and XCL1 in 
missing self-rejection will be considered in our study.  
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INTESTINAL INTRAEPITHELIAL CD8αα T LYMPHOCYTES ARE NOT 
EDUCATED BY INHIBITORY RECEPTORS SPECIFIC FOR MHC CLASS I 
Sylvie Taveirne**1, Jessica Filtjens1, Els Van Ammel1, Veerle De Colvenaer1, 
Tom Taghon1, Bart Vandekerckhove1, Jean Plum1, Werner Held2 and Georges 
Leclercq1     

1 Department of Clinical Chemistry, Microbiology and Immunology, Ghent 
University, Ghent, Belgium - 2 Ludwig Center for Cancer Research of the 
University of Lausanne, Epalinges, Switzerland 
INTRODUCTION. The engagement of inhibitory receptors specific for MHC class 
I (MHC-I) molecules educates NK cells, meaning the improvement of their 
response to activation. It is not known whether inhibitory MHC-I receptors are 
generally competent to improve the responsiveness of cell types which express 
these receptors. To address this issue, we analyzed the expression and function 
of inhibitory MHC-I receptors on intestinal intraepithelial lymphocytes (iIEL). 
METHODS. NK receptor (NKR) expression on iIEL was determined by flow 
cytometry. To test NKR functionality in iIEL, iIEL from either WT C57BL/6 mice, 
H-2Dd Tg or H2-KbDb KO mice were stimulated with plate-bound anti-CD3 mAb 
and subsequently stained for intracellular MIP1-α and lymphotactin. Acid 
treatment and subsequent MHC-I tetramer staining was used to identify cis-
interaction between NKR and MHC-I. Co-engagement of NKR and T cell receptor 
(TCR) was analyzed by stimulating iIEL from C57BL/6 mice with plate-bound 
anti-CD3 mAb plus anti-NKR mAb or isotype control. 
RESULTS. We show that TCRαβ CD8αα iIEL express multiple inhibitory MHC-I 
receptors, allowing us to test the functional response of distinct iIEL subsets from 
MHC-I transgenic and KO mice to stimulation through the TCR. Ly49-expressing 
CD8αα iIEL did not produce significant amounts of cytokine whereas 
CD94/NKG2-expressing CD8αα iIEL did. In contrast to an improved NK cell 
responsiveness, the response of iIEL was independent of the engagement of the 
inhibitory Ly49A or CD94/NKG2A receptor by the respective MHC-I ligand. While 
CD94/NKG2A co-engagement inhibited iIEL activation via the TCR, Ly49A co-
engagement did not inhibit. However, Ly49A exerted a suppressive effect on 
TCR-mediated iIEL stimulation, which was independent of MHC-I-ligand 
expression. 
CONCLUSIONS. Despite the fact that inhibitory MHC-I receptors couple to the 
TCR, iIEL do not undergo an MHC-I guided education process. These data 
suggest that education is a cell-type specific function of inhibitory MHC-I 
receptors. 
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KIR3DL1high NK CELL FREQUENCY IS NOT INFLUENCED BY AUTOLOGOUS Bw4 
LIGAND BUT IS DETERMINED BY A STOCHASTIC ANS ALLELIC KIR3DL1 
EXCLUSION AND CO-EXPRESSION OF BOTH KIR3DL1 ALLELES. Katia Gagne1,2, 

Catherine Willem1, Nolwenn Legrand1, Zakia Djaoud1, Gaëlle David1, Anne Cesbron-
Gautier2, Thierry Schneider1, Christelle Retière1. 1Etablissement Français du Sang, 
EA4271, Nantes, France ; 2Laboratoire d’Histocompatibilité et d’Immunogénétique, EFS 
Nantes, France. 
INTRODUCTION. NK cell functions are regulated by a balance of activating and 
inhibitory signals that involve many receptors including the inhibitory KIR3DL1, 
characterized by a broad polymorphism which could directly alter NK cell phenotype and 
functions. Few studies have investigated the impact of KIR3DL1 allele polymorphism on 
the shaping of KIR3DL1 repertoire taking into account all elements concurring to its 
expression and function.  
METHODS. In this study, we revisited KIR3DL1+ NK cell repertoire from 112 healthy 
individuals taking into account the allelic KIR3DL1/S1 polymorphism, phenotypic pattern 
as frequency and mean level of all KIR3DL1+ NK cell populations, Bw4 environment and 
functional potential of these KIR3DL1+ NK cell subsets. Both KIR3DL1 allele-group 
specific PCR-SSP and sequencing of polymorphic exons were combined to identify 
KIR3DL1 alleles without ambiguities. The phenotypic analysis and CD107a mobilization 
have been performed by four-color flow cytometry. KIR3DL1 RT-PCR have been done 
from KIR3DL1+ NK cells to identify KIR3DL1 allele transcripts. 
RESULTS. We conclude that KIR3DL1 allele is present in all studied individuals and that 
KIR3DL1null alleles are frequently present in our cohort. KIR3DL1high alleles are more 
represented and particularly in association with KIR3DL1null and KIR3DS1 alleles. Two 
groups of individuals can be identified based on KIR3DL1+ NK cell frequencies for the 
same combination of KIR3DL1high/3DL1null or KIR3DL1high/3DS1 alleles. Clearly, the 
number of Bw4 ligands (HLA-A and -B) does not influence the frequency of KIR3DL1high 
NK cells. However, the spontaneous lysis of KIR3DL1high NK cells increases with the 
number of autologous Bw4 ligands. No association was defined between the frequency 
of KIR3DL1high NK in NK cell population and their degranulation against the standard 
221 target cells. 
CONCLUSION. KIR3DL1high NK cell frequency is not influenced by autologous Bw4 
ligand but is determined not only by a stochastic and allelic KIR3DL1 exclusion but also 
by a co-expression of both alleles. This observation has been done particularly for 
KIR3DL1high/null individuals. (We thank Damian Goodridge (Conexio Genomics, Western 
Australia) for his help in building and optimizing KIR3DL1 libraries for the use in Assign 
software. This work was financially supported by the EFS Pays de la Loire and by grants 
from “Nantes University”, “Association Recherche et Transfusion” and Nantes Atlantique 
Greffe de Moelle Osseuse. ZD is a PhD student supported by a CIFRE grant 
(N°447/2011)). 
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REGULATION OF MICB SHEDDING FROM MULTIPLE MYELOMA CELLS 
IN RESPONSE TO GENOTOXIC STRESS.  Alessandra Zingoni*, Francesca 
Cecere, Rosa Molfetta, Alessandra Soriani, Maria Luisa Iannitto, Rossella 
Paolini, Marco Cippitelli and Angela Santoni. Department of Molecular 
Medicine, “Sapienza” University of Rome, Italy. 
INTRODUCTION. The MHC class I-related chain MICA and MICB ligands for 
the activating receptor NKG2D can be shed from tumor cells, and the 
presence of these soluble molecules in sera is often associated with impaired 
NK and CTL anti-tumor effector functions and disease progression. In a 
previous study, we showed that multiple myeloma (MM) cells up-regulate the 
surface expression of NKG2D ligands after treatment with low doses of 
chemotherapeutic drugs and become more susceptible to NK cell lysis. Here, 
we investigated whether drug treatment of a panel of MM cell lines could 
result in MICB release, and analyzed the possible mechanisms involved in the 
regulation of MICB proteolytic cleavage. 
METHODS. MM cell lines were treated with low doses of doxorubicin and 
melphalan for different times and soluble MICB was detected by specific 
ELISA. Simultaneously, its cell surface expression was evaluated by 
immunofluorescence and FACS analysis. MICB localization in membrane 
rafts was further investigated by western blot of fractions derived from sucrose 
gradient ultracentrifugation and by microscopy equipped with the ApoTome 
system. Expression of different ADAMs and Erp5 was assessed by RT-PCR, 
western blot and cytofluorimetry.  
RESULTS. Soluble MICB was strongly up-regulated at 24 hours after drug 
treatment and accumulated at 72 hours. The metalloproteinase inhibitor 
Marimastat dramatically decreased the shedding of MICB from drug-treated 
cells in a dose-dependent manner and was accompanied by a concomitant 
increase of cell-surface MICB. Similar results were obtained using an inhibitor 
of disulfide isomerase activity. Interestingly, ADAM10 expression was 
substantially upregulated by chemotherapeutic agents. Since the recruitment 
of MICB to detergent-resistent microdomain has been shown to be important 
for efficient proteolysis, we also investigated whether chemotherapeutic 
agents could affect MICB association with membrane rafts. Our findings show 
that a high proportion of MICB was associated with membrane rafts and that 
drug treatment did not alter its distribution. Strikingly, cholesterol depletion 
with methyl-β-cyclodextrin that disintegrates membrane lipid rafts, enhanced 
MICB shedding with a mechanism dependent on metalloproteinase activity. 
CONCLUSIONS. Our findings indicate that low doses of chemotherapeutic 
drugs not only enhance MICB surface expression on MM cells, but also 
promote its shedding. The relative contribution of membrane associated vs 
soluble MICB in NKG2D dependent mechanisms of NK cell recognition of MM 
cells, should be considered to design NK cell-based 
immunochemotherapeutic approaches. 
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NATURAL KILLER CELLS FOR THERAPY OF NEURAL TUMORS. Álvaro M. 
Laureano**1,2, Lucia M. R. Silla2, Helen Huls1, Ivan Liadi3, Cecele J. Denman1, 
Srinivas S. Somanchi1, Soumen Khatua1, Dean A. Lee1, Navin Varadarajan3, 
Richard E. Champlin1, Vidya Gopalakrishnan1 and Laurence J.N. Cooper1. 1MD 
Anderson Cancer Center, Houston, TX; 2Programa de Pós-Graduação em 
Ciências Médicas, Universidade Federal do Rio Grande do Sul, Brazil; 
3University of Houston, Houston, TX. 
INTRODUCTION Chemotherapy, surgery and radiotherapy have improved 
survival of patients with medulloblastoma, the most common childhood tumor of 
the central nervous system. However, conventional therapies are not successful 
at treating most relapses and novel therapies are needed. One candidate 
approach is the adoptive transfer of natural killer (NK) cells. Here, we evaluated 
the potency of NK cells against the neural tumors, medulloblastoma and atypical 
teratoid rhabdoid tumor (ATRT). Using a platform technology adapted for human 
application, we demonstrate rapid ex vivo numeric expansion of clinical-grade NK 
cells that lyse these neural tumor cells. MATERIALS/METHODS: K562-derived 
artificial antigen presenting cells (aAPC) were genetically modified to co-express 
CD86, CD137L, and a membrane bound mutein of IL-21. Peripheral blood 
mononuclear cells (PBMC) from 5 donors were co-cultured on aAPC in the 
presence of IL-2 for 21 days, with re-addition of -irradiated aAPC every 7 days. 
CD3+ cells were depleted from the cultures at day 7 and NK-cell purity was 
assessed by flow cytometry. The lytic potential of propagated NK-cell populations 
was assessed by 4 hour chromium release assay (CRA) using established 
medulloblastoma (DAOY and D283) and primary ATRT (AB-001), and 
medulloblastoma (MB003) cell lines as targets. In addition, killing by individual 
NK cells was measured by high throughput time-lapse imaging, measuring 
change in fluorescence of the vital dye Sytox Green in target cells. The HLA 
class Ineg NK-cell targets K562 and 721.221 cells served as positive control 
targets. Autologous aAPC-propagated effector T cells were used as negative 
controls. HLA and KIR typing were assessed by DNA sequencing. RESULTS: At 
the end of the co-culture with aAPC we observed a ~1,100-fold expansion of NK 
cells exhibiting a >96% CD3neg and CD56/CD16pos immunophenotype. The CRA 
showed specific lysis by NK cells, and not T cells, of medulloblastoma and ATRT 
cell lines and primary cells. Single-cell fluorescent imaging demonstrated (i) 
concordance with CRA data and (ii) 37% of NK cells exhibited serial killing of 
more than one target cell. KIR ligand mismatch between the NK and targets did 
not influence the cytolytic potential. CONCLUSION: The aAPC have been 
manufactured as a master-cell bank and procedures established for clinical-
grade manufacturing of NK. These data support the implementation of a clinical 
trial infusing ex vivo propagated NK cells for treatment of relapsed neural tumors. 
(This work was funded by the international cooperation CAPES/UT.) 
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Tumorigenic Adenovirus 12 cells evade NK lysis by reducing the expression of 
NKG2D ligands. Christa Y. Heyward1, Rajen Patel2, Emily M. Mace3, Jennifer T. Grier1, 
Hancheng Guan1, Andrew P. Makrigiannis2, Jordan S. Orange1, 3, and Robert P. 
Ricciardi1, 1University of Pennsylvania, 2University of Ottawa, 3Children's Hospital of 
Philadelphia Research Institute. 
Introduction. The relative expression of activation and inhibitory ligands expressed on the 
surface of target cells regulates activation of Natural Killer (NK) cells. Tumorigenic 
human adenovirus 12 (Ad12) transformed cells express low levels of the NK cell 
inhibitory ligand MHC I, but do not exhibit increased sensitivity to NK cell lysis 
compared to their non-tumorigenic counterparts. We investigated whether their protection 
from lysis could be explained by a concomitant reduction in the expression of NKG2D 
activation ligands.  
Methods. We compared the expression of NKG2D ligands on mouse and rat transformed 
cell lines created by infection with either non-tumorigenic Adenovirus (Ad) 5 or 
tumorigenic Ad12. Cell surface expression was measured by flow cytometry and 
fluorescence microscopy.  We also investigated the presence of NKG2D ligands at the 
synapse by fluorescence microscopy. The transcriptional expression of NKG2D ligands 
was measured by quantitative RT-PCR.  
Results. Analysis of the expression of activation ligands that bind to the NKG2D receptor 
revealed that RAE1β and H60 were reduced on the surface of Ad12 mouse cells as well 
as at the level of transcription. In accord with these results, RAE1 localization to the 
synapse and sensitivity to NK cell cytotoxicity were also diminished. The transcription of 
the rat NKG2D ligands, RAEt1L and RRTL, was also reduced in tumorigenic rat cells 
compared to non-tumorigenic counterparts 
Conclusion. The reduction of NKG2D activating ligands on tumorigenic Ad12 cells 
provides the first explanation for how tumorigenic Ad12 cells resist NK lysis despite 
their diminished MHC I expression. The reduced transcription of both mouse and the rat 
NKG2D ligands implies that both species may share a common mechanism of NKG2D 
ligand activation, which can be subverted by Ad12. 
 
 

danielvalle
Text Box
Abstract # 136



TIM-3 EXPRESSION AND FUNCTION IN NATURAL KILLER CELLS FROM 
METASTATIC MELANOMA Inês Pires da Silva1,2,3** & Sonia Jimenez-Baranda1 & 
Anne Gallois1**, Vijay K. Kuchroo4, Iman Osman1 and Nina Bhardwaj1 1New York 
University Langone Medical Center, Cancer Institute, New York, USA; 2 Instituto 
Português de Oncologia de Lisboa Francisco Gentil, Lisboa, Portugal; 3 Program for 
Advanced Medical Education; 4 Department of Neurology, Center for Neurologic 
Diseases, Harvard Medical School, Boston, USA  
INTRODUCTION: Tim-3 (T-cell immunoglobulin domain and mucin domain 3) is a 
type-I glycoprotein receptor with pivotal roles in immune regulation and tolerance 
induction. Tim-3 has opposing roles in innate and adaptive immunity. It synergizes with 
TLR signaling in DCs inducing the production of inflammatory cytokines, while it acts as 
a negative regulator of Th1/Tc1 cell function by triggering T cell apoptosis upon 
interaction with its ligand, galectin-9. Tim-3 is also responsible for the functional 
exhaustion of T cells observed in some chronic infectious diseases and tumors, such as 
metastatic melanoma (MM). Natural Killer (NK) cells, innate immune cells which 
eliminate tumors and infected cells through cytotoxicity and IFN-γ production, 
constitutively express Tim-3. Moreover, it has been described that some tumor cells 
(including melanoma cells) express and secrete galectin-9. However, little is known 
about the role of Tim-3 on NK cells, particularly in the presence of galectin-9, in healthy 
or melanoma patients. 
METHODS: Purified NK cells from PBMCs of 20 melanoma donors (MD) and 40 
healthy donors (HD) were characterized according to the expression of Tim-3 by flow 
cytometry. Lamp-1 expression on NK cell surface was used to measure NK cell 
cytotoxicity against the following target cells: i) K562 cells which don’t express 
Galectin-9 and ii) Gmel galectin-9+ and Gmel galectin-9- sorted melanoma cells. IFN-γ 
production was assessed by intracellular staining 4 hours after culture in the presence of 
IL-12. To measure proliferation, NK cells were stimulated with IL-2 (200U/mL), loaded 
with CFSE and their intensity was measured after 6 days. Recombinant human (rh) Gal9 
effect was tested at two different doses (25nM and 50nM) in cytotoxicity, IFN-γ 
production and proliferation.  
RESULTS: MD NK cells express higher levels of Tim-3 compared to HD NK cells 
(p<0.05). Moreover, MD NK cells have a defect in cytotoxicity, proliferation and IFN-γ 
production, although it still remains unclear if Tim-3 is involved in this exhausted 
phenotype. Thus far we have found that Tim-3 expression by itself (without engagement 
of specific ligands) does not negatively affect NK cell cytotoxicity, IFN-γ production or 
proliferation. However, when rhgal9 is added to the system, we observed a decrease in 
NK cell functions (cytotoxicity, IFN-γ production and proliferation). Moreover, the 
expression of Galectin-9 by the target cells induces a defect in NK cell cytotoxicity 
(Gmel Gal-9+ vs Gmel Gal-9-). 
CONCLUSIONS: These data suggest that when engaged with Galectin-9, Tim-3 down-
modulates NK cell functions such as cytotoxicity, IFN-γ production and proliferation. 
Therefore, Galectin-9 expression may be a possible mechanism for tumors to evade 
immune surveillance. Given that an increasing body of data support an important role for 
Tim-3/Galectin-9 interaction in immune regulation in infectious diseases and cancer, 
deciphering the function of Tim-3 in different cell types will be critical for potentially 
targeting it therapeutically.  
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NK CELL CYTOLYTIC HYPORESPONSIVENESS INDUCED BY SARCOMA 
CELLS CAN BE OVERCOME BY TRIGGERING ANTIBODY-DEPENDENT 
CYTOTOXICITY 
Jens H.W. Pahl**, S. Eriaty N. Ruslan, Kitty M.C. Kwappenberg, Arjan C. Lankester, 
Marco W. Schilham 

Department of Pediatrics, Leiden University Medical Center, Netherlands 
 
INTRODUCTION 
NK cells are able to lyse osteosarcoma and Ewing’s sarcoma cell lines in 4 h 51Cr 
release assay in particular when activated with IL-15. Hence, the development of NK 
cell-based immunotherapy may offer novel treatment modalities in particular for 
patients with advanced disease, who suffer from poor prognosis despite intensive 
chemotherapy. However, when NK cells and tumor cells are in contact over a longer 
time period, the tumor environment might exert negative effects on NK cell 
functionality. Therefore, we explored whether sarcoma cells can interfere with the 
activation and cytotoxic potential of NK cells. 
 
METHODS 
T cell-depleted PBMC, purified resting NK cells or 5 days IL-15-activated NK cells 
were co-cultured with sarcoma cell lines +/- IL-15 for 40 h at low effector-target ratios. 
After the co-culture, expression of NK cell activating receptors and the cytolytic 
activity of the NK cells against uncoated or antibody-coated target cells was 
assessed by flow cytometry and 51Cr release assays, respectively.  
 
RESULTS  
Expression of NKG2D and DNAM-1, production of IFN-γ and the cytolytic activity of 
NK cells against different target cells induced by IL-15 were inhibited after the co-
culture with certain sarcoma cell lines. The inhibitory effects relied on physical 
contact between NK cells and sarcoma cells, were not mediated by TGF-β and could 
be restored after removal from the sarcoma cells. Incubation of NK cells with IL-15 
for 5 days prior to the co-culture rendered the NK cells refractory to the inhibitory 
effects on NKG2D expression or cytolytic activity in the subsequent 40 h co-culture.  
Remarkably, after the 40 h co-culture the cytotoxic function towards antibody-coated 
target cells was not affected, indicating that NK cells were not universally 
hyporesponsive. 
 
CONCLUSION 
Our data demonstrate that the IL-15-induced and the antibody-dependent cytotoxic 
activity of NK cells can overcome inhibitory effects of sarcoma cells. Thus, the 
combination of ex vivo IL-15-activated NK cells and antibody-based immunotherapy 
might establish NK cell functionality in an inhibitory tumor environment, offering a 
novel treatment in the management of advanced sarcomas.  
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NK CELLS MEDIATE PREFERENTIAL KILLING OF GLIOBLASTOMA 
CANCER STEM CELLS.  Erik Ames1**, Takeshi Hagino1, Frederic A. Gorin2, Ruben 
C. Fragoso3, William J. Murphy1,4. UC Davis School of Medicine, Departments of 
Dermatology1, Neurology2, Radiation Oncology3 and Internal Medicine4. 
INTRODUCTION.  The cancer stem cell (CSC) hypothesis represents a paradigm-
shifting concept in tumor therapy resistance. This small population of tumor initiating 
cells is relatively quiescent and therefore resistant to conventional cytoreductive cancer 
therapies which rely on DNA damage. It is these cells which may provide a major 
mechanism for cancer relapse and therapeutic resistance.  We hypothesized that 
immunotherapy with activated NK cells will show greater efficacy in targeting CSCs than 
other chemo- or radiotherapies.  This may be due to the presence of adequate levels of 
surface activating receptors for NK cell recognition of CSCs, whereas these cells may 
evade cytoreductive therapies due to their quiescent nature as well as high levels of drug 
efflux and DNA repair mechanisms. 
METHODS.  Human NK cells were isolated from PBMCs and activated for up to 2 
weeks with irradiated feeder cells.  NK cells were then co-incubated with glioblastoma 
(GBM) or breast cancer (BC) cell lines for 18 hours then analyzed by flow cytometry for 
CSC markers on the surface of tumor cells.  For comparison, tumor cell lines were 
irradiated in the absence of NK cells and assessed for CSC markers.  Last, 
immunocompromised mice were implanted with orthotopic human glioblastoma 
xenografts, then treated with activated NK cells in the presence or absence of homeostatic 
cytokines.  Tumors were monitored for growth by bioluminescent imaging. 
RESULTS.  High doses of irradiation isolated the CSC population within in vitro human 
cell lines in accordance with previous studies. However, overnight co-incubations with 
NK cells resulted in the CSC population to become preferentially targeted.  This effect 
was observed in both GBM and BC cell lines and appeared to be mediated by higher 
levels of NKG2D ligands on the surface of CSCs compared with non-CSCs. When 
human NK cells were administered intracranially to orthotopic glioblastoma-bearing 
mice, tumors reduced in size or remained stagnant.  Anti-tumor effects were dependent 
upon administration of human NK cell homeostatic cytokines which were delivered by 
hydrodynamic gene therapy (rhIL-15) or systemic protein (rhIL-2). 
CONCLUSIONS.  These data suggest that NK cells can be used clinically to treat solid 
tumors and may provide the greatest benefit when used in combination with surgery, 
radiotherapy, or chemotherapy by targeting the small population of CSCs that remain 
after these therapies.  NK cells preferentially attacked CSCs versus non-CSCs in a 
manner that appeared to be regulated by NKG2D ligands.  The differential sensitivity of 
CSCs and non-CSCs to NK attack may vary highly among individual tumors; however, 
the use of NK cells as a secondary therapy may be a viable option to target treatment-
insensitive CSCs in solid tumors. This work was funded by NIH grants R01HL089905 
and P30CA093373. 
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RAPID DEVELOPMENT OF EXHAUSTION LIMITS THE ANTI-TUMOR 
ACTIVITY OF ADOPTIVELY TRANSFERRED NATURAL KILLER CELLS 
Saar Gill1*, Adrianne Vasey1, Jeanette Baker1, Aaron Smith1, Holbrook Kohrt2, 
Mareike Florek1, David Ritchie3 and Robert Negrin1 Divisions of Blood and 
Marrow Transplantation1 and Oncology2 Stanford University, Stanford, California; 
3Division of Haematology and Medical Oncology, Peter MacCallum Cancer 
Centre, Melbourne, Australia. 
INTRODUCTION 
Natural killer (NK) cells have an important role in controlling tumor growth, 
leading to interest in their use in adoptive immunotherapy. NK cells can be safely 
administered after chemotherapy but show limited persistence without clear 
evidence of efficacy. We traced the fate of adoptively infused NK cells in order to 
delineate the barriers to successful NK immunotherapy. 
METHODS AND RESULTS 
Mice bearing established lymphoma or leukemia received an intravenous 
infusion of 0.5-1.0x106 allogeneic or syngeneic NK cells after total body 
irradiation. Luciferase expressing NK cells homed to lymphoid organs in the first 
week, followed by progressive localization to and accumulation within the tumor 
site, without eradicating the tumor. Reisolation of donor NK cells early after 
transfer showed enhanced cytotoxicity and IFNγ production compared with naive 
resting NK cells. In contrast, NK cells isolated from tumor-bearing mice beginning 
d+5 showed loss of IFNγ production (48% early vs 3% late, p = 0.01), decreased 
expression of the activating receptor NKG2D, and impaired cytotoxicity in 
chromium release assays. Eomesodermin and T-bet are transcription factors with 
important roles in effector functions of CD8+ T cells and NK cells, and T-bet is 
downregulated in exhausted CD8+ T cells. Flow cytometry of reisolated NK cells 
revealed downregulation of Eomesodermin and T-bet, correlating with loss of 
IFNγ production. This phenotype was most dramatic within the tumor, but was 
also present in NK cells re-isolated from non-tumor bearing animals, suggesting 
that homeostatic proliferation after transfer of mature NK cells could contribute to 
exhaustion. CFSElo proliferated NK cells showed the most dramatic loss of 
effector function (chromium release = 42% in unproliferated vs 18% in 
proliferated cells, p = 0.03) and transcription factor expression. Finally, forced 
expression of Eomesodermin by retroviral transduction enhanced the ability of 
NK cells to reject tumor in vivo. 
CONCLUSIONS 
NK cell immunotherapy is limited by an acquired dysfunction that occurs within 
days after homeostatic proliferation and target encounter and that may be related 
to the downregulation of Eomesodermin. These findings illuminate a previously 
unappreciated phenomenon and suggest that novel approaches may be required 
in order to circumvent the described dysfunction phenotype. 
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IL-2 ACTIVATION ABROGATES THE INHIBITORY EFFECT OF 

HYPOXIA ON NK CELL MEDIATED ELIMINATION OF MYELOMA 

CELLS  
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INTRODUCTION: Hypoxia is a hallmark of many tumors, including the plasma 

cell malignancy multiple myeloma (MM). While NK cells can mediate anti-MM 

responses, current knowledge about the effect of hypoxia on NK cell functioning in 

haematological malignancies is non-existent. Therefore, we addressed the influence 

of hypoxia on NK cell killing of MM and on expression of NK cell activating and 

inhibitory receptors.  

METHODS: The cytotoxic potential of NK cells isolated from buffy coats was 

determined in a flow cytometry-based assay. Both cell types were pre-incubated 

overnight at 21% or 0-1% O2 and were subsequently combined in a 4.5 hour 

cytotoxicity assay.  In parallel, flow cytometric analyses were performed to 

determine MM cell ligand expression and NK cell receptor expression. 

RESULTS: Hypoxia (0-1% O2) reduced killing of MM by NK cells in a 

concentration dependent manner. The phenomenon was consistent in three myeloma 

cell lines, OPM-1, RPMI-8226/s and L363. This was accompanied by a down-

regulation of the NKG2D and CD16 receptor surface expression under hypoxia, 

while many other activating- and inhibitory molecules remained unaffected. 

Hypoxia did not alter surface expression levels of HLA-ABC and –E and MICA/B 

and ULBP1 on the MM cells. Pre-incubation of NK cells or MM cells at 0% O2 did 

not influence NK cell cytotoxicity. The critical factor was the oxygen concentration 

during the cytotoxicity assay, hence reintroducing oxygen to tumor- or NK cells 

cultured under hypoxic circumstances restored the cytotoxic effect within a 

relatively short time. Interestingly, hypoxia did not clearly decrease NK cell 

degranulation as determined by CD107a assay, indicating that NK cell were 

activated in response to hypoxic MM. Pre-activation of NK cells by IL-2, restored 

the cytotoxic potential against hypoxic MM cells and increased NKG2D expression. 

Kinetics study of NKG2D revealed that hypoxia reduces surface expression over 

time, while restoring O2 supply re-establishes NKG2D surface expression. 

CONCLUSION: Our data strongly advocates to study in vitro interaction of 

immune cells and tumor cells - at least MM – also under hypoxic conditions as 

hypoxic MM cells can limit the efficiency of non-activated NK cells.  
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STAT3 ACTIVATION PROMOTES NKG2D EXPRESSION AND ANTI-TUMOR 
ACTIVITY OF NK CELLS 

Prasad V. Phatarpekar1**, Shiguo Zhu1, Cecele J. Denman1, Nam Nguyen-Jackson2, 
Stephanie S. Watowich2, Laurence J.N. Cooper1, 2, and Dean A. Lee1, 2 
1Division of Pediatrics and 2Department of Immunology, University of Texas MD 
Anderson Cancer Center, Houston, TX, USA 77054 
Introduction: STAT3 is an important regulator of cellular immunity, and in some animal 
models inhibition of STAT3 has been effective in improving NK antitumor efficacy. 
However, there has been little direct assessment of the STAT3 signaling role in human 
NK cells. In our previous work we found that (i) freshly-isolated NK cells have low-level 
constitutive phosphorylation of STAT3, (ii) IL-21, which signals through STAT3, 
enhances ex vivo expansion of NK cells, and (iii) the histone deacetylase (HDAC) 
inhibitor valproic acid, which inhibits STAT3 tyrosine phosphorylation, down-regulates 
expression of NKG2D. This led us to hypothesize that STAT3 phosphorylation may 
regulate NKG2D expression and NK cell antitumor activity.  
Methods: In human NK cells, small molecule STAT3 inhibitors JSI-124 and S3I-201 
were applied to block STAT3 phosphorylation. In mice, floxed STAT3 was deleted in 
hematopoietic cells by Cre expression under the Tie2 promoter. NK cells were stimulated 
either with soluble cytokines or with K562-based artificial antigen presenting cells 
(aAPC) genetically modified to express membrane bound cytokines. STAT3 
phosphorylation was assessed by western blot and phospho-flow, NKG2D expression by 
flow cytometry, and NK cell cytotoxicity by the Calcein release assay. STAT3 binding to 
DNA upstream of NKG2D was assessed by ChIP assay. Gene expression was measured 
using solid-phase mRNA probes on the nanoString platform. Statistical comparison was 
performed by paired Student’s t test using GraphPad Prism. 
Results: Inhibition of STAT3 significantly reduced constitutive NKG2D surface 
expression and cytotoxicity of NK cells. Western-blot analysis showed increased levels 
of activated STAT3 in NK cells stimulated with IL-10 and IL-21. These STAT3 
activating cytokines significantly increased NKG2D expression and NK cytotoxicity and 
this increase was blocked by STAT3 inhibition. STAT3-/- mice had lower expression of 
NKG2D on NK cells compared to wild type mice. ChIP assay identified direct binding of 
phosphorylated STAT3 to a putative STAT3 site upstream of the NKG2D translational 
start site. IL-10 and IL-21 increased this binding, and STAT3 inhibition decreased this 
binding. STAT3 small-molecule inhibitors abrogated the enhanced cytotoxicity of NK 
cells stimulated with STAT3 activating cytokines. Gene expression analysis of NK cells 
treated with and without STAT3 inhibitor showed decreased expression of activating co-
receptors such as CD28 and up-regulation of inhibitory cytokines TGFβ2 and IL-23. 
Conclusions: Here we show pharmacological, physiologic, and genetic evidence for a 
novel activating role of STAT3 signaling in NK cells, regulating NKG2D expression and 
effecting NK cell function. This novel role for STAT3 signaling may have implications 
for targeted STAT3 therapies and in developing improved NK cell immunotherapy. 
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A NOVEL IAP INHIBITOR ENHANCES NK CELL-MEDIATED TARGET CELL 
RECOGNITION IN HODGKIN LYMPHOMA CELL LINES VIA Upregulation of 
NKG2D-L 
 
Maike Sauer**, Katrin S. Reiners, Dominik Kleefisch, Elke Pogge von 
Strandmann 
 
Laboratory for Immunotherapy, Department of Internal Medicine I, University Hospital 
Cologne, Germany 
 
INTRODUCTION 
Even though Hodgkin lymphoma is curable in about 80 % of patients, there are 
severe side effects after therapy including secondary malignancies and organ 
damage. Therefore, it is important to reduce treatment-related side effects. 
Currently, molecules that have the potential to repress inhibitor of apoptosis proteins 
(IAPs) are arousing interest. IAP inhibitors lead to non-canonical NF-κB activation, 
TNFα secretion and autocrine TNFα-induced cell death. 
METHODS 
Here, the IAP inhibitor LCL161 was tested for its molecular effects in Hodgkin 
Lymphoma cell lines.  
RESULTS 
Cytotoxicity assays revealed that LCL161 induced only minor apoptosis in Hodgkin 
lymphoma cell lines, although non-canonical NF-κB was activated and TNFα 
secretion was enhanced,. As it was recently shown that diverse cancer drugs make 
tumor cells more susceptible for NK cell-mediated lysis by upregulation of the ligands 
for the activating NK cell receptor NKG2D, we investigated the interactions between 
NK cells and LCL161-treated Hodgkin Lymphoma cells. After incubation with 
LCL161, L428 and KM-H2 cells showed increased expression of the NKG2D ligands 
MICA and MICB and NK cells displayed enhanced NKG2D-dependent cytotoxicity 
against treated cells. Currently, we are investigating the molecular mechanisms 
responsible for NKG2D ligand upregulation in Hodgkin Lymphoma cells in response 
to IAP inhibition. 
CONCLUSION 
The data suggest that a clinical benefit of LCL161 in Hodgkin lymphoma is rather 
attributed to the activation of innate immune cells against tumor cells than to a direct 
cytotoxicity. 
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BISPECIFIC ANTIBODIES RESTORE THE IMPAIRED NK CELL FUNCTION IN 
HODGKIN LYMPHOMA  - IN VITRO AND IN PATIENTS  

 

Katrin S. Reiners, Jörg Kessler, Maike Sauer, Achim Rothe, Uwe Reusch1, Christian 
Hucke1,  Andreas Engert, Elke Pogge von Strandmann** 
1University Hospital Cologne, Department of Internal Medicine I, Laboratory for 
Immunotherapy, 50924 Cologne, Germany 
1Affimed Therapeutics AG, Technologiepark, Im Neuenheimer Feld 582, 69120 
Heidelberg, Germany 
 
INTRODUCTION. It is a hallmark of Hodgkin lymphoma (HL), that the malignant cells 
in affected lymph nodes are surrounded by immune effector cells including 
lymphocytes, which fail to  eliminate the tumor cells. Natural killer (NK) cells 
represent the key component of the innate immune system against cancer. So far, 
data on phenotype and function of peripheral NK cells in Hodgkin lymphoma (HL) 
patients are limited and not much is known about the feasibility and potential of NK 
cell-based immunotherapy. 
METHODS. The expression pattern of a panel of NK cell receptors, focusing on the 
NCRs (Natural Cytotoxicity receptors including NKp30, NKp46, NKp44) and NKG2D, 
from patients (80) was analyzed by FACS. The serum levels for soluble ligands were 
assessed by ELISA (300 HL samples). NK cell activity of patients cells either 
untreated or following AFM13 treatment was estimated "ex vivo" using cytotoxicty 
assays. 
RESULTS. Here, we demonstrate that peripheral NK cells (pNK) from HL patients fail 
to eliminate HL cell lines in ex vivo killing assays. The NK cell inhibition correlated to 
elevated levels of soluble ligands for NK cell receptors (BAG6, MICA) and the 
cytokine MIF, factors known to constrict NK cell function. Incubation of NK cells from 
healthy donors with patient serum lead to a general NK cell inhibition. However, NK 
cell inhibition of patient NK cells was reversible: The cytotoxicity could be restored in 
vitro with IL-2 or by treatment with a bispecific antibody construct (AFM13) that 
targets CD30 on malignant HL cells and CD16 expressed on NK cells. Moreover, we 
observed that NK cells isolated from patients treated with AFM13 were generally 
activated and displayed a restored cytotoxicity against HL target cells. 
CONCLUSION. These data indicate that soluble serum factors directly impair the 
function of NK cells in HL patients e.g. by downregulation of NKG2D. The NK cell 
suppression, which may contribute to immune evasion in HL, is reversible and can be 
antagonized therapeutically. 
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THE ROLE OF NATURAL KILLER (NK) CELLS IN SMALL CELL LUNG CANCER (SCLC) 

Suliman Y Al Omar*1,2, Ernie Marshall3, Derek Middleton2,4, Stephen E Christmas2 

1College of Science, King Saud University, Riyadh, Saudi Arabia. 2 Department of Clinical Infection, 

Microbiology & Immunology, Institute of Global Health, Faculty of Health & Life Sciences, 

University of Liverpool, UK.3 Clatterbridge Centre for Oncology NHS Foundation Trust, Wirral, 

Merseyside, UK. 4Transplant Immunology, Royal Liverpool University Hospital Trust, Liverpool, UK. 

 

INTRODUCTION. Natural Killer (NK) cells play an important role in defence against tumour cells. 

NK cells express different types of receptors (such as Killer immunoglobulin-like receptors (KIR)) 

that have the ability to inhibit or activate the NK cells killing activity against tumours. 

METHODS. In order to investigate the characterization of NK cell in Small Cell Lung Cancer 

(SCLC) patients (30) compared with healthy subjects (67), KIRs (CD158a, CD158b and CD158e) 

and their ligands have been analyzed using flow cytometry and PCR-SSP respectively. In addition, 

the NK cell killing activity in healthy subjects and SCLC patients has been identified by examining 

FASL, Perforin and Granzyme B expression (using flow cytometry and real time PCR) and the 

cytotoxicity against K562 cell lines (using Chromium release assay).  

RESULTS. In SCLC stages, it was observed that the percentage of NK cells was higher in limited 

disease (LD) stage than extensive disease (ED) stage (P=0.012). The mean fluorescence intensity 

(MFI) of CD158e+ NK cells was higher in SCLC patients compared with healthy control. Further 

investigation of CD158e expression in relation to KIR haplotype showed that the percent of NK 

cells positive for CD158e were significantly higher in SCLC patients with haplotype AB than healthy 

controls (P=0.04).  Interestingly, the NK cell killing molecules in SCLC were significantly lower than 

healthy subjects. Also, the expression of FASL on NK cells was reduced in SCLC patients 

(P=0.0009). NK cell killing ability in SCLC was significantly decreased compared to controls.  

CONCLUSION. Our study suggests that NK cell killing in SCLC may be inhibited due to the high 

expression of CD158e. From these findings, it is possible that the SCLC patients with haplotype 

AB have certain KIR alleles that are responsible for giving the high levels of CD158e. The defect in 

different parameters of NK cell killing activity may partly explain the greater aggression of tumour 

growth in SCLC. 
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NKG2D RECEPTOR IN CANCER.  Martha Perez-Rodriguez*1, Adrian Leon-
Paz2, Jazmin Castro-Guerra2 and Javier Torres2.  1Unidad de Investigación 
Médica en Inmunología, 2Unidad de Investigación Médica en Enfermedades 
Infecciosas y Parasitarias, Hospital de Pediatría Centro Médico Nacional Siglo 
XXI.  Instituto Mexicano del Seguro Social. México D.F. México. 
INTRODUCTION.  Natural Killer (NK) cells have an important role in 
inflammatory and innate immune responses against malignant cell 
transformation.  NKG2D receptor is a C-type lectin expressed as a homodimer by 
NK, γδ+ and CD8+ T-cells.  The NKG2D gene is located on human chromosome 
12p next to the NKG2A, NKG2E and NKG2F genes. MICA and MICB are the 
ligands for NKG2D. 
METHODS.  The study included 90 non-atrophic gastritis individuals and 86 
gastric cancer patients, which were diagnosed by mucosal injury and 
development of symptoms.  DNA was isolated from PBC using the salting out 
microtechnique. NKG2D single nucleotide polymorphism was genotyped with the 
TaqMan Allelic discrimination method using the StepOneTM real time PCR 
system.  The probe used was specifically designed for rs2617160.  The genotype 
and haplotype frequencies in non-atrophic gastritis and gastric cancer patients 
were compared with the asymptomatic group and differences were analyzed 
using X2 or Fisher’s exact test using 2x2 contingency tables. 
RESULTS.  The SNP allele and genotype frequency of the activator gene 
represented the next data in the non-atrophic gastritis group.  The frequency of A 
and T alleles were 33.89% and 66.11% respectively, while the genotypes were 
14.44% for AA, 38.89% for AT and 46.67% for TT.  Regarding gastric cancer 
patients the A allele frequency was 38.96% and 61.04% for T.  The genotype 
frequency was 13.96% for AA, 50% for AT and 36.04% for TT.  The allele and 
genotype frequency not showed significant difference between the non-atrophic 
gastritis and gastric cancer groups. 
CONCLUSIONS.  Our preliminary studies suggest the SNP rs2617160 in NKG2D 
is not associated with susceptibility in the development of gastric cancer. (Project 
supported by FIS/IMSS/PROT/G09/768.) 
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NK LYTIC-ASSOCIATED MOLECULE PLAYS A ROLE IN MYC-INDUCED 
LYMPHOMAGENESIS. Gail Gullickson1 and Jacki Kornbluth*, 1, 2. 1Saint Louis 
University, 2St. Louis VA Medical Center. 
INTRODUCTION. NK lytic-associated molecule (NKLAM) is found in the granule 
membranes of NK cells. In vitro studies have shown a critical role for NKLAM in 
NK-mediated tumor killing. In vivo, NKLAM-deficient (KO) mice have reduced NK 
activity, which is accompanied by higher numbers of lung metastases than wild 
type (WT) mice after injection with B16 melanoma cells or RMA-S lymphoma 
cells, indicating a role for NKLAM in tumor immunity. Studies were then designed 
to determine whether NKLAM plays a role in lymphomagenesis using the Eµ-myc 
transgenic mouse model of spontaneous tumor development. This model was 
selected because of studies linking NK deficiency with increased incidence of 
lymphoma. 
METHODS. Eµ-myc mice were purchased from Jackson Laboratories, crossed 
with NKLAM KO and WT mice and intercrossed to generate NKLAM KO Eµ-myc 
mice and WT Eµ-myc mice. Constitutive expression of the c-myc oncogene in the 
B cell lineage drives development of B cell lymphomas in 100% of these mice.  
RESULTS. We evaluated the peripheral blood of Eµ-myc mice for total numbers 
of leukocytes and B220+CD19+IgM- and IgM+ B cells over time, starting at 13 
days after birth. Within the first few weeks, myc transgenic mice have a transient 
lymphocytosis, with the majority of cells being B220+CD19+ B cells. The 
lymphocytosis disappears after a few weeks and does not return until lymphoma 
is apparent from enlargement of lymph nodes 3-6 months later. We observed 
lymphocytosis in both NKLAM KO and WT Eµ-myc mice. However, NKLAM KO 
transgenic mice have more peripheral blood B cells than WT mice and the 
numbers remain higher longer. This is in part due to a greater percentage of 
proliferating B cells in NKLAM KO Eµ-myc mice, as measured by Ki67 
expression. Higher numbers of IgM- pre-B cells were also observed in NKLAM 
KO Eµ-myc mice compared with WT transgenic mice. The higher and more 
persistent levels of pre-B cells in the blood of NKLAM KO Eµ-myc mice suggest 
that NKLAM is involved in the control of the pre-leukemic phase of 
lymphomagenesis. The majority of B cell lymphomas in WT Eµ-myc mice are 
IgM-; in contrast, the lymphomas in NKLAM KO Eµ-myc mice are predominantly 
IgM+. Tumor development is accelerated in NKLAM KO Eµ-myc mice compared 
with WT Eµ-myc mice; this is associated with decreased survival. 
CONCLUSIONS. These results indicate that NKLAM plays a role in controlling B 
cell lymphomagenesis in Eµ-myc transgenic mice. There is an accelerated onset 
of disease in the absence of NKLAM, which is associated with greater B cell 
proliferation and a more mature B cell phenotype. How NKLAM influences 
lymphoma development and phenotype is currently under investigation. (This 
work is supported by grants from the NIH and VA.) 
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INHIBITION OF TUMOR IMMUNE ESCAPE FROM NKG2D-DEPENDENT NK 
CELL CYTOTOXOCITY Ariane Groth**1, Sandra Weil**1, Alexander Steinle2, 
Ulrike Köhl3 and Joachim Koch1. 1Georg-Speyer-Haus, 2Paediatric Haematology and Oncology 
Laboratory for Stem Cell Transplantation and Immunotherapy, 3Institute of Molecular Medicine, Johann 
Wolfgang Goethe-University, Frankfurt, Germany; *equal contribution 
INTRODUCTION. NKG2D+ natural killer (NK) cells display cytotoxicity towards tumor 
cells after binding to MHC class I chain-related gene A or B (MICA/B) or the UL-16 
binding proteins (ULBP) 1-5 on the target cell. However, soluble NKG2D-ligands 
(sNKG2DLs), which can be shed from the plasma membrane of tumor cells, might 
compromise NKG2D-dependent NK cell cytotoxicity and thus promote tumor escape 
from immunosurveillance. In head and neck squamous cell carcinoma (HNSCC) and 
neuroblastoma (NB) patients, elevated levels of sMICA in patient serum correlated 
significantly with diminished NK cell cytotoxicity. In the current study we aim to 
elucidate the molecular details of this immune escape mechanism for prospective 
therapeutic intervention. 
METHODS.  Since clinical results suggest a major role of sNKG2DLs in inhibiting NK 
cell surveillance of tumor cells, NB and HNSCC tumor-cell lines were used to generate a 
3D tumor spheroid model to study the molecular details of NKG2D-dependent tumor 
immune escape in vitro. NKG2DL expression was verified by flow cytometry and IHC of 
spheroid cryosections. MICA shedding was induced by different stress conditions. 
Additionally, infiltration and susceptibility to primary NK cell cytotoxicity was analyzed. 
In parallel, a therapeutic intervention approach to deplete sMICA from NB patients `sera 
was initiated. To functionalize a suitable bioreactive surface, a panel of monoclonal 
antibodies, raised against the alpha3-helical domain of MICA, was generated and 
analyzed by peptide spot arrays, flow cytometry, IP and ELISA.  
RESULTS. We identified an sMICA-dependent tumor immune escape from NK cells in 
NB Patients. Within an ongoing phase I/II clinical trial with IL-2-stimulated allogeneic 
NK (dNK) cells for immunotherapy of patients with high-risk stage IV neuroblastoma 
(NB), we found high plasma levels of sMICA leading to an impaired lytic activity of NK 
cells (Kloess et al., J Immunol, 2010). Furthermore, we were able to establish a screening 
system based on spheroids as an inducible in vitro shedding model of NKG2DLs. The 
hybridoma screen gave rise to three antibody epitope categories: one MICA-specific and 
two MICA/B-specific groups. Initial depletion experiments showed that sMICA and 
recMICA are captured by monoclonal antibodies as well as by recNKG2D.  
CONCLUSIONS. Our spheroid model is a valuable tool to specifically analyze NKG2D 
ligand shedding to determine the precise parameters for NKG2D-dependent immune 
escape from NK cells and to develop clinical intervention strategies. Therapeutic 
depletion of sMICA from patient serum prior to cell-based therapies could significantly 
boost donor NK cell cytotoxicity and improve the clinical benefit for NB patients. 
 
Kloess, S. et al. IL-2-activated haploidentical NK cells restore NKG2D-mediated NK-cell cytotoxicity in 

neuroblastoma patients by scavenging of plasma MICA. Eur J Immunol 40, 3255-3267, (2010). 
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Enhancing NK Cell – Mediated Tumor Rejection By Activation of the Aryl 
Hydrocarbon Receptor.  June Ho Shin, Luhua Zhang, Oihana Murillo-Sauca, 
Junmo Kim, and John B. Sunwoo.  Stanford Cancer Institute, and Institute for 
Stem Cell Biology and Regenerative Medicine, Stanford University   
INTRODUCTION. The tumoricidal effector function of NK cells is regulated by a 
balance of inhibitory and activating receptors.  In this study, we investigated the 
role of the aryl hydrocarbon receptor (AhR) in modulating NK cell activity.  AhR is 
a cytoplasmic receptor that binds a wide range of endogenous and exogenous 
ligands, and upon binding agonistic ligands, this receptor translocates to the 
nucleus and regulates transcription.  Recently, it has been identified to have a 
role in the development of a number of immune subsets. 
METHODS.  NK cells from AhR wild-type, heterozygous, and knockout mice 
were assessed for IFNγ production ex vivo following stimulation by NK1.1 
crosslinking or cytokine stimulation, in the presence or absence of an agonistic 
AhR ligand.  The RMA-S lymphoma model was used to assess the role of AhR in 
modulating the anti-tumor functions of NK cells in vivo.  NK depletion and 
adoptive transfer approaches were used.   
RESULTS.  We found that AhR is upregulated upon NK cell stimulation and that 
the activation of AhR in NK cells enhances the production of IFNγ.  Furthermore, 
activation of AhR by agonistic ligands in vivo results in enhanced rejection of 
RMA-S tumors in an NK cell – dependent and AhR – dependent manner.  This 
rejection of RMA-S tumors is correlated with an increase in tumor-infiltrating NK 
cells.  Importantly, this rejection of RMA-S tumors is not the result of the AhR 
agonist’s effects on the tumor cells directly because RMA-S cells do not express 
AhR, and their proliferation rate in vivo is not affected by exposure to the ligands.  
This function of AhR as a potential enhancer of NK cell activity is likely to be 
physiologic, even in the absence of exogenous administration of ligands, 
because we also find that AhR-deficient mice are not able to control RMA-S 
tumors.  We show that this defect is inherent to the NK cells themselves using an 
adoptive transfer approach. 
CONCLUSIONS.  Our data indicate that the aryl hydrocarbon receptor is an 
important modulator of NK cell anti-tumor effector functions.  Specifically, AhR 
agonists enhance the production of IFNγ by NK cells following stimulation 
through either activating receptors or cytokine receptors.  Activation of AhR may 
be a novel therapeutic strategy for cancer treatment and prevention. 
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Melanoma infiltrated lymph nodes associated NK cell’s subsets mediate 
a robust autologous antitumor cytotoxicity. Ennio Carbone*1,6, Talib Hassan 
Ali,1 Andrea Anichini,2 Elena Ciaglia,3 Simona Pisanti,3 Rossana Talarico,1 Maurizio 
Bifulco,3 Soldano Ferrone,4  Alessandro Moretta,5 Klas Kärre,6 1Department of 
Experimental and Clinical Medicine “G. Salvatore”, University of Catanzaro ‘Magna 
Graecia’, 88100, Catanzaro, Italy; 2Istituto Fondazione IRCCS Istituto Nazionale dei 
Tumori , Milan, Italy; 3Department of Pharmaceutical and Biomedical Sciences, 
University of Salerno, Salerno, Italy; 4Department of Surgery, Immunology, and 
Pathology, University of Pittsburgh Cancer Institute, Pittsburgh, Pennsylvania, USA; 
5Laboratory of Molecular Immunology Department of Experimental Medicine, 
University of Genova, Genova, Italy; 6Department of Microbiology Tumor and Cell 
Biology, Karolinska Institute, Stockholm, Sweden;  
 INTRODUCTION.  So far the melanoma susceptibility to NK cells recognition has been 
analyzed using peripheral blood derived NK cells. Often the peripheral NK cells have 
been used after cytokine stimulation. These approaches constitutes an important 
limitation to the complete understanding of the NK cells contribution to the disease 
patho-physiology and to current immunotherapy strategies based on the selection of the 
best cytolytic NK cells subset. Here the NK cells recognition of autologous lymph nodes 
derived melanoma metastases have been tested using NK cell populations purified from 
melanoma patient’s different anatomic compartment. 
METHODS.  Specifically this study was designed to understand whether the NK cells 
response in the patient’s lymph nodes during metastatic melanoma could play a role in 
controlling the disease progression. To this end we comparatively assessed the frequency, 
the phenotypic and functional differences of NK subsets purified respectively from tumor 
associated lympho node (TAL), tumor free ipsilateral lymph node (FTAL) and peripheral 
blood lymphocyte (PBL) from the melanoma patient or healthy donor PBLs. 
RESULTS.  We demonstrated the preferential expansion of a unique subset of CD69 
positive, highly mature CD56 dim CD57+CCR7+KIR+ cell subset in the patients lymph 
nodes infiltrated by melanoma metastases (NKTAL).  Once purified from the metastasized 
lymph nodes biopsies, NKTAL showed a robust autologous anti tumor activity that reflect 
their greater ability to degranulate, while neither NK cells derived from FTAL (NKFTAL), 
patient NKPBL nor the healthy donor PBL derived NK cells were efficient in the tumor 
targets killing. The tumour infiltrating cells and cytokines environment have been 
analyzed in patient’s lymph nodes.  
CONCLUSIONS. Our data demonstrate that lymph nodes associated NK cells population 
during melanoma progression change dramatically.  In the tumor infiltrated lymph nodes 
CD69+ terminally differentiated CD56dimCD57+CCR7+KIR+ prevail on the CD56 bright 
cell subset . The NK cells population here described have a high autologous anti tumour 
citotoxic potential and  may be of great impact for the design of new  NK mediated anti 
melanoma strategies.  
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INFUSION OF EX VIVO-GENERATED ALLOGENEIC NK CELLS IN ACUTE 
MYELOID LEUKEMIA PATIENTS (A PHASE I DOSE ESCALATION STUDY) 
Harry Dolstra*1, Jan Spanholtz1, Basav N. Hangalapura1, Bart Ruiterkamp3, 

Marleen Tordoir1, Frans Maas2, Carel Trilsbeek1, Jos Paardekooper1, Jeannette 
Cany1, Theo de Witte2, Frank Preijers1, and Nicolaas Schaap3. Radboud 
University Nijmegen Medical Centre, Nijmegen, The Netherlands; 1Department of 
Laboratory Medicine, Laboratory of Hematology; 2Department of Tumor 
Immunology; 3Department of Hematology. 
INTRODUCTION. Acute myeloid leukemia (AML) in elderly patients has poor 
prognosis due to high relapse rates following standard therapy. Even though 
allogeneic SCT can be curative, this option is not always possible in these 
patients due to age and co-morbidity. Interestingly, it has been demonstrated that 
Natural Killer (NK) cell alloreactivity can control relapse in AML without causing 
GVHD in the HLA-mismatched haploidentical allogeneic SCT setting. 
Furthermore, in a non-transplant setting it has been demonstrated that allogeneic 
NK cell infusions can induce clinical remission in poor-prognosis AML patients. 
Therefore, adoptive NK cell transfer after chemotherapy is a promising adjuvant 
treatment for elderly AML patients who are not eligible for allogeneic SCT. 
METHODS & RESULTS: Here, we translated the Glycostem Therapeutics’ 
cytokine-based culture protocol for ex vivo generation of NK cells from umbilical 
cord blood (UCB) hematopoietic stem cells (HSC) into a fully closed, large-scale 
bioprocess. We optimized SOPs for enrichment of CD34+ cells from 
cryopreserved UCB units followed by their efficient expansion and differentiation 
into fully functional, CD56+CD3- NK cell product using the WAVE bioreactor. 
This procedure results in >2,000 fold expansion and a purity of >90%. Moreover, 
expansion yielded a clinically relevant dose of NK cells (between 2 and 10x109 
NK cells dependent on the CD34+ cell input), which display high expression of 
activating NK receptors and cytolytic activity against K562. Finally, we 
established a closed washing procedure resulting in reduction of medium, serum 
and cytokines used in the culture process. In a prospective phase I dose 
escalation study we are presently evaluating the safety, toxicity and in vivo 
lifespan of allogeneic UCB-NK cell infusion following an immunosuppressive 
preparative regimen in poor-prognosis elderly AML patients (Dutch Trial Register 
nr. 2818). Recently, we treated the first AML patient (71 yr, ♂) in this trial with 
Flu/Cy conditioning and i.v. infusion of 3x10^6 UCB-NK cells per kg bodyweight 
(total 220x10^6 NK cells). As expected Flu/Cy conditioning induced transient 
leukopenia and rise in endogenous IL-15 plasma levels. No adverse events, 
GVHD and no dose-limiting non-hematologic (DLT) has been observed. 
CONCLUSIONS: These results demonstrate that large numbers of UCB-NK cells 
can be produced in closed, large-scale bioreactors using our GMP-compliant 
production process for use in clinical trials. 
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PRE-CLINICAL EVALUATION OF EX VIVO-GENERATED NATURAL KILLER 
CELLS AS IMMUNOTHERAPEUTIC PRODUCT AGAINST ACUTE MYELOID 
LEUKEMIA. Jeannette Cany**1, Jan Spanholtz1, Anniek van der Waart1, Marleen 
Tordoir1, Gerben Franssen2, Basav N. Hangalapura1, Otto Boerman2, Nicolaas 
Schaap3, Robbert van der Voort1, and Harry Dolstra1. Radboud University 
Nijmegen Medical Centre, Nijmegen, The Netherlands; 1Department of 
Laboratory Medicine, Laboratory of Hematology; 2Department of Nuclear 
Medicine; 3Department of Hematology. 
 

INTRODUCTION. Natural Killer (NK) cell-based immunotherapy is an attractive 
adjuvant treatment option for patients suffering from Acute Myeloid Leukemia 
(AML). We use the Glycostem Therapeutics’ cytokine-based culture system for 
the generation of Natural Killer (NK) cells from umbilical cord blood (UCB)-
derived CD34+ stem cells with high yield, high purity and functionality. In this pre-
clinical study, we examined the homing and anti-leukemic potential of ex vivo-
generated UCB-NK cells in NSG mouse models. 
METHODS & RESULTS. We first aimed at studying the migration capacity of ex 
vivo-generated NK cells to bone marrow (BM), which is the target tissue of AML 
therapy. In vitro, we observed that a significant proportion of differentiated CD56+ 
UCB-NK cells express the chemokine receptor CXCR4 at the end the culture 

process, and respond to the specific ligand SDF-1  in transwell migration assay. 
We then used 111Indium-oxinate (111In) as a radionuclide to track NK cells in vivo 
after intravenous injection in adult NSG mice. SPECT-CT imaging clearly 
visualized an 111In-specific signal in the liver, spleen and BM at 24h after infusion. 
Ex vivo quantification of radioactive 111In  supported a preferential homing to BM 
and lymphoid organs. In addition, the presence of viable NK cells was further 
confirmed by ex vivo FACS analysis. Next, we examined the survival and anti-
leukemic potential of UCB-NK cells following adoptive transfer. We showed that 
administration of a clinically-relevant dose of rhIL-15 mediated efficient in vivo 
expansion and survival of UCB-NK cells after infusion. Using a luciferase-
expressing K562 cell-based intra-femoral (IF) tumor model, we finally showed 
that a single NK cell infusion in combination with rhIL-15 strongly reduced the 
tumor growth (p<0.01). Furthermore, UCB-NK+rhIL-15 treatment prolonged 
survival of K562 IF-injected mice (p=0.02 and p=0.01 for NK+rhIL-15 vs. PBS 
and rhIL-15 respectively) resulting in 33% long-term protection. 
CONCLUSIONS. 111In-based NK cell tracking provides high specificity and 
sensitivity and makes SPECT-CT imaging a useful tool to address NK cell 
biodistribution after adoptive transfer. Our pre-clinical studies demonstrate that 
ex vivo-generated UCB-NK cells can migrate to the bone marrow and are 
biologically active against intra-femoral tumor. New strategies are now under 
investigations to further enhance migration of UCB-NK cells to the bone marrow 
and their anti-leukemic efficacy in more stringent AML mouse models.  
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REORGANISATION OF CELL SURFACE CD20 BY RITUXIMAB AUGMENTS 
THE EFFICIENCY OF ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY  

Dominika Rudnicka1**, Ian Strickland2, Martin Spitaler3, Donna K Finch2, Matthew 
A Sleeman2, Daniel M Davis1‡ 

1Cell and Molecular Biology, SAF Building, Imperial College London, 
2MedImmune Ltd., Milstein Building, Granta Park, Cambridge, 3FILM Imaging 
Facility, National Heart and Lung Institute, Imperial College London, United 
Kingdom, ‡d.davis@imperial.ac.uk 

INTRODUCTION. One way in which NK cells kill target cells is through antibody-
dependent cellular cytotoxicity (ADCC). This can be an important component for 
the efficacy of medical treatments using specific chimaeric, humanised and 
human antibodies. Rituximab mediates depletion of CD20-expressing B cells and 
is one of the best characterised examples of an antibody promoting ADCC, 
successfully used in the treatment of non Hodgkin lymphomas and rheumatoid 
arthritis. However, not much is known about the intercellular interactions taking 
place between effector and target cells during this process and whether or not an 
organised immune synapse is important for ADCC remains unknown. 

METHODS. Here we employed a range of different state-of-the-art fluorescence 
imaging technologies to study the changes in the surface organisation of CD20 
induced by Rituximab and the formation of an immune synapse between 
opsonised target cells and human peripheral blood NK cells. Synapses between 
freshly isolated primary NK cells and CD20-positive Daudi B cells in the presence 
of Rituximab were imaged from the time of initial contact through to target cell 
lysis using live-cell confocal fluorescence microscopy. 

RESULTS. After 1 hour of incubation with Rituximab the frequency at which 
CD20 was capped to one side of the B cell surface increased dramatically, 
independently of intercellular contact. Conjugates between NK and B cells 
formed readily in the presence of Rituximab leading to target cell killing within 4 
min (±48 s). Most importantly, NK cells killed target cells in nearly 70 % of 
conjugates where the initial point of contact was where CD20 was capped, but 
target cells were killed in less than 40 % of conjugates where NK cells first 
touched target cells away from where CD20 was clustered or if CD20 was not 
clustered at all.  

CONCLUSIONS. For the first time, this establishes that the site of contact 
between immune cells and target cells influences immune responses. Moreover, 
Rituximab-mediated reorganisation of CD20 is important in mediating efficient 
ADCC. 
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Stimulation of natural killer cells with an anti-CD137 antibody enhances the 
efficacy trastuzumab, cetuximab, and rituximab in HER2-expressing breast 
cancer, EGFR+ head and neck cancer, and CD20+ lymphoma 
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INTRODUCTION: Antibody-dependent cell-mediated cytotoxicity (ADCC), largely 
mediated by natural killer (NK) cells, is thought to play an important role in the efficacy of 
monoclonal antibodies (mAb)s including rituximab, an anti-CD20 mAb, trastuzumab, an 
anti-HER2 mAb, and cetuximab, an anti-EGFR mAb used to treat patients with B cell 
lymphomas, HER2-expressing breast cancer, and EGFR-expressing solid tumors. 
CD137 is a costimulatory molecule expressed on a variety of immune cells following 
activation, including NK cells. We hypothesize that as the antitumor efficacy of mAbs is 
due, at least in part, to ADCC, the anti-cancer activity of these mAbs can be enhanced 
by stimulation of NK cells with an anti-CD137 agonistic mAb.  
METHODS & RESULTS: Each mAb tested induced upregulation of CD137 on NK cells 
was assessed using CD20+lymphoma, HER2+breast, and EGFR+head and neck cell 
lines and primary patient samples. In-vitro NK cell degranulation, cytokine release and 
cytotoxicity were assessed by CD107a mobilization, IFN-γ secretion, and chromium 
release. A murine lymphoma tumor model targeted by mouse anti-mouse CD20 mAb 
was used to assess in-vivo synergy of anti-CD20 and anti-CD137 mAbs. Mechanism of 
synergy was explored by T cell, NK cell, and macrophage depletion in the immune 
competent mouse model. Xenotransplanted models in nude or SCID mice with 
lymphoma, breast cancer, or head and neck cancer were used to demonstrate efficacy 
of anti-CD137 mAb and rituximab, trastuzumab or cetuximab, and sufficiency of an 
innate immune response. NK cells in human primary patient samples do not express 
CD137 at baseline, however these cells highly upregulate CD137 when encountering 
mAb-coated tumor cells. Monoclonal antibody-induced NK cell degranulation and 
cytotoxicity as measured by chromium release are enhanced by anti-CD137 agonistic 
mAb. In a murine lymphoma model, anti-CD137 mAb significantly enhances anti-tumor 
activity of anti-CD20 mAb leading to complete tumor resolution and prolonged survival. 
Sequential administration of anti-CD20 mAb followed by anti-CD137 mAb is required for 
the synergistic effect. NK cell depletion completely abrogates the therapeutic effect of 
anti-CD20 plus anti-CD137 mAb combination. In xenotransplant lymphoma, breast, and 
head and neck models, rituximab, trastuzumab or cetuximab plus anti-CD137 mAb 
provided superior reduction in tumor burden and prolonged overall survival. In a Phase 0 
biomarker study, level of CD137 expression on circulating and intratumoral NK cells was 
influenced by circulating disease burden, extent of prior treatment, FcγRIII 
polymorphism, and time since mAb therapy.  
CONCLUSIONS: Our results demonstrate the synergy of anti-CD137 mAb and a tumor-
targeting mAb (rituximab, trastuzumab, or cetuximab) by stimulation of mAb-activated 
NK cells with anti-CD137 mAb to enhance ADCC. These results support a novel, 
sequential antibody approach against CD20+B cell, HER2+breast, and EGFR+head and 
neck malignancies by targeting first the tumor and then the host immune system. 
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INHIBITION OF HISTONE DEACETYLASEN (HDACs) IN HODGKIN LYMPHOMA 

CELL lines: DIRECT EFFECTS AND IMPACT ON LYMPHOCYTES 

 

Jan Klein**, Katrin Reiners, Maike Sauer, Elke Pogge von Strandmann 
University Hospital Cologne, Department of Internal Medicine I, Laboratory for 
Immunotherapy, 50924 Cologne, Germany 

 

INTRODUCTION. Histone deacetylases (HDACs) are a class of enzymes, which play 

a crucial role in regulating gene expression and activity of proteins responsible for 

cell-cycle progression, proliferation and cell survival. As the activity of HDACs has 

been proven to be highly dysregulated in malignant Hodgkin lymphoma (HL) cells, 

they represent an interesting therapeutic target in this disease.  

METHOD AND RESULTS. Here, we analyzed the direct cytotoxicity of the HDAC 

inhibitor Panobinostat (LBH589, Novartis) on HL cell lines. Panobinostat induced 

apoptosis in HL cell lines (L428, L540) at nanomolar concentrations. The combination 

with standard therapeutic agents (chemotherapy) showed synergistic effects 

suggesting that Panobinostat is a promising candidate for future therapy regimens.  

In HL tissue the malignant Hodgkin Reed Sternberg (HRS) cells are surrounded by 

non-malignant bystander cells including lymphocytes, that are unable to destroy the 

tumor cells. Next, HL cell lines (MHC-I negative) and peripheral lymphocytes were 

treated with sub-lethal doses of Panobinostat to estimate the impact on surface 

molecules known to be involved in HL cell survival and/or communication with 

lymphocytes. Panobinostat treatment caused a significant decrease of tumor 

activation molecules, (e.g. CD30, a member of the TNF receptor family involved in 

HRS survival) and an increase of activation markers on immune effector cells (T cells 

and NK cells). Moreover, the effects of Panobinostat in co-cultures of L428 HL cells 

and peripheral blood mononuclear cells were analyzed. Panobinostat treatment 

caused a dramatic decrease of IFNg and an increase of TNFa in the co-culture 

supernatant. The IFNg release was dependent on direct cell-cell contact and 

mediated by CD3-positive cells, whereas the TNFa release was independent from 

direct cell-cell contact.  

CONCLUSION. Taken together we showed that Panobinostat was directly toxic to HL 

cell lines and led to reduced CD30-surface expression. Moreover, Panobinostat 

treatment dramatically altered the cytokine release pattern within co-cultures of HL 

cell lines and peripheral blood cells. Based on this data it is tempting to speculate 

that Panobinostat mediated HDAC inhibition has an impact on the cytokine network 

in the HL microenvironment that counteracts tumor cell survival. 
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NKG2D-DEPENDENT IMMUNE CELL INFILTRATION AND ELIMINATION 

OF p53-INDUCED SENESCENT TUMORS. Alexandre Iannello**, Michele 

Ardolino, Thornton Thompson, David H. Raulet. University of California Berkeley. 

INTRODUCTION.  Cellular senescence is an established cellular stress response that 

acts primarily to prevent the proliferation of cells that experience potentially oncogenic 

stress. It can be induced by restoring p53 expression in tumor cells established in the 

absence p53. The senescence response is now recognized as a potent and highly 

efficacious cell-autonomous tumor suppressive mechanism. Previous studies 

demonstrated that the cellular senescence program can cooperate with the innate immune 

system to potently limit tumour growth. Consequently, we sought to study the role of the 

activating NKG2D receptor expressed by natural killer (NK) cells in the elimination of 

senescent tumor cells. 

METHODS.  We used a model of tumor senescence consisting of fetal liver progenitor 

cells transduced with retroviruses encoding H-rasV12 and a tet-responsive (“tet-off” 

system) p53 shRNA based on the miR30 microRNA. The p53 shRNA suppresses p53, 

aiding H-ras transformation of the fetal liver cells. After transferring p53-deficient tumor 

cells and tumor formation, treating the mice with doxycycline extinguishes the shRNA 

and restores p53 expression, which causes the tumor cells to senesce in vivo and the 

tumors to eventually disappear. To elucidate the role of NK cells and NKG2D in tumor 

rejection, transformed fetal liver cells were transferred subcutaneously to Rag2-/- mice or 

Rag2-/- NKG2D KO littermates. Some mice were pre-treated with antibodies to block 

NKG2D or deplete NK cells. After allowing the tumors to form, mice were treated with 

doxycycline in the drinking water to induce p53, after which tumor dimensions were 

monitored. Tumors were excised for analysis of expression of NKG2D ligands and others 

molecules involved in NK cell recognition, as well as the infiltration of different subsets 

of immune cells. In addition, fetal liver cells cultured in vitro were tested as targets for 

NK cells in 
51

Cr lysis assays, before and after restoration of p53 expression. 

RESULTS.  Disruption of the NKG2D gene, blockade of NKG2D with antibodies and 

depletion of NK cells with antibodies all caused significant and similar delays in the 

elimination of senescent tumors after p53 restoration. The results suggest that NKG2D 

mediated recognition by NK cells mediates elimination of the senescent tumors. 

Surprisingly, the restoration of p53 and establishment of senescence was not 

accompanied by an increase in the expression of NKG2D ligands, DNAM-1 ligands, 

death receptors or adhesion molecules such as ICAM-1. In fact, growing tumor cells and 

senescent tumor cells generated by inducing p53 in vitro were equally sensitive to lysis 

by activated NK cells in vitro, and the lysis was largely NKG2D-dependent in both cases. 

Instead, we observed a progressive decrease in the percentage of cells expressing Rae1e, 

PVR and DR5, suggesting these cells are selectively eliminated by NK cells. Interestingly, 

p53 restoration induced the intra-tumoral recruitment of macrophages, granulocytes and 

NK cells. Immune cell infiltration was lower in NKG2D KO mice, and NKG2D KO 

infiltrating NK cells showed lower levels of perforin, granzyme B and IFN-expression.  

CONCLUSIONS.  Our data show that p53-induced senescence can promote elimination 

of transformed cells by an NKG2D-dependent mechanism without modulating NKG2D 

ligand expression. Instead, p53 restoration and NKG2D-ligand interactions enhance the 

recruitment and activation of NK cells within the tumor. (MA is a Istituto 

Pasteur/Fondazione Cenci-Bolognetti post-doctoral fellow, AI is a CIHR Banting post-

doctoral fellow; this research was supported by grants from the NIH to DHR.) 
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PREFERENTIAL	  EFFICACY	  OF	  IMMUNOTHERAPY	  WITH	  HISTAMINE	  DIHYDROCHLORIDE	  
AND	  INTERLEUKIN-‐2	  IN	  ACUTE	  MYELOID	  LEUKEMIA	  OF	  MONOCYTIC	  ORIGIN	  
Johan	  Aurelius1,2,	  Anna	  Martner1,2,	  Mats	  Brune3,	  Lars	  Palmqvist4,	  Markus	  Hansson5,	  Kristoffer	  Hellstrand1,2	  
and	  Fredrik	  Bergh	  Thorén*1,2	  
1Sahlgrenska	  Cancer	  Center,	  University	  of	  Gothenburg,	  Sweden;	  Departments	  of	  2Infectious	  Diseases,	  
3Hematology	  and	  4Clinical	  Chemistry	  and	  Transfusion	  Medicine,	  The	  Sahlgrenska	  Academy,	  University	  of	  
Gothenburg,	  Sweden;	  5Department	  of	  Hematology,	  Skåne	  University	  Hospital,	  Sweden	  
	  
INTRODUCTION.	  Histamine,	  acting	  via	  histamine	  H2	  receptors	  (H2R),	  reduces	  the	  
formation	  of	  reactive	  oxygen	  species	  (ROS)	  by	  normal	  myeloid	  cells	  and	  thus	  protects	  
natural	  killer	  (NK)	  cells	  and	  T	  cells	  from	  oxidant-‐induced	  inactivation	  and	  apoptosis.	  
Post-‐consolidation	  immunotherapy	  with	  histamine	  dihydrochloride	  (HDC)	  and	  the	  NK	  
and	  T	  cell	  activating	  cytokine	  interleukin-‐2	  (HDC/IL-‐2)	  has	  been	  found	  to	  improve	  
leukemia-‐free	  survival	  (LFS)	  in	  acute	  myeloid	  leukemia	  (AML)	  in	  a	  phase	  3	  trial	  and	  is	  
approved,	  in	  Europe	  and	  Israel,	  as	  post-‐consolidation	  therapy	  for	  AML	  patients	  in	  
complete	  remission	  under	  the	  age	  of	  60.	  	  
	  
METHODS.	  For	  the	  present	  study,	  the	  efficacy	  of	  HDC/IL-‐2	  was	  determined	  among	  
patients	  in	  this	  trial	  with	  subtypes	  of	  AML	  according	  to	  the	  French-‐American-‐British	  
(FAB)	  classification.	  In	  addition,	  we	  analyzed	  H2R	  functionallity	  and	  expression	  by	  	  
subsets	  of	  AML	  cells	  recovered	  from	  newly	  diagnosed	  patients	  with	  FAB-‐M2,	  FAB-‐M4,	  or	  
FAB-‐M5	  FAB	  AML.	  	  
	  
RESULTS.	  No	  improvement	  of	  LFS	  after	  treatment	  with	  HDC/IL-‐2	  was	  observed	  in	  
patients	  with	  acute	  myeloblastic	  leukemia	  with	  maturation	  (FAB-‐M2;	  n=41).	  In	  contrast,	  
treatment	  with	  HDC/IL-‐2	  significantly	  improved	  LFS	  in	  patients	  with	  myelomonocytic	  
(FAB-‐M4)	  and	  monocytic	  (FAB-‐M5)	  AML	  (n=58).	  3	  year	  LFS	  in	  the	  control	  group	  was	  
26.9%,	  as	  compared	  to	  62.5%	  in	  the	  treatment	  arm	  (p<	  0.017).	  In	  support	  of	  this	  data,	  
FAB-‐M4/M5	  leukemic	  cells	  expressed	  functional	  histamine	  H2	  receptors	  on	  the	  cell	  
surface	  at	  significantly	  higher	  levels	  than	  FAB-‐M2	  and	  FAB-‐M1	  AML	  (p<	  0.05	  and	  p<0.01	  
respectively).	  
	  
CONCLUSIONS.	  This	  study	  demonstrates	  that	  functional	  H2Rs	  are	  expressed	  by	  subsets	  
of	  human	  AML	  cells	  and	  that	  these	  receptors	  regulate	  a	  novel	  immunosuppressive	  
mechanism	  exerted	  by	  AML	  cells.	  We	  also	  show	  that	  improvement	  of	  LFS	  by	  treatment	  
with	  HDC/IL-‐2	  is	  pronounced	  in	  FAB-‐M4	  and	  FAB-‐M5	  AML	  where	  the	  leukemic	  clone	  
comprises	  cells	  that	  express	  functional	  H2R.	  These	  findings	  suggest	  that	  the	  benefit	  of	  
HDC-‐based	  immunotherapy	  in	  AML	  may	  involve	  a	  direct	  action	  of	  HDC	  on	  H2R	  expressed	  
by	  leukemic	  cells.	  	  
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MONOCYTIC	   AML	   CELLS	   INACTIVATE	   NK	   CELLS:	   ROLE	   OF	   NADPH	  OXIDASE/GP91PHOX	  
EXPRESSION	  	  
	  
Johan	  Aurelius**1,2,	  Fredrik	  B.	  Thorén1,2,	  Ali	  Akhiani1,2,	  Mats	  Brune3,	  Lars	  Palmqvist4,	  Markus	  
Hansson5,	  Kristoffer	  Hellstrand1,2	  and	  Anna	  Martner1,2	  

	  
1Sahlgrenska	  Cancer	  Center,	  University	  of	  Gothenburg,	  Sweden;	  Departments	  of	  2Infectious	  
Diseases,	  3Hematology	  and	  4Clinical	  Chemistry	  and	  Transfusion	  Medicine,	  The	  Sahlgrenska	  
Academy,	  University	  of	  Gothenburg,	  Sweden;	  5Department	  of	  Hematology,	  Skåne	  University	  
Hospital,	  Sweden	  
 
INTRODUCTION.	  Dysfunction	  of	  T	  cells	  and	  natural	  killer	  (NK)	  cells	  has	  been	  proposed	  to	  
determine	   the	   course	   of	   disease	   in	   acute	   myeloid	   leukemia	   (AML)	   but	   only	   limited	  
information	  is	  available	  on	  the	  mechanisms	  of	  lymphocyte	  inhibition.	  This	  study	  aimed	  
to	  evaluate	   to	  what	  extent	  human	  malignant	  AML	  cells	  utilize	  NADPH	  oxidase-‐derived	  
reactive	  oxygen	  species	  (ROS)	  as	  an	  immune	  evasion	  strategy.	  
	  
METHODS.	  In	  this	  study,	  we	  monitored	  the	  surface	  expression	  of	  gp91phox,	  a	  component	  
of	  the	  ROS-‐generating	  NADPH	  oxidase,	  on	  leukemic	  cells	  recovered	  from	  BM	  and	  blood	  
of	  newly	  diagnosed	  AML	  patients	  and	  explored	  whether	  ROS	  produced	  by	  leukemic	  cells	  
compromise	  T	  and	  NK	  cell	  function.	  The	  analyses	  were	  performed	  using	  cells	  recovered	  
from	  diagnosed	  patients	  with	  defined	  morphological	  subtypes	  of	  AML	  cells	  based	  on	  the	  
FAB	  classification	  
	  
RESULTS. We	  report	  that	  a	  subset	  of	  malignant	  myelomonocytic	  and	  monocytic	  AML	  
cells	  (French-‐American-‐British	  (FAB)	  classes	  M4	  and	  M5,	  respectively),	  recovered	  from	  
blood	  or	  bone	  marrow	  of	  untreated	  AML	  patients	  at	  diagnosis,	  expressed	  the	  NADPH	  
oxidase	  component	  gp91phox.	  Highly	  purified	  FAB	  M4/M5	  AML	  cells	  produced	  large	  
amounts	  of	  ROS	  upon	  activation	  and	  triggered	  PARP	  1-‐dependent	  apoptosis	  in	  adjacent	  
natural	  killer	  (NK)	  cells,	  CD4+	  T	  cells	  and	  CD8+	  T	  cells.	  In	  contrast,	  immature	  (FAB	  class	  
M1)	  and	  myeloblastic	  (FAB	  class	  M2)	  AML	  cells	  rarely	  expressed	  gp91phox,	  did	  not	  
produce	  ROS,	  and	  did	  not	  trigger	  NK	  or	  T	  cell	  apoptosis.	  	  
 
CONCLUSIONS.	   Our	   findings	   suggest	   that	   AML	   cells	   of	   monocytic	   origin	   have	   the	  
capacity	  to	  produce	  ROS	  and	  thus	  evade	  pivotal	  anti-‐leukemic	  effector	  cells.	  While	  the	  
clinical	  course	  of	  monocytic	  forms	  of	  AML	  is	  not	  distinctly	  different	  from	  that	  of	  AML	  of	  
other	   FAB	   classes,	   it	   may	   be	   speculated	   that	   ROS-‐dependent	   immunosuppression	  
exerted	  by	  FAB-‐M4	  and	  –M5	  cells	   impacts	  on	  the	  efficiency	  of	   immunotherapy	  aiming	  
at,	  e.g.,	  targeting	  residual	  leukemic	  cells	  of	  patients	  in	  CR	  and	  thus	  preventing	  relapse.	  	  
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N-ACETYL-D-GLUCOSAMINE-NKR-P1C
B6

 INTERACTION ENHANCES NK 

CELL-MEDIATED ACTIVATION AND ANTITUMOR RESPONSE  
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INTRODUCTION. Characterization of the NK cell receptors and their carbohydrate 

recognition domains led to the synthesis of the most effective mimetics so far - the N-

acetyl-D-glucosamine conjugates on different scaffolds (GCs). Since the reactivity of our 

conjugates with recombinant mouse lectin-type receptors has not been investigated, we 

followed this approach together with the identification of their ligands on immune cell 

subpopulations. We focused on the analysis of GCs binding to the mouse NKR-P1 

isoforms. The precise evaluation of the receptor binding affinity to the used compounds 

appears to be essential for the understanding of their anti-tumor protective effect in vivo. 

METHODS. We amplified and expressed the activation (NKR-P1A, C, F) and the 

inhibitory (NKR-P1B/D) receptors by RT-PCR. The recombinant proteins were used for 

standard plate binding and plate inhibition assays. Dimeric mouse NKR-P1C from BL6 

mice (mNKR-P1C
B6

dim) was expressed in human HEK293S cells and used for glycan 

array screening by the Consortium for Functional Glycomics (CFG). To reveal the effect 

on mice, we followed the phenotype of immune cells and cytotoxicity of purified NK and 

CTLs after in vivo administration of GlcNAc coated polyamidoamine (GN8P) or 

calix[4]arene (GN4C) conjugates into healthy and B16F10 melanoma bearing BL6 mice. 

RESULTS.  A specific binding to the tested GCs occurred only for mNKR-P1A and 

mNKR-P1C, but not to mNKR-P1F or mNKR-P1B/D. The molecular mechanism of 

mNKR-P1C
B6

 recognition of GCs has been clarified via the CFG printed glycan 

microarray chip containing 611 various glycans. Altogether, 111 compounds containing 

the terminal -linked GlcNAc residues provided positive binding. GCs influence the 

NK1.1 receptor turnover on NK and CD49b+CD8+ cells; potentiated the purified NK and 

CTL lytic activity against IC-21 in both tumor-bearing and healthy mice, and against 

B16F10 target cells in tumor-bearing mice. These finding suggested for two-step NK cell 

activation: tumor priming by B16F10 melanoma and GN4C triggering. FACS analysis 

demonstrated a distinct response to GCs in healthy vs. tumor-bearing animals. While in 

healthy animals B and Th cells shifted to larger morphology suggesting their maturation, 

in tumor primed animals, CTLs decrease their size in the spleen.  

CONCLUSIONS. We suppose that GCs initiated a cascade of events potentiating 

antitumor immune response. NK cells act as mediators requiring a two-step activation 

(tumor-priming and NKR-P1C- GlcNAc interaction) to elicit their effector and regulatory 

function involving cytotoxicity, and co-stimulation of B cells and CTLs. This is an 

important finding for our understanding of the glycan (GlcNAc) recognition by NK cells 

within the complex cellular environment of the tumor. (Funded by GA-ASCR 

IAA601680801; GACR 303/09/0477; TACR TA02010760, and by CFG). 
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NK CELL DEFECTS in ACUTE MYELOID LEUKEMIA: NORMAL 
DIFFERENTIATION and KIR ACQUISITION DESPITE METABOLIC DEFECTS and 
NKR DOWN-REGULATION. 
Cyril Fauriat1*, Jérôme Rey1, Aude Leroy1, Christine Arnoulet1, Daniel Olive1. 
1Centre de Recherche en Cancérologie de Marseille, CRCM Inserm U1068, Institut Paoli-Calmette, 
Marseille France 
INTRODUCTION. Functionally defective NK cells have been described in Acute 
Myeloid Leukemia. Down-regulation of NCR, NKG2D, DNAM-1 and 2B4 has been 
particularly described, without clearly being explained. Recent studies have shown that 
terminally differentiated NK cells may display reduced NKR expression. As a possible 
explanation for the appearance of these NK defects in AML, we hypothesized that i) KIR-
mediated education of AML-NK cells might be impaired, ii) NK cells may experience a 
partial exhaustion caused by chronic exposure to myeloid cells, and iii) NK ligand 
expression by AML blasts might induce a down-regulation of NKR and consequently 
several defects.  
METHODS.  
We analyzed KIR acquisition and NK cell differentiation by means of KIR, NKG2A and 
CD57 surface staining. Assessment of NK cell metabolic defects was performed by 
microarray analysis on NK cells from AML patients and healthy donors (HD). Expression 
of NKR ligands was done by flow cytometry and we studied the impact on NKR 
expression and NK cell functions, of HD-NK cell exposure to soluble NKR ligands, or 
NKR ligand-expressing S2 cells. 
RESULTS.  
Our data revealed that KIR expression on AML-NK cells was comparable to that of HD-
NK cells. Frequencies of NK cells expressing none or a single KIR were comparable with 
those of HD-NK cells. Expression of CD57 and NKG2A on AML-NK cells were also 
similar to that of HD-NK cells. Comparative microarray analyses on AML-NK and HD-NK 
cells revealed several metabolic defects that are potentially linked to NK cell defective 
functions. 
CONCLUSIONS.  
Normal KIR expression and maturation marker expression strongly suggested that NK 
cell defects in AML do not origin from defective NK differentiation or education. These 
functional and phenotypic defects rather involve other mechanisms requiring further 
investigation. Metabolic pathways including protein synthesis, trafficking and 
degradation, together with signaling pathways may be of importance. It is highly possible 
that NKR down-regulation might be the emerging part of the iceberg. 
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IL-15 DEPENDANT NK CELL ACTIVATION INDUCED BY 
CYCLOPHOSPHAMIDE AND LOW DOSE TOTAL BODY IRRADIATION 
RESULTS IN REJECTION OF FULLY MHC MISMATCHED S.C. BREAST 
CANCER TUMOR.  
Michel van Gelder*, Peter Frings, Ariane Vanclée, Lotte Wieten, Pierre S.J.G. 
Hupperets, Harry C. Schouten and Gerard M. Bos. 
Tumorimmunology lab, department of Internal Medicine, Maastricht University 
Medical Center, Maastricht, the Netherlands. 
Introduction. 4T1 breast cancer is cured by alloreactive NK cell transplantation (P 
Frings et al., Breast Cancer Res Treatm 2011). Pre-treatment with 
cyclophosphamide and low dose total body irradiation (CY+TBI) was mandatory. 
The hypothesis that CY+TBI induces NK cell activation was tested.   
Methods. For testing the effect of CY+TBI on NK cells B6CBAF1 (H-2b/k) mice 
were used. Injection of 4T1 Balb/c (H-2d) breast cancer cells results in 
progressive tumor growth when injected s.c. in B6CBAF1 mice despite the full H-
2 mismatch. CY+TBI was with non-curative doses of total body irradiation (TBI, 
2x 2Gy) and cyclophosphamide i.p. (CY, 200 mg/kg) at day +14 and +15 after 
tumor induction. In vivo NK cell depletion was with anti-NK1.1. Plasma lL-2, IL-
15, IL-18 and IL-21 were measured by ELISA and spleen NK cell activation was 
measured by flowcytometry using intracellular staining of perforin and granzyme 
B, and of membrane staining of CD69, CD122, CD107a, TRAIL and FasL at 
different time points after CY+TBI. Cytokine inhibition was with blocking MoAbs.  
Results.  
Treatment of B6CBAF1 mice with CY+TBI two weeks after s.c. 4T1 tumor 
injection resulted in reduced tumor induced mortality (18%) compared to 
untreated mice (70%, P<0.01). CY+TBI induced tumor rejection was less efficient 
after treatment with anti-NK1.1 (48% tumor induced mortality, P=0.09). 
CY+TBI resulted in 48 hours lasting increased levels of IL-15, IL-18 and IL-21 
and to a lower extent of IL-2.  The percentages of NK cells expressing CD69 and 
CD122 increased significantly as well as the percentage of degranulating NK 
cells measured by CD107a expression. Intracellular perforin and granzyme B 
content in NK cells also increased after CY+TBI. All these effects were 
completely inhibited at all time points by the administration of blocking anti-IL-
15R, while blocking MoAbs against anti-IL2, IL-18 or IL-21 had no effect. 
Conclusions. Rejection of s.c. 4T1 breast cancer in a H-2 mismatched host 
results only after CY+TBI and is NK cell dependant. CY+TBI induces rapid IL-15 
dependant NK cell activation. We assume that these effects are essential for an 
anti solid tumor effect by alloreactive NK cells. 
Prospects. These results give an experimental basis for the need of NK cell 
activating conditioning for an effective anti solid tumor tumor effect by alloreactive 
NK cells in the clinic. 
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  INHIBITORY KIR AND NKG2A MODULATE NK CELL ANTI- MYELOMA 
RESPONSES AT ATMOSPHERIC AND HYPOXIC OXYGEN LEVELS  

 
Lotte Wieten1**, Subhashis Sarkar2, Catharina H.M.J. Van Elssen2, Anton C.M. 

Martens3, Michel van Gelder2, Gerard M.J. Bos2, Marcel G.J. Tilanus1 
 
1Dept. of Transplantation Immunology and 2Dept. of Internal Medicine, Division of 
Hematology, Maastricht University Medical Center, Maastricht, the Netherlands. 
3Dept. of Cell Biology, University Medical Center Utrecht, Utrecht, the Netherlands 

 
Introduction: Multiple Myeloma (MM) is characterized by clonal expansion of 
malignant plasma cells in the frequently hypoxic bone marrow. Immunotherapy with 
allogeneic NK cells could be a novel treatment option for MM patients. However, 
information is limited on recognition and elimination of MM cells by NK cells. In the 
present study, we aim to determine the role of inhibitory KIR and NKG2A in the anti-
MM response of NK cells at atmospheric (21%) and hypoxic (0.6%) oxygen levels. 
 
Methods: A panel of MM cell lines was analyzed for the expression of HLA-ABC and 
HLA-E by genotyping and flow-cytometry. NK cells, obtained from peripheral blood 
of healthy individuals, were MACS enriched and used directly or upon activation with 
IL-2 in functional NK cell assays with MM target cells, at 21% and 0.6% oxygen. 
 
Results: Freshly isolated NK cells killed MM cell lines in a flow-cytometry based 
cytotoxicity assay. Killing efficiency varied between the lines and could partially be 
explained by differences in HLA class I surface expression. Combined analysis of the 
degranulation marker CD107a and inhibitory receptor expression revealed that NK 
cells, exclusively expressing inhibitory KIRs mismatched for MM HLA-epitopes, 
showed increased degranulation as compared to subsets expressing matched KIRs. In 
line with low expression of HLA-E on the MM lines, NK cells exclusively expressing 
NKG2A could also efficiently degranulate upon incubation with MM targets. Il-2 
activation of NK cells enhanced anti-MM responses, while the inhibitory effect of 
KIR-HLA interaction was sustained. Hypoxia almost completely inhibited anti-MM 
responses of all subsets of unactivated NK cells and of IL-2 activated NK cells 
expressing matched KIRs. In contrast, hypoxia did not severely impair degranulation 
of IL-2 activated NK cell subsets expressing mismatched KIRs. 
 
Conclusion: Our study shows that the NK cell anti-MM response of fresh- and IL-2 
activated NK cells is at least partially regulated by KIR and NKG2A. Our observation 
that only IL-2 activated, KIR-HLA mismatched NK cells can mediate anti-MM effects 
under hypoxic conditions emphasized that tumor microenvironmental factors should 
be taken into account when designing NK cell therapy in MM patients. 
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THE NKR-P1C-CARBOHYDRATE INTERACTION PROMOTES ANTITUMOR 
RESPONSE OF NK CELLS.  Valeria Grobarova**, Veronika Benson, Jan Richter, and 
Anna Fiserova. Laboratory of Natural Immunity, Institute of Microbiology, Academy of 
Science of the Czech Republic, Prague, Czech Republic 
INTRODUCTION. Our previous research described the GlcNAc dendrimer (GN8P) as 
prototype ligands of NKR-P1CB6 receptor and their promising antitumor properties 
induced by NK cell activation in melanoma-bearing C57BL/6 mice. On the contrary, in 
BALB/c mice (divergent in the NK gene complex), the GN8P was ineffective. The 
current study is focused on the impact of GN8P – NKR-P1C B6 interaction on NK cells 
function and gene expression of cytokines, C-type lectin-like (NKR-P1C, NKG2D) and 
chemokine receptors. 
METHODS. NK cell functions were examined in healthy and syngeneic B16F10 
melanoma-bearing C57BL/6 mice treated with three i. p. doses of GN8P. The gene 
expression and the immune response were analyzed 2 and 24 hours after the last dose 
administration. NK cells (CD3–DX5+) from spleen were purified and evaluated for 
NKR-P1C turnover by FACS and confocal microscopy. The receptor or cytokine gene 
expressions were analyzed by RT-qPCR, and signaling molecules by Western blot. 
RESULTS. The FACS analysis showed that GN8P injections resulted in significant 
down-modulation of NK 1.1 surface expression in healthy, but not in melanoma-bearing 
mice. The presumptive GN8P ligand-induced receptor endocytosis was proved by 
confocal microscopy on purified NK and NKT cells. The increased IFN-γ synthesis was 
observed solely in NK1.1 expressing NK cells. GN8P treatment of healthy mice 
significantly elevated mRNA expression of NKR-P1C and NKG2D activating receptors 
and CX3CR1 two hours after the last in vivo administration, while TNF-α and CX3CR1 
were upregulated after 24 hours. In B16F10-bearing mice we demonstrated an increased 
NK-cell-specific mRNA expression of IFN-γ after both, 2 and 24 hour intervals and 
TNF-α and CX3CR1 after 24 hours only. No significant changes were found in 
NKR-P1C, NKG2D, CCR2, CXCR3 gene levels. In vitro examination of the signaling 
pathway triggered by GN8P demonstrated rapid activation of PI3K and phosphorylation 
of ERK1/2 (30 sec and 2min, respectively) in melanoma-bearing mice. Incubation of NK 
cells with GN8P downmodulated the kinase activity after 5 min and 10 min. 
CONCLUSIONS. Taken together, the NKR-P1C–carbohydrate interaction influences the 
NKR-P1CB6 receptor turnover, downstream signaling via PI3K and ERK1/2 molecules, 
and stimulates IFN-γ, TNF-α, and CX3CR1 mRNA expression, preferentially in 
melanoma-bearing mice. (This work was funded by Grant Agency of ASCR 
IAA601680801, Technology Agency of the Czech Republic TA02010760, and European 
R&D project 245 122 FP7 – DINAMO) 
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ACTIVATION OF ALLOGENEIC NK CELLS TO OVERCOME TUMOUR IMMUNE ESCAPE 
 
Eileen Auth**1, Stephan Kloess1, Sabine Huenecke1, Claudia Brehm1, Ruth Esser1, Olga 
Zimmermann1, Peter Bader1, Thomas Klingebiel1, Ulrike Koehl1    

 

 1University Hospital Frankfurt, Paediatric Haematology and Oncology, Germany 
 
INTRODUCTION.  Advanced cell therapy trials with haploidentical donor Natural Killer 
(NK) cells provide a promising treatment option for patients suffering from leukaemia 
and tumours, who have a high risk for relapse after allogeneic stem cell transplantation 
(SCT). To date, we and others could show in clinical phase I/II studies, that treatment of 
patients with freshly purified or IL-2 activated donor NK cells was safe (Brehm C, 
PloseOne 2011), but we also found limitations due to NK cell numbers and tumour 
immune escape mechanism (TIEM). In order to improve future NK cell-based 
immunotherapy trials, we are trying to enhance the NK cell yield using new technologies 
and NK-DC “cross talk” to support both, NK cell proliferation and NK cell cytotoxicity. 
 

METHODS.   Immunophaenotyping, cytotoxicity assays, imaging, quantification of 
soluble cancer markers and cytokines were performed to evaluate differences in the 
tumour recognition, migration and cytotoxic function between different NK cell 
activation protocols. 
 

RESULTS.  IL-2 stimulation of highly purified donor NK cells led to an increased 
surface expression for all natural cytotoxicity receptors (NCRs) and NKG2D as well as 
high cytokine secretion, which correlated to an improved cytotoxicity against tumour 
targets compared to unstimulated NK cells (Huenecke S, J Immunother 2010). In 
Neuroblastoma (NB) patients, we could identify high plasma levels of soluble MHC class 
I chain-related gene A (sMICA) leading to tumour escape from immunosurveillance. 
Elevated sMICA levels in patients´ plasma correlated significantly with impaired donor 
NK cell-mediated cytotoxicity against NB cells. Interestingly, high dose of IL-2 activated 
haploidentical NK cells could restore NKG2D-mediated cytotoxicity by scavenging of 
sMICA. (Kloess S, Eur J Immunol 2010). This could be further enhanced by ex vivo co-
incubation of NK cells with concomitant immune cells such as monocytes and dendritic 
cells leading to a 2-10 fold increased NK cell growth rate compared to purified NK cells 
alone. 
 

CONCLUSIONS.  Our results indicate that the use of allogeneic NK cells as a powerful 
tool for adoptive immunotherapy of various malignancies is limited by TIEMs. Co-
incubation of NK cells with  monocytes or dendritic cells may be a first step to increase  
the numbers of donor NK cells to overcome TIEMs. 
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MHC-I-DEFICIENT TUMOR MICRO-ENVIRONMENT INDUCES NK CELL 
DISARMING. 
Michele Ardolino**, Alexandre Iannello, Lily Zhang, and David H. Raulet. 
Department of Molecular and Cell Biology and Cancer Research Laboratory, 
University of California, Berkeley 
 
INTRODUCTION. NK cell education is a complex process not yet completely 
understood. We and other groups have previously shown that NK cell reactivity is 
continuously tuned to ensure an appropriate level of responsiveness, and that a 
key role is played by the MHC class I environment where NK cells reside and 
exert their functions. In particular, the lack of engagement of inhibitory receptors 
(Ly49s and NKG2A in mice) by cognate MHC-I molecules results in low 
responsiveness to many stimuli (called hypo-responsiveness) in the context of a 
process known as NK cell disarming. Here we examined whether MHC 
deficiency in the tumor microenvironment, which occurs frequently in tumors, can 
also promote NK cell disarming and thereby serve as a mechanism of immune 
evasion.   
 
METHODS. To test whether MHC-deficient tumor cells can establish a disarming 
environment, we subcutaneously injected C57/Bl6 mice with high doses of either 
the syngeneic MHC I-deficient cell line RMA-S or with its MHC-I+ counterpart 
RMA. Once tumors were established, we tested by flow cytometry the extent of 
leukocyte infiltration and the responsiveness of NK cells infiltrating the tumor or in 
the draining or non-draining lymph nodes or the spleen. 
  
RESULTS. We found that when re-stimulated in vitro the response of NK cells 
was lower in mice bearing MHC-deficient tumors than in mice bearing a matched 
MHC-I+ tumor. Notably, the lower NK responsiveness was not accompanied by a 
less mature NK phenotype, as assessed by analyzing the CD27 and CD11b 
expression, nor by a difference in the inhibitory receptor (Ly49/NKG2A) 
expression. Moreover, the reduced responsiveness was not accompanied by a 
greater infiltration of immune-suppressor cells such as Tregs or MDSCs.  
 
CONCLUSIONS. Our results suggest that loss of MHC-I on tumor cells 
establishes a disarming environment that ultimately tunes down NK cell 
responsiveness, and is therefore expected to promote immune-evasion by the 
tumors. The results suggest that because of the induction of hypo-
responsiveness, NK cells may in many cases not exert a sustained attack 
against MHC-deficient tumor cells. Future studies will investigate the 
circumstances in which NK cells can circumvent tumor-induced disarming, and 
attempt to identify comparable conditions to promote a sustained response by 
NK cells infiltrating MHC I-deficient tumor cells.   
 
(MA is a Istituto Pasteur/Fondazione Cenci-Bolognetti post-doctoral fellow, AI is a 
CIHR Banting post-doctoral fellow; this research was supported by grants from 
the NIH to DHR.) 
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INTERLEUKIN-21 INCREASES DIRECT CYTOTOXICITY AND IFN-γ 
 PRODUCTION OF EX VIVO EXPANDED NK CELLS AGAINST BREAST 
CANCER CELLS. Dong-Jun Shin**1, Young-Ki Park1,Min-Ho Park1,Je-Jung 

Lee1,Myung-Geun Shin2, Duck Cho1,2, Sang-Ki Kim3 
1Research Center for Cancer Immunotherapy, Chonnam National University 
Hwasun Hospital, 2Departments of Laboratory Medicine, Chonnam National 
University Medical School, Gwangju,3Departments of Companion & Laboratory 
Animal Science, Kongju National University, Yesan, Korea 
INTRODUCTION. Interleukin-21, a promising cytokine with anti-tumor activity, 
stimulates cytotoxicity and IFN-γ production in NK cells. However, little has been 
reported on the stimulatory effect of IL-21 on ex vivo expanded NK cells. In this 
study, we examined the cytotoxicity and interferon-γ (IFN-γ) production of ex vivo 
expanded, IL-21-stimulated NK cells against trastuzumab-coated breast cancer 
cells.METHODS. To activate and expand NK cells, PBMCs were isolated from 
healthy donors and co-cultured with 100-Gy gamma ray–irradiated K562-mb15-
41BBL cells expressing the 4-1BB ligand and membrane-bound IL-15 in the 
presence of IL-2 and IL-15 for 3 weeks. After a 4-day stimulation with IL-21, NK 
cell cytotoxicity against the trastuzumab-coated MCF-7, SKBR3, and T47D cell 
lines was measured at effector-to-target (E:T) ratios of 1:1, 2:1, and 4:1 for 4 
hours. IFN-γ production was examined by enzyme-linked immunosorbant assay 
(ELISA). RESULTS. NK cells were expanded up to median 911-fold (range 258- 
to 3226-fold) from their levels in PBMCs and the NK cell population represented 
approximately 94.93% of all cells after 21 days. Cytotoxicity of the expanded NK 
cells against trastuzumab-coated breast cancer cells was significantly increased 
compared to uncoated cells (P < 0.05). Cytotoxicity of the expanded NK cells 
against the MCF-7, SKBR3, and T47D cell lines was significantly increased 
following 4-day stimulation with IL-21 (38.89±11.98 vs. 48.53±10.31%, 37.50 
±7.27% vs. 49.93 ±4.37%, and 55.77± 12.14% vs. 61.83±12.19% at a 1:1 E:T 
ratio, respectively, P < 0.05). however, antibody dependent ceulluar cytotoxicity 
(ADCC) mediated by trastruzumabwas significantly increased only in the SKBR3 
cell line which highly expresses the HER2/neu antigen. IL-21 pre-treatment also 
increased IFN-γ production in the expanded NK cells in response to the 
trastuzumab-coated breast cancer cells. CONCLUSIONS. IL-21 significantly 
enhances the cytolytic activity and IFN-γ production of ex vivo expanded NK cells 
in response to trastuzumab-coated breast cancer. (This work was funded by 
Basic Science Research Program through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Education, Science and Technology) 
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INTRACRANIAL ADMINISTRATION OF ACTIVATED NK CELLS AND 

MAB9.2.27 AGAINST NG2/CSPG4 ACTIVATES MICROGLIA CYTOTOXICITY 

AND PROLONGS SURVIVAL IN A RAT MODEL OF GLIOBLASTOMA.  

Aurélie Poli 1,2**, Jian Wang1, Olivia Domingues 2, Tao Yan 1, Marte Thuen3, Frits 
Thorsen 1, Cecilie Brekke Rygh 1, Emmet McCormack 4, François Hentges2, Paal 
Henning Pedersen5, Per Øyvind Enger 1,5, Jacques Zimmer 2 and Martha Chekenya1.  
1Translational Cancer Research, Dept Biomedicine, University of Bergen, Norway, 
2Laboratoire d’Immunogénétique-Allergologie, CRP-Santé, Luxembourg, 3Department of 
Circulation and Medical Imaging, NTNU, Trondheim, Norway, 4Department of 
Medicine, Haukeland University Hospital, Bergen, Norway, 5 Department of 
Neurosurgery, Haukeland University Hospital, Bergen, Norway. 
 
INTRODUCTION: Glioblastoma multiforme (GBM) is the most malignant brain 

tumour in adults with dismal prognosis despite multimodal treatment. We showed 

previously that the NG2 proteoglycan mediates an aggressive disease course in GBMs 

and therefore aimed to target it using the monoclonal antibody 9.2.27 and adoptively 

transferred natural killer (NK) cells in athymic rats. METHODS: The treatment was 

infused intratumourally by convection-enhanced delivery and MRI was used to 

longitudinally monitor tumour progression. The mAb 9.2.27 localisation to the tumour 

was visualised in vivo by optical imaging. Cell death and immune responses were 

assessed by flow cytometry and immunohistochemistry. RESULTS: Intracranial 

administration of activated NK cells and mAb9.2.27 eradicated established GBM 

xenograft tumours and led to significantly increased survival, mediated by diminished 

tumour proliferation and increased cell death. The mechanisms included sustained 

activation of pro-inflammatory ED1+CD8+ microglia and subsequent development of a 

Th1 immune response in the combination therapy compared to monotherapy controls. 

The Th1 response was characterized by increased tumour infiltration by CD4+ T cells, as 

well as augmented IFN-γ and TNF-α release into the cerebrospinal fluid. 

Mechanistically, we demonstrated that activated NK cells (1) released IFN-γ and TNF-α, 

(2) converted microglia from anti-inflammatory M2- to highly cytotoxic M1-like 

phenotype and (3) preferentially killed M2-microglia compared to M1-microglia in vitro. 

CONCLUSION: These findings implicate NK cells in the pro-inflammatory 

environment that facilitated the tumour cytotoxicity by microglia in vivo. Our findings 

establish NG2 as a therapeutic target and activated NK and mAb9.2.27 as a promising 

approach to GBM treatment.  
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IMMUNOLOGIC  STRATEGIES  IN  TRIPLE  NEGATIVE  BREAST  CANCER: 
RESTORING THE  FUNCTION OF NK CELLS.  María  P.  Roberti**1;  Yamila  S. 
Rocca1;  Mora Amat2;  María B. Pampena1;  José Loza2;  Federico Coló2;  Verónica 
Fabiano2;  Carlos M. Loza2;  Adrián Nervo2;  Juan M.  Arriaga1;Michele Bianchini1; 
María M. Barrio1; Reinaldo D. Chacón2; José Mordoh1,3; Estrella M. Levy1.
1.  Centro  de  Investigaciones  Oncológicas-FUCA,  Buenos  Aires,  Argentina;  2. 
Instituto  Médico  Especializado  Alexander  Fleming,  Buenos  Aires,  Argentina;  3. 
Fundación Instituto Leloir, IIBBA-CONICET, Buenos Aires, Argentina.
INTRODUCTION: Triple-negative breast cancer (TNBC) is defined by the lack of 
estrogen  receptor,  progesterone  receptor,  and  HER-2  expression.  These 
characteristics leave TNBC patients without a specific treatment. Although they are 
treated with conventional chemotherapy,  such treatment leaves them associated 
with a high rate of local and systemic relapse. Epidermal growth factor receptor 
(EGFR) is frequently expressed in TNBC. Taking into account the limited treatment 
possibilities in TNBC, in the present work we studied a potential therapy based on 
Cetuximab-mediated immune activity by Natural Killer (NK) cells.
METHODS: Breast cancer (BC) tumor and blood samples were obtained at the 
time of surgery. Normal female donors (ND) blood samples were obtained from the 
Hemotherapy  Service.  After  informed  consent,  peripheral  blood  and  tumor 
infiltrating  NK cells  were  examined by flow cytometry for  the  expression  of  13 
activating/inhibitory  receptors.  For  functional  experiments,  ND  PBMC  were 
isolated, and degranulation was assayed after coculture with TNBC cells. ADCC 
experiments were performed with purified NK cells to target TNBC cells coated 
with Cetuximab. IL-2 and IL-15 were used to potentiate NK cell activity.
RESULTS:  Hierarchical  clustering  program  provided  a  global  view  of  receptor 
expression in the different groups. Tumor NK cells had a particular receptor profile, 
which  showed an immunosuppressed  phenotype  with  upregulation  of  inhibitory 
receptors and downregulation of activating ones. We could modulate ND NK cells 
in cocultures with TNBC cells, and proved that these tumor-like NK cells had less 
cytotoxicity against HLA I-/- targets. On the other hand, TNBC cells did not generate 
a  high  basal  cytotoxic  response.  Even  when  Cetuximab trigger  ADCC against 
TNBC,  tumor-like  NK  cells  performed  impaired  ADCC.  Still,  this  impairment  in 
cytotoxicity  could  be  restored  with  NK  cells  stimulation  with  IL-2  and  IL-15. 
Patients’ peripheral blood NK cells displayed similar levels of ADCC compared to 
those from ND. Moreover, this ADCC was potentiated with the cytokines IL-2 and 
IL-15.
CONCLUSIONS: Our results  show that  even when BC NK cells  presented an 
immunossupresed  phenotype  and  function,  the  combination  of  Cetuximab  with 
modulators  of  the  immune  response  as  IL-15  or  IL-2  may  be  considered  an 
attractive therapeutic approach to enhance the clinical  efficacy of  Cetuximab in 
TNBC.
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DEFECTIVE CD56BRIGHT NK CELLS INCREASE THE RELAPSE RISK OF 
ACUTE MYELOID LEUKEMIA PATIENTS.  Nicolas Dulphy,*1,2 Nicolas 
Boissel,1,2 Zena Khaznadar,1 Guylaine Henry,2 Philippe Haas,1,2 Sophie 
Agaugue,1 Daniela Geromin,2 Jean-Michel Cayuela,2 Emmanuel Raffoux,1,2 
Adrienne de Labarthe,2 Joel Lachuer,3 Delphine Réa,2 Hervé Dombret1,2 and 
Antoine Toubert1,2.  1Univ Paris Diderot, Sorbonne Paris Cité, F-75010 Paris, 
France. 2Assistance Publique–Hôpitaux de Paris (AP–HP), Hôpital Saint-Louis, 
F-75010 Paris, France. 3Université de Lyon, UMR5286, Lyon, F-69000, France.  
 
INTRODUCTION.  Acute myeloid leukemia (AML) is a heterogeneous group of 
hematological malignancies. Allogeneic hematopoietic stem-cell transplantation 
demonstrated the sensitivity of leukemic blasts to immune responses, including 
natural killer (NK)-cell‒mediated cytotoxicity. However, the demonstration that 
self NK cells can play a role in controlling the tumor burden remains an open 
issue. 
METHODS.  Herein, NK phenotype (flow-cytometry and gene expression 
profiles) and function (IFN-γ production assay) were analyzed at diagnosis, in 
parallel with the expression of NK-receptor ligands on AML blasts, in a cohort of 
49 AML patients with 4.1 years median of follow-up. Activating NK-receptor 
expressions and IFN-γ production were also determined at complete remission 
(CR). 
RESULTS.  Sharply decreased expressions of the activating NK receptors 
NKG2D, DNAM-1 and NKp46, and intracellular perforin were observed on the 
CD56bright, but not CD56dim, NK cells in half of patients. Defective CD56bright cells 
had severely perturbed gene-expression patterns and reduced capacities to 
produce IFN-γ. Importantly, patients with defective CD56bright-cell profiles at 
diagnosis had higher relative risks of relapse, independently of age, initial white 
blood cell count and karyotype, despite having recovered normal NK phenotype 
and function at complete remission. 
CONCLUSIONS.  NK CD56bright-subset activity at diagnosis apparently affects 
the risk of AML relapse, independently of the already known clinical prognosis 
factors. By contrast, the patient’s immune status at CR does not presuppose 
disease outcome, at least in this cohort of patients. These observations 
highlighted the decisive role of the CD56bright NK subset in the anti-leukemia 
immune response and as a major indicator of outcome. 
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Altered number and functional activity of peripheral blood Vγ9Vδ2 T cells in ovarian cancer 
and chemotherapy non response. 

Aurélie Thedrez1, Vincent Lavoué1,3, Florian Cabillic1,2, Pascale Daniel2, Isabelle Jaffré3, Jean 
Levêque3, Véronique Catros1, 2.  

1Inserm U991, University of Rennes1 ; 2Cell Biology-CRB Laboratory CHU Pontchaillou, 
Rennes; 3Gynecology Department, CHU Pontchaillou, Rennes ; 3 Surgical Oncology, ICO-
Cancer Center, Nantes ; France 

INTRODUCTION: 
Human Vγ9Vδ2 T lymphocytes are a subset of the non classical γδ T cells that contribute to 
the immunological response against epithelial ovary cancer (EOC) cells. EOC usually spreads 
in the peritoneal cavity thereby providing an opportunity to conceive new immunotherapy 
strategies triggering the Vγ9Vδ2 subset in this poor prognostic disease. However, previous 
studies have shown that Vγ9Vδ2 T cells fail to expand from peripheral blood mononuclear 
cells (PBMC) in one-third of cancer patients. The goal of the study is to further characterize 
immunological parameters for the successful ex vivo expansion of Vγ9δ2 T from EOC 
patients.  
 

METHODS:  
The synthetic phosphoantigen BrHPP (Br) and aminobiphosphonate zoledronate (Zol) 
compounds of clinical grade were both tested for ex vivo Vγ9Vδ2 expansion of 60 PBMC 
samples from EOC patients. Statistical analyses were investigated with immunological status 
and Platinium-Taxol based chemotherapy clinical response of the patients. 
 

RESULTS:  
The ex vivo Vγ9Vδ2 T expansion protocol based on a single Br stimulation can be easily 
performed with PBMC from 85% healthy donors leading to obtain a cell therapy product in 
agreement with clinical use exigencies : large number of effector cells with high Vγ9Vδ2 cell 
rate. By contrast, the same ex vivo stimulating protocol allows only 60% Vγ9Vδ2 efficient 
expansion in EOC patients. When PBMC are ex vivo stimulated with Zol, additional responses 
are observed. However, 27% EOC patients could neither be efficiently expanded with BrHPP 
nor Zol (Br-Zol-). Ex vivo analysis of circulating Vγ9Vδ2 from these non-responding patients 
indicate IFNγ production capacities significantly reduced. By contrast, Vγ9Vδ2 activation 
capacities, judged on expression either of CD3 zeta chain or of a Vγ9Vδ2 activation marker, 
are not affected in the same. Importantly, we showed that Br-Zol- patients have a strongly 
collapsed peripheral blood Vδ2 frequency combined with a T regulatory cells (Treg)/Vδ2 ratio 
highly increased. Significant correlations between IFN-γ production capacities and Vδ2 cells 
frequency or Treg/Vδ2 ratio were observed. Finally, we found that Br-Zol- patients, and 
especially patients with altered Vδ2 frequencies, have a higher statistically relative risk to be 
refractory to Platinium-Taxol based chemotherapy than Br and Zol responding patients. 

 

CONCLUSIONS:  
Our data support that EOC patients have specific deficiency in number and functional activity 
of peripheral blood Vγ9Vδ2 T cell subset, without Vγ9Vδ2 activation default. On a more 
applied stand point, the Vδ2 frequency in PBMC ≤ 0.35% or/and Treg/Vδ2 ratio ≥ 2 could be 
used as predictive markers revealing that patient could not be included in a conventional 
phosphoantigen stimulation protocol, and have a increased risk to be insensitive to 
Platinium-Taxol based chemotherapy.  
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NK CELL THERAPY AND AEROSOL IL-2 FOR THE TREATMENT OF 
OSTEOSARCOMA LUNG METASTASIS. Sergei R. Guma**1, Dean A. Lee1, 
Eugenie S. Kleinerman1. 1 University of Texas MD Anderson Cancer Center.  
 
INTRODUCTION. The two year metastasis free survival for osteosarcoma (OS) 
has not improved for over 20 years. Patient deaths are usually due to pulmonary 
metastasis with no disease outside the lung. Novel therapeutics to target 
pulmonary metastasis are needed. Natural Killer (NK) cell therapy is a potential 
new therapeutic approach. One of its drawbacks is that concomitant IL-2 
administration is required for optimal effect and systemic IL-2 is associated with 
multiple toxicities. Because OS metastasizes almost exclusively to the lung, 
organ-specific IL-2 delivery may allow the use of lower IL-2 doses to achieve NK 
cell expansion selectively in the lung, which will also result in decreased systemic 
IL-2 levels and toxicity. We therefore investigated the expression of NK activating 
ligands in OS cells, NK-mediated cytotoxicity and the effect of aerosol IL-2 on NK 
cell numbers in lung following i.v. infusion.  
 
METHODS. Human NK cells were isolated through apheresis from buffy coats, 
cultured in media + IL-2 and then stimulated with modified K562 cells. CM-DiI 
labeled NK cells were used to track the NK cells following i.v. injection. Nude 
mice received 5X107 NK cells/mouse. Aerosol rhIL-2 or aerosol PBS was 
administered at 2000 U/mouse Q.O.D. for one week. 
  
RESULTS Four different human osteosarcoma cell lines were examined for the 
NK cell activating ligands: ULBP1,2,3,4, and MIC A/B. While there were varying 
profiles, > 99% of the cells expressed ULBP2. We demonstrated NK-mediated 
cytotoxicity in vitro which was inhibited by anti-ULBP2 antibody. Aerosol IL-2 
significantly increased NK cells in the lung on day 3 compared with aerosol PBS.  
There was no difference in NK cell numbers in the liver, spleen, heart or kidney. 
To evaluate therapeutic potential mice with LM7 micrometastasis are being 
treated with NK cells 2/week for 4 weeks together with either aerosol IL-2 or 
aerosol PBS. Control groups consist of aerosol IL-2 or aerosol PBS alone. Mice 
will be sacrificed 1 week after therapy completion and evaluated for metastasis.  
 
CONCLUSIONS. Our results demonstrate that human OS cells express NK 
ligands which mediate NK-mediated cell killing, that NK cells kill human OS cells 
and that this cytotoxic effect is blocked in the presence of specific NK ligand 
antibodies. We also showed that aerosol IL-2 results in selective expansion of 
NK cells in the lung. Taken together, these data supports the concept for the use 
of NK cell therapy combined with aerosol IL-2 for the treatment of OS lung 
metastasis.  
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IMPAIRED NK CELL FUNCTIONS WERE RECOVERED BY BLOCKING
OVER-ACTIVATED STAT3 IN HCC CELLS. Jian Zhang*, Xiaoxia Sun, Qiangjun

Sui, Zhigang Tian. The institute of immunopharmacology and immunotherapy, School of

Pharmaceutical Sciences, Shandong University, Jinan 250012, China

INTRODUCTION. NK cells are major component of the innate immune system, playing

a major role in the rejection of tumors and virus infected cells. But in tumor

microenvironment, NK cell functions were impaired. One of the reasons is induced by

immunosuppressive factors secreted by tumor cells. As an oncogene, STAT3 persistently

activated in tumor cells, promoting tumor cell survival, proliferation and tumor

angiogenesis. Additionally, STAT3 control many immunosuppressive genes, which

results in tumor immune tolerance. In this study we investigated whether HCC induced

immune tolerance could be broken by blocking activated STAT3.

METHODS. ODNs were transfected into HCC cells by Lipofectamine 2000. Human

HCC were inoculated in nude mice, and the antitumor effect of STAT3 decoy ODN was

evaluated. Mouse HCC cells treated with STAT3 decoy ODN or scramble ODN were

inoculated in Balb/c mice, then the percentage of NK cells was tested by FACS, as well

as molecules on NK cells. qRT-PCR was performed to analysis cytokine profile and

molecules associated with NK cell activation, while ELISA and FACS were used to

determine the protein levels. MTT method was used to analyze the cytolysis activity of

NK cells. Luciferase reporter assay was used to determine the regulatory effects of

STAT3 on TGF� and IL-10 promoter.

RESULTS. HCC growth was inhibited significantly in mice bearing HCC cells treated

with STAT3 decoy ODN, and the survival rate was prolonged obviously. Interestingly, in

mice treated with decoy ODN, the percentage of NK cells was increased, as well as NK

cell activation and enhanced anti-tumor effects. There were more infiltrating lymphocytes

in tumor tissue injected with STAT3 decoy ODN. Further cytokine profile analysis

showed that the mRNAs levels of IL-10, IL-8, especially TGF-¦Âdecreased, whereas the

mRNAs levels of IFN-¦Á, IFN-¦Âand IFN-¦Ãincreased in HCC cells after blocking STAT3,

so as their protein levels in supernatant and serum. Additionally, the sensitivity of HCC

STAT3 blocked to NK cell lysis was augmented. Luciferase reporter assay indicated that

TGF� transcriptional activity was inhibited by blocking STAT3. And antibody

neutralization test showed TGF� is one of the immunosuppressive factors in HCC

mediated NK cell functional disruption.

CONCLUSIONS. Constitutively activated STAT3 in tumor cells promotes suppressor

cytokine secreting, forming immune suppressive microenvironment resulted NK cell

functional impairment. Targeting STAT3 in HCC cells not only promoted tumor cell

apoptosis, but also broke the immune tolerance induced by HCC by downregulating

immunosuppressive factors, including IL-10 and TGF�, and recovery NK cell functions,

resulting augmented antitumor immune response.
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ACTIVITY OF CD56DIM NK CELLS WERE IMPAIRED BY FACTORS IN 
MALIGNANT PLEURAL EFFUSION. Jing Qi1, Daling Li1, Jing Feng2, Shuo 
Yang3, Huanzhong Shi1, Feili Gong1, Fang Zheng1*. 1. Huazhong University of 
Science and Technology. 2. Chinese Academy of Sciences. 3. 1st hospital in 
Wuhan.  
INTRODUCTION. Natural killer (NK) cells are lymphocytes of the innate 
immune system that play a crucial role in the tumor immune surveillance. 
Accumulated data indicated that NK cells in the tumor microenvironment often 
displayed a suppressed function. However, the mechanism is not clear. 
METHODS. The samples were collected from 22 patients (range, 36-81y, 
male10, female12) with newly diagnosed lung cancer. Malignant pleural 
effusion (MPE) samples were collected in heparin-treated tubes from each 
subject, using a standard thoracocentesis technique. Ten milliliters of venous 
peripheral blood (PB) were drawn simultaneously. The surface molecules and 
cytotoxic activity of NK cells were detected by flow cytometry. The 
mononuclear cells were obtained by Ficoll-Hypaque gradient centrifugation 
RESULTS. The percentages of total NK cells and CD56dim NK subset reduced 
accompanying the impaired cytotoxic activity in MPE compared with that in 
paired peripheral blood. Cell free malignant pleural effusion (CFMPE) 
treatment reduced both the proportion and cytotoxic activity of CD56dim NK 
cells in peripheral blood from healthy donors. And the suppression effects were 
not based on the inhibitory cytokine IL-10 and TGF-β, but were dependent on 
the factors which molecular weight were more than 100-kDa. Further, this 
factor was not carcinoembryonic antigen (CEA). 
CONCLUSIONS. These results demonstrated that >100-kDa factors played 
critical role in the impairment of CD56dim NK cells in MPE, which might lead to 
tumor progression. (This work was supported by grants from the National 
Natural Sciences Foundation of China. No. 81072466) 
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CD11b-CD27- phenotype and impaired function of Natural killer cells in 
infiltrating Non-small-cell lung carcinoma Jing Jin, 1 Binqing Fu,1 Rui Sun,1 
Zhigang Tian,1 and Haiming Wei1   

1Institute of Immunology, School of Life Sciences, University of Science and 
Technology of China, 443 Huangshan Road, Hefei 230027, China 
INTRODUCTION.. In our previous study, we characterise four novel 
populations defined by CD11b and CD27, which can represent the distinct 
stages of human NK cells from different tissues. Here we would like to 
demonstrate the phenotype of intratumoral NK cells defined by CD11b and 
CD27 and chose Non-small-cell lung carcinoma(NSCLC) as the model for 
study. The recent discovery has showed that intratumoral NK cells of NSCLC 
patients showed defects in the ability to activate degranulation, whereas they 
released abundant cytokines. We sought to understand the role of 
tumor-infiltrating NK (TINK) cells from a novel viewpoint and would like found 
whether there is a correlation of the immature NK cells with poor cytotoxic 
function.  
METHODS. Human primary lung tumors and blood samples were obtained 
from untreated NSCLC patients with their consent and agreement of the Ethics 
Committee of USTC. We isolated lymphocytes from the samples, and 
characterized NK cells by flow cytometry for the expression of CD11b and 
CD27. Both relevant molecule expression and functions of NK cells were 
analyzed as well. 
RESULTS. Nearly all NK cells from NSCLC patients’ peripheral blood were 
CD11b+CD27- populations as the same as healthy controls. Interestingly, we 
found CD11b-CD27- populations of NK cells from lung tumor specimens. We 
also demonstrated that CD11b-CD27- TINK cells display different functional 
and phenotypic attributes from CD11b+CD27- NK cells which equally populated 
in intratumoral NK cells. 
CONCLUSIONS. For the first time NK cells infiltrating NSCLC have been 
shown that they exhibit an immature phenotype, for a low level of CD11b is 
characteristic of immature human NK cells. Our results suggest that owing to 
the existence of immature TINK cells, intratumoral NK cells exert impaired 
cytolytic function. (This work was supported by the Natural Science 
Foundation of China and the Ministry of Science & Technology of China) 
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MITOXANTRONE INDUCES NK CELL MATURATION OF SECONDARY 
PROGRESSIVE MULTIPLE SCLEROSIS PATIENTS. Coralie Chanvillard1**, 
Jason M Millward1, Isabell Hamann1, Marta Lozano1, Friedemann Paul1,2,3, 
Frauke Zipp4 , Jan Dörr2,3 and Infante-Duarte1. 1Experimental and Clinical 
Research Center, a joint cooperation between the Charité Medical Faculty and 
the Max-Delbrück Center for Molecular Medicine, Berlin, Germany. 2NeuroCure 
Clinical Research Center, Charité-Universitätmedizin. 3Clinical and 
Experimental Multiple Sclerosis Research Center, Charité-Universitätsmedizin 
Berlin. 4Current affiliation: Department of Neurology, University Medicine 
Mainz, Mainz. 
INTRODUCTION. In multiple sclerosis (MS), current therapies focus mainly on 
immune aspects of MS and benefit principally patients with relapsing-remitting 
MS, while their efficacy is minimal in patients with primary progressive or 
secondary progressive MS (SPMS). Mitoxantrone (MX) is one of the few 
treatments that has proved effective and has been licensed for use in SPMS. 
However, its administration is limited by the cumulative dose-dependent 
appearance of severe adverse effects. Apart from its cytotoxic effects, the 
mode of action of MX on the immune system is poorly understood. 
METHODS. In order to examine the impact of MX on immune cells, we 
initiated a single-arm open-label clinical study in a cohort of 19 SPMS patients 
treated with MX for up to 12 months. We conducted a longitudinal study on 
this cohort, analysing intra-individual comparisons of major populations of 
peripheral blood lymphocytes using flow cytometry. To better understand how 
treatment influences NK cells, we performed additional investigations of 
different NK cell markers including an array of NK cell receptors (KIR, NKG2A, 
NKp30 and NKp46) and maturation markers (CX3CR1, CD27, CD62L and 
CD57). 
RESULTS. We showed enrichment of neutrophils as well as of a subset of 
immunomodulatory CD8low T cells following MX treatment. Surprisingly, this 
immunosuppressive treatment also led to NK cell enrichment and promoted NK 
cell differentiation to a more mature phenotype, as shown by CD62L, NKp30 
and NKp46 expression. Furthermore, the MX-induced NK cell maturation was 
associated with clinical response to MX. Additionally, treatment suppressed B 
lymphocytes, while helper and cytotoxic T cells remained unaltered. 
CONCLUSIONS. For the first time, we demonstrated that NK cell maturation 
was induced by MX treatment in vivo, and that a shift toward a more mature 
NK cell phenotype was associated with response to therapy. Independently 
from its immunosuppressive activities, MX exerts complex immunomodulatory 
effects, which may account for its benefit in MS. The contribution of NK cells to 
the positive effect of MX in SPMS may serve as a first step to establish novel 
and safe treatments for progressive MS.  
(This work was supported by the European Framework FP7/2007-2013(n° 
212877 UEPHA*MS) and by the German Research Foundation (DFG Exc 
257)) 
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NK CELL TOLERANCE IN THE ABSENCE OF REGULATORY T CELLS 
Georg Gasteiger**1,2, Matt Firth1, Joe Sun1, Alexander Rudensky1,2 

1Immunology Program, Memorial Sloan‐Kettering Cancer Center, New York, NY, USA 
2Howard Hughes Medical Institute, New York, NY, USA 
 
INTRODUCTION: The acquisition of adaptive immune systems by jawed vertebrates 
created the need for mechanisms safeguarding against the threat of autoimmunity poised 
by cells harboring receptors with potential reactivity to self. Regulatory T (Treg) cells are 
essential for the maintenance of peripheral T cell tolerance, but they have been suggested 
to also control the responses of other cells types of the immune system. NK tolerance and 
activation requires tight regulation and is balanced through cell-intrinsic and 
environmental factors. Here, we asked whether Treg cells are essential for the education, 
tolerance and functional adaptation of NK cells to “self”, and for controlling their 
function during infection.  

METHODS: We tested the reactivity of NK cells to stimulation with activating 
antibodies or cytokines, as well as their ability to lyse target cells in vitro and in vivo 
upon depletion of Treg cells in FoxP3-DTR mice.  
RESULTS: NK cell function was independent of Treg cells as we observed only small 
and transient increases of NK cell reactivity that were abolished when CD4 T cells were 
depleted concomitantly. NK cells in m157-tg FoxP3-DTR mice maintained tolerance to 
activating self-ligands in the absence of Treg cells. During viral infection with MCMV 
and VACV-m157, Treg cells regulated antiviral T cell responses, while NK cell 
activation and expansion was not affected by the presence of Treg cells in the same 
infected hosts. In contrast to the lack of regulation of mature NK cells, we observed that 
the homeostasis of immature NK cells depended on Treg cells, as these were the major 
subset expanding in Treg cell depleted mice. We tested whether these cells could have 
anti- or pro-inflammatory function, but failed to detect a role of NK cells in either 
limiting or enhancing the fatal autoimmunity caused by the depletion of Treg cells.  

CONCLUSIONS: Treg cells are thought to have evolved to control T cell responses and 
tolerance and activation of other types of immune cells eliciting inflammation. We found 
that Treg cells control the homeostasis of immature NK cells, but not the activation and 
expansion of mature NK cells in the steady state and during viral infection. In contrast to 
T cells, NK cells with specificity to “self” did not loose peripheral tolerance upon Treg 
cell ablation despite pronounced concurrent T cell mediated autoimmunity. Thus, NK 
cells achieve functional adjustment to “self” ligands through Treg cell independent 
mechanisms. 
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CD16+/Perforin+ Lymphocytes (NK Cells) Regulate Autoimmunity in Multiple 
Sclerosis by Cytolysis of Antigen Laden Cells in the Peripheral Blood.  
 
Ramesh C. Nayak*, Ph.D., Raymond F. Jacolik, B.S. MSDx, Inc,Tucson, Arizona.  
 
Introduction: NK Cells may play a regulatory role in Multiple Sclerosis in part 
perhaps by deleting antigen presenting cells and effector T-cells by cytotoxicity.  
The literature contains many studies describing a deficiency in NK Cell killing 
activity in Multiple Sclerosis and that transient dips in NK cell killing activity may 
precede symptomatic relapse.  The molecular basis of the defect in killing activity 
has not been determined.  We have therefore studied the expression of Perforin 
in CD16+ Lymphocytes by flow cytometry of peripheral blood mononuclear cells 
(PBMCs). We also examined the presence of myelin loaded phagocytes in the 
circulation by ELISA in order to investigate the relationship between MBP in 
PBMC lysates and the % of CD16+ Lymphocytes expressing Perforin.  Methods: 
PBMCs were stained with anti-CD16 PE and then with anti-Perforin FITC after 
permeabilization.  Data were collected in list mode and were analyzed within a 
gate set on lymphocytes identified by light scatter. Additionally PBMCs were 
lysed and coated onto ELISA plates and probed with antibodies to myelin basic 
protein to detect re-circulating myelin loaded phagocytes. The relationship 
between CD16+/Perforin+ lymphocytes and myelin laden phagocytes was 
analyzed by regression. Results: In MS subjects a relative deficiency in 
CD16+/Perforin+ Lymphocytes was found.  A threshold level of CD16+/ Perforin+ 
Lymphocytes was found at 75%. Healthy controls (HC) had greater than 75% 
CD16+/Perforin+ Lymphocytes (10/11, 91%) in comparison with untreated MS 
(5/10, 50%) (Fisher’s exact test p= 0.05) and Glatirimer Acetate (GA) treated MS 
(15/18, 83%); HC vs GA p= 1.0, untreated vs GA p= 0.077.  A group of 10 
subjects that had a stroke within 6 months prior to the blood draw were also 
studied. Nine of 10 stroke subjects had greater than 75% CD16+/Perforin+ 
Lymphocytes (90%).  Stroke vs HC p=1.0, Stroke vs untreated MS p=0.07, 
Stroke vs GA p= 1.0.  The difference between healthy controls and untreated MS 
was statistically significant and the difference between untreated MS and GA 
treated MS approached significance.  The proportion of CD16+/ Perforin+ 
Lymphocytes in stroke patients was not statistically significantly different from 
healthy controls.  An inverse relationship between MBP in PBMC lysates and the 
% CD16+/ Perforin+ cells was found (r=0.77) Conclusion: An inverse 
relationship between MBP in PBMC lysates and the % CD16+/ Perforin+ cells  is 
consistent with NK cell killing of antigen laden phagocytes in the periphery. An 
acquired defect in Perforin expression in CD16+ lymphocytes may play a role in 
the pathogenesis of MS through failure to delete antigen presenting cells and is 
potentially correctable with Glatirimer Acetate therapy. 

danielvalle
Text Box
Abstract #  178



GlcNAc GLYCOCONJUGATE TREATMENT AFFECTS NK CELL 
REGULATORY FUNCTION IN MOUSE MODEL OF RHEUMATOID 
ARTHRITIS (CIA) 
Richter J.**, Capkova K., Benson V., Burocziova M., Vannucci L., Fiserova A. 
Laboratory of Natural Immunity, Inst. Microbiol., ASCR, Prague, Czech Republic 
INTRODUCTION. Collagen-induced arthritis (CIA) in mice presents the most widely 
used experimental model for RA. We evaluated the effect of synthetic glycoconjugates 
(GC) on immune parameters during the CIA development, with particular emphasis on 
NK cells.  
METHODS. We induced CIA in DBA/1 mice kept under SPF conditions by s.c. injection 
of bovine type II collagen (CII) emulsified in complete Freund’s adjuvant (CFA) in the 
tail. We treated the animals with GC in several administration schemes (5 doses, 
presymptomatic vs. symptomatic treatment). Immunophenotype was assessed by FACS 
analysis throughout the experiment in blood samples of individual mice, and at the end of 
the experiment in spleens, blood and draining lymph nodes. As for functional assays, NK 
cell cytotoxicity was measured by 51Cr release assay and serum levels of anti-CII specific 
IgG2a by ELISA. Immunohistochemistry was used to assess the inflammatory milieu and 
infiltration of NKG2D+ and CD11b+ cells in the affected joints. 
RESULTS. We observed significant increase of NK cell-mediated cytotoxicity in groups 
treated with the GC. Approx. three weeks after the disease onset, the decreased counts of 
NK cells in blood were elevated in the GC treated group back almost to control values. 
The relative number of B cells in blood was reduced during CIA initiation, although, by 
the end of the experiment, their counts were either unaltered (blood) or elevated (lymph 
nodes). These numbers were markedly decreased by the GC treatment, as were the serum 
levels of anti-CII IgG2a antibodies. Histological evaluation showed inflammatory 
infiltration of CD11b+ cells in CIA mice which was reduced by the GC administration. 
NKG2D+ cells were found in scarce quantities in CIA animals, however in higher 
amounts in GC treated CIA mice. 
CONCLUSIONS. We proved the positive influence of GC treatment on NK cell effector 
and regulatory function. It also reduced disease severity of CIA by inhibition of joint 
inflammatory infiltration. The animal model thus proved the importance of lectin-
saccharide interaction previously described in human RA. 
(Funded by GA ASCR IAA601680801 and TA CR TA02010760). 
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HUMAN NK CELLS INDUCE NEUTROPHIL APOPTOSIS VIA AN NKP46- AND 
FAS-DEPENDENT MECHANISM. 
Fredrik B. Thorén*1,2, Rebecca E. Riise**3, Jenny Ousback4, Mariella Della 
Chiesa1, Mikael Alsterholm5, Emanuela Marcenaro1, Silvia Pesce1, Carola Prato2, 
Claudia Cantoni1,2, Johan Bylund4, Lorenzo Moretta2, and Alessandro Moretta1 
 
1) Dipartimento di Medicina Sperimentale, Università di Genova, Italy; 2) Istituto 
Giannina Gaslini, Italy; 3) Sahlgrenska Cancer Center, University of Gothenburg, 
Sweden; Departments of 4) Rheumatology and Inflammation Research, 5) 
Dermatology and Venereology, University of Gothenburg, Sweden 
 
INTRODUCTION: Polymorphonuclear neutrophils (PMN) are potent inflammatory 
effector cells essential to host defense, but at the same time they may cause 
significant tissue damage. Thus, timely induction of neutrophil apoptosis is crucial 
to avoid tissue damage and induce resolution of inflammation. NK cells have 
been reported to influence innate and adaptive immune responses by multiple 
mechanisms including cytotoxicity against other immune cells. In this study, we 
analyzed the effect of the interaction between NK cells and neutrophils.  
METHODS: NK cells and neutrophils isolated from healthy blood donors were 
used in co-cultures. Neutrophil apoptosis was determined using an annexin V/To-
Pro-3 assay. Neutrophil expression of NK cell receptor ligands was determined 
using mAbs and NCR fusion proteins. A human skin blister model was utilized to 
monitor neutrophil apoptosis in the presence of NK cells. 
RESULTS: Coculture experiments revealed that human NK cells triggered 
contact- and caspase-dependent neutrophil apoptosis in vitro. Experiments using 
blocking Abs indicated that the effect was mediated by the activating NK cell 
receptor, NKp46, and the Fas pathway. CD56-depleted lymphocytes had minimal 
effects on neutrophil survival, suggesting that the ability to induce neutrophil 
apoptosis is specific to NK cells. 
CONCLUSIONS: Our findings provide evidence that NK cells may accelerate 
neutrophil apoptosis, and that this interaction may be involved in the resolution of 
acute inflammation. 
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NATURAL KILLER CELL SUBSETS IN MULTIPLE SCLEROSIS. 

Alison J. Harris**
1
, Fatemah O. Kamel

1
, Richard S. Nicholas

2
, Omar Malik

2
, Rosemary 

J. Boyton
1
 and Danny M. Altmann

1
.  

1
 Imperial College London, 

2
Imperial College 

Healthcare NHS Trust, London 

INTRODUCTION: There has been conflicting data about the role of NK cells in 

multiple sclerosis (MS) and its model, EAE. The conflicting evidence for both 

pathogenic and regulatory roles might best be explained by a role in this disease for 

distinct NK cell subsets with different modes of action. We therefore sought to perform 

a more thorough investigation of NK cell subsets in MS. 

METHODS: Four CD56
bright

 and six CD56
dim

 NK cell subsets were defined according 

to expression of the surface markers CD8, CD27 and CD57. Using multiparameter flow 

cytometry, frequencies of these subsets in PBMCs from untreated MS patients were 

compared to those in healthy controls and patients on Tysabri or interferon-β treatment. 

Subsets which had altered frequencies were then sorted using fluorescence-activated 

cell sorting. Cytotoxicity of NK cell subsets and gene expression profiles were 

compared. 

RESULTS: All four subsets of CD56
bright

 NK cells were increased in interferon-β 

treated patients, with highest frequencies in patients with less severe disease. Although 

overall CD56
dim

 NK cell frequency was not altered according to disease or treatment, 

when these cells were subdivided, a putative disease-associated subset and a putative 

regulatory subset were identified. The putative pathogenic subset had a higher 

frequency in untreated MS patients, particularly those in relapse, compared to healthy 

controls or patients who were receiving interferon-β treatment. The putative regulatory 

subset displayed the opposite trend, with a higher frequency in interferon-β treated 

patients. When these subsets were compared, the putative pathogenic subset was found 

to express higher levels of perforin and granzymes, exhibited higher cytotoxicity and 

expressed higher levels of proinflammatory cytokines such as IFN-γ. Differences were 

also observed in expression of IL-12 receptor components and the transcription factors 

T-bet and RORC.  

CONCLUSIONS: Alterations in the balance of NK cell subsets are observed in MS 

patients, and the frequencies of these subsets appear to be strongly influenced by 

interferon-β treatment. Whereas all CD56
bright

 subset frequencies exhibited the same 

trends with regard to MS, the CD56
dim

 population was more heterogenous, 

encompassing subsets with distinct phenotypes, displaying distinct trends in frequency 

in relation to disease onset, severity and treatment. This may correspond to opposing 

pathogenic and regulatory roles in MS and perhaps, other autoimmune diseases. 
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GENERATION OF NK CELLS FROM CORD BLOOD STEM CELLS, 
CHARACTERISATION AND APPLICATION FOR IMMUNOTHERAPY 
Martha Luevano**1, 2, Isabela Pedroza-Pacheco1, 2, Sophie Derniame1, 2, Michelle H. 
Escobedo-Cousin1, 2, Jose A. Madrigal1, 2 and Aurore Saudemont1, 2 
1 Anthony Nolan Research Institute, London, UK, 2 University College London, London, 
UK. 
INTRODUCTION. Natural Killer (NK) cells are lymphocytes from the innate immunity 
able to kill tumor and virus infected cells. Currently, more than 200 clinical trials have 
explored the possibility to use NK cells in immunotherapy for different types of cancer, 
however, adoptive NK cell therapy relies on the use of large amount of NK cells that are 
cytotoxic, and yet not exhausted. To overcome these obstacles, the production of NK 
cells from CD34+ stem cells has become an alluring option.  
METHODS. Fresh and frozen umbilical cord blood (UCB) CD34+ stem cells were 
isolated and co-cultured over the feeder layer EL081.D2 for 35-49 days. We tested two 
different cytokine cocktails in order to optimize culture costs. During the culture time, 
NK cell precursors and contaminants (B, T cells) were monitored. The generated NK 
cells underwent a complete phenotype characterization that included analysis of NK cell 
activating and inhibitory receptors, chemokine receptors and integrins. We also 
performed degranulation assay (CD107a), Cr51 killing assay and 
IFNg/Perforin/Granzyme B intracellular staining in the presence of K562 and PMA & 
Ionomycin. To complete NK cell maturation, we incubated the generated cells with 
interleukin-12 (IL-12) during 4, 24 or 40 hours and analyzed its effect on NK cell 
phenotype and effector functions.  
RESULTS.  Frozen and fresh isolated stem cells provided the same NK cell yield, and 
the generated NK cells exhibited similar phenotypic and functional characteristics 
regardless of the cytokine cocktail used. The generated cells resemble the NK cell subset 
CD56bright. To achieve maturation of these cells, we added a final incubation step with IL-
12. Incubation with IL-12 for 4 and 24 hours increased perforin, granzyme B and IFNg 
production. Killing assays without IL-12 showed that the generated NK cells were able to 
lyse K562 malignant cells in vitro, and incubation with IL-12 for 24 hours enhanced this 
capacity while 40 hours incubation drove them to exhaustion and reduced killing 
capacity.  Additionally, we found an interesting phenotype characterized by the co-
expression of CD56 and CD33, a myeloid marker uncommonly expressed on NK cells 
that may reinforce the myeloid-progenitor theory recently proposed.  
CONCLUSIONS. In summary, we are able to produce NK cells with mature phenotypic 
and functional characteristics able to kill malignant cells in vitro. Currently, we are 
studying the role of this interesting marker (CD33) on the generated NK cells, and our 
future plans include animal model to test killing capacity in vivo. This study will help to 
gain a better understanding of NK cell biology, as it constitutes an in vitro model of NK 
cell differentiation from cord blood stem cells. 
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NK CELLS IN HAPLO-HSCT UPON INFUSION OF EITHER CD34+ OR TCR 
αβ/CD19-DEPLETED CELLS. Raffaella Meazza1, Michela Falco2, Claudia 
Tuberosa1,3, Stefania Marcenaro1, Maria E. Bernardo4, Maria C. Mingari1,3, Alessandro 
Moretta3, Lorenzo Moretta2,3, Franco Locatelli4, Daniela Pende1*. 1AOU San Martino-
IST, 2Gaslini Institute, 3University of Genoa, Genoa; 4Ospedale Bambino Gesù, Rome.  
INTRODUCTION Clinical and experimental evidences from haploidentical stem cell 
transplantation (haplo-HSCT) revealed that donor-derived alloreactive NK cells exert a 
beneficial GvL effect. The existence of these alloreactive NK cells can be predicted on 
the basis of donor KIR gene profile and HLA class I typing of both donor and recipient, 
when a KIR/KIR-ligand mismatch in GvH direction exists. Better clinical outcome of the 
transplanted patients has also been associated with donor B KIR haplotype.  
METHODS We have analyzed pediatric leukemia patients transplanted with either CD34 
positively selected (24 cases) or TCR αβ/CD19-depleted cells (13 cases) (using 
Clinimacs technology) from haploidentical (mainly alloreactive) donors. Genetic, 
phenotypic and functional analyses have been performed to study NK cell repertoire in 
the donor and in the recipient at different time intervals post-HSCT.  A large panel of 
anti-KIR mAb, some of which finely characterized for their specificity at the allele level 
and critical epitope for staining, has been used to phenotypically define the size of 
alloreactive NK cell subset and the expression of activating KIR.  
RESULTS In haplo-HSCT, infusion of CD34+ cells has been the standard procedure for 
many years, while TCR αβ/CD19-depleted cells represent a novel type of transplant with 
the aim at providing a more complete pool of stem cells in addition to immunocompetent 
cells, potentially active against infections (i.e. NK and TCR γ/δ T lymphocytes) and 
against leukemia cells (i.e. alloreactive NK cells). In some cases, when two NK 
alloreactive donors were available (e.g. both parents), we have selected the most 
appropriate one taking into account the following features, which have been correlated 
with a better clinical outcome: 1) KIR genotype B/X better than A/A, 2) higher B content 
score, 3) larger size of alloreactive subset. The first two features take into account the 
positive role that activating KIR can exert. Indeed, we have demonstrated that the 
presence of KIR2DS1 in C1+/C2+ donors can be particularly relevant for inducing the 
lysis of C2+/C2+ leukemias. At the 1st month post-transplant, while NK cells in CD34+ 
grafts predominantly displayed an immature phenotype, in TCR αβ/CD19-depleted grafts 
we observed a high proportion of NK cells with a mature phenotype, characterized by 
CD56dim, KIR+/NKG2A- and CD57+ expression. Remarkably, a detectable alloreactive 
NK cell subset was also observed. 
CONCLUSIONS These preliminary data suggest that, in patients transplanted with TCR 
αβ/CD19-depleted cells, mature donor-derived NK cells, including alloreactive NK cells, 
persist at 1st month. This allows covering the window before the newly generated 
KIR+NKG2A- (including the alloreactive) NK cells are generated. Longer follow-up is 
necessary to clinically assess the potential advantage to keep the immunocompetent cells 
in the graft for the control of infections and leukemia relapse. 
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ADMINISTRATION OF ALLOREACTIVE NK CELLS WITH ALLOGENEIC STEM 
CELL TRANSPLANTATION; A PHASE I STUDY 
*R.E. Champlin1, L.J.N. Cooper2, P.L. McAdams1, G. Rondon1, and D.A. Lee2 

1Division of Stem Cell Transplantation and Cellular Therapy and 2Department of 
Pediatrics, University of Texas MD Anderson Cancer Center, Houston, TX, USA 77054 
INTRODUCTION: Relapse remains the major cause of treatment failure after allogeneic 
hematopoietic transplantation (SCT) for AML and MDS.   Alloreactive NK cells mediate 
a potent antileukemic effect and may also enhance engraftment and reduce GVHD.  
METHODS: We performed a phase I study infusing “third party” alloreactive NK cells 
from a haploidentical related donor predicted to be alloreactive by KIR:KIR ligand 
incompatibility as a component of the preparative regimen for SCT with an HLA 
identical donor. Patients with advanced AML or high risk MDS in relapse or beyond first 
remission were eligible. The NK cell enriched product was produced by CD3+ depletion 
(and CD56 positive-selection for dose level 1 only) of a steady state apheresis product, 
followed by 16-hour culture in media containing rIL-2. The cells were infused 2 days 
after completion of the busulfan-fludarabine preparative regimen.  After 5 days, 3 days of 
ATG were administered followed by PBSC infusion.  Patients received 
tacrolimus/methotrexate GVHD prophylaxis.  Patients were treated in 4 dose levels of the 
NK cell enriched product (see table).  CD3+ cells in the NK cell product were required to 
be <105/kg (median infused 1.1 x104/kg). 
RESULTS: 13 patients age 2-60 years (median 51) were enrolled and treated. 11 had 
active disease and 2 were in second remission.  Only mild infusion toxicity occurred with 
the NK cell infusion. The 2 patients receiving rIL-2 had no fever or increased 
toxicity.  The haploidentical NK cells were transiently detected in the blood by 
chimerism studies in one patient.  Rapid engraftment and hematologic recovery occurred 
uniformly and none had graft failure.  Grade 2 corticosteroid-responsive acute GVHD 
developed in 3 patients- none developed grade 3 or 4 acute GVHD.  9 of 11 patients with 
active disease achieved a complete remission.   Only one patient died of nonrelapse 
mortality; she died in remission from infection 2 months post transplant. 
Level (TNC cells/kg)  CD56+ cells/kg  N      GVHD   Relapse     NRM#    RFS (months)†  
1        (106)                       0.9 x106             4            1             4            0             0  
2        (5 x 106)                 1.5 x106         4            0             3            0             1 (94+) 
3        (3 x 107)                / 4.9 x106        3            2             1            1             1 (60+) 
4        (3 x 107 + IL-2*)   \                      2            0             0            0             2 (58+, 32+) 
*0.5 million units/m2 SQ daily x 5 days   # Non-relapse mortality   † Relapse-free survival   
CONCLUSIONS: This trial confirms the feasibility of producing the haploidentical NK 
cell product and the lack of major toxicity attributable to the NK cell infusion when 
combined with an HLA-matched SCT.  Infusion of haploidentical alloreactive NK cells 
was well tolerated and did not interfere with engraftment or increase the rate of GVHD 
after allogeneic hematopoietic transplantation. Durable complete remissions occurred in 4 
patients at high risk for disease recurrence. This approach merits further study. 
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NK CELLS in KIDNEY TRANSPLANTATION.  Cornelia Blume1, Bernadette 
Mueller2, Christine Neudoerfl2, Kerstin Daemen2, Maja Stevanovic-Meyer2, and 
Christine S. Falk*2. 1Department for Nephrology and Hypertension, MHH, 
2Institute for Transplant Immunology, Hannover Medical School, Germany.  
INTRODUCTION.  Following kidney transplantation, the involvement of NK cells 
in rejection episodes or immunological tolerance is discussed controversially. 
The peripheral NK cell repertoire of KTx patients at 3 or 6 months post Tx was 
investigated in parallel to the protocol biopsy for histopathological evaluation of 
the graft. The alterations were correlated to the biopsy status (“unsuspicious”, T 
cell-mediated rejection TCMR or borderline changes) and immunosuppression, 
respectively.    
METHODS. Peripheral blood lymphocytes of KTx patients (N=100) at the time of 
the protocol biopsy at 3 or 6 month after Tx were isolated after informed consent 
of the patients. In addition to the “truecount” quantification of T, B, NK cells 
(cell/µl), the composition of the NK cell repertoire was determined by flow 
cytometry for the expression of several NK receptors including KIR and 
CD94/NKG2. In addition to NK cells, receptor expression was also addressed in 
T cell subsets. In some cases, protocol biopsies and peripheral blood was 
available at multiple time points after Tx and, thus, changes over time and 
immunosuppression (CsA vs. Tac vs. mTOR inhibitors) could be defined.  
RESULTS.   The numbers of NK cells/µl blood differed between patients after 
KTx with “unsuspicious” grafts and TCMR or borderline histopathology although 
not at a significant level. However, the distribution of CD56bright vs. CD56dim NK 
cells in these patient cohorts displayed significant differences compared to 
healthy donors. In addition, the NK subset analyses revealed substantial 
differences in the numbers of KIR+ NK cells between the patient cohorts.   
CONCLUSIONS.  In our first analyses with patients between 3 and 12 months 
after KTx, we could demonstrate that the numbers of NK cells in peripheral blood 
differs between patients with kidney grafts unsuspicious of rejection and biopsy-
proven TCMR or borderline changes. In addition, a more detailed NK cell subset 
analysis revealed significant differences in NK subset distribution between the 
patient cohorts and also, for some subsets, the immunosuppressive treatment 
groups mTOR inhibitors, in particular. Therefore, we assume that the 
composition of peripheral NK cells represents an important hallmark of the 
immune status, rejection vs. tolerance, in kidney transplantation. (This work was 
funded by the IFB-Tx, DFG TRR77, A3 snd SFB738 B8 projects and the HGF 
Alliance Immmunotherapy). 
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MOUSE AML STEM CELLS ARE RESISTANT TO HAPLO-IDENTICAL NK 
CELLS. Yuh-Ching Twu**, Laura Guillon, Courtney Lai, R. Keith Humphries and 
Fumio Takei. Terry Fox Laboratory, BC Cancer Agency    
INTRODUCTION.  Acute myeloid leukemia (AML) is characterized by over-
production of immature myeloid blast cells. When transplanted into immune-
deficient mice, a subset of AML cells resembling normal hematopoietic stem cells 
(HSC) engrafts and recapitulates the disease, supporting the concept of 
leukemia-initiating AML stem cells. Elimination of leukemia stem cells is critical 
for successful immunotherapy of AML. Recently, haplo-identical NK cells have 
been recognized as potential anti-leukemia effector cells. They express inhibitory 
receptors that do not recognize recipient’s MHC I, resulting in “allo-reactivity” of 
NK cells. However, whether haplo-identical NK cells are able to kill AML stem 
cells is still unknown. 
METHODS.   The mouse AML line MN1 was generated by retroviral transduction 
of human oncogene MN1 into B6 mouse bone marrow cells. The frequency of 
leukemia initiating cells among MN1 cells is ~1/2,500 while ~40% of MN1 cells 
form colonies in vitro. NK cells from (C57BL/6 X BALB/c) F1 mice were used as 
haplo-identical NK cells. NK cells were expanded in cultures with IL-15 and 
further stimulated by combinations of IL-12, IL-18 and CpG-ODN. NK cell-
mediated killing of MN1 cells was tested by a CFSE-based direct cytotoxicity 
assay, colony forming cell (CFC) assay, limiting dilution cultures and leukemia 
development in irradiated B6 mice (leukemia initiating cell assay). 
RESULTS.  All MN1 cells expressed high levels of MHC class I. Syngeneic B6 
NK cells cultured with IL-15 showed only a low level of cytotoxicity against MN1 
cells, but stimulation with IL-12+IL-18+CpG enhanced the cytotoxicity. F1 mouse 
NK cells were much more effective than B6 NK cells in killing MN1 cells in both 
direct cytotoxicity and CFC assay. However, a small fraction (less than 10%) of 
MN1 cells was resistant to NK cell killing. Moreover, leukemia initiating cell assay 
showed only a moderate level of killing of AML stem cells by haplo-identical NK 
cells. Anti-2B4 antibody, but not anti-NKG2D or anti-NKp46, effectively blocked 
the killing of MN1 cells, and all MN1 cells expressed the 2B4 ligand CD48. About 
1~2% MN1 cells expressed Sca-1, a marker for immature hematopoietic cells. 
The frequency of CFCs in Sca-1+ population was much lower than that in Sca-1- 
population. Limiting dilution cultures of NK cell-treated Sca-1+ and Sca-1- MN1 
cells showed that Sca-1+ MN1 cell was more resistant to NK-mediated killing.  
CONCLUSIONS.  Haplo-identical NK cells are more cytotoxic than syngeneic NK 
cells against MN1 AML blasts and in vitro colony forming AML cells, and 
stimulation of IL-15 cultured NK cells by a combination of IL-12, IL-18 and CpG 
ODN greatly enhanced the cytotoxicity, which is mainly mediated by 2B4. 
However, AML stem cells are mostly resistant to NK cells. (This work was 
supported by the Leukemia & Lymphoma Society of Canada.) 
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ANALYZING AND MODELING THE DYNAMICS OF DIFFERENTIATING 
AND ADOPTIVELY TRANSFERRED NK CELLS IN PATIENTS 
UNDERGOING HEMATOPOIETIC STEM CELL TRANSPLANTATION 
(HSCT). 
Monica Killig**1, Merlin Luetke-Eversloh1, Timor Glatzer1, Birte Friedrichs2, Nils 
Bluethgen3, Johannes Meisig3, Lutz Uharek2 and Chiara Romagnani1. 1Innate 
Immunity - German Rheumatism Research Centre (DRFZ), Berlin Germany, 
2Clinic for Hematology and Oncology, Charité Berlin, Germany 3 Institute for 

Medical Systems Biology, Charité Berlin, Germany. 
INTRODUCTION.  Mature NK cells are able to display graft versus leukemia 
(GvL), without inducing graft versus host disease (GvHD). These unique 
properties make NK cells an ideal additional lymphocyte graft, especially in 
haploidentical HSCT. In our study, we combine for the first time 
multiparameter flow cytometry and mathematical algorithms to monitor 
patients undergoing haploidentical HSCT followed by NK cell adoptive 
transfer, in the frame of a phase I/II clinical trial.  
METHODS.  Acute myeloid leukemia (AML) patients treated with total body 
irradiation (TBI) and chemotherapy were transplanted with CD34+ cells 
followed by transfer of CD3- CD56+ NK cells derived from the same 
haploidentical donor. NK cells were monitored between day 0 and 150 after 
transplantation by multiparameter flow cytometry and data was analyzed 
applying principle component analysis (PCA). 
RESULTS.  In the first week after transplantation, we were able to track 
adoptively transferred donor NK cells, which could be distinguished from 
recipient NK cells as well as from those reconstituting from the donor CD34+ 
graft. Transferred NK cells largely displayed a mature phenotype and their 
proliferative ability in vivo was restricted to the CD62L+ subset. In the second 
week after transplantation, we detected a massive peak of highly proliferating 
immature NK cells, which progressively differentiated into mature NK cells, 
gradually losing the expression of CD62L, CD56 and NKG2A, while acquiring 
KIR, CD16, and CD57. Along with these molecules, we were also analyzing 
the dynamics of various other markers related to differentiation. PCA of flow 
cytometric data defined a clear direction of maturation and supported the 
concept of NK cell differentiation as a non synchronized continuum. Clustering 
of populations according to combination of several markers recapitulate NK 
cell differentiation stages at steady state and led to a model in which 3 distinct 
phases can be distinguished during time. 
CONCLUSIONS.  Transferred NK cells are detectable and proliferate in vivo, 
representing the only circulating lymphocyte population early after 
haploidentical HSCT. By modeling NK cell differentiation in vivo, we regard 
this process as a non synchronized continuum, where clustering of a number 
of markers facilitates tracking NK cell differentiation dynamics during time. 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FIRST IN HUMAN PHASE I TESTING OF IL-15 TO ENHANCE ALLOGENEIC 
NK CELL ADOPTIVE TRANSFER  
Jeffrey S. Miller, Michael R. Verneris, Bree A. Foley, Julie Curtsinger, Daniel 
Weisdorf and Sarah Cooley. University of Minnesota, Minneapolis, MN. 
INTRODUCTION. We have developed a lymphodepleting treatment platform 
including IL-2 administration capable of achieving expansion and persistence of 
haploidentical NK cells for 14 days. In one study of refractory acute myelogenous 
leukemia (AML), successful expansion (defined as >100 donor-derived NK cells 
/µL blood 14 days after adoptive transfer) was associated with remission 84% of 
patients, while only 30% of non-expanders achieved remission. In these trials, 
the absence of expansion is associated with a relative increase in host FoxP3+ 
regulatory T-cells (Treg). We explored the relationship between NK cells and 
Treg in vitro to develope a clinical strategy to enhance NK cell adoptive transfer. 
METHODS. In preclinical studies, we assessed the effect of allogeneic Tregs on 
IL-2 or IL-15 stimulated CFSE labelled NK cells from healthy donors. In the 
clinical trial, refractory AML patients are treated with a lymphodepleting 
preparative regimen and haploidentical NK cells (CD3 and CD19-depleted 
PBMCs incubated overnight with IL-15 10 ng/ml) followed by 12 daiIy doses of IV 
IL-15 in escalating dose cohorts (0.25, 0.5, 1, 2, 3 µg/kg) to promote in vivo NK 
cell expansion. 
RESULTS. Unstimulated NK cells did not proliferate in vitro.  In the absence of 
Treg, CFSE dilution studies showed equal, dose dependent proliferation of NK 
cells exposed to either IL-2 or IL-15 at concentrations of 0.25, 0.5 and 10 ng/ml 
for 5 days. When IL-2 was the proliferative stimulus, NK cell CFSE dilution was 
potently inhibited by Treg, especially at low IL-2 concentrations. In marked 
contrast, IL-15 induced NK cell stimulation was minimally affected by Treg. Treg 
inhibition of IL-2 stimulated NK cell proliferation could be measured at ratios 
down to 1:8. The differential inhibition is explained partially by competition 
between NK cells and CD25+ Tregs for IL-2, but not for IL-15 which is not bound 
by Tregs.  To overcome this inhibitory mechanism which we presume is 
occurring in patients given adoptively transferred NK cells, we have substituted 
IL-15 for IL-2 in a phase I clinical trial.   Three patients with refractory AML have 
been treated to date. In the 2 evaluable patients (one still receiving treatment), 
IL-15 was safe and induced a lymphocytosis (one of donor and one of recipient 
origin) in the absence of significant host Treg expansion. Neutrophil recovery 
was prompt after discontinuation of IL-15, and both patients achieved remission 
and went onto subsequent allogeneic transplantation. 
CONCLUSIONS. Treg inhibit NK cell proliferation in the presence of IL-2 but not 
IL-15. IL-2 promotes expansion of Treg, which acts as a competitive cytokine 
sink. Thus IL-15 should be an optimal alternative to promote in vivo NK cell 
expansion. In the first cohort on the phase I trial testing clinical grade IL-15 there 
have been no safety issues and the goal of achieving remission has been met. 
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Different predictor roles of natural killer cell receptor genes and the missing self model or 

ligand-ligand model on survival after HLA-haploidentical transplantation without T cells 

depletion in vitro 

Xiang-Yu Zhao, Ying-Jun Chang, Ling-Ling Xu, Ming-Rui Huo, Dai-Hong Liu, Lan-Ping Xu, 

Kai-Yan Liu, Dan Li, Xiao-Jun Huang*(*Correspondence author) 

From Peking University Institute of Hematology, Peking University People’s Hospital, China 

Keywords:  haploidentical, HSCT, KIR  

Abstract: 

INTRODUCTION:: HLA-haploidentical stem cell transplantation (SCT) is a feasible therapeutic 

option for advanced hematologic malignancies who lack an HLA-matched related or unrelated 

donor. The goal of this study was to explore the predictive roles of donor Killer-cell 

immunoglobulin-like receptor (KIR) genotype and the missing self model or ligand-ligand model 

in our myeloablative HLA-haploidentical SCT without T-cell-depletion in vitro. 

METHODS:: We studied 251 patients who received haploidentical SCT. Among of which, we 

have 251 data of donors’ and 235 data of recipients’ HLA-C and Bw4, as well as 209 data of 

donor’s KIR genes. To apply the missing ligand model, the first step was to divide the 

donor-recipient pairs into 2 groups according to the number of KIR ligand in donors, ie, 3 KIR 

ligands (“without missing self”) versus fewer than 3 (“with missing self”). Meanwhile, to apply 

the KIR ligand-ligand model, donors who were classified as NK alloreactive against their 

recipients termed KIR ligand mismatched donors throughout, possessed HLA class I KIR 

ligand(s) which were missing in the recipients. Furthermore, genotypes for the centromeric (Cen) 

and telomeric (Tel) parts of the KIR locus were assigned according to the presence or absence of 

one or more B haplotype defining KIR genes. Donors were assigned into with or without Tel BB 

or Cen BB genotype as defined previously. 

RESULTS: Among the 251 pairs of donor-recipients, 181 and 70 recipients received SCT from 

“with missing self” and “without missing self” donors. Using Ligand-ligand model, 183 and 52 

recipients received SCT from “KIR ligand matched” and “KIR ligand mismatched” donors. The 

cumulative incidence of 9-year relapse rate were higher in patients received transplantation from 

“with missing self” or “with KIR ligand mismatched” donors compared with those from “without 

missing self” (p=0.014) or “without KIR ligand mismatched” (p=0.040) donors. When combined 

the above predictive models together, patients were subgrouped as receiving graft from “without 

missing self” (best, n=70), “with missing self and without KIR ligand mismatch” (better, n=113), 

and “with KIR ligand mismatch” (neutral, n=52), respectively. The 9-year disease-free survival 

(DFS) was best predicted by the combination of missing self and KIR ligand mismatch between 

recipients and donors pairs (RR 1.428, p=0.028 for DFS). However, donors KIR genotype with 

Tel BB or Cen BB (n=28) were associated with superior survival (p=0.030). 

CONCLUSIONS These data indicate that poor prognosis after transplantation is associated with 

the missing self and KIR ligand mismatch in recipients and T cell alloreaction may play the 

predominant role in this model. However, donor selection for Tel BB or Cen BB KIR genotype, 

which might associate with the NK cells alloreactivity, would lead to the superior survival in 

patient underwent haploidentical SCT without T cells depletion in vitro. Therefore, the best 

HLA-haploidentical donors for patients underwent T-cells-replete SCT would be with favorable 

Tel BB or Cen BB KIR genotype and without missing self between donor and recipients. 
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THE DELETERIOUS IMPACT OF ACTIVATING KIR NK CELLS ON UMBILICAL 
CORD BLOOD ENGRAFTMENT. Nolwenn Legrand1, Catherine Willem1, Véronique 
Sébille2, Zakia Djaoud1, Patrice Chevallier1,3, Laurence Lodé4, Julie Esbelin5, Anne 
Cesbron-Gautier6, Gilles Folléa1, Philippe Moreau3, David Senitzer7, Mohamad 
Mohty3, Christelle Retière1,8,9 and Katia Gagne1,6,8. 1Etablissement Français du Sang, 
EA4271, Nantes, France; 2Université de Nantes, EA4275, Nantes, France; 3Service 
d’Hématologie Clinique, CHU Hotel Dieu, Nantes, France; 4Laboratoire 
d’Hématologie Biologique, CHU Hotel Dieu, Nantes, France; 5Hôpital Mère-Enfant, 
CHU Hotel Dieu, Nantes; 6Laboratoire d’Histocompatibilité et d’Immunogénétique, 

EFS Nantes, France; 7Division of Hematology and Bone Marrow Transplantation, 
City of Hope, National Medical Center, Duarte, CA, USA. 8CR and KG are equal 
senior authors.  

INTRODUCTION. KIR ligand disparities in the GvHD direction have been reported to 
be either beneficial or deleterious in the setting of umbilical cord blood transplantation 
(UCBT). However, neither KIR genes - especially activating ones - nor KIR/KIR 
ligand combinations have been taken into account when evaluating the actual impact 
of NK alloreactivity. 
METHODS. We investigated potential NK cell alloreactivity on UCBT in 56 patients 
by analyzing KIR/KIR ligand genetic combinations in Graft-versus-Host (GvH), Host-
versus-Graft (HvG) and Graft-versus-Graft (GvG) directions. 
RESULTS. Engraftment in recipients of two UCB units (n=35) was predominantly 
derived from one UCB unit (90%) and the total number of infused nucleated UCB 
cells correlated with better UCBT engraftment (p=0.023, HR=1.017 [1.002-1.033]). 
There was no significant correlation between UCBT engraftment and inhibitory 
KIR/KIR ligand genetic combinations in GvH, HvG, or GvG directions. However, the 
frequency of KIR2DS1+ or KIR2DS5+ UCB units within the corresponding KIR ligand 
(C2) positive recipients was lower in engrafted vs non-engrafted UCB unit/patient 
pairs (11% vs 31%, p=0.034 and 7% vs 26%, p=0.027, HR=0.262 [0.084-0.819]). 
KIR2DS1 receptors were expressed at normal levels on cord blood NK cells and cord 
blood KIR2DS1+ NK cells were reactive against C2+ target cells. 
CONCLUSION. In conclusion, our data suggest a deleterious impact of cord blood 
activating KIR NK cell reactivity on UCBT unit engraftment. A broader study including 
only double UCBT may help to conclude on advantageous to include KIR activation 
gene content in the selection of UCB unit selection. (This work was supported by 
grants from “International Related Group on Hematopoietic stem cell Transplantation 
2009”, “Association Recherche et Transfusion 2009”, “Agence de la BioMédecine 
2011” and “Etablissement Français du Sang 2011-06”. ZD is a PhD student 
supported by a CIFRE grant (N°447/2011)). 
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KIR3DL1/S1 AND HLA-B ALLELES COMBINE TO INFLUENCE UNRELATED HEMATOPOIETIC STEM 
CELL TRANSPLANTATION OUTCOMES. 
 
Fabio Giglio1, Jeffrey M. Venstrom2, Ted A. Gooley3, Meighan M. Gallagher1, Jeanette E. Boudreau**1, 
Tatiana Lebedeva4, Harriet Noreen5, Raja Rajalingam6, Elaine F. Reed6, Cynthia Vierra-Green7, Neng Yu8, 
Michael Haagenson7, Stephen Spellman7, Mari Malkki3, Effie Petersdorf3, Katharine C. Hsu1,9,10 

 

1Immunology Program, Sloan-Kettering Institute for Cancer Research, New York, NY; 2University of California at San Francisco, 
San Francisco, CA; 3Fred Hutchinson Cancer Research Center, Seattle, WA; 4Transplantation Research Center, Brigham and 
Women's Hospital and Children's Hospital Boston, Harvard Medical School, Boston, MA; 5Immunology/Histocompatibility 
Laboratory, University of Minnesota, Minneapolis, MN; 6UCLA Immunogenetics Center, Department of Pathology and Laboratory 
Medicine, David Geffen School of Medicine at UCLA, University of California at Los Angeles, Los Angeles, CA;  7Center for 
International Blood and Marrow Transplant Research, Minneapolis, MN; 8American Red Cross Blood Services, New England 
Region, Dedham, MA; 9Weill Cornell Medical College, New York, NY; 10Department of Medicine, Memorial Sloan-Kettering 
Cancer Center, New York, NY 
 
INTRODUCTION. NK cells play an important role in HIV and tumor control; the interplay between KIR and 
HLA molecules is involved in titrating these effects.  Previous studies have demonstrated that high avidity 
interactions between KIR3DL1 and HLA-Bw4 alleles correspond with superior NK-mediated control of HIV.  
KIR+ NK cells are known to mediate protection from leukemic relapse following hematopoietic stem cell 
transplantation (HSCT), however, whether the avidity of 3DL1:Bw4 interactions can predict NK activity 
following HSCT is unknown.  
METHODS. Donor 3DL1/S1 and Bw4 allele typing for 426 patients with myeloid malignancies (AML 70.2%, 
CML 6.3%, MDS 23.5%) who received HSCT from unrelated donors was completed by the 
CIBMTR/NMDP. 349 patients received 10/10 HLA matched HSCT, and 77 received 9/10 or 8/10 HLA-
matched.  All patients received a myeloablative conditioning regimen and 364 patients received T-replete 
allografts. Patient analysis was stratified by 3DL1/S1 expression and 3DL1 alleles were further 
distinguished into high-, low- and null- expressing groups. HLA analysis was stratified by Bw4 expression 
and Bw4+ donors were divided based on the amino acid present at position 80 (T or I).  
RESULTS. Analyzed independently, neither 3DL1 nor Bw4 subgroups were predictive of HSCT outcome; 
however, activating 3DS1+ donors (36%) were associated with less OM (HR 0.78; p=0.04) and NRM (HR 
0.74; p=0.04), confirming our previous findings.  Interestingly, the high avidity combination of donor 
3DL1high and Bw4-I80, compared with 3DL1high and Bw4-/- or Bw4-T80, was associated with greater relapse 
(HR 2.27; p=0.019); this trend remained significant when our analysis was restricted to AML patients only 
(n=299, HR 2.13; p=0.03).  Conversely, the low-avidity combination of donor 3DL1high and Bw4-T80 was 
associated with lower relapse in both total myeloid malignancy and AML patients alone (HR 0.35; p=0.022 
and HR 0.5; p=0.03, respectively).  Moreover, the high avidity combination of donor 3DL1low with Bw4-T80, 
compared to 3DL1low and Bw4-/- or Bw4-I80, was associated with higher relapse in both total myeloid 
malignancy and AML patients specifically (HR 2.43; p=0.05 and HR 3.9; p=0.01, respectively).  We did not 
find an association between 3DL1/Bw4 compound allotypes and acute GvHD, nor between 3DL1null and 
Bw4 with any outcome.  
CONCLUSIONS. This is the first study to demonstrate the impact of 3DL1 and Bw4 allotypes in HSCT: 
high- and low- avidity combinations of these alleles are associated with more and less relapse, 
respectively.  The present findings additionally confirm the beneficial impact of donor 3DS1 on overall 
survival.  Taken together, these data offer insights into NK alloreactivity following HSCT, and support not 
only KIR genotyping, but also KIR allotyping, in order to select donors with the best KIR-HLA combinations 
to maximize leukemic control. 
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The killer-cell immunoglobulin-like receptor (KIR) genotype correlates 
with acute kidney failure in the early post- liver transplantation period    
Cornelia Fabritius1**, Kristina Kunert1, Diana Stauch2, Ali Yayahzadeh2, 
Wladimir Faber2, Sascha Weiß1, Johann Pratschke1 and Katja Kotsch1. 
1Medical University Innsbruck, 2Charité-Universitätsmedizin Berlin,  
INTRODUCTION. Acute kidney injury (ARI) and acute renal failure (ARF) are 
major complications following liver transplantation (LT) leading up to chronic 
end-stage renal disease. The etiology of post-LT impairment is multi-factorial 
but it is suggested that e.g. during ischemia initial insults provoke morphological 
and functional changes within the vascular endothelium and tubular epithelium.  
METHODS. As it has been demonstrated, that ischemic ARF can occur in the 
absence of classical T cell function and that Natural Killer (NK) cells can kill 
syngeneic tubular epithelial cell (TEC) in vitro, we aimed to elucidate the role of 
NK cells and their receptors in the context of early post-liver transplant ARI and 
ARF more precisely.  
RESULTS. For instance, patients with impaired kidney function (serum 
creatinine levels >1.2 mg/dl, n=13) illustrated heightened peripheral NK cell 
frequencies prior LT compared with patients showing stable renal function (n=9) 
(17.22% ± 10.56 versus 12.98% ± 9.09). We further tested retrospectively 89 
liver transplant recipients for their killer-cell immunoglobulin-like receptor (KIR) 
genotype and the risk of ARI and ARF. During the first week post liver-
transplantation ARI occurred in 12% and ARF in 22% of the patients, 
respectively. ARI was a significant risk factor for acute rejection (p=0.0009) and 
ARF led to elevated serum creatinine levels (>1.2 mg/dl) at the time of hospital 
discharge (p=0.008). Interestingly, significantly less patients having a 
homozygous KIR haplotype A/A (characterized by the presence of only one 
activating KIR gene) displayed a stable early postoperative kidney function, 
compared to patients with a KIR haplotype B/x (more than one activating 
receptor) (p=0.025, odds ratio 2.3, CI=1.3-3.9). Moreover, the absence of 
KIR2DL2/DS2 genes significantly influenced the risk of acute renal failure 
(p=0.05). A multivariate regression model of both clinical and genomic risk 
factors for acute kidney injury/failure confirmed a link between the KIR 
haplotype A/A and post-LT acute renal failure (p=0.04). 
CONCLUSION. In summary, we observed a higher percentage of NK cells prior 
to LT in patients with impaired renal function and identified the KIR haplotype 
A/A as an independent genetic risk factor for ARF within the first postoperative 
week. Our data therefore provide new aspects of an innate immune response 
within the setting of post-LT kidney injury and failure.  
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Inactivation of the PI3K isoform p110δ  improves the outcome 

of allogeneic hematopoietic cell transplantation in mice 
Aurore Saudemont1, Jean-Marc Doisne*2, Djurdjica Cekinovic3, Stipan Jonjic3, Klaus 

Okkenhaug4, Francesco Colucci2. 
1Anthony Nolan Research Institute and UCL UK, 2University of Cambridge UK, 3University of 

Rijeka Croatia, 4Babraham Institute UK. 

 

INTRODUCTION: Allogeneic haematopoietic cell transplantation (HCT) prevents 

leukaemia relapse through graft versus leukaemia (GvL) but is complicated by graft 

versus host disease (GvHD). New drugs that decrease the severity of GvHD and 

preserve GvL are needed. The p110δ isoform of the PI3K pathway is an attractive 

‘druggable’ target because it is expressed nearly exclusively in hematopoietic cells 

and its inactivation modifies functions of NK and T cells. Based on previous work 

from our lab and others’ we hypothesised that p110δ inactivation may beneficially 

modify NK and T cell responses during the course of HCT. 

METHODS: P110δ was inactivated either genetically (p110δD910A knock-in mice have 

a kinase-dead version of p110δ) or pharmacologically with the p110δ-specific 

IC87114 inhibitor. BALB.B, β2m-/-, p110δD910A(B6xBALB/c)F1 and Rag2-Il2rg-/- mice 

were used to test various modes of NK cell responses. Rejection and engraftment of 

allogeneic cells were evaluated using splenocyte rejection assays and CFU-S 

assays. GvHD severity was measured by weight loss. GvL was modelled by using 

allogeneic donor NK cells into mice previously transplanted with lymphoma cells. 

Mouse cytomegalovirus (MCMV) was used as a model of opportunistic infection. The 

role of individual NK cell receptors and ligands was tested in vitro using 

degranulation and blocking assays and T cell responses were evaluated by FACS ex 

vivo. 

RESULTS: Inactivation of p110δ decreased both the rejection of allogeneic cells and 

the severity of GvHD, but did not affect hybrid resistance or missing self-recognition. 

Inactivation of p110δ also resulted in enhanced engraftment of allogeneic HCT 

without impairing lymphoma cell killing or MCMV control. Putative molecular 

mechanisms are currently under scrutiny and will be discussed at the Meeting. 

CONCLUSIONS: Inactivation of p110δ is an extremely attractive approach to 

favourably sway the balance between GvL and GvHD, without making the host 

susceptible to leukaemia relapse or opportunistic infection during allogeneic HCT. 

(Work funded by Grants from the Wellcome Trust to FC and KO and from the Cancer 

Research UK to FC.) 
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DIFFERENTIAL EFFECTS OF TRANSPLANT IMMUNOSUPPRESSIVE 
DRUGS ON NK CELL FUNCTION.  Aislin C Meehan**1, Nicole A Mifsud1, Oanh 
Nguyen1, Greg I Snell2, Tom C Kotsimbos1,2 and Glen P Westall1,2.  1Monash 
University Melbourne, 2The Alfred Hospital Melbourne 
INTRODUCTION. Lung transplantation is an established treatment for patients 
with advanced end stage pulmonary disease. Whilst lung transplant recipients 
(LTR) require life-long administration of immunosuppressive drugs to prevent 
rejection and maintain optimal lung allograft function, the success of long term 
survival post-transplantation remains poor. LTR receive immunosuppressive 
drugs that primarily target alloreactive T cells, however, little is known of the 
impact of these drugs on NK cells which have the potential to be alloreactive in 
response to HLA-mismatched ligands on the lung allograft and in doing so, may 
impact negatively on allograft survival. 
METHODS. NK cells from 20 healthy controls were assessed in response to the 
immunosuppressive drugs Cyclosporine (Cycl), Mycophenolate (MPA) and 
Prednisolone (Pred) at a range of concentrations encompassing therapeutic 
doses administered in the clinic. The impact of the drugs on cytotoxicity 
(measured by CD107a expression), IFNγ production and CFSE proliferation was 
assessed in response to various stimuli including MHC class-I negative cell lines, 
IL-2/IL-12 cytokines and PMA/Ionomycin. NK cells from 10 LTR, not receiving 
immunosuppressive drugs pre-transplant, were assessed for longitudinal 
changes post-transplant in relation to clinical outcomes and addition of the drugs.  
RESULTS. Treatment of control NK cells with MPA and Pred revealed 
significantly reduced CD107a expression in response to cell line stimulation 
(7.9% versus 1.8% and 3.8% respectively; both p<0.001). In comparison, 
addition of MPA and Cycl displayed reduced CD107a expression (9.6% versus 
2.5% and 2.9% respectively; both p<0.001) and IFNγ production (9.9% versus 
0.5% and 1.2% respectively; both p<0.001) following PMA/Ionomycin stimulation. 
Diminished proliferation was observed in response to treatment with each drug. 
Similar patterns of impaired function were observed for T cells suggesting, 
depending on the stimulus, the same intracellular signaling pathways are 
targeted by these drugs in both lymphocyte populations. The LTR longitudinal 
analysis revealed that in the presence of immunosuppressive drugs, clinically 
stable LTR showed stable NK cell function whilst NK cells were still capable of 
becoming transiently more active in the setting of self-limiting viral infections. 
CONCLUSIONS. These results provide mechanistic insights into pathways of NK 
cell activation and show commonly administered transplant immunosuppression 
agents have differential effects on NK cell function that may impact on the 
immune response following lung transplantation. (This work was funded by the 
NHMRC Dora Lush Postgraduate Research Scholarship and by the Margaret 
Pratt Foundation Heart and Lung Transplant Trust). 
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microRNA-27a* REGULATES NK ACTIVITY BY TARGETTING PERFORIN 1 
AND GRANZYME B. Tae-Don Kim, Su Ui Lee, Sohyun Yun, Suk Ran Yoon, 
Inpyo Choi*. Immunotherapy Research Center, Korea Research Institute of 
Bioscience and Biotechnology, 125 Gwahak-ro, Yuseong, Daejeon 305-806, 
Republic of Korea. 
 INTRODUCTION. Perforin (Prf1) and granzyme B (GzmB) are essential effector 
molecules for natural killer (NK) cell cytotoxicity, but how Prf1 and GzmB 
expression is regulated during arming of NK cells is poorly defined. 
METHODS. To identify miRNAs that suppress Prf1 and GzmB expression in both 
rest and activation, we used microarrays to analyze microRNAs derived from 
activated human mNK cells. Based on these kinetic analyses of Prf1 and GzmB 
expression, we made an assumption that candidate miRNAs involved in Prf1 and 
GzmB suppression in rest and activation might not only be expressed at some 
levels under resting conditions, but might also show a decrease particularly at the 
time of the greatest increase in protein expression following activation.  
RESULTS.  We show that human microRNA (miR)-27a* is a negative regulator 
of NK cell cytotoxicity by silencing Prf1 and GzmB expression. Human miR-27a* 
specifically bound to the 3' untranslated regions (UTRs) of Prf1 and GzmB, 
downregulating expression in both resting and activated NK cells, and functioned 
as a fine tuner for homeostasis of the net amount of the effector proteins. 
Consistent with miR-27a* having an inhibitory role, knockdown of miR-27a* in NK 
cells dramatically increased cytotoxicity in vitro and decreased tumor growth in a 
human tumor xenograft model. Subcutaneous implantation of SW620 cells, a 
human colon cancer cell line, resulted in rapidly growing tumors in the PBS 
control group, with an average tumor volume of 270 ± 48 mm3 by day 20 after 
injection. Although tumor growth was inhibited by mNK cells, the inhibitory effect 
of mNK cells was significantly decreased by miR-27a* overexpression. In 
contrast, transfection of mNK cells with miR-27a* inhibitor resulted in enhanced 
anti-tumor activity, achieving results similar to doxorubicin chemotherapy. At day 
20, treatment of mice with Ctrl_miR-transfected mNK cells had inhibited tumor 
growth by 40%, with miR-27a*-overexpressed mNK cells being less effective with 
22.5% reduction in tumor, and with miR-27a*-knockdown mNK cells being more 
effective with 58% reduction, suggesting miR-27a* plays a negative role in 
regulating NK cell cytotoxicity in vivo. 
CONCLUSIONS.  Taken together, these results suggest that human miR-27a* 
inhibits NK cell cytotoxicity against tumors in vivo and imply that microRNA in NK 
cells may be a potential targetable molecule, particularly using strategies that 
more permanently disrupt miR-27a* activity, for enhancing therapy with NK cells. 
(This work was supported by a Global Research Laboratory (GRL) grant funded 
by the Korean Foundation of International Cooperation of Science and 
Technology) 
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AP-1 REGULATION OF LIR-1 TRANSCRIPTION IN NK CELLS.  
Chelsea L Davidson**, Lisa E Cameron, and Deborah N Burshtyn. University of Alberta  
 
INTRODUCTION: Leukocyte Ig-Like Receptor 1 (LIR-1/LILRB1) is an inhibitory 
receptor that binds to classical and non-classical MHC-I as well as the HCMV encoded 
viral homologue UL18. LIR-1 is expressed on a variety of hematopoietic cells including 
monocytes, B cells and subsets of T and NK cells. We are interested in understanding 
why LIR-1 expression varies between individuals selectively on NK cells and how LIR-1 
expression is regulated in NK cells. LIR-1 transcription begins at either a distal promoter 
most active in lymphoid cells or a proximal promoter that is highly active in monocytes. 
In this study we have begun to elucidate the factors required for expression in NK cells, 
particularly from the distal promoter.  
METHODS: The active promoter regions were mapped using qPCR on purified NK cells 
and luciferase based reporter assays in model cell lines (YTS, NKL).  Transcription 
factor binding was determined by EMSA supershift using extracts from cell lines and 
purified ex vivo cells with and without stimulation with IL-2 and confirmed by 
Chromatin Immunoprecipitation (ChIP).   
RESULTS: Using copy number PCR we found that LIR-1 is transcribed primarily from 
the proximal promoter in monocytes, whereas both promoters are used equally in NK and 
B cells. The activity of the distal promoter mapped to a 126 bp fragment that contained 
putative AP-1 and AML-1 binding sites within a 20 bp region.  Using deletion and point 
mutations we determined the AP-1 site was required for the bulk of the transcriptional 
activity in YTS cells.  Using EMSA and supershifts we found that this minimal 20 bp 
region associates with the AP-1 factor JunD and IL-2 treatment increases the amount of 
factor bound to the probe.  Finally, we confirmed JunD binding in NKL cells by ChIP.  
CONCLUSIONS. We have identified JunD as part of an AP-1 complex at the distal 
promoter in NK cells. This is the first description of the factors involved in regulation of 
the distal promoter and for LIR-1 in NK cells. To our knowledge this is also the first role 
described for JunD in NK cells, an interesting member of the AP-1 family that can have 
both activating and repressive effects. Additionally, our results suggest mechanisms by 
which LIR-1 can be dynamically regulated in response to cytokines. 
(This work was funded by CIHR-MOP36344 and CLD is supported by a studentship from 
the MS Society of Canada) 
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MODULAR VARIATION OF ORANGUTAN KIR HAPLOTYPES.  Lisbeth A 
Guethlein*1, Laurent Abi-Rached1, Paul J Norman1, Farbod Babrzadeh1, Natasja 
de Groot2, Ronald Bontrop2, and Peter Parham1.  1Stanford University, 
2Netherlands Primate Research Center. 
INTRODUCTION. Orangutans occupy a pivotal position in KIR and HLA 
evolution. Previous cDNA analysis suggested a simple organization of the KIR 
complex that more closely resembled human group A haplotypes. More recent 
haplotype analyses revealed the existence of PopyKIR2DL5, in humans a B 
haplotype gene, and greater gene content variability.  
METHODS. Two overlapping BACs representing a complete orangutan KIR 
haplotype were subjected to shotgun sequencing using 454 technology. 
Assembly generated by MIRA was edited and finished using the Staden 
package. This haplotype sequence was compared to those published previously. 
A typing system was developed using PCR-SSP and direct sequencing to assess 
KIR gene content and allelic variation in a panel of orangutans. 
RESULTS. The haplotype we characterized combines elements of the two 
previously described, implicating large-scale recombination events in the 
evolution of orangutan KIR haplotypes. Gene content variation was confined to 
the centromeric interval bounded by PopyKIR3DL3 and PopyKIR2DL4. Most 
variation was due to the content of lineage III KIR genes (2-4 genes per 
haplotype). Allele-level KIR typing of the orangutan panel provided evidence for 
linkage disequilibrium between the alleles of PopyKIR2DL4 and PopyKIR3DL1. 
CONCLUSIONS.  Orangutan KIR haplotypes contain between 6 and 10 KIR 
genes, with variable gene content limited to the centromeric region bounded by 
PopyKIR3DL3 and PopyKIR2DL4. The two shorter haplotypes are both products 
of deletion from the longer haplotype with the breakpoints located in intergenic 
regions or in intron 6. The breakpoints in intron 6 caused exchange of the 
cytoplasmic tail between different KIR. 
 Orangutan lineage III KIR can have C1 specificity (2DL10/S10), C1+C2 
specificity (2DL11/2DS11), or no detectable interactions with MHC class I 
(2DS12). In addition, 2DL10/2DS10 recognizes some MHC-A and –B epitopes 
with lower avidity. 2DL10 and 2DS10 are allelic variants, 2DL10 having been 
formed by a deletion that caused the exons encoding the Ig-like domains of 
2DS10 to be fused to the exons encoding the cytoplasmic tail of 2DL11. Analysis 
of a panel of orangutans shows that expansion of lineage III KIR focused on 
2DL11 and 2DS11, for which there are three distinct genes (2DL11A, 2DL11B, 
and 2DS11). Most orangutan KIR haplotypes have at least one of these genes. 
These findings are all consistent with the model that lineage III KIR have been 
selected for avidity and specificity for MHC-C.  
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ORIGIN SPECIFIC ADAPTATION OF NK CELL RECEPTORS IN NON-HUMAN 
PRIMATES. Jeroen H Blokhuis**1, Marit K van der Wiel1, Gaby GM Doxiadis1, 
Ronald E Bontrop1,2. 1Biomedical Primate Research Centre, Rijswijk, 2Utrecht 
University 
INTRODUCTION. Macaques are used as an outbred animal model to study 
infectious diseases. Disease susceptibility and severity varies between species 
and often correlates with their origin. Notably, the quantity of activating KIR on 
NK cells, key mediators of immunity, correlates with containment of SIV 
replication in Indian rhesus monkeys. It can be envisioned that pathogens, 
restricted to specific geographical regions, have locally exerted selective 
pressure that shaped their hosts KIR repertoire. We investigated the manner in 
which the KIR gene system of different macaques has adapted under selection. 
METHODS. From a cohort of 378 rhesus macaques of different geographical 
origin (India, Burma, China) and 192 cynomolgus macaques (Southeast Asia) 
leukocytes were isolated and genomic DNA obtained. The rhesus intra-species 
gene content was compared by determining the presence or absence for 22 
different KIR homologs by qPCR and melting-curve analysis. By next-generation 
massively parallel pyrosequencing the Ig-like domains of all animals were 
sequenced, and comparative (phylo)genetic analyses were performed on these 
data. 
RESULTS. An extreme degree of KIR genotype variability between individuals 
was observed both in quantity (4 to 22 loci) and in quality (8x more inhibitory to 
2x more activating loci). Origin-specific differences in KIR gene frequencies and 
origin-restriction of particular genes (Mamu-KIR3DL04, -3DL06, -3DS05) were 
highly significant. Rhesus monkeys of Chinese origin possessed more inhibitory 
KIR than Indian and Burmese animals. Novel Ig-like domains were discovered in 
both rhesus and cynomolgus macaques. Additionally, limited genes and almost 
no alleles were shared between species. Comparative genetics revealed positive 
selection on specific amino acid residues in macaques as compared to other 
primates. Analysis of Ig-like domains showed evidence for diversifying selection 
that associated with animal origin, specifically on particular amino acid residues 
known to be involved with MHC class I binding. 
CONCLUSIONS. The macaque KIR gene system is extremely plastic as 
attested by our results on inter- and intraspecies differences in allelic variation 
and genotype composition. Birth and death of genes as well as diversification 
appear to be rapid events resulting not only in species- but also in origin-specific 
genes and alleles. Selective forces, for instance pathogens, have locally exerted 
a footprint on the KIR repertoire, events that were mediated through co-evolution 
of KIR with MHC class I, as residues that govern this interaction are shown to 
have undergone strong diversifying selection.  (This study was in part supported 
by NWO grant 635100025). 
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MICRO-RNA PROFILING OF HUMAN NK CELL SUBSETS IDENTIFIES MIR-

24 AS A CANDIDATE TARGETING IFN-. Jeffrey W Leong**, Stephanie E 
Schneider, Ryan P Sullivan, Cassie R Keppel, and Todd A Fehniger.  
Washington University School of Medicine. 
INTRODUCTION.  MicroRNAs (miRNAs) are small regulatory RNAs that have 
been shown to play a role in regulating T and B cell development and function.  
However, the role of miRNAs in human NK cell biology is poorly understood. We 
hypothesized that functionally distinct human NK cell subsets have disparate 
miRNA expression profiles that regulate their molecular programs.  Further, we 
hypothesized that miRNAs regulate specific aspects of human NK cell function, 

including IFN- protein production. 
METHODS.  Normal donor human PBMC were flow sorted into CD56bright and 
CD56dim NK cell subsets, and cultured in medium (resting) or IL-12+IL-18 
(activated) for 6 hours, followed by RNA isolation. The expression of known 
miRNAs was profiled using Nanostring assays, and the results validated using 
Agilent miRNA arrays and real-time qPCR of selected miRNAs. MiRNAs 

predicted to directly regulate the IFN- 3’UTR were biologically assessed in vitro 
using miRNA over-expression and luciferase reporter assays in 293T cells. 
RESULTS. Of 733 probed miRNAs, 208 and 211 miRNAs were detected above 
background levels in CD56bright and CD56dim subsets, respectively. We restricted 

our analysis of possible IFN- regulators to 28 miRNAs that were differentially 
expressed in both subsets following cytokine activation by two-way ANOVA 
(p<0.05). We then filtered these miRNAs based on bioinformatic targeting 

predictions (Microcosm, TargetScan) to the human IFN- 3’ UTR. One predicted 
miRNA, miR-24, was decreased following IL-12+IL-18 activation in both the 
CD56bright (42% decrease, P=1.37e-6) and CD56dim (36% decrease, P=7.02e-6) 
subsets.  Resting CD56bright NK cells expressed 19.9% less miR-24 (P=0.043) 

than CD56dim NK cells.  In vitro over-expression of miR-24 with a human IFN- 
3’UTR luciferase reporter resulted in inhibition of luciferase activity (40% 
reduction, P<0.0001), and mutation of the predicted binding site fully abrogated 
targeting, indicating a direct interaction.  Mechanistic experiments testing gain- 

and loss-of-miR-24 function on IFN- translation in primary human NK cells are 
ongoing.   
CONCLUSIONS. We have identified the miRNA profile of resting and short-term 
cytokine-activated human NK cell subsets, including differentially expressed 

miRNAs.  The IFN- 3’ UTR is a biologically validated target of miR-24, which 
decreases following cytokine-activation in NK cells.  Ongoing studies will assess 

the impact of miR-24 loss or gain in primary human NK cell IFN- production. 
(This work was supported by the NIH-NHLBI, HHMI, and ASH Foundation) 
 

danielvalle
Text Box
Abstract # 202



CHARACTERIZATION OF A DEEP INTRONIC MUTATION IN UNC13D THAT 
CAUSES FAMILIAL HEMOPHAGOCYTIC LYMPHOHISIOCYTOSIS TYPE 3 
(FHL3). Frank Cichocki**1, Marie Meeths1, 2, Jeffrey S. Miller3, Hans-Gustaf 
Ljunggren1 and Yenan T. Bryceson1    1Centre for Infectious Medicine, 
Department of Medicine, Karolinska Institutet, Karolinska University Hospital 
Huddinge, Stockholm, Sweden, 2Clinical Genetics Unit, Department of Molecular 
Medicine and Surgery, and Center for Molecular Medicine, Karolinska Institutet, 
Karolinska University Hospital Solna, Stockholm, Sweden. 3Division of 
Hematology, Oncology and Transplantation, University of Minnesota Cancer 
Center, Minneapolis, Minnesota, USA. 
 
INTRODUCTION. Familial hemophagocytic lymphohistiocytosis type 3 (FHL3) is 
a hyperinflammatory disorder associated with aberrant immune activation and is 
caused by mutations in UNC13D, which encodes the Munc13-4 protein. Munc13-
4 is an essential facilitator of granule exocytosis. Our group recently identified a 
novel point mutation (c.118-308C>T) deep within an evolutionary conserved 
region of the first intron of UNC13D in FHL3 patients across Europe. This 
mutation selectively impairs Munc13-4 expression in lymphocytes. Based on this 
discovery, we sought to determine how this point mutation is involved in 
transcriptional control of Munc13-4 expression in lymphocytes. 
METHODS. We hypothesized that a transcriptional enhancer region may exist 
within the first intron of UNC13D. Thus, the point mutation identified in FHL3 
patients may abrogate the binding of a transcription factor important for gene 
transcription. To test this hypothesis, we used computational search algorithms 
to identify a putative STAT4 binding site overlapping the FHL3 point mutation in 
the UNC13D gene. We used several techniques including electrophoretic 
mobility shift assays (EMSA), chromatin immunoprecipitation (ChIP), and DNase 
hypersensitivity assays to investigate transcription factor binding and chromatin 
conformation within the first intron of UNC13D.  
RESULTS. Using both DNase hypersensitivity assays and histone 3 lysine 27 
acetylation (H3K27) ChIP across UNC13D, we show that the area surrounding 
the FHL3 point mutation in intron 1 is in an open chromatin conformation, 
strongly suggesting that it represents a transcriptional enhancer. Our EMSA 
results show that, as predicted, STAT4 binds to its consensus site within intron 1 
of UNC13D, and that the FHL3 point mutation eliminates this binding. We also 
demonstrate through ChIP analysis that IL-12 stimulation strongly induces 
STAT4 binding to the intron 1 site.  
CONCLUSIONS. Collectively, our results show that the c.118-308C>T point 
mutation lies within a transcriptional enhancer located in the first intron of 
UNC13D. This mutation prevents STAT4 binding, impairing/abrogating Munc13-4 
expression in cytotoxic lymphocytes. This study highlights the importance of 
sequencing outside of coding regions and splice sites when searching for 
mutations that cause primary immunodeficiencies and establishes a role for 
STAT4 in controlling expression of proteins required for cytotoxic granule 
exocytosis. 
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ACTIVATION OF HUMAN NK CELLS BY TUMOUR CELLS OR DURING 
VIRAL INFECTION LEADS TO EXPRESSION OF TNFSF14/LIGHT, A 
MODULATOR OF ADAPTIVE IMMUNITY. 
 
Tim D. Holmes**1, Yasser El-Sherbiny1, Emma V. Black1, Vivek Tanavde2, Ruth 
M. Morgan1, Alan Melcher1, Graham P. Cook1.  1Leeds Institute of Molecular 
Medicine, University of Leeds, UK. 2Bioinformatics Institute, Agency for Science 
Technology and Research (A*STAR), Singapore. 
INTRODUCTION. NK cells undergo changes in their cell surface phenotype and 
function following activation with cytokines or with tumour cells.  Defining these 
changes will lead to a better understanding of how NK cells respond to infection 
and to tumours in vivo and raises the prospect of improving NK cell activation in 
the face of tumour immune evasion strategies.  We have analysed the effects of 
tumour cell mediated activation and the activation of human NK cells that occurs 
in vivo during infection with a therapeutic oncolytic virus. 
METHODS.  Microarray analysis was used to identify genes that were rapidly 
induced following the interactions between human NK cells and tumour cells in 
vitro.  We then analysed the expression of these genes and their protein products 
in more detail, using both in vitro stimulation of NK cells and by analysis of 
human NK cells stimulated during infection of cancer patients with the dsRNA 
virus, reovirus. 
RESULTS. The microarray analysis revealed that tumour cell stimulation of NK 
cells was associated with the rapid induction of cell surface TNFSF14 (LIGHT) 
expression. TNFSF14/LIGHT was induced on NK cells activated using a variety 
of stimuli; this included cytokines and stimulation via NK cell activation receptors. 
Soluble TNFSF14 was shed from NK cells and was capable of maturing 
monocyte-derived dendritic cells (DC) in vitro. Furthermore, TNFSF14 expressing 
NK cells promoted DC maturation in a TNFSF14 dependent manner.  In vivo, NK 
cell activation occured within 48hrs of controlled viral infection. TNFSF14 
expressing NK cells were also detected following oncolytic virus infection in vivo 
but NK cell expression of this molecule by NK was detected after the initial peak 
of NK cell activation. 
CONCLUSIONS. Our results show that TNFSF14 is induced on NK cells by a 
variety of stimuli.  Like TNF-α, TNFSF14 is capable of mediating the maturation 
of antigen presenting cells.  Our results using a human viral infection model 
reveal that NK cell activation occurs rapidly after viral infection, but also that NK 
cell activation may have a more durable component.  Our results suggest that 
expression of TNFSF14 by activated NK cells allows NK cells to modulate 
adaptive immunity via NK cell-DC interactions.  Defining the pathways of NK cell 
activation will facilitate the NK cell mediated killing of tumours that normally 
evade cellular immunity. 
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MICRO-RNA DEFICIENT NK CELLS EXHIBIT ENHANCED FUNCTION, 

WITH A ROLE FOR THE MIR-15/16 FAMILY IN IFN- REGULATION. Ryan P. 

Sullivan**, Jeffrey W. Leong, Stephanie E. Schneider, Catherine R. Keppel, Elizabeth 

Germino, Anthony R. French, and Todd A. Fehniger. Washington University in St. Louis 
 

INTRODUCTION.   MicroRNAs (miRNAs) are a family of small, non-coding RNA 

molecules that have a role in a wide variety of cellular processes, typically through post-

transcriptional repression mediated by binding of the 3’ UTRs of target mRNAs. It has 

been well established that miRNAs regulate constituents of the adaptive immune system, 

such as T and B lymphocytes. However, the role of miRNAs in the regulation of NK cell 

biology remains unclear. We hypothesized that miRNAs serve an important role in 

regulating NK cell activation by repressing effector molecule translation.  

METHODS.   We utilized a lymphocyte-restricted (human CD2) Cre transgenic mouse 

combined with a conditional (floxed) Dicer1, resulting in loss of Dicer1-dependent 

miRNA biogenesis in selected cells. The goal of this study was to define the global role 

of miRNAs in orchestrating NK cell development and/or activation.  

RESULTS.   Dicer1-deficient NK cells have decreased total miRNA content based on 

Nanostring profiling and real-time qPCR. This led to defects in NK cell survival in vivo, 

as well as decreased ex vivo survival and proliferation in response to IL-15. In addition, 

Dicer1-deficient NK cells exhibited an enhanced functional capacity with increased 

interferon gamma (IFN-) production ex vivo (13.5 ± 4.2 vs. 2.1 ± 1.7, p <0.05), and upon 

re-stimulation in vitro with either activating receptor ligation using -NK1.1 (60.2 ± 15.8 

vs. 30.1 ± 15.3, p<0.001), or incubation with the tumor target cell line YAC-1 (21.0 ± 9.5 

vs. 7.4 ± 3.2, p<0.01). Moreover, enhanced IFN- protein production by miRNA-

deficient NK cells was observed in vivo after infection with MCMV (64.1 ± 4.9 vs. 41.1 

± 5.5, p<0.001). The miR-15/16 family was highly expressed in IFN-producing NK 

cells and reduced in Dicer1-deficient NK cells.  Further, miR-15/16 miRNAs directly 

target the 3’UTR of murine IFN-at two distinct sites by a luciferase reporter assay. Both 

miR-15a/16-1 and miR-15b/16-2 over-expression in 293T cells decreased the expression 

of luciferase controlled by the IFN- 3'UTR (33.24% and 25.38% repression respectively, 

p<0.001 for each), while mutation of the predicted target sites abolished repression. 

CONCLUSIONS.   NK cell activation is the result of the integration of receptor signals, 

and can be extremely sensitive to small changes in these signals. As such, NK cells are a 

prime target for miRNA-mediated “fine tuning”. These data suggest that global miRNA 

loss elevates the threshold of NK cell activation.  Ongoing studies are evaluating the role 

of individual miRNAs in regulating NK cell function.  These data also implicate the miR-

15/16 family as direct repressors of IFN-, providing a potential mechanism for enhanced 

IFN- production in Dicer1-deficient NK cells. Thus, miRNAs have a broad role in 

regulating NK cell activation and effector function, with a specific function for miR-

15/16 in the regulation of IFN- production. (Supported by: NIH-NHLBI, HHMI, 

Mallinckrodt Foundation, and ASH Foundation) 
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MIR-155 REGULATES LY49 EXPRESSION AND IFN- PRODUCTION BY NK 

CELLS. Ryan P. Sullivan**, Jeffrey W. Leong, Stephanie E. Schneider, Catherine R. 

Keppel, and Todd A. Fehniger. Washington University in St. Louis 
 

INTRODUCTION.   Micro-RNAs (miRNAs) are a family of small, non-coding RNA 

molecules that have a role in a wide variety of cellular processes, typically through post-

transcriptional repression mediated by binding of the 3’ UTRs of target mRNAs. MiR-

155 is involved in a variety of immune responses, including proper germinal center 

formation, and T and B cell responses. However, its role in NK cell biology is unclear. 

We hypothesized that miR-155 regulates NK cell development and function. 

METHODS.   We evaluated the expression of miR-155 in flow sorted mouse and human 

NK cells at rest and following activation using real-time qPCR.  We then utilized miR-

155
-/-

 mice to examine the impact of miR-155 on NK cell development, survival, 

maturation, cell surface phenotype, and functional responses. 

RESULTS.   MiR-155 is expressed at moderate levels in resting murine splenic NK cells, 

but is upregulated upon stimulation for 24 hours with IL-15 (3-fold) and IL-12+15+18 

(30-fold). Bulk human NK cells also exhibit similar increased miR-155 expression after 

cytokine activation. We found that miR-155-deficient NK cells have altered Ly49 

receptor expression, specifically a decreased percentage of Ly49G2
hi

 (26 ± 2.5 vs. 41 ± 

0.8, p<0.001), and increased Ly49A
+
 (19 ± 0.6 v. 15 ± 0.6, p<0.05) NK cells. In addition, 

while Ly49A was expressed only at a slightly higher level on a per cell basis in miR-

155


 NK cells (MFI 105 ± 3% of WT, p<0.05), Ly49G2 was expressed at a much lower 

level (MFI 55 ± 9% of WT, p<0.001). This was due to a loss of the normal Ly49G2
hi

 NK 

population, with a concurrent gain in a distinct Ly49G2
low

 NK population (17 ± 2 v. 6 ± 

0.2, p<0.001) that is absent in WT NK cells. In addition, miR-155
-/-

 NK cells produce 

more IFN- upon ex vivo stimulation via either anti-NK1.1 (155 ± 9% of WT, p<0.001) 

or IL-12+IL-15 (121 ± 6% of WT, p<0.01), demonstrating that miR-155 is involved in 

the regulation of IFN- production. Additionally, a greater percentage of miR-155
-/-

 NK 

cells produce granzyme B (73 ± 3% vs. 56 ± 6%, p<0.01), and at higher levels, than WT 

NK cells after 24 hours of stimulation with IL-15. These differences were not due to 

altered maturation, as both miR-155
-/-

 and WT NK cells show similar numbers and level 

of maturation in the spleen, liver, lung, blood, and bone marrow, and are also not due to 

Ly49 changes, as no single Ly49 population seems to be solely responsible for enhanced 

IFN-production. 

CONCLUSIONS.   MiR-155 regulates the acquisition and expression of Ly49G2 and 

Ly49A receptors.  In addition, miR-155 expression is induced during NK cell activation, 

and regulates (directly or indirectly) the induction of activated-NK cell IFN- and 

granzyme B protein translation.  Ongoing studies are evaluating whether this is an NK 

cell-intrinsic phenotype, as well as identifying miR-155 target mRNAs in NK cells. 

(Supported by: NIH-NHLBI, HHMI, Mallinckrodt Foundation, and ASH Foundation) 
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THE UNIQUE EXPANSION OF TWO ANCIENT KIR LINEAGES IN CATTLE. 

Nicholas D. Sanderson**
1
, Paul J. Norman

2
, Farbod Babrzadeh

3
, Shirley A. Ellis

1
, Peter 

Parham
2
 and John A. Hammond

1
. 

1
Institute for Animal Health, Compton, Newbury, 

Berkshire, UK. 
2
Department of Structural Biology, 

3
Stanford Genome Technology 

Center, Stanford University, California, USA.  

INTRODUCTION. During mammalian evolution selection pressure has driven the 

diversification of alternative and unrelated NK cell receptor families in different species. 

Outside of the primates, cattle are the only species of mammal known to have expanded 

the killer-cell immunoglobulin-like receptor genes (KIR). However, cattle have expanded 

the 3DX-lineage KIR which diverged ~135 mya from the 3DL-lineage that expanded in 

primates. The extent of cattle KIR expansion remains unknown, despite the economic 

importance of this species and the likely implications for disease resistance. We aimed to 

address this by sequencing and assembling a complete cattle KIR haplotype. 

METHODS. A Holstein-Friesian BAC library was screened for KIR of both lineages. 

Five positive clones were sequenced at up to 100x coverage using 454 pyrosequencing 

and finished by directed standard sequencing as necessary. Assemblies were validated 

with long range PCR and all the complete KIR genes were independently amplified and 

sequenced using gDNA from the animal used to generate the BAC library. 

RESULTS. In cattle there have been multiple gene duplications within both gene lineages 

resulting in 3DX and 3DL-lineage KIR being interspersed throughout the 270 kb locus. 

This haplotype contains 16 loci of which eight are transcribed and predicted to be 

functional. Seven of these functional genes are 3DX-lineage three domain receptors of 

which six are inhibitory. In contrast, three pseudogenes are 3DL and five are 3DX-

lineage and all but one would encode a short tail. The only functional activating KIR is 

3DX-lineage and paired with an inhibitory receptor, sharing >98 % identity between the 

Ig domains, supporting the paradigm that activating receptors have arisen from inhibitory 

counterparts.  

CONCLUSIONS. The cattle KIR region has undergone significant diversification during 

ruminant evolution. This haplotype predominantly encodes inhibitory 3DX-lineage three-

domain KIR, but also reveals a unique expansion of both lineages. In addition, of the 

seven loci with short tails only one is functional. In humans, haplotypes dominated by 

inhibitory receptors correlate with potent NK cell responses and resistance to viral 

infections. In addition, activating KIRs are short lived and associated with resistance to 

infection. Taken together, this indicates cattle KIR also play an important immunological 

role. This haplotype now provides the platform to examine the diversity and function of 

cattle KIR which we are exploring in relation to endemic cattle viruses, including bovine 

herpes virus-1. 
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DIFFERENTIAL TRANSCRIPTION FACTOR USE BY THE KIR2DL4 
PROMOTER UNDER CONSTITUTIVE AND IL-2/15-TREATED CONDITIONS. 
Steven R. Presnell1*, Lei Zhang1, Corrin N. Chlebowy1, Ahmad Al-Attar1, and  
Charles T. Lutz1,2, Departments of Pathology and Laboratory Medicine1 and 
Microbiology, Immunology, and Molecular Genetics2, University of Kentucky, 800 
Rose Street, Lexington, KY 40536-0298, USA 
 
INTRODUCTION: KIR2DL4 is unique among human KIR genes in expression, 
cellular localization, structure, and function, yet the transcription factors required 
for its expression have not been identified.  
METHODS: We identified cis-elements using scanning-linker mutagenesis and 
point mutations of the 260 bp core 2DL4 promoter. We identified trans-acting 
factors using electrophoretic mobility shift assays, co-transfection assays, and 
chromatin immunoprecipitation.  
RESULTS: Two Runx binding sites in the 2DL4 promoter were redundant, but 
essential for constitutive 2DL4 transcription in YT-HY, a 2DL4-expressing NK cell 
line. There were smaller contributions by a CRE site and initiator elements. IL-2- 
and IL-15-treated human NK cell lines showed elevated 2DL4 promoter activity, 
which required functional Runx, CRE, and Ets sites. KIR2DL4 promoter activity 
had similar transcription factor requirements in T cell lines. Chromatin 
immunoprecipitation showed that Runx3 and Ets1 bind to the 2DL4 promoter in 
situ. Runx, CRE, and Ets binding motifs are present in 2DL4 promoters from 
many primate species, but other postulated transcription factor binding sites are 
not well preserved.  
CONCLUSION: KIR2DL4 transcription requires CRE binding factors and, 
especially, Runx family proteins. In addition to these factors, IL-2- and IL-15-
stimulated 2DL4 transcription requires Ets family proteins. Differences between 
2DL4 vs. 3DL1 and other clonally-restricted KIR suggest a model that explains 
the unique 2DL4 expression pattern in human NK cells.  
(The authors gratefully acknowledge help from Dennis Watson, Yoshiaki Ito, Frank 
Pugh, Nancy Speck, Chung-Tsai Lee, Anthony Sinai, Jeffrey Ebersole, Luke Bradley, 
Peter Nelson, Robert Coleman, Janice Telfer, Kerry Campbell, and Stephen Smale.)  
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MIR-155 REGULATES IFN- PRODUCTION IN NATURAL KILLER CELLS. 

Rossana Trotta*, Li Chen, David Ciarlariello, Srirama Josyula, Charlene Mao, Stefan 

Costinean, Lianbo Yu, Jonathan P. Butchar, Susheela Tridandapani, Carlo M. Croce, and 

Michael A. Caligiuri. The Ohio State University, Columbus, OH 

INTRODUCTION. Natural killer (NK) cells participate in immune responses against 

infection and in cancer surveillance through the production of IFN-. MicroRNAs (miRs) 

are small, non coding RNA molecules with important regulatory functions. The role of 

miR-155 in NK cell biology has not yet been explored. Here we characterize the 

expression of miR-155 in human NK cells, its role in the regulation of NK cell IFN- 

expression, and the mechanism by which this occurs.  

METHODS. RNA from unstimulated primary human CD3
-
CD56

+
 NK cells and those 

stimulated by IL-12 and IL-18 were used to perform an Affimetrix miR gene profile. 

Subsequently, NK cells were stimulated with IL-12 and/or IL-18 and/or CD16 cross-

linking and analyzed for miR-155 and its precursor BIC, and IFN-expression by Real 

time RT-PCR. Primary NK and NK-92 cells were infected with a lentivirus vector 

encoding miR-155 or antisense miR-155 or control vectors, and sorted for GFP by FACS, 

analyzed for miR-155 expression by Real time RT-PCR, and for IFN- by Real time RT-

PCR and ELISA. Stimulated NK cells were analyzed for SHIP-1 expression by Real time 

RT-PCR and by Western blot.  NK cells from wild-type or miR-155
-/-

 mice were used to 

analyze IFN-secretion induced by IL-12 and/or IL-18 and CD16 stimulation by ELISA. 

RESULTS. Using a miR profile, we first observed that miR-155 showed the strongest 

induction among all miR following co-stimulation of primary human CD56
+
 NK cells by 

IL-12 plus IL-18. Of interest, miR-155 and BIC expression were also induced by IL-18 

alone but not by IL-12, yet induced synergistically by the combination of IL-12 and IL-

18. Additionally, miR-155 and BIC were induced by activation via CD16 and 

synergistically induced in response to CD16 activation in presence of IL-12.  Ectopic 

over-expression of miR-155 enhanced induction of IFN- by IL-12 and IL-18 or CD16 

stimulation, while knock-down of miR-155 or its disruption suppressed IFN- induction 

in monokine- and/or CD16-stimulated NK cells. Mechanistically, we demonstrated that 

miR-155 targets a negative regulator of IFN- in NK cells, inositol phosphatase SHIP1, 

which is synergistically down-modulated by the combination of IL-12 and IL-18, and 

down-modulated by CD16 stimulation. Importantly, we observed that overexpression of 

miR-155 overrides the IL-12 and IL-18-mediated regulation of SHIP-1 expression in NK 

cells.  

CONCLUSIONS. Collectively our data indicated that miR-155 expression is regulated 

by stimuli that strongly induced IFN-in NK cells, such as IL-12 and IL-18 and 

activation via CD16, and that miR-155 functions as a regulator of IFN-production in 

human NK cells at least in part via the modulation of SHIP-1 expression.  These finding 

may have clinical relevance for targeting miR-155 in inflammation and neoplastic 

diseases.   
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COPY NUMBER VARIATION LEADS TO CONSIDERABLE DIVERSITY 
FOR KIR B, BUT NOT A, HAPLOTYPES. 
Wei Jiang, Chris Johnson, Jyothi Jayaraman, James A. Traherne, John Trowsdale* 
Division of Immunology, Department of Pathology, University of Cambridge, UK. 
INTRODUCTION. The KIR complex is evolving rapidly in humans. More than 50 
different haplotypes have been described, ranging from four to fourteen KIR loci. 
Previously it has been suggested that most KIR haplotypes consist of framework 
genes, present in all individuals, which bracket a variable number of other genes.  
METHODS. We used a new technique to type 793 families from the UK and USA for 
both the presence/absence and copy number of all individual KIR genes.  
RESULTS. All KIR loci were subject to copy number variation (CNV) including the 
so-called framework genes.  CNV was much more frequent in KIR B haplotypes than 
KIR A haplotypes. These two basic KIR haplotype groups appeared to be following 
different evolutionary trajectories. Despite the great diversity, 11 common haplotypes 
were derived by reciprocal recombination near KIR2DL4. These could be derived by 
combining just 3 centromeric and 2 telomeric gene arrangements, along with 
additional variation for major alleles such as 2DL2/2DL3 and 2DS1/2DS4. 
Collectively they accounted for 94% of KIR haplotypes determined in Caucasian 
samples. The remaining six per cent of haplotypes displayed a variety of examples of 
expansion and contraction of numbers of loci. 
CONCLUSIONS. The data have important implications for studying the genetics of 
disease association with KIR. Analysis of 94% of Caucasian haplotypes can be 
simplified. However, conventional KIR typing misses much CNV complexity in the 
remaining haplotypes.  
[Supported by grants from the MRC and the Wellcome Trust with part funding from 
the National Institute for Health Research Cambridge Biomedical research Centre, 
Pathological Society and Newton Trust]. 
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HYPOMORPHIC MUTATIONS IN PERFORIN IMPAIR PROTEOLYTIC MATURATION 
AND SECRETORY GRANULE TARGETING.  Keijan Zhang, Ramon Urrea Moreno, 
and Kimberly Risma*.  Cincinnati Childrens’ Hospital Medical Center, University of 
Cincinnati 

INTRODUCTION: Hemophagocytic Lymphohistiocytosis (HLH) is a life threatening, 
inflammatory disease recognized in children and adults, associated with impaired 
perforin-mediated lymphocyte cytotoxicity.  

METHODS: We recently measured the capacity of disease-associated, mutant perforins 
to restore cytotoxic function to perforin- deficient murine cytotoxic T lymphocytes (CTL). 
Mutant perforins expressed in murine CTL were also analyzed for secretory capacity 
and proteolytic maturation to identify the biochemical impact of the mutation. Finally, we 
compared our bench findings to clinical information identified in patients with HLH.  

RESULTS: Remarkably, measurable cytotoxic function was restored by at least half of 
disease-associated mutant perforins. Cytotoxic function was not dependent upon 
proteolytic maturation of perforin; however, mutant perforins characterized by impaired 
proteolytic maturation were secreted by a pathway separate from the cytotoxic granule 
in CTL.  In addition, cytotoxic function could be improved by experimental conditions 
leading to increased proteolytic maturation and granule targeting.  Review of clinical 
data from the literature and data from our own center illustrates highly variable age of 
disease onset in individuals with hypomorphic perforin mutations.  

CONCLUSIONS:  The finding of perforin missense mutations associated with significant 
residual function explains the variable phenotypic expression of disease in children and 
adults. Importantly, these results suggest that the cytotoxic function of NK and CTL in 
individuals carrying disease associated mutations may be influenced by genetic and 
environmental factors.  Future studies will be critical to define genetic modifiers of the 
cytotoxic pathway which we predict may be therapeutic targets for enhancing NK and 
CTL function in patients with hypomorphic perforin mutations.   
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NK CELL DIFFERENTIATION AND Ly49 EXPRESSION   Doug Redelman*, Gil-
lian Hultin, Jared Townsend and Lauren Peri.  University of Nevada School of 
Medicine, Physiology & Cell Biology, Reno, NV 89557.
INTRODUCTION.  NK precursor (NKP) cells are CD3eNegCD19NegCD122+ lym-
phocytes.  In C57BL/6 (B6) mice, NK cells in the next step of development retain 
CD122 expression and are NK1.1+ (PK136 MAb).  Subsequent stages of NK de-
velopment can be recognized by  expression of CD49b (DX5 antigen) and varying 
combinations of CD11b  and CD27 expression.  IL-15 is required for normal NK 
development but the set of transcription factors that control development is not 
yet fully known.  The present studies have begun to examine these questions by 
comparing protein and mRNA expression in NKP and NK1.1+ cells.
METHODS.  Spleen cells from normal B6 mice were dispersed and labeled with 
fluorescent antibodies for flow cytometric (FCM) examination and/or for isolation 
of CD3eNegCD19NegCD122+ cells that were NK1.1+ (~90%) or NK1.1/Neg (~10%) 
by fluorescence activated cell sorting (FACS).  RNA was isolated and mRNA was 
measured by quantitative RT-PCR (Q RT-PCR) using mRNA for CD45 and other 
“housekeeping” gene products as references. RNAʼs from NKP and NK1.1+ cells 
have also been compared on Affymetrix Mouse Gene 1.0 ST microarrays.
RESULTS.  FCM examinations largely confirmed previous findings that Ly49ʻs, 
CD244, NKp46 and CD49b occur on NK1.1+ cells and not on NKP.  Of the NK1.1+ 
cells, ~10-15% were CD49bNeg and it appeared that Ly49D and Ly49G were ex-
pressed at comparable levels on similar fractions of cells.  The effectiveness of 
FACS isolation was verified by Q RT-PCR. We found very low levels of mRNA for 
CD3e or CD19 in RNA from both NKP and NK1.1+ cells, comparable amounts of 
CD122 mRNA and ~100-fold higher levels of Klrb1c mRNA (encodes protein with 
NK1.1 epitope) in the NK1.1+ cells.  The Q RT-PCR results were generally con-
sistent with the FCM results comparing NKP and NK1.1+ cells, with some notable 
exceptions.  In addition, we found slightly  higher levels of mRNA for CD117 in 
NK1.1+ cells along with mRNA for perforin, granzyme B and IL-15 receptor alpha 
(Il15ra).  E4BP4 (product of Nfil3) is reported to be essential for NK development 
and we found only slightly higher levels of mRNA in NK1.1+ cells.  One very sur-
prising finding was that in NK1.1+ cells, mRNA for Ly49D was typically 10-100 
fold higher than that for Ly49G despite their apparent similarities of expression by 
FCM.  The mircroarray analyses are in progress.
CONCLUSIONS.  NK cells in different stages of development can be isolated by 
FACS from normal mice in sufficient numbers for detailed mRNA analyses.  
NK1.1+ cells have mRNA for Il15ra and NKp46 (product of Ncr1) while NKP do 
not whereas E4BP4 mRNA is present in both populations. In NK1.1+ cells, there 
is an apparent large discrepancy between the amount of Ly49D and Ly49G that 
is expressed vs. the levels of mRNA suggesting additional post-transcriptional 
control. (Supported in part by NIH P20 RR016464 and NIH P01 DK041315.)

danielvalle
Text Box
Abstract # 213



UNRAVELING ONTOGENIC RELATIONSHIPS BETWEEN NK CELL 
SUBSETS BY HIGH-THROUGHPUT REAL-TIME QRT-PCR 
Henoch S Hong**1, Premeela A Rajakumar1, Christine Mathai1, R Keith Reeves1, 
Michelle Connole1, James M Billingsley1, Gang Qiu1 and R Paul Johnson1.   
1New England Primate Research Center, Harvard Medical School, 
Southborough, MA 01772 
INTRODUCTION. Distinct NK cell subpopulations have been well-described in 
both humans and rhesus macaques. Rhesus macaque NK cell subpopulations 
include CD56+ and CD16+ subsets, which correspond to CD56bright and 
CD56dimCD16+ NK cells in humans, respectively. In addition, there is a CD3-

NKG2A+ population in macaques that is CD56/CD16 double-negative (DN). This 
DN NK cell population has been observed in most Old and New World primates 
examined to date but is infrequent in humans and chimpanzees. Here we applied 
a high-throughput real-time qPCR approach to assess the ontogenic 
relationships between NK cell subsets in rhesus macaques.  
METHODS.  CD56+, CD16+ and DN NK cells were sorted from PBMCs isolated 
from four rhesus macaques housed under specific pathogen free conditions. 
RNA was isolated and reverse transcribed. NK cell-relevant genes of interest 
were chosen from previous microarray data sets. Samples were analyzed on a 
Fluidigm real-time PCR system, which allows parallel runs of more than 9000 
reactions on a microfluidic chip.  
RESULTS.  Using unsupervised hierarchical clustering as well as principle 
component analysis, we found that NK cells from all four animals segregated into 
groups corresponding to the CD56+, CD16+ and DN NK cell subpopulations. The 
transcription factors TCF7, LEF1, MAFF, RORC, GATA3, AHR, TCF8 and MYB 
were upregulated more than 10-fold in CD56+ NK cells compared to the CD16+ 
NK cell subset. In contrast, BLIMP1 expression was predominantly observed in 
CD16+ NK cells. Transcripts of genes associated with more primitive 
hematopoietic cells, such as KIT and the IL7R and IL18RAP cytokine receptors, 
were significantly upregulated in CD56+ NK cells. On the other hand, CD16+ NK 
cells exhibited significantly elevated expression levels of genes encoding for 
effector proteins, including CCL3, CCL4, CCL5, IL-10 and IFN-γ. Notably, the DN 
NK cell subset displayed an intermediate transcriptional profile sharing 
similarities with both the CD56+ and the CD16+ NK cell subpopulations.  
CONCLUSIONS. CD56+ NK cells display a transcriptional pattern consistent with 
a more primitive developmental stage of hematopoietic differentiation, whereas 
CD16+ NK cells exhibit a more differentiated effector cell profile. In this context, 
DN NK cells are likely to be an intermediate NK cell differentiation stage. 
However, additional experimental evidence is required to rigorously establish the 
ontogeny of these subsets. Our results indicate that high-throughput real-time 
qRT-PCR can be a powerful tool to address the complexities of NK cell biology.  
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INCREASED GENE FREQUENCY OF KIR2DS4 IN AUTOIMMUNE HEPATITIS.  
Natalia Paladino* Ana C. Flores, Ariel Podhorzer*, Teresa Shroeder**, Hugo A. 
Fainboim**, Leonardo Fainboim* *Div. Inmunogenética, Hospital de Clínicas, 
UBA. **Hepatopatias Infecciosas, Hospital F.J.Muñiz, Buenos Aires, Argentina. 
INTRODUCTION. A previous study from our lab revealed a difference in the 
genetic predisposition to autoimmune hepatitis (AH) between children (PAH) and 
adults (AAH). The haplotype HLA-DRB1*1301-DQB1*0603 is associated with 
PAH. HLA-DRB1*0405 predisposes to AAH, with an additional effect of HLA-A11 
in increasing the likelihood of patients to develop extra hepatic autoimmune 
manifestations. The present study is orientated to detect genetic differences in 
PAH and AAH within the KIR locus.     
METHODS.  The study included 420 healthy controls, 73 pediatric (PAH) and 51 
adult (AAH) type I autoimmune hepatitis. Genomic DNA was used to identify the 
presence or absence of each 16 KIR genes, by two PCR amplifications: PCR-1 
for domains D1 and D2 combined and the PCR-2 for the 
transmembrane/cytoplasmic region. The KIR2DS4 gene was amplified by PCR 
with primers previously described to analyze the full-length and the deleted 
version of the KIR2DS4 gene. HLA-Cw genotyping was performed within exons 2 
and 3 of the HLA-C gene. SSOP typing used probes specific for the HLA-C 
alleles that belong to the C1 group (Asn 80) and to the C2 group (Lys 80)    
RESULTS.  The frequencies of 2DL1, 2DL2, 2DL3, 2DL5 3DL1, 2DS1, 2DS2, 
2DS3, 2DS4, 2DS5, 3DS1 and 2DP1 were similar in controls and in AAH and 
PAH. In our Argentinean Caucasoid healthy population, KIR2DS4-alleles 
containing the 22 bp deletion in exon 5 account for 81%. The frequency of the 
full-length gene in our population is 40%, frequencies similarly reported in other 
Caucasoid populations (Middleton et al 2007). In contrast, the full-length 
2DS4*001 allotype was present in 68% of PAH, 53% of AAH and in 38% of 
controls. The differences between PAH and controls was highly significant 
(p<0.0001), and also was significant the different gene frequencies of the full-
length 2DS4 between PAH and AAH (p<0.05).  
CONCLUSIONS. Increased frequency of full-length KIR2DS4 seems to be 
associated with higher susceptibility to develop PAH. The differential increase of 
the functional form of KIR2DS4 in comparison with AAH, further supports the 
clinical and genetic differences already described for these two forms of 
autoimmune hepatitis.  
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HLA CLASS I ALLELIC SEQUENCE AND CONFORMATION REGULATE 
LEUKOCYTE IG-LIKE RECEPTOR (LILR) BINDING. Des C. Jones1, Vasilis 
Kosmoliaptsis2, Richard Apps1, Nicolas Lapaque1, Isobel Smith1, Azumi Kono3, 
Chiwen Chang1, Louise H. Boyle1, Craig J. Taylor4, Rachel L Allen5 and John 
Trowsdale*1. 1 Immunology Division, Department of Pathology, University of 
Cambridge, UK. 2Department of Surgery, University of Cambridge, Addenbrooke’s 
Hospital, Cambridge, UK. 4Tissue Typing Laboratories, Addenbrookes Hospital, 
Cambridge, UK. 3Department of Basic Medical Science and Molecular Medicine, 
Tokai University School of Medicine, Japan. 5Centre for Infection, St George’s 
Hospital, UK. 
INTRODUCTION. LILR are a family of innate immune receptors predominantly 
expressed by myeloid cells that can alter the antigen-presentation properties of 
macrophages and dendritic cells.  Several LILR bind HLA Class I.  Altered LILR 
recognition due to HLA allelic variation could be a contributing factor in disease.   
METHODS. We comprehensively assessed LILR binding to >90 HLA Class I alleles.  
RESULTS. The inhibitory receptors LILRB1 and LILRB2 varied in their level of 
binding to different HLA alleles, correlating in some cases with specific amino acid 
motifs. LILRB2 displayed the weakest binding to HLA-B*2705, an allele genetically 
associated with several autoimmune conditions and delayed progression of HIV 
infection.  We also assessed the effect of HLA Class I conformation on LILR binding. 
LILRB1 exclusively bound folded β2m-associated Class I, while LILRB2 bound both 
folded and free heavy chain (FHC) forms. In contrast, the activating receptor LILRA1 
and the soluble LILRA3 protein displayed a preference for binding to HLA-C FHC.  
Moreover, this is the first study to identify the ligand of LILRA3.  
CONCLUSIONS. These findings support the hypothesis that LILR-mediated 
detection of unfolded versus folded MHC modulates immune responses during 
infection or inflammation.   
[Funded by Arthritis Research UK (Project grant 17951), the Wellcome Trust, the 
MRC and the NIHR Cambridge Biomedical Research Centre]. 
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The T-Box Transcription Factor Eomesodermin Regulates Interferon-γ and  
Perforin Expression in Human Natural Killer Cells John L. Mariano1, 
Venkateswara R. Simhadri1 and Francisco Borrego1 
1Laboratory of Molecular and Developmental Immunology, Division of 
Monoclonal Antibodies, CDER, FDA. 
 
INTRODUCTION.  Eomesodermin (Eomes) is a T-Box binding transcription factor that 
has been shown to be important for the establishment and maintenance of effector 
functions in CD8+ T cells. However, little is known about the role of Eomes in 
controlling the effector program of NK cells, especially in humans.  
METHODS.  Human peripheral blood mononuclear cells were obtained from normal 
donors, stained and analyzed by flow cytometry, both in the presence and absence of a 
combination of dendritic cell (DC) derived cytokines (IL-12, IL-15, and IL-18). 
Additionally, a highly efficient method of lentiviral transduction was established to stably 
overexpress and knock down Eomes levels in the human NK cell line YTS. These stable 
cell lines were then exposed to DC derived cytokines and analyzed by flow cytometry 
and real time PCR. Current studies involve chromatin immunoprecipitation (ChIP) of 
Eomes in YTS cells as well as transient luciferase reporter assays.  
RESULTS.   Our data show that Eomes expression in human peripheral blood NK cells is 
correlated with the expression of cytolytic markers. Furthermore, we demonstrate that 
activation of NK cells with DC derived cytokines leads to an increase in the expression of 
Eomes that correlated with the synthesis of interferon (IFN)-γ and tumor necrosis factor 
(TNF)-α, and the increased expression of perforin and granzyme B. In YTS, we show that 
overexpression of Eomes lead to an increase in the expression of perforin, while the 
knockdown decreased perforin expression. However, surprisingly, Eomes overexpression 
resulted in a decrease of IFN-γ production in response to DC derived cytokines while the 
knockdown caused an increase in IFN-γ production.  
CONCLUSIONS. Our results indicate that although Eomes expression is positively 
correlated with IFN-γ and perforin within peripheral human NK cells, these loci are 
differentially regulated by the levels of Eomes in the cell line YTS. Currently, we are 
performing a variety of experiments, including chromatin immunoprecipitation (ChIP) 
and luciferase reporter assays, in order to explain the mechanisms behind the differential 
effects of Eomes expression in controlling the human NK cell effector program.  
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MICA POLYMORPHISM AND GASTRODUODENAL LESIONS IN MEXICAN 
POPULATION INFECTED BY HELICOBACTER PYLORI  
Oswaldo Partida-Rodríguez**1, Miriam E. Nieves-Ramírez1, Lourdes Flores3, 
Margarita Camorlinga2, Eduardo Lazcano3, Javier Torres2 y Martha E. Pérez-
Rodríguez1.  
1HLA laboratory, Medical Research Unit in Immunology, Mexican Institute of Social 
Security, Mexico City, Mexico. 2Medical Research Unit in Infectious and Parasitic 
Diseases, Mexican Institute of Social Security, Mexico City, Mexico. 3National Institute 
of Public Health SSA, State of Morelos, Mexico. 
 
INTRODUCTION: MICA (MHC class I chain related gene A) is a highly polymorphic 
gene expressed in gastrointestinal epithelial cells. MICA activates NK and gamma delta 
T cells trough the binding of NKG2D receptor under stress situations (infection or 
transformation). Helicobacter pylori (H. pylori) colonization of the gastric mucosa is a 
major cause for chronic gastritis and predisposition for peptic ulcer and gastric cancer. 
Over 80% of adult people are positive to H. pylori infection in Mexico, but only about 
15% of them will develop a gastroduodenal disease. Therefore, other factors like host 
immunogenetics, are involved in the emergence of these lesions. We analyze the 
associations between MICA, allelic and microsatellite polymorphism, and 
gastroduodenal lesions related to H. pylori infection in Mexican Mestizo patients.  
METHODS: We genotyped by a DNA conformational technique 282 H. pylori-positive 
patient samples diagnosed by endoscopy and histology (non-atrophic gastritis=139, 
intestinal metaplasia=67, gastric cancer=34 and duodenal ulcer=42), and 96 H. pylori 
seropositive asymptomatic persons without gastric lesions.  
RESULTS: The allelic and microsatellital frequencies in the different groups of patients 
were statistically compared by chi-square and Fisher test (pc<0.05). We found in the 
asymptomatic group five microsatellites: A4 (5.8%), A5 (25.2%), A5.1 (10.7%), A6 
(18.0%) and A9 (40.3%) and six MICA alleles: *001 (5.2%), *00201 (40.6%), *004 
(17.2%), *00801 (10.9%), *010 (25.0%) and *011 (1.1%). In patients we observed a 
decrease of the 00201/00201 genotype frequency in duodenal ulcer (9.5%) when 
compared with non-atrophic gastritis (20.0%) and asymptomatics (23.0%), but it was 
not statistically significant. We did not find any association with gastric cancer.  
CONCLUSIONS: These results strongly suggest that the MICA polymorphism may not 
be associated with the gastroduodenal diseases provoked by H. pylori infection in 
Mexican population. (CONACyT 6957, FOFOI 2001/007 and 2002/110). 
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Molecular elucidation of SAP activities in NK cell activation. Zhongjun Dong*2, André 
Veillette*1 
1Molecular Oncology Unit, Clinical Research Institute of Montreal, Canada; 2School of 
Medicine, Tsinghua University, China. 
INTRODUCTION. NK cells play an essential role in immune surveillance towards 
hematopoietic cells. This effect is mainly due to the distribution of ligands for SLAM family 
receptors, which are solely found on hematopoietic cells. NK cells express multiple SLAM 
family receptors, and they regulate NK cell activation through coupling SAP family adaptors, 
including SAP, EAT-2 and ERT. The adaptor SAP, mutated in X-linked lymphoproliferative 
disease, has critical roles in multiple immune cell types. Amongst these, SAP is essential for the 
ability of NK cells to eliminate abnormal hematopoietic cells. SAP connects signaling stemmed 
from SLAM family receptors mainly through its association with Fyn kinase, and SAP R78A 
mutation prevents efficient coupling of SAP to Fyn. However, how this protein regulates NK 
cell activation at the molecular level remains unknown.  
METHODS. We generated SAP R78A mutant mice to see if blockade of interaction of SAP 
with Fyn could diminish NK cell activation. We firstly analyzed the cytotoxicity of WT, SAP 
KO, and SAP R78A NK cells against hematopoietic cell lines, like RMA-S, YAC-1, and 
primary MHC1 -/- splenocytes. In addition, NK cell-mediated tumor clearance was studied in 
vivo. Biochemically, we examined NK cell signaling events after anti-2B4 antibody triggering, 
such as tyrosine phosphorylation of Vav-1 and SHIP-1. To further understand the mechanisms 
involving SAP-Fyn independent inhibitory signaling, we took advantage of DT-40 cell line, 
which is without SAP family expression, and its gene-deficient variants to reveal which 
inhibitory molecules were responsible for 2B4-mediated inhibition. In the end, we evaluated the 
ability of SAP R78A mutant NK cells to form conjugates with RMA-S cells.  
RESULTS. Blockade of SAP binding to Fyn in SAP R78A mutant mice significantly decreased 
NK cell killing against hematopoietic cells both in vitro and in vivo, which were readily seen in 
SAP, or Fyn-deficient mice. In SAP R78A NK cells, 2B4 failed to trigger NK cell activation 
and Vav-1 phosphorylation, meaning that SLAM family receptors, at least 2B4, required 
SAP-Fyn signaling for NK cell activation. However, 2B4-induced SHIP-1 phosphorylation was 
increased in SAP-deficient, but not SAP R78A, NK cells, suggesting that 2B4-mediated 
inhibition was independent of SAP-Fyn binding. We recapitulated SAP-independent inhibition 
in DT-40 cell system, and confirmed that SHIP-1 was largely responsible for 2B4-mediated 
inhibition. Finally, we found that SAP could promote NK cell contact with hematopoietic cells 
through enhancing SAP-Fyn-dependent Vav-1 signaling, and suppressing SAP-independent 
SHIP-1 pathway, which negatively regulates Ca++ release.  
CONCLUSIONS. We found that SAP promoted NK cell activation by a dual molecular 
mechanism. This mechanism involved on the one hand coupling of SLAM family receptors to 
Fyn and the exchange factor Vav-1, and on the other hand prevention of the inhibitory function 
of SLAM family receptors. The latter effect was independent of Fyn and appeared to relate to 
uncoupling of SLAM family receptors from the lipid phosphatase SHIP-1, an inhibitor of 
intracellular Ca++ fluxes. These two activities cooperated to enable NK cells to form conjugates 
and mediate cytotoxicity. 
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FADD cleavage by NK cell granzyme M enhances its self-association to recruit 
procaspase-8 for auto-processing 
Shuo Wang, Zusen Fan* 
CAS key Laboratory of Infection and Immunity and Center for Infection and Immunity, 
Institute of Biophysics, Chinese Academy of Sciences, Beijing, China 
Intraduction: Cytotoxic lymphocytes, such as natural killer (NK) and cytotoxic T 
lymphocyte (CTL) cells, kill their target cells through two main pathways, death receptor 
pathway and Granzyme (Gzm)/perforin pathway. Granzyme-induced cell death for 
granule killer cells is a major pathway to eliminate virus-infected or transformed tumor 
cells. NK cells play an essential role in eradication of tumors at early stage, acting as the 
first line against tumors. Granzyme M (GzmM) is the most distinctive one among all 
granzymes and constitutively and abundantly expressed in NK cells. GzmM-induced cell 
death is consistent with the kinetics of cytotoxicity of NK cells. These suggest that GzmM 
may play a critical role in NK cell-mediated innate immunity.  
Methods: We purified human GzmM and obtained its crystals. We loaded GzmM into 
target cells and defined its roles by death assay. 
Results: We showed that GzmM induces caspase-dependent apoptosis with DNA 
fragmentation through direct cleavage of the inhibitor of caspase-activated DNase (ICAD). 
GzmM also induces mitochondrial swelling and loss of mitochondrial transmembrane 
potential. GzmM can initiate release of cytochrome c and accumulation of reactive oxygen 
species (ROS). GzmM directly degrades a ROS antagonist TRAP1 to promote ROS 
generation. Our recent work elucidated that the substrate-binding activity and catalytic 
mechanisms of human GzmM (hGzmM) based on structural analysis of hGzmM, the 
inactive D86N-GzmM mutant bound with a peptide substrate and hGzmM in complex with 
a catalytic product. We further demonstrated Asp86 and His41 in the catalytic triad 
contribute more to enzymatic activity than the attack residue Ser182. D86N-GzmM 
mutant is an ideal catalytically inactive enzyme for functional study. We also generated 
specific inhibitor for GzmM. We just reported that GzmM can degrade the inhibitor of 
apoptosis gene family protein (IAP) Survivin after Leu138, which abolishes the stability of 
the Survivin-XIAP complex to initiate XIAP degradation leading to free caspase activity. 
However, how GzmM causes caspase activation has not been elucidated. Herein, we 
found that caspase-8 is an initiator caspase in GzmM-induced caspase cascade, which 
causes other caspase activation and Bid cleavage. GzmM does not directly cleave 
procaspase-3 and Bid, whose processing is caspase-dependent. Caspase-8 knockdown 
or deficient cells attenuate or abolish GzmM-induced proteolysis of procaspase-3 and Bid. 
Extrinsic death receptor pathway adaptor FADD contributes to GzmM-induced caspase-8 
activation. GzmM specifically cleaves FADD after Met196 to generate truncated FADD 
(tFADD) that enhances its self-association for oligomerization. The oligomerized tFADD 
facilitates procaspase 8 recruitment to promote its auto-processing leading to caspase 
activation cascade. FADD deficient cells abrogate GzmM-induced activation of caspase-8 
and apoptosis as well as significantly inhibit LAK cell-mediated cytotoxicity.  
Conclusions: GzmM induces caspase-dependent apoptosis. Caspase 8 is an initiator for 
caspase cascade. FADD might be a cytotoxic bomb of tumor cell that can be triggered by 
GzmM, leading to potentiating killing efficacy.  
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CD107a PROTECTS NATURAL KILLER CELLS FROM DEGRANULATION-
ASSOCIATED DAMAGE 
André Cohnen1, 2, Ana Stojanovic3, Hendrik Schmidt4, Ottmar Janßen4, Adelheid 
Cerwenka3 and Carsten Watzl*,1, 2 
1Leibniz Research Centre for Working Environment and Human Factors – IfADo, Dortmund, 
Germany. 2Institute for Immunology, University Heidelberg, Heidelberg, Germany. 3German 
Cancer Research Center, Heidelberg, Germany. 4University Kiel, Institute for Immunology, Kiel, 
Germany 
 
Natural Killer (NK) cells kill target cells through polarized release of cytotoxic 
granules into the immunological synapse. During this process it is important to 
protect the NK cell from degranulation-associated damage caused by the content 
of its own granules. We show that CD107a is involved in this protection. CD107a 
is a highly expressed protein on the inner leaflet of cytotoxic granules and is 
routinely used as a marker for NK cell degranulation. By mutating the lysosomal 
targeting signal we artificially expressed CD107a on the surface of HeLa and 
721.221 cells (sCD107a). This resulted in reduced NK cell-mediated killing of the 
transfected cell lines. Mutational analysis of sCD107a and the use of 
deglycosylating enzymes demonstrated that this effect was dependent on the 
presence of sialic acids and O-linked glycans. Interestingly, surface expression of 
the related CD107b protein did not result in any protection from NK cell-mediated 
lysis. We also observed reduced apoptosis induction of sCD107a expressing 
target cells upon exposure to purified cytotoxic granules, which was associated 
with reduced binding of perforin to sCD107a expressing cells. This indicates that 
CD107a can protect membranes from the content of cytotoxic granules by 
inhibiting membrane binding of perforin. In a second approach we performed 
siRNA-mediated knockdown of CD107a in primary human NK cells. This resulted 
in NK cell apoptosis only upon target cell-induced degranulation, indicating that 
CD107a is necessary for the protection of NK cells from degranulation-
associated damage. We also investigated NK cells from CD107a-/- mice. We 
found no increased levels of apoptosis in CD107a-/- NK cells without target cell 
contact. However, CD107a-/- NK cells showed elevated levels of apoptosis upon 
target cell induced degranulation. Our data therefore support a novel role of 
CD107a in the protection of NK cells from degranulation-associated damage. 
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STIMULATION VIA ACTIVATING RECEPTORS OR CYTOKINES INDUCES 
DIVERGENT SIGNATURES IN RORgt+ INNATE LYMPHOID CELLS   
Timor Glatzer**1, Monica Killig1, Merlin Lütke-Eversloh1, Johannes Meisig2, Chiara Romagnani1.  
1Innate Immunity, Deutsches Rheuma Forschungszentrum, DRFZ Berlin, Germany. 2Medical 
Systems Biology, Charité University Berlin, Germany. 
INTRODUCTION. In humans, RORgt+ innate lymphoid cells (ILC), both Lin- 
CD127+ CD56- (LTi-like cells) as well as Lin- CD127+ CD56+ (NK-22 cells), 
represent a major source of IL-22, an important cytokine in mucosal immunity. 
Effects of IL-22 on epithelial cells (EC) appear to depend on the cytokine milieu 
of the inflamed tissue and can either be pro-inflammatory or protective, by 
promoting EC regeneration after damage. Identification of signals leading to 
selective IL-22 expression could be instrumental to promote epithelial wound 
healing, without inducing inflammation. By analysis of physiological stimuli able 
to activate RORgt+ ILC, this study identifies for the first time signals, which might 
help to dissect pro-inflammatory versus protective features of RORgt+ ILC.  
METHODS. RORgt+ ILC were FACSsorted from human tonsil and gut lamina 
propria. Cells were characterized by Flow Cytometry for their phenotype, 
cytokine profile and phosphorylation of transcription factors ex vivo or after 
stimulation with various cytokines and/or via activating receptors (ActRec). 
Microarray analysis of stimulated NK-22 cells was performed and differentially 
regulated expression of selected genes was confirmed by quantitative PCR. 
RESULTS. We have further analyzed and dissected heterogeneity of RORgt+ 
ILC and identified for the first time stimuli which induce divergent cytokine profiles 
in RORgt+ ILC. We could show that some ActRec are functional in RORgt+ ILC 
and their triggering induces selectively TNF, while cytokine stimulation induces 
preferentially IL-22 and GM-CSF expression. Activating receptor and cytokine 
stimulation are synergizing to achieve an optimal cytokine response. 
Transcriptome analysis revealed that the two stimuli induced partially overlapping 
as well as specific signatures in NK-22 cells. Altogether, our data suggest that 
stimulation via ActRec enhances pro-inflammatory features of RORgt+ ILC, while 
cytokine activation preferentially induces several molecules involved in tissue 
protection.  
Conclusions. We have identified for the first time signals, which induce 
divergent signatures and cytokine profiles in RORgt+ ILC and might help to 
dissect the possible pro-inflammatory and protective properties of these cells.  
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IL21 PROMOTES TELOMERE ELONGATION IN NK CELLS THROUGH 
STAT3-DEPENDENT UP-REGULATION OF hTERT EXPRESSION. 
Vladimir S. Senyukov*, Cecele J. Denman, and Dean A. Lee.  Division	  of	  Pediatrics,	  
University	  of	  Texas	  MD	  Anderson	  Cancer	  Center,	  Houston,	  TX,	  USA	  77054	  
INTRODUCTION. The role of IL21 in NK cell biology is still not fully clarified. IL21, 
being a member of the common γ-chain cytokine receptor family, signals through the 
JAK/STAT pathway. As opposed to IL2 and IL15, which predominantly signal through 
STAT5, IL21 mainly activates STAT3 and STAT1. Based on recent finding that STAT3 
is one of the transcriptional regulators of hTERT expression, we explored role of IL21 in 
maintenance of telomeric homeostasis and rescuing proliferative senescence in NK cells. 
METHODS. NK cells were enriched from normal donor buffy coats with RosetteSep 
Human NK Cell Enrichment Cocktail achieving a purity ≥ 95%. K562 cells were 
transduced to express 4-1BBL, membrane-bound (mb) IL15 and IL21. Purified NK cells 
were propagated in presence of 50 IU/ml rhIL-2 and irradiated K562 at 1:2 E:T ratio. To 
block pSTAT3 dimerization, 0.5 µM cell-permeable STAT3 inhibitor peptide (pi-
STAT3) was added daily. FlowFISH technique was used to estimate Relative Telomere 
Length (RTL) and hTERT mRNA expression was quantified using TaqMan RT-PCR.  
RESULTS. Previously we reported that NK cells propagated with K562mbIL21 achieved 
a mean 31,747-fold expansion on day 21 vs 324 with K562mbIL15 and were 
characterized by elongated telomeres (10% elongation vs 10% shortening in case of 
K562mbIL15). To investigate the mechanism of telomere extension we assessed hTERT 
expression and telomere length in NK cells propagated for 7 days with K562mbIL21 or 
K562mbIL15. mbIL21 promoted much greater proliferation of NK cells than mbIL15 
(mean fold expansion ± SD: 25.9±6.95 vs 3.5±1.22). Despite severe proliferative pressure 
in a short period of time, NK cells expanded with mbIL21 exhibited greater telomere 
elongation than those expanded with mbIL15 (RTL: 55.76±8.02 vs 13.81±3.79).  mbIL21 
also induced 61-fold greater expression of hTERT mRNA. To demonstrate that this 
phenomenon was mediated directly by cytokine signaling and exclude involvement of 
activating receptors in up-regulation of hTERT expression, we cultivated CFSE-stained 
PBMC in the presence of the following cytokine combinations: IL2, IL2+IL15, or 
IL2+IL21. NK cells proliferated slightly higher in response to IL21 than to IL15 and 
hTERT expression was detected only in presence of IL21. To explore if IL21-induced up-
regulation of hTERT expression is STAT3 dependent, we propagated NK cells with 
K562mbIL21 for 7 days in the presence of the pi-STAT3. Daily addition of 0.5 µM pi-
STAT3 affected neither NK cell viability nor expansion rate, but down-modulated 
hTERT mRNA expression by 61.4±8.27% and diminished the telomere elongation by 
44.6±4.93%. 
CONCLUSIONS. Taken together, our findings present a new role of IL21-mediated 
STAT3 signaling in NK cells as a pro-survival factor with anti-senescent activity. (This 
work was funded by an Immunology Research Grant from BD Biosciences, the St. 
Baldrick’s Foundation, and the MDACC Physician Scientist Program) 
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THE TETRASPANIN CD53 REDUCES SIGNALING FROM ACTIVATING 
LY49 RECEPTORS.  
Izabela Todros-Dawda**1, Ke-Zheng Dai1, John T. Vaage1, and Marit Inngjerdingen1. 
Oslo University Hospital and University of Oslo, Norway 

 
INTRODUCTION. The tetraspanins is a family of transmembrane proteins that 
interact in cis with other transmembrane proteins such as antigen receptors and 
integrins, to either dampen or strengthen signaling. These interactions are thought to 
occur in tetraspanin-enriched microdomains distinct from lipid rafts, and could act to 
increase or decrease the stability of signaling complexes. NK cells express a number 
of tetraspanins, including CD9, CD53, CD63, and CD81. Here, we have investigated 
whether CD53 may modulate NK cell activities induced by activating Ly49 receptors.  
 
METHODS. LAK cells expressing the activating rat Ly49s3 receptor were 
crosslinked with anti-Ly49s3 antibodies, or the RNK-16 cell line expressing the 
activating rat Ly49s5 receptor were conjugated with BWZ target cells expressing 
relevant ligand. CD53 activity was induced by crosslinking with monoclonal anti-
CD53 antibodies (OX44).  
 
RESULTS. CD53 is uniformly expressed by all freshly isolated NK cells, and 
upregulated upon IL-2 activation. Stimulation of CD53 on LAK cells led to reduced 
Ly49s3-mediated IFN-γ production, as well as reduced intracellular tyrosine 
phosphorylation events, notably of a Ly49s3-associated protein that could correspond 
to DAP12. Further, CD53 appears to prevent the formation of stable NK/target cell 
conjugates, as prestimulation through CD53 inhibited conjugate formation between 
Ly49s5+ RNK-16 cells and ligand positive target cells.  
 
CONCLUSIONS. The above data indicates that CD53 may act to reduce signaling 
induced by activating Ly49 receptors. This may occur as a consequence of abrogating 
the most proximal signaling events induced from Ly49s3/Ly49s5. Although the exact 
mechanism by which CD53 inhibits signaling is unknown, we speculate that CD53 
may closely associate with Ly49 receptors, and act as a switch to discontinue target 
cell killing.  
 

danielvalle
Text Box
Abstract # 224



NATURAL KILLER CELLS-PRODUCED IFN-γ AND TNF-α INDUCE TARGET 
CELLS CYTOLYSIS THROUGH UP-REGULATION OF ICAM-1.  Ruipeng 
Wang, Jessica J. Jaw, Nicole C. Stutzman, Zhongcheng Zou and Peter D. Sun*. 
Structural Immunology Section, Laboratory of Immunogenetics, National Institute of 
Allergy and Infectious Diseases, National Institutes of Health  
 
 INTRODUCTION.  Natural killer (NK) cells control tumor and virus-infected cells 
through releasing of cytotoxic granules and pro-inflammatory cytokines.  IFN-γ and 
TNF-α secretions and cytotoxicity are regarded as two distinct functions of NK cells with 
little synergy.  Recently, it was demonstrated that cytolytic CD56dim CD16+ NK cells 
released abundant IFN-γ at early stage of their activation, obscuring the division between 
IFN-γ production and cytotoxicity functions of NK cells.  Based on that finding, we try to 
find out the connection between cytokine production and cytolytic function. 
 
METHODS.  Multiple different tumor cell lines were either treated with IFN-γ or TNF-α 
for about 20 hours, and then were tested by flow cytometer to determine the cell surface 
expression of related molecules, and used as target cells for NK cytotoxicity assays with 
or without neutralizing antibodies.  RNAi and over-expression experiments were further 
used to determine the underlying mechanism. 
  
RESULTS.  Overnight treatment of THP-1 cells, but not K562, with IFN-γ or TNF-α 
resulted in significant enhancement in the target cell lysis by either IL-2 expanded 
primary NK or NK-92MI cells.  Upon co-culturing with untreated THP-1 cells, IL-2 
expanded primary NK cells  produced IFN-γ and TNF-α that reached steady levels in 4-6 
hours as detected by ELISA assays.  Importantly, in the presence of IFN-γ and TNF-α 
neutralizing antibodies, the NK cell lysis of THP-1 cells were significantly reduced after 
4 hour incubation. Moreover, blocking ICAM-1 by antibody or knockdown of ICAM-1 
by siRNA impaired these cytokines induced target cell cytolysis.  Based on the effect of 
IFN-γ on NK cytolysis of the 17 tested target tumor cells, these cells were divided into 
NK susceptible tumor cells and NK resistant target cells, and the susceptible tumor cells 
were further divided into sensitive and insensitive cytolytic targets.  These tumor cell 
lines have distinct basal levels of ICAM-1, and respond to IFN-γ treatment differently in 
ICAM-1 expression. 
 
CONCLUSIONS.  Our results show that IFN-γ and TNF-α synergistically enhance NK 
cell cytotoxicity through up-regulation of ICAM-1 expression in target cells.  Further, 
tumor cells exhibiting IFN-γ inducible lysis are generally less sensitive NK target cells 
but express inducible levels of ICAM-1. NK cells preferentially induce the lysis of 
insensitive NK target cells, it suggests that IFN-γ and TNF-α are functionally linked to 
and should be regarded as an integral part of NK cytolytic function. 
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CHARACTERIZING	  PROTEIN	  KINASES	  INVOLVED	  IN	  NK	  CELL	  ACTIVATION	  	  
Lothar Jänsch*1, Maxi Scheiter1, Björn Bulitta1, Sebastian König1, Yenan T. 
Bryceson2, Hans G. Ljunggren2 

1 Helmholtz Center for Infection Research, Braunschweig, Germany 
2Department of Medicine, KI, Stockholm, Sweden 
INTRODUCTION. 
NK cell functions are tightly regulated by a balance of signals from multiple germline-
encoded activating and inhibitory surface receptors. Stimulation of the Fc receptor 
CD16 alone is sufficient for NK cell activation, whereas other receptors, such as 2B4 
(CD244) and DNAM-1 (CD226), act synergistically. After receptor engagement, 
protein kinases play a major role in signaling networks controlling NK cell effector 
functions. Proteomics has now established technologies allowing the detection of 
kinases that participate in NK activation signaling. In turn, the perturbation of 
individual kinase activities will help to validate their individual contribution to regulate 
NK responses such as degranulation and cytokine releases.   
METHODS. 
Il-2 expanded NK cells, isolated from blood of healthy human donors, were 
stimulated for 2 minutes with CD16-, 2B4-,DNAM1- or 2B4- and DNAM1-antibodies 
in combination. Quantitative phospho-specific peptide sequencing was performed 
comparatively on the differently activated NK cells (iTRAQTM-LC-MS/MS). Statistical 
evaluation confirmed data robustness and revealed a list of reproducibly 
phosphorylated proteins. Selected novel kinase candidates were functionally 
characterized by using specific kinase inhibitors. 
RESULTS. 
This kinase-selective phosphoproteome approach enabled the determination of 188 
kinases expressed in human NK cells. Crosslinking of CD16 as well as 2B4 and 
DNAM-1 revealed a total of 313 distinct kinase phosphorylation sites on 109 different 
kinases. Phosphorylation sites on 21 kinases were similarly regulated after 
engagement of either CD16 or co-engagement of 2B4 and DNAM-1. Among those, 
increased phosphorylation of FYN, KCC2G (CAMK2), FES, and AAK1, as well as the 
reduced phosphorylation of MARK2, were reproducibly observed both after 
engagement of CD16 and co-engagement of 2B4 and DNAM-1. Notably, only one 
phosphorylation on PAK4 was differentially regulated. 
Chemical inhibition of FYN - using Dasatinib - led to dose-dependent limitation of NK 
cell degranulation events and underscored the central role of FYN in NK cell 
cytotoxicity. Notably, the chemical inhibition of FES, CamKII and KPCD2 affect NK 
responses (degranulation & cytokine profiles). Results obtained from chemical 
inhibition assays favor the investigation of kinase knockdowns in perspective 
functional characterizations of primary NK cells. 
CONCLUSION. 
The present study has identified a significant portion of the NK cell kinome and 
defined novel phosphorylation sites in primary lymphocytes (König et al., 2012, 
PlosOne). Regulated phosphorylations observed in the early phase of NK cell 
activation imply these kinases are involved in NK cell signaling and suggest a core 
signal network in NK activation. Inhibition experiments of FYN, but also FES, CamKII 
and KPCD2, helped to prioritize novel signaling components for functional studies in 
order to decipher their role in NK responses.  
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SHP-1 PHOSPHATASE IS A CRITICAL REGULATOR IN PREVENTING NATURAL 
KILLER CELL SELF-KILLING 
 
Sajid Mahmood**1, Namita Kanwar2, Jimmy Tran1, John A. Wilkins2 and Sam K.P. Kung1 

1. Department of Immunology, University of Manitoba  
2. Manitoba Centre for Proteomics and Systems Biology, University of Manitoba  
 
INTRODUCTION: Natural killer (NK) cells provide an important line of innate defence against 
pathogens, virus-infected cells, and cancers. They express a diverse repertoire of both activating 
and inhibitory NK receptors that modulate the functions of these cells. SHP-1 phosphatase is an 
important signal transducer in NK inhibitory receptor signalling.  Analyses of the NK cells of the 
SHP-1 dominant negative transgenic or SHP-1 deficient motheaten mice might represent either 
NK defects in NK development or mature NK cell functional regulation.  Direct and long-term 
effect of the loss of SHP-1 molecule in primary mature NK cells remains unclear because of the 
technical challenge in genetic manipulation of primary NK cells.  
 
METHODOLOGY. We tested the hypothesis that loss of SHP-1 function in mature NK cells 
deregulated NK cell functions.  We utilized our established lentiviral transduction system to 
deliver stable and specific gene silencing of SHP-1 in primary murine NK cells.  We examined 
proliferation, apoptosis, cytotoxic activities, and surface receptors expression in these SHP-1 
silenced NK cells. 
  
RESULTS. We identified potent shRNA target sequence against SHP-1.  We demonstrated an 
impaired IL-2 induced proliferation of the SHP-1 silenced activated NK cells. These cells were 
more susceptible to apoptosis/necrosis and showed enhanced surface expression levels of 
activation marker (CD69) and NK activating receptors  (NKG2D, NKp46).  They exhibited 
comparable cytotoxic activities towards NK-sensitive target cells.  Most strikingly, we observed 
an increase in spontaneous CD107a degranulation in the SHP-1 silenced NK cultures over time, 
suggesting de-regulated NK is mediating self-killing in vitro.  The latter was further confirmed 
by real-time live cell microscopic imaging in vitro. 
 
CONCLUSION. Our ability to generate stable SHP-1 gene silenced mature NK cells revealed 
self-killing of mature NK cells in vitro.  Our data therefore demonstrated the importance of SHP-
1 in regulating self-tolerance and autoimmunity in mature NK cells. 
 
ACKNOWLEDGMENT: Research funded by NSERC (S.K.P.K). Fellowships from 
MHRC/MICH and CIHR IID&GT program (S.M). 
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SHIP1 HAS AN INTRINSIC EFFECT ON NK CELL FUNCTION.  Matthew N 
Gumbleton**1, Mi-Young Park1, Eric Vivier2 and William G Kerr1.  1SUNY Upstate 
Medical University, 2Université de la Méditerranée UM 631 
INTRODUCTION.  Natural killer (NK) cells express activating and inhibitory receptors, 
termed the Natural Killer Receptor Repertoire (NKRR), that are expressed in a 
variegated manner with individual receptor frequencies and densities determined not 
only by promoter strength, but also by the presence of MHC-I ligands. The signaling 
inputs from the activating and inhibitory receptors expressed by an individual NK cell 
determines it’s ability to respond to an infected or malignant cell. Mice with germline 
deficiency in SHIP1 have severe NK cell dysregulation, including increased NK cell 
numbers, deregulated NKRR and inability to reject an MHC-mismatched bone marrow 
graft. It is unknown if NK cell dysfunction is due to intrinsic effects of SHIP1 in NK cells 
or due to the effect of SHIP1 deficiency in other immune cell types that leads to an 
inflammatory milieu in SHIP1-/- mice.  Using a mouse model that enables NK selective 
ablation of SHIP1 expression, NCR1iCreSHIP1flox/flox, we have begun to assess if the 
defects noted previously are recapitulated in mice where only NK-lineage cells lack 
SHIP1 expression. 
METHODS.  7-9 week old NCR1iCreSHIP1flox/flox mice and SHIP1flox/flox mice were 
euthanized by CO2 inhalation. Spleens were removed and a single cell suspension was 
obtained by passing them through a 70µm cell strainer. NKRR was analyzed by 
incubating with anti-CD16/CD32 to block Fc receptors and then staining with the 
following antibodies purchased from EBioscience (San Diego, CA): NKp46(29A1.4), 
Ly49A(A1), Ly49D(4E5), Ly49H(3D10), CD94(18d3), NK1.1(PK136), NKG2D(CX5), 
CD11b(M1/70), CD27(LG.7F9), CD3ε(145-2C11), CD244.2(eBio244F4), and from BD 
Biosciences (San Jose, CA) Ly49C/I(5E6), Ly49I(YLI-90), Ly49G2(4D11) and analyzed 
by flow cytometry on a BD LSR II (San Jose, CA).  
RESULTS.  Preliminary results have shown that NCR1iCreSHIP1flox/flox mice have 
significantly increased frequency of NK cells expressing Ly49A, Ly49G2 and Ly49C, and 
have significantly increased surface density of NK1.1 compared to NK cells in 
SHIP1flox/flox controls. There was no significant difference between the two groups of mice 
when comparing numbers of NK cells, CD94 or Ly49D, among other receptors examined. 
CONCLUSIONS.  These results show that SHIP1 has a clear intrinsic effect on NK cells 
through the regulation of receptor frequency and expression. Interestingly, we observed 
a 40-fold increase in the frequency in the Ly49C+I- NK cell subset, an MHC-I inhibitory 
receptor that selectively binds to H2Kb ligands present in the MHC locus of these mice 
on a C57BL6 background. These results indicate SHIP1 plays a NK cell autonomous 
role in limiting the survival and/or expansion of NK cell subsets that express inhibitory 
receptors for self MHC-I ligands present. Interestingly, our findings only partially 
recapitulate the broad repertoire disruption observed previously in germline SHIP1-/- 
mice on a C57BL/6 background.  Thus, SHIP1 influences the NK repertoire not only via 
NK cell autonomous signaling effects, but also in trans via dysregulation of other 
immune cells that contribute to the chronic inflammatory milieu present in germline  
SHIP-/- mice. 
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HIT AND RUN - ANALYSIS OF NK CELL DETACHMENT FROM TARGET 
CELLS. 
Petra Netter*1, 2, Carsten Watzl1, 2  
1Leibniz Research Centre for Working Environment and Human Factors – IfADo, Dortmund, 
Germany. 2Institute for Immunology, University Heidelberg, Heidelberg, Germany. 
 
The process of NK cell adhesion to target cells resulting in NK cell activation and 
cytotoxicity has been the subject of intense research. However, almost nothing is 
known about the detachment of NK cells from target cells after the lytic hit. Since 
NK cells are able to kill multiple targets in a serial manner, this detachment 
process could play an important role for an effective cytotoxic NK cell response. 
We therefore established different assay systems to study NK cell detachment in 
more detail. Our data show that cultured human NK cells detach from K562 cells 
with a half-life of about 50 minutes. Interfering with activating signaling pathways 
or the actin cytoskeleton after establishment of conjugates resulted in faster 
detachment. This acceleration was more pronounced when we inhibited early 
activation events such as SYK, Src and PLCgamma activity or actin dynamics, 
compared to interruption of further downstream events such as MAP kinase 
activity. This demonstrates that ongoing activating signaling as well as the 
flexibility of the cytoskeleton are required to maintain NK:target cell contacts. 
Moreover, when analyzing the phenotype of detached NK cells we found an 
altered surface expression pattern of distinct activating NK cell receptors and an 
increase in CD107a externalization. This could either be the result of receptor 
modulation during the attachment process or due to the fact that NK cell subsets 
differ in their capacity to adhere to target cells. 
When we induced a loss of active perforin in NK cells by inhibiting the H+-V-
ATPase we observed a complete loss of NK cell cytotoxicity, while the formation 
of NK:target cell conjugates remained unaffected. Interestingly, this resulted in a 
drastic deceleration of NK cell detachment. The H+-V-ATPase is essential for 
maintenance of the acidic pH in lytic granules and other compartments and 
thereby plays an essential role in endocytic and exocytic pathways as well as in 
vesicular trafficking. The prolonged NK:target cell contacts could therefore be a 
result of changes in intracellular transport after H+-V-ATPase inhibition. However, 
it is also possible that NK cells can somehow assess the effectiveness of their 
degranulation by detecting target cell apoptosis and that this event regulates the 
NK cell detachment process. 
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THE ROLE OF CORONIN 1A IN NK CELL CYTOTOXICITY.  Emily M. Mace**1, 
Rahul Pandey1, and Jordan S. Orange1.  1Children’s Hospital of Philadelphia 
Research Institute, Philadelphia, PA USA. 
INTRODUCTION.  
NK cells kill susceptible targets following formation of a highly organized 
immunological synapse. Actin reorganization and polymerization are required for 
immune synapse formation and function, however actin at the synapse is a 
dynamic network and the complex mechanisms governing actin remodeling and 
turnover are still being elucidated. In addition, little is known about the 
termination of the NK cell immune synapse and the role of the “serial kill” in NK 
cytotoxicity. Coronin 1A is the hematopoietic specific member of the coronin 
family of actin regulatory proteins. In yeast, coronins promote actin turnover 
through their interactions with the actin nucleator arp2/3 and actin severing 
proteins such as cofilin. In mammalian cells, coronins, including coronin 1A in T 
cells, play a role in signaling independently of actin regulation. Our hypothesis is 
that coronin 1A plays a critical role in the dynamic remodeling of actin at the 
synapse that is required for synapse formation, function and termination. 
METHODS. 
To determine the role of coronin 1A in NK cell cytotoxic function we generated   a 
stable coronin 1A deficient YTS NK cell line using shRNA delivered by lentivirus. 
We then evaluated function using standard NK cell cytotoxicity and degranulation 
assays. We also used high-resolution total internal reflection microscopy and 
stimulated emission depletion microscopy to perform highly quantitative analysis 
of coronin 1A localization at the activated NK cell synapse.  
RESULTS.  
Coronin 1A knockdown NK cells were impaired in their ability to kill sensitive 
targets, an impairment that was accompanied by an increase in the number of 
NK cells engaged in target-NK conjugates and a decrease in NK cell 
degranulation. Live cell imaging of NK cells in TIRF showed coronin 1A present 
with actin at early timepoints as NK cells spread on antibody to activating 
receptors anchored to glass. Super-resolution imaging of NK cells activated on 
glass showed a smaller cell footprint compared to wild type, indicating mis-
regulated actin accumulation.  
CONCLUSIONS. 
We have shown that the actin regulatory protein coronin 1A is required for 
effective NK cell cytotoxicity. Coronin 1A is present at early timepoints in the NK 
cell spread on activating surface and likely is present and required for continued 
actin dynamics at the immune synapse. In addition, the persistence of coronin 1A 
knockdown cells in target cell conjugates suggests that coronin 1A may be 
required for immune synapse termination, thus facilitating the NK “serial kill”.  
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RECEPTOR AND CYTOKINE SIGNALING REQUIREMENTS FOR LYTIC 
GRANULE CONVERVENCE TO THE MTOC.  Ashley Mentlik James**1, Jordan 
S. Orange1,2.  1University of Pennsylvania School of Medicine, 2Joseph Stokes 
Jr. Research Institute of the Children’s Hospital of Philadelphia 
INTRODUCTION:  Natural killer (NK) cells participate in host defense by 
secreting the contents of preformed lytic granules onto the surface of a target 
cell. Activation of the NK cell is a tightly regulated process that results in a 
stepwise progression starting with formation of an immunological synapse (IS), 
which precedes polarization of the microtubule organizing center (MTOC) and 
lytic granules. We have previously characterized rapid dynein-dependent lytic 
granule convergence to the MTOC preceding MTOC polarization as a 
prerequisite step in NK cell cytotoxicity. While multiple activating receptors can 
trigger lytic granule convergence, the signal or signals responsible remained 
unknown. We sought to elucidate the signaling mediator responsible for lytic 
granule convergence. 
METHODS:  Using live cell confocal microscopy, NK cell lytic granule movement 
was captured and measured after NK cell activation following inhibition of 
common NK cell signaling pathway members. Because lytic granule 
convergence is so rapid, we focused on early signaling mediators; those 
triggered very shortly after activation receptor engagement, such as Src kinases, 
PI3 kinase, PLCγ, Vav1, and MEK. These signaling mediators also have key 
roles in other NK cell cytotoxicity steps, and we hypothesized that one or more 
may be prerequisite for lytic granule convergence. We also wondered whether 
soluble activation through cytokine was sufficient to trigger convergence. 
RESULTS:  We show that inhibition of Src kinases blocks lytic granule 
convergence upstream of actin rearrangement at the NK cell IS, MTOC 
polarization and initial calcium mobilization. Exposure to interleukin 2 (IL-2) was 
also sufficient to induce lytic granule convergence through non-canonical IL-2 
signaling. This IL-2-mediated lytic granule convergence can also be blocked by 
Src kinase inhibition, further demonstrating the importance of Src kinase 
signaling in convergence. 
CONCLUSIONS:  Lytic granule convergence, prompted by physical and soluble 
signals, is mediated through an early signal directly downstream of activation 
receptor signaling. We suggest that the mediator may be common among 
receptor and cytokine signaling based on the observation that cytokine-mediated 
lytic granule convergence does not occur through the canonical JAK/STAT 
pathway but rather is also dependent upon Src kinase signaling. Lytic granule 
convergence to the MTOC after both physical and soluble activation signaling 
emphasizes the potential utility of this step in readying NK cells for cytotoxicity. 
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SPATIAL CLUSTERING PLAYS AN IMPORTANT ROLE IN 
GENERATING BIPHASIC RESPONSE IN NK CELLS. Mithila 
Agnihotri**1,2, Dr. Jayajit Das1,2, 1The Research Institute at Nationwide 
Children’s Hospital, 2The Department of Pediatrics, Biophysics Program, The 
Ohio State University.  
Introduction: NK cells can co-express activating and inhibitory receptors that can 
recognize the same ligand. Experiments (Warren et al., Int. Imm. (2001)) with 
human NK cell lines expressing activating KIR2DS2 and inhibitory KIR2DL2 and 
KIR2DL3 receptors, both cognate to mAB CD158b, showed a biphasic response 
in NK cells; low ligand concentrations induced activation, whereas, high ligand 
concentrations promoted inhibition. The mechanisms underlying this biphasic 
response are not well understood. The aim of our work is to uncover such 
mechanisms using computational approaches investigating membrane proximal 
NK cell signaling kinetics. 
Method: We simulate the signaling cascade starting from binding of the ligand to 
the receptor, which leads to phosphorylation of immunoreceptor tyrosine-based 
activation motif (ITAM) and immunoreceptor tyrosine-based inhibition motif 
(ITIM) associated with activating and inhibitory receptors, respectively. SHP-1 is 
a phosphatase, which binds phosphorylated ITAMs while Syk is a kinase, which 
binds ITAMs. The substrate for both these enzymes is Vav. We have used the 
amount of phosphorylated Vav (pVav) as an indicator of the strength of 
activation in NK cells. The reactions in the signaling cascade are modeled as 
stochastic biochemical signaling reactions. We also look at the effect of spatial 
diffusion and selective clustering of receptors and associated molecules on the 
amount of pVav formed. 
Results: In the absence of spatial clustering we find that when the same ligand 
binds both activating and inhibitory receptor with the same affinity, the amount of 
pVav critically depends on the ratio of activated Syk and activated SHP-1 and 
this ratio does not depend on ligand concentration. Hence this homogenous 
model cannot explain the experimental results. Our preliminary results suggest 
that clustering of receptors can bring about inhibition at high ligand 
concentrations. 
Conclusion: In the absence of any receptor clustering, Vav activation critically 
depends on the ratio of receptor bound phohsphatase Syk and SHP-1 kinases. 
When a ligand binds to both activating and inhibiting receptors with the same 
affinity, this ratio does not change appreciably with increasing ligand 
concentrations. Therefore, the biphasic NK cell activation cannot occur in the 
absence of any receptor clustering. Our preliminary results indicate that spatial 
clustering of receptors plays an important role in generating such a response. 
Reference: Warren et al. 2001. Biphasic response of NK cells expressing both 
activating and inhibitory killer Ig-like receptors. International Immunology, 13, 8, 
1043-1052. 
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H2D
d
-Ly49A CIS INTERACTIONS LIMITS Ly49A

+
 NK DEPLETION BY YE1/32 

ANTIBODY REVELING A PREVIOUSLY UNKNOWN PARTIAL AGONISTIC 

ACTIVITY. Maite Alvarez**
1
, Erik Ames

1
, William J. Murphy

1,2
. Department of 

Dermatology
1
, Department of Internal Medicine

2
 -School of Medicine, University of California, 

Davis, Sacramento, CA 95817 

INTRODUCTION: The cis interaction between self-MHC and unengaged NK inhibitory 

receptors has been suggested to play a role in the regulation of NK activation. Previously we 

have observed the lack of NK depletion after the use of a monoclonal antibody against Ly49A 

(clone YE1/32) in B10.D2 mice, an H2D
d
 strain. In contrast, anti-Ly49A efficiently eliminated 

the Ly49A NK population in H2D
b
 strains (B6 and B10). We hypothesize that the binding of the 

antibody to this inhibitory receptor might be limited due to the cis interaction between H2D
d
 and 

Ly49A in H2D
d
 strains. However despite lack of depletion, the engagement of the antibody to 

Ly49A might lead to inhibition of NK activation through dephosphorylation of proteins 

downstream in the MAPK signaling pathway. 

METHODS: B10 (H2D
b
) and B10.D2 (H2D

d
) mice were treated in vivo with anti-Ly49A (clone 

YE1/32), anti-Ly49G2 or rat IgG for two days. In some cases spleens were collected to 

determine the impact of anti-Ly49A on NK subsets by flow cytometry. In other cases, allogeneic 

bone marrow transplantation (BMT) was performed to determine antibody efficacy by allogeneic 

BM engraftment (CFU-GM seven days post-BMT). The percentage of interferon-gamma (IFNγ), 

phosphorylated STAT5 and phosphorilated ERK1/2 positive cells among Ly49A-expressing NK 

cells was also determined in vitro after seven days of culture with rhIL-2 plus rIgG, anti-Ly49A 

or anti-Ly49C/I to determine the activation status. NK function was determined through a typical 

Cr release assay against YB H2D
d
-transfected and Yac-1 tumor cell lines. 

RESULTS: We observed a significant reduction of the total NK numbers as well as Ly49A, 

Ly49G2 and Ly49C/I NK subsets after anti-Ly49A (clone YE1/32) treatment in B10 mice 

compared with isotype controls. In contrast, no differences were found in B10.D2 mice. 

Additionally, Ly49A expression was reduced in resting B10.D2 NK cells compared to B10 and 

B6 NK cells, illustrated by lower median fluorescence intensity (MFI). Despite the lack of NK 

depletion, the combination of anti-Ly49A and anti-Ly49G2 in host B10.D2 mice which received 

B10 bone marrow cells (BMC) resulted in increased allogeneic BMC engraftment due to 

licensed NK cell inhibition compared with anti-Ly49G2 treatment alone, demonstrating in vivo 

efficacy of anti-Ly49A. To explain this phenomenon, we cultured in vitro B10.D2 NK cells with 

rhIL-2 and anti-Ly49A or rIgG for 7 days. We observed a reduction of IFNγ production in 

concordance with reduced phosphorilation of ERK1/2 after in vitro culture of B10.D2 NK cells 

with anti-Ly49A. A decrease in NK proliferation and NK cytotoxicity was also detected when 

cells were treated with anti-Ly49A. This inhibition of NK activation could explain the in vivo 

efficiency observed in the BMT studies. NK activation with poly I:C resulted in increased MFI 

expression and the additional administration of anti-Ly49A reduced the total number of NK cells 

in B10.D2 mice. 

CONCLUSIONS: Combined, these data suggest that cis interaction can affect the efficacy of 

antibody depletion possibly due to lower Ly49A expression. In this case, anti-Ly49A, which did 

not deplete the Ly49A NK subset, resulted in inhibition of Ly49A
+
 NK cells revealing a partial 

agonistic function. This work was supported by NIH RO1 HL089905. 
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CD300A BINDS TO PHOSPHATIDYLSERINE AND 
PHOSPHATIDYLETHANOLAMINE AND INHIBITS THE UPTAKE OF 
APOPTOTIC CELLS BY MACROPHAGES.  Venkateswara R. Simhadri*1, John F. 
Andersen2, Eric Calvo2, Seung-Chul Choi3, John E. Coligan3 and Francisco Borrego1. 
1Laboratory of Molecular and Developmental Immunology, Division of Monoclonal 
Antibodies, CDER, FDA, USA. 2Laboratory of Malaria and Vector Research, NIAID, 
NIH, USA 3Laboratory of Immunogenetics, NIAID, NIH, USA. 

INTRODUCTION. An adequate immune response requires a fine balance between a 
multitude of activating and inhibitory signals. Disruption of this balance may lead to 
immunodeficiency or autoimmunity. Activation signals can be negatively regulated by 
receptors bearing immuno-receptor tyrosine based inhibitory motifs (ITIMs) in their 
intra-cytoplasmic tail. CD300a is an ITIM containing molecule that belongs to the 
CD300 family of paired activating/inhibitory receptors. It has been demonstrated that 
ligation of this receptor with monoclonal antibodies inhibits activation signals on cells of 
both myeloid and lymphoid lineages. Here, we sought to elucidate the ligand/s for 
CD300a.                                                                                                               
METHODS. The extracellular domain of CD300a fused to the Fc-fragment of human Ig 
(CD300a-Ig) was used to search for the ligand(s). Surface plasmon resonance, 
ultracentrifugation, reporter cell assays, ELISA and flow cytometry experiments were 
used to identify the ligands. We explored the functional role of CD300a in macrophage-
mediated phagocytosis.                                                                                   

RESULTS. We show that CD300a-Ig specifically binds to evolutionary distant 
apoptotic/necrotic cells thus suggesting that the ligands are much conserved across 
species. We have identified phosphatidylserine (PS) and phosphatidylethanolamine (PE), 
two amino-phospholipids that translocate to the outer leaflet of the plasma membrane of 
dead cells, as the ligands for CD300a. The interaction was characterized using structural 
modeling studies that identified a cavity in the CD300a IgV like domain where the 
hydrophilic heads of PS and PE can penetrate. Mutational studies revealed the residues 
that are involved in the binding. Furthermore, we show that a non-synonymous 
polymorphism (R94Q) that is associated with the development of psoriasis exhibits a 
lower binding affinity for PS and PE, suggesting that this receptor has a role in the 
pathogenesis of this disease. In vitro functional experiments show that CD300a inhibits 
the uptake of apoptotic cells by both human macrophages and by L929 cells ectopically 
expressing CD300a.                                                                                   

CONCLUSIONS. Our data suggest that CD300a, through its interaction with PS and 
PE, has a role in the clearance of dead cells. Abnormalities in the removal of dead cells 
can lead to different forms of pathology, from autoimmunity to cancer development. 
Furthermore, because PS (and probably PE) is not only exposed on apoptotic cells, but 
also on activated cells, addressing the role of CD300a in modulating other immune 
functions such as cell mediated cytotoxicity, cell differentiation and inflammation, during 
health and disease, should be the matter of future research. (The intramural programs of 
the Food and Drug Administration and the National Institute of Allergy and Infectious 
Diseases funded this work).  
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DIMERIZATION OF NKp46 RECEPTOR IS ESSENTIAL FOR NKp46-

MEDIATED LYSIS: CHARACTERIZATION OF THE DIMERIZATION SITE 

BY EPITOPE MAPPING 

 

Rami Yossef
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, Michal Mendelson
1
, Michael Y. Appel

1
, Alon Zilka
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1
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 The Shraga Segal Department of Microbiology and Immunology,

2
 The Department 

of Clinical Biochemistry, and the National Institute for Biotechnology in the Negev, 

Ben-Gurion University of the Negev, Beer Sheva, Israel. 

 

INTRODUCTION: NKp46 is a primary activating receptor of natural killer (NK) cells 

that is involved in the lysis of target cells by NK cells. Previous studies showed that the 

membrane-proximal domain of NKp46 (NKp46D2) retains the binding of NKp46 to its 

ligands and is involved in NKp46-mediated lysis. In this study we employed several 

approaches to further understand the molecular basis of NKp46-mediated NK cell 

activation. 

METHODS: We used a peptide-based epitope mapping approach to characterize the 

NKp46D2 functional sites. Binding assays of NKp46 to targets were performed in the 

presence of the subsequent peptides. Further, cytotoxicity assays between NK cells and 

targets were performed in the presence of these peptides. To investigate the possible 

dimer form of NKp46 and the suspected dimerization site, fluorescence resonance energy 

transfer (FRET) analysis was conducted. 

RESULTS: pep4 (AA 136 to 155) reduced the binding of NKp46-Ig to target cells. 

Moreover, the mutagenesis of R145 and D147 in the peptide sequence abolished the 

inhibition of pep4. Furthermore, the NKp46-mediated lysis was reduced in the presence 

of pep4. The peptide was found to bind the receptor directly and not the target cells. 

Finally, FRET analysis revealed a dimer form of NKp46 that was disturbed when pep4 

was added.    

CONCLUSION: The results of the study showed that NKp46-derived pep4 site is part of 

the dimerization surface of NKp46 and that NKp46 dimerization contributes to NKp46-

mediated lysis by NK cells.     
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DUAL SIGNALING PATHWAYS DEPENDENT UPON THE ADAPTOR 
PROTEIN SLP-76 LEAD TO DISTINCT NATUAL KILLER CELL EFFECTOR 
FUNCTIONS. Rebecca M. May**, Mariko Okumura, CJ Hsu, Hamid Bassiri, 
Gregory Rak, Jordan Orange, Kim Nichols, Gary A. Koretzky, and Taku 
Kambayashi. University of Pennsylvania 
INTRODUCTION. The signaling pathways that lead to natural killer (NK) cell 
effector function are complex and are incompletely understood. To gain a better 
understanding of how activation of NK cells occurs, we investigated the proximal 
signaling pathways downstream of immunotyrosine-based activation motif (ITAM) 
bearing NK cell activating receptors. We focused our studies on SH2 domain-
containing leukocyte protein of 76 kD (SLP-76), an adaptor molecule which is 
important in mediating signals downstream of activating receptors in many 
hematopoietic cell types. 
METHODS. To investigate the involvement of SLP-76 in ITAM-mediated signal 
transduction, SLP-76 phosphorylation and clustering at the plasma membrane 
was examined in Ly49D-activated NK cells. The role of SLP-76 in NK cell signal 
transduction and activation was assessed in SLP-76-knockout (KO) compared to 
wildtype (WT) NK cells. SLP-76 mutant constructs were used to assess the 
structural domains necessary for SLP-76 recruitment to the cellular surface. 
RESULTS. When NK cells were activated through Ly49D, SLP-76 was 
phosphorylated and recruited to the plasma membrane. Furthermore, SLP-76 
was required for optimal signal transduction through Ly49D as SLP-76 KO NK 
cells exhibited diminished ERK and Akt phosphorylation compared to WT NK 
cells. This correlated with decreased IFNg production, granule exocytosis, and 
proliferation by SLP-76 KO NK cells. In addition, SLP-76 KO NK cells were 
unable to prevent tumor engraftment in vivo. 

We next explored the mechanisms by which SLP-76 relocalizes from the 
cytosol to the plasma membrane. As this process depends on membrane-
resident adaptor molecules LAT and NTAL in T cells and mast cells, we tested 
whether LAT and NTAL were similarly crucial for SLP-76 function in NK cells. 
Like SLP-76 KO NK cells, LAT/NTAL double KO (DKO) NK cells displayed 
defective IFNg production and granule exocytosis, suggesting that LAT/NTAL 
may be required for SLP-76 activation. However, cellular proliferation and 
phosphorylation of ERK and Akt were intact in LAT/NTAL DKO NK cells, 
suggesting the presence of a novel LAT family-independent SLP-76-dependent 
signaling pathway in NK cells. We have found that this LAT/NTAL independent 
pathway utilizes the SH2 domain of SLP-76 and the adaptor molecule adhesion 
and degranulation-promoting adapter protein (ADAP) for localization to the 
surface. Alternatively, SLP-76 can also localize to the cellular surface via 
association with LAT/NTAL.  
CONCLUSIONS.	  Together, these results demonstrate that NK cells possess an 
unexpected and unique bifurcation of proximal ITAM-mediated signaling. ITAM 
mediated signaling can result in activation of a canonical signaling pathway 
utilizing LAT/NTAL, or lead to a novel, ADAP dependent signaling pathway. 
These alternate pathways lead to distinct downstream biochemical and functional 
events. 
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HUMAN NK CELLS DIFFER MORE IN THEIR KIR2DL1-DEPENDENT 
THRESHOLDS FOR HLA-CW6-MEDIATED INHIBITION THAN IN THEIR 
MAXIMAL KILLING CAPACITY.  Catarina R. Almeida1, Amit Ashkenazi2, Gitit 
Shahaf2, Deborah Kaplan2, Daniel M. Davis1, Ramit Mehr2*.  1Division of Cell 
and Molecular Biology, Imperial College London, London, United Kingdom, 2The 
Mina and Everard Goodman Faculty of Life Sciences, Bar-Ilan University, Ramat-
Gan, Israel.  
INTRODUCTION. In this study we have addressed the question of how activation 
and inhibition of human NK cells is regulated by the expression level of MHC 
class I protein on target cells.  
METHODS.  We used target cell transfectants sorted to stably express different 
levels of the MHC class I protein HLA-Cw6, target cell killing, degranulation and 

IFN secretion assays, and mathematical modeling.  
RESULTS.  We show that induction of degranulation and that of IFN-c secretion 
are not correlated. In contrast, the inhibition of these two processes by MHC 
class-I occurs at the same level of class I MHC protein. Primary human NK cell 
clones were found to differ in the amount of target MHC class I protein required 
for their inhibition, rather than in their maximum killing capacity. Importantly, we 
show that KIR2DL1 expression determines the thresholds (in terms of MHC I 
protein levels) required for NK cell inhibition, while the expression of other 
receptors such as LIR1 is less important. Furthermore, using mathematical 
models to explore the dynamics of target cell killing, we found that the observed 
delay in target cell killing is exhibited by a model in which NK cells require some 
activation or priming, such that each cell can lyse a target cell only after being 
activated by a first encounter with the same or a different target cell, but not by 
models which lack this feature.  
CONCLUSIONS. KIR2DL1 expression determines NK cell inhibition thresholds, 
and unstimulated NK cells may require priming before they can kill target cells.  
(This work was supported in parts by the following grants: grants from the 
Medical Research Council (UK) and the Biotechnology and Biological Research 
Council, and a Wolfram Royal Society Research Merit Award (to DMD); a Human 
Frontiers Science Program Young Investigator Grant (to DMD and RM); a 
Swedish Foundation for Strategic Research grant funding the Strategic Research 
Center for studies on Integrative Recognition in the Immune System (IRIS), 
Karolinska Institute, Stockholm, Sweden, an Israel Science Foundation Bikura 
program grant, and indirectly by Israel Science Foundation grants 759/01-1, 546 
and 270/09, an Israel Cancer Research Fund project grant, a Human Frontiers 
Science Program project grant and a Systems Biology prize grant from Teva 
Pharmaceuticals (to RM). CRA was supported by Fundac¸a˜o para a Cieˆncia e a 
Tecnologia.)  
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LAMP1: NOT ONLY A MARKER BUT AN INTEGRAL COMPONENT OF NK 

CELL CYTOTOXIC FUNCTION. Konrad Krzewski*, Aleksandra Gil-Krzewska, and 

John E. Coligan. Receptor Cell Biology Section, Laboratory of Immunogenetics, 

National Institute of Allergy and Infectious Diseases, NIH, USA. 

INTRODUCTION. Secretory lysosomes of NK cells, containing perforin and granzymes, 

are indispensable for normal NK cell cytolytic function, as their localized release at the 

immunological synapse results in induction of apoptosis in the target cell. Lysosome-

associated membrane protein 1 (LAMP1, CD107a) is widely used as a marker for the 

identification of NK cell degranulation, but its role in NK cell biology is unknown. Given 

the facts that LAMP1 is one of the most abundant proteins in the lysosomal membrane 

and that NK cells utilize their lysosomes to induce the death of target cells, we are 

determining the importance of LAMP1 in NK cell lytic activity. 

METHODS. To investigate the role of LAMP1 in NK cell lytic activity, RNAi was used 

to disrupt LAMP1 expression in ex vivo NK and YTS NK cells. These cells were 

analyzed for their potential to kill tumor target cells and their ability to translocate lytic 

granules to the immunological synapse. Using live cell imaging, the movement of lytic 

granules was compared between LAMP1 and control RNAi cells. Finally, cell 

fractionation and lytic granule isolation were employed to examine the amount of 

perforin and granzyme B in the lytic granules of LAMP1 RNAi cells. 

RESULTS. LAMP1 knock-down in YTS or ex vivo NK cells resulted in severe inhibition 

of NK cell cytotoxicity. LAMP1 RNAi cells failed to deliver granzyme B from lytic 

granules to target cells, even though they had normal levels of granzyme B mRNA and 

protein, as well as granzyme B activity. Although LAMP1 RNAi cells were able to 

translocate lytic granules toward the synapse in response to activation with target cells, 

the granules were more dispersed around the MTOC and did not cluster efficiently at the 

synapse. Compared to control RNAi cells, granules in LAMP1 RNAi cells traveled 

shorter distances, had smaller displacement and moved slower, indicating that LAMP1 is 

important for the proper granule movement along cytoskeletal tracks. Indeed, lytic 

granules isolated from LAMP1 knock-down cells had less of a microtubule motor protein 

complex (dynein/dynactin). Furthermore, LAMP1 knock-down, while not reducing 

overall perforin levels, resulted in decreased levels of perforin, but not granzyme B, in 

the lytic granules. More perforin was retained outside of lysosomal compartments in 

LAMP1 RNAi cells, most likely in CI-MPR-positive intermediate transport vesicles.  

CONCLUSIONS. Our data shows for the first time that LAMP1 plays a critical role in 

NK cell cytolytic activity. Disruption of LAMP1 expression results in impairment of 

perforin trafficking to lytic granules and slower granule movement along cytoskeletal 

elements; this leads to inability of LAMP1 RNAi NK cells to efficiently deliver 

apoptosis-inducing granzyme B to target cells and, consequently, to inhibition of human 

NK cell cytotoxicity. Thus, LAMP1 is not only a convenient marker of NK cell 

degranulation, but plays a crucial role in NK cell cytolytic activity. 
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H-RasV12 Induces Expression of Raet1 Family NK Receptor Ligands. Xi V. 
Liu, Samantha1, W.S. Ho1, James J. Tan1 and Stephan Gasser1*. Immunology 
Programme, Department of Microbiology, Yong Loo Lin School of Medicine, 
National University of Singapore 117456, Singapore 
INTRODUCTION: Natural killer (NK) cells play a crucial role in innate immunity 
against tumors. Tumor cells frequently upregulate ligands for the activating NK 
cell receptor NKG2D including Raet1 family members.  
METHODS. The breast cancer cell line SM1 was transduced with different Ras 
mutants or eIF4E and expression of Rae1 was analyzed by flow cytometry. 
Cytotoxicity was measured using a CytoTox 96 cytotoxicity assay kit according to 
manufacturer’s instructions (Promega, Singapore). 
RESULTS. Here we report that constitutively active H-Ras induced the 
expression of Raet1 family members. H-RasV12-induced NKG2D ligand 
upregulation depended on Raf-, MEK- and PI-3K, but not ATM or ATR, two PI-
3K-like kinases previously shown to induce NKG2D ligand expression. Analysis 
of the 5’ untranslated regions (5’ UTR) of Raet1 family members suggested the 
presence of features known to impair translation initiation. Overexpression of the 
rate-limiting translation initiation factor eIF4E induced Rae1 expression in a Ras- 
and PI-3K-dependent manner. Upregulation of NKG2D ligands by H-RasV12 
increased sensitivity of cells to NK cell-mediated cytotoxicity. 
CONCLUSIONS. In summary, our data suggest that chronic Ras activation is 
linked to innate immune responses, which may contribute to immune surveillance 
of H-Ras transformed cells. 
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SUPER-RESOLUTION IMAGING OF REMODELLING SYNAPTIC ACTIN 
REVEALS DIFFERENT SYNERGIES BETWEEN NK CELL RECEPTORS AND 
INTEGRINS  
Alice C.N. Brown1**, Ian M. Dobbie2, Martin Lenz3, Juha-Matti Alakoskela1, Mark A. A. 
Neil3, Christopher Dunsby3, Paul M.W. French3, Ilan Davis2, Daniel M. Davis1 
1Division of Cell and Molecular Biology, Imperial College London, London, United 
Kingdom, 2Department of Biochemistry, University of Oxford, Oxford, United Kingdom, 
3Department of Physics, Imperial College London, London, United Kingdom 

INTRODUCTION: Investigations into how cortical actin is remodelled to facilitate NK 
cell activation have been hampered due to the resolution limit of conventional light 
microscopy. Our recent super-resolved images revealed that ligation of the activating 
receptor NKG2D causes the cortical actin mesh to open up within discrete domains at the 
immune synapse [Brown et al. Plos Biol 9 e1001152, 2011]. Co-ligation of LFA-1 was 
required for MTOC and lytic granule polarisation to these domains, but was dispensable 
for the opening of the actin mesh. A major next goal we address here is if these different 
stages in synapse formation are similarly triggered by all activating receptors and 
whether or not activating receptors differ in the way they synergise with integrin ligation. 
METHODS: Two super-resolution imaging techniques were employed to obtain 3D 
super-resolved images of F-actin, the MTOC, lytic granules and Interferon γ (IFNγ) in 
human NK cells. We compared cells stimulated on surfaces coated with antibodies to the 
receptors NKG2D, CD16, NKp46 or CD2, the NKG2D or CD2 ligands, MICA or CD58, 
or influenza particles which ligate NKp46 and NKp44, all with or without co-ligation of 
LFA-1. 
RESULTS: Ligation of CD16 or NKG2D alone was sufficient to increase the periodicity 
of the actin mesh in specific synaptic domains. Sites of actin remodelling occurred 
precisely where the MTOC polarised and lytic granules accumulated. At later times, 
IFNγ was also detected in small domains where the actin mesh had opened. In contrast, 
ligation of NKp46 or CD2 alone was not sufficient to induce remodelling of cortical 
actin, but in these cases the actin mesh did open up if LFA-1 was co-ligated. This 
dependence on LFA-1 could not be overcome by co-ligation of NKp44 with NKp46 
when NK cells were stimulated with influenza virus particles.  
CONCLUSIONS: We show that actin remodelling in discrete synaptic regions occurs for 
both lytic granule and cytokine secretion, suggesting that localised cortical actin 
remodelling may be necessary in many types of intercellular secretion.  Moreover, NK 
cell activating receptors differ in their requirements for integrin-mediated co-stimulation 
to induce this cortical actin rearrangement.  This is consistent with a model whereby 
receptors that recognise viral or foreign proteins may use LFA-1-mediated recognition of 
ICAM-1 to differentiate between a free virus particle and a virus-infected cell. This 
distinction would not be required for receptors such as NKG2D, which recognise ligands 
that could only be found on diseased cells. 
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EXPRESSION OF THE NKG2D LIGAND RAE-1 ON DENDRITIC CELLS CAN 
IMPACT NK CELL FUNCTION.  Maelig G. Morvan**1, Marine Champsaur2 and 
Lewis L. Lanier1.  1Department of Microbiology and Immunology, University of 
California, San Francisco, 2UCB Pharma, Brussels (Belgium) 
INTRODUCTION.  Natural Killer (NK) cells are immune effectors implicated in 
early protection against cancer and viral infection.  These cells express various 
receptors that regulate their effector functions, including the activating NKG2D 
receptor, whose ligands are expressed on stressed or damaged cells.  NKG2D-
mediated activation of NK cells has been shown to eliminate or control such 
abnormal cells, but viruses and tumors can also evade this process.   
METHODS.  In this study, we examine the consequences of cell-specific 
expression of the NKG2D ligand Rae-1 on innate and adaptive immunity, using a 
novel mouse model.  We crossed a newly generated Rosa26-flox-stop-flox-Rae1 
mouse to the CD11c-Cre transgenic mouse, such that Rae-1 is specifically and 
constitutively expressed on dendritic cells (DCs).   
RESULTS.  Interestingly, NK cells from these mice displayed a normal 
phenotype, but with a down-modulation of NKG2D expression at the cell surface.  
Furthermore, examining NK and T cell (which also express NKG2D) responses 
showed that the mice with constitutive expression of Rae-1 on DCs had impaired 
rejection of tumors, but a relatively intact immune response against viral 
infection.   
CONCLUSIONS.  Thus, this model mimics the situation in cancer patients, 
where a human counterpart of Rae-1 is expressed on myeloid cells, likely to 
suppress immune responses against the tumor.  The data generated with this 
new mouse model provide a better understanding of NKG2D-dependent 
functions and of NK cell involvement in tumor surveillance, or escape. 
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RECOGNITION OF HLA-A and HLA-B ALLOTYPES BY KIR3DL1. 
Andrew G. Brooks*1, Julian Vivian2, Philippa M.Saunders3, Geraldine O’Connor3, 
Daniel McVicar3 and Jamie Rossjohn2. 
1Department of Microbiology and Immunology, University of Melbourne,  
2Department of Biochemistry and Molecular Biology, School of Biomedical Sciences, Monash 
University 
3National Cancer Institute-Frederick 
INTRODUCTION: The Killer Cell Immunoglobulin-Like Receptor (KIR) family, a 
large group of polymorphic receptors expressed on Natural Killer (NK) cells, 
recognise particular peptide-laden Human Leukocyte Antigen (pHLA) class I 
molecules and play a pivotal role in innate immune responses. Allelic variation 
and extensive polymorphism within the three-domain KIR family (KIR3D, 
domains D0-D1-D2) affects pHLA binding specificity and is linked to the control 
of viral replication and the treatment of haematological malignancy.  
 
METHODS:  We have expressed recombinant forms of both KIR3DL1 and HLA-I 
molecules and used X-ray crystallography to determine the crystal structures of 
the KIR3DL1 receptor bound to distinct HLA-I/peptide complexes. These 
interactions have been further assessed using direct binding and functional 
approaches. 
 
RESULTS: KIR3DL1 clamped around the C-terminal end of the antigen (Ag)-
binding cleft of HLA-B*5701, resulting in two discontinuous footprints on the 
pHLA. The D0 domain bound to conserved loops on the alpha1 domain 
extending towards β2-microglobulin. Secondly, while the D2-HLA-interfaces 
exhibit a high degree of complementarity, the D1-pHLA contacts were sub-
optimal, thereby accommodating a degree of sequence variation both within the 
peptide and the polymorphic region of the HLA molecule. Further, while the two-
domain KIR (KIR2D) and KIR3DL1 docked similarly onto HLA-C and HLA-B 
respectively, the corresponding D1-mediated interactions differed markedly. 
Consistent with previous data, binding studies showed that the sequence of the 
peptide impacted on KIR recognition of pHLA-I complexes as substitutions at P8 
could markedly affect the affinity of the interaction between KIR3DL1 and HLA-
B5701. 
 
CONCLUSIONS: Collectively, the data provide a framework for understanding 
the intricate interplay of peptide variability, KIR3D and HLA polymorphism in 
determining the specificity requirements of this interaction. Notably a complex 
network of charge interactions encompassing residues within the D1 and D2 
domains of KIR3DL1 and the peptide and both alpha1 and alpha2 domains of the 
HLA-I molecule create an interface that is highly sensitive to polymorphisms 
within the HLA and to the sequence of HLA-bound peptide. 
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Functional characterisation of CD96 reveals its role as a novel regulator of NK cell 

function and innate immunity 

 

 Christopher J. Chan**1, Marco Colonna2, Mark J. Smyth1 & Daniel M. Andrews1 

 

1Cellular Immunity Laboratory, Cancer Immunology Program, Peter MacCallum Cancer 

Centre, East Melbourne, Australia, 3002 
2Department of Pathology and Immunology, Washington University School of Medicine, St 

Louis, Missouri, USA 

 

Introduction: An emerging class of receptors on NK cells that have been shown to both 

positively and negatively regulate their function are immunoglobulin receptors that interact 

with nectin and nectin-like (necl) proteins on target cells. Members of this family include 

CD226 (DNAM-1), TIGIT, CD96, and CRTAM. The function of CD96 has yet to be fully 

identified.  

 

Methods: We generated CD96-/- mice and characterised the functional consequences of a 

targeted loss of CD96 on general NK cell function as well as NK cells in various 

pathological models. We also performed the same experiments in CD226-/- mice to 

determine the relative roles of CD96 and CD226 in these models. 

 

Results: Loss of CD96 did not affect NK cell cytotoxicity however CD96-/- NK cells 

displayed a hyper-responsive capacity to make IFN-γ. CD96-/- mice were more resistant to 

fibrosarcoma formation and displayed a hyperinflammatory phenotype after LPS challenge. 

IFN-γ was a common mechanism in both of these phenotypes. We also revealed that CD96 

on NK cells could directly regulate IL-1β production from macrophages. Interestingly, the 

same experiments using CD226-/- mice displayed the opposite phenotype to CD96-/- mice. 

 

Conclusions: We have characterised CD96-/- mice and the function of CD96 as a novel 

regulator of NK cell function and innate immunity. We propose that CD96 has an important 

role in regulating pathological responses that involve IL-1β and NK cell-derived IFN-γ.  
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RESOLUTION OF KIR3DL1pHLA STRUCTURE PROVIDES INSIGHT 
INTO HLA SPECIFICITY AND PEPTIDE SENSITIVITY 

Geraldine M. O’Connor**1, Julian P. Vivian2, David A. Price3,4, Bernard A.P. Lafont5, , Jamie 
Rossjohn6, Andrew G. Brooks6, Daniel W. McVicar1 
1National Cancer Institute-Frederick Frederick, MD  21702, 2Department of Biochemistry and Molecular Biology, School of Biomedical Sciences, Monash 
University, Clayton, Victoria 3800, Australia. 3Department of Infection, Immunity and Biochemistry, Cardiff University School of Medicine, Heath Park, Cardiff CF14 
4XN, Wales, UK  4Human Immunology Section, Vaccine Research Center, National Institute of Allergy and Infectious Diseases, National Institutes of Health, 
Bethesda, MD 20892, USA. 5Non-Human Primate Immunogenetics and Cellular Immunology Unit, Laboratory of Molecular Microbiology, NIAID  / NIH, Bethesda, 
MD 20892-0460, USA 6Department of Microbiology & Immunology, University of Melbourne, Parkville, Victoria 3010, Australia.7Department of Biochemistry and 
Molecular Biology, School of Biomedical Sciences, Monash University, Clayton, Victoria 3800, Australia. 
 

INTRODUCTION.  Expression  of  Killer  Immunoglobulin‐like  Receptors  (KIR)  on 
Natural Killer (NK) cells contributes to the activation status of this important innate 
immune cell subset.  KIR3DL1 is a highly polymorphic, 3 Ig domain (D0, D1, D2) KIR, 
which binds to that subset of HLA‐A and HLA‐B molecules that expresses the Bw4 
epitope. While  the structure of 2DL KIR  in association with  their  ligands has been 
resolved, the details of 3D KIR structure and ligand binding, in particular the role of 
the D0 domain, has only recently been elucidated. 
METHODS.   The structure of KIR3DL1*001 in complex with pHLA‐B*5701 (peptide 
LSSPVTKSF) has been resolved to 1.8Å.  This information allowed an analysis of the 
role of contact residues across the D0, D1 and D2 domains. This was addressed by 
expressing KIR3DL1*001 and  single  or double  amino  acid  variants  thereof  in 293 
cells.  Binding  to  HLA  was  assessed  after  staining  with  specific  pHLA  tetramers, 
followed by flow cytometric analysis. In addition, tetramers of B*5701 refolded with 
peptides  containing  substitutions  at  P8  were  tested  for  their  ability  to  bind 
KIR3DL1+ NK cells. 
RESULTS.  Based on the structural analysis, contact residues in KIR3DL1 across the 
D0, D1 and D2 domains were mutated to alanine to asses their contribution to HLA‐
B*5701 binding. While mutation of several D0 and D2 contact residues resulted in a 
loss of HLA binding, alanine substitution within D1 was well  tolerated. Analysis of 
the putative contact regions across other KIR receptors explained the lack of HLA‐
Bw4 reactivity  in  these  receptors. For example,  the common activating allotpye of 
KIR3DL1,  KIR3DS1  varies  at  three  contact  points  in  D1  and  in  the  D1‐D2  loop 
(Gly138Trp, Leu166Arg and Pro199Leu). While alanine substitution at position 166 
had little impact, the introduction of arginine at this position dramatically reduced 
ligand  binding.  Position  166  is  also  the  only  direct  peptide  contact  in  KIR3DL1, 
forming  a  van  der  Waals  contact  with  the  amino  acid  at  position  8  (Ser)  in  the 
nonamer. While large side chains (Phe, His) bound well, KIR3DL1 showed a degree 
of peptide selectivity with reduced binding to tetramer with charged residues at P8 
(Arg,  Glu)  as well  as  those with Ala  and Leu.  The  role  of  position 166  (as well  as 
Tyr200  and  Glu282,  which  contact  the  peptide  through  water‐mediated 
interactions)  in  influencing  the  observed  peptide  preference  was  confirmed  by 
using KIR3DL1 receptors with amino acid substitutions at these positions.  
CONCLUSIONS.  Contact  residues  in  D0  and  D2  are  critical  for  the  interaction  of 
KIR3DL1 with HLA‐Bw4 while D1 substitutions are well  tolerated. This  is  likely to 
be a reflection of a lack of strong charge and shape complementarily in the D1‐HLA 
interaction  that  allows  for  variation  in  sequence,  both  in  HLA  allotypes  and 
presented peptide, to be accommodated in the 3DL1‐HLA interaction. 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High-Resolution Analysis of KIR Expression on CD8 T Cells 
Niklas K. Björkström**, Vivien Beziat, Frank Cichocki, Lisa Liu, Jeffrey Levine, 
Hans-Gustaf Ljunggren, and Karl-Johan Malmberg 
Center for Infectious Medicine, Karolinska Institutet, Sweden 
 
Epistatic interactions between killer cell immunoglobulin-like receptors (KIRs) and 
their cognate HLA class I ligands have important implications for anti-viral 
immunity, reproductive success, susceptibility to autoimmune conditions, and to 
graft-versus-leukemia effects in allogeneic stem cell transplantation. Although it 
has been demonstrated that CD8 T cells acquire KIRs during differentiation from 
naïve to terminally differentiated cells, there is limited information about the 
structure of KIR repertoires on CD8 T cells. Here we performed a high-resolution 
analysis of KIR expression on CD8 T cells. We found that most CD8 T cells had 
restricted KIR repertoires dominated by expression of one single activating or 
inhibitory KIR compared to natural killer (NK) cells that displayed more diverse 
repertoires. Intriguingly, despite similarities in the stochastic regulation of KIRs by 
intergenic RNAs, the specificity of inhibitory KIRs on CD8 T cells was often 
distinct from that of NK cells in the same individual. Similar to NK cells, the 
expression of KIRs on CD8 T cells was independent of self-HLA class I. The 
results provide new insights into the formation of KIR repertoires on human T 
cells and reveal the presence of non-constrained terminally differentiated CD8 T 
cells expressing activating KIRs. 
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A ROLE FOR CD16 (FCγRIIIA) IN NATURAL KILLER CELL SPONTANEOUS 
CYTOTOXICITY UNCOVERED BY HUMAN CD16 MUTATION.  Jennifer T. 
Grier**1, Lisa R. Forbes1, Linda Monaco-Shawver1, Kerry S. Campbell2, Jordan 
S. Orange1.  1Children’s Hospital of Philadelphia Research Institute, 2Fox Chase 
Cancer Center. 
INTRODUCTION.  CD16 has been extensively studied as the Fc receptor of NK 
cells.  Rare patients with severe herpesviral infections have been defined as 
having a missense mutation in CD16 that abrogates the epitope in the first Ig 
domain recognized by monoclonal antibody B73.1.  These patients demonstrate 
intact ADCC but deficient NK cell cytotoxicity, suggesting a role for CD16 in 
spontaneous NK cell cytotoxicity. 
METHODS.  We have identified a new patient among a cohort with herpesviral 
susceptibility with this CD16 mutation, which results in an L66→H alteration, and 
have also studied the originally reported patient.  Patient ex vivo NK cells were 
assayed for NK cell cytotoxicity and ADCC activity via chromium release assays. 
We used NK cell phenotyping to determine if the CD16 mutation affected other 
NK cell proteins.  A CD16 negative human NK cell line, NK92, in which either 
wild-type CD16 or the CD16 L66H mutant had been stably expressed, served as 
a tissue culture model of the patient mutation. Ultimately, we sought to confirm 
the suggestion of a CD16 interacting protein via colocalization, 
immunoprecipitation, and an assay for CD16 signaling following off-target 
activation.  
RESULTS.  Functional and phenotypic assays with patient ex vivo NK cells 
demonstrated intact ADCC but deficient NK cell cytotoxicity, as well as 
decreased surface expression of CD2, a co-activation receptor.  Mechanistic 
studies in NK92 cell lines demonstrated that the presence of wild-type CD16 
increased CD2 surface levels and enabled killing of a normally resistant 
melanoma cell line.  An association between CD16 and CD2 was identified both 
biochemically and at the immunological synapse and was responsible for 
triggering CD16 signaling.    
CONCLUSIONS. Our data suggests that CD16 serves a previously 
underappreciated role in NK cell spontaneous cytotoxicity mediated through an 
association with CD2 and identifies a potential mechanism underling a human 
congenital immunodeficiency.  (This work was supported by NIH grant R01-
AI067946 to J.S.O.) 
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PCNA IS A NOVEL INHIBITORY LIGAND OF NKp44 RECEPTOR.  

Uzi Hadad**1^, Benyamin Rosental1^, Michael Brusilovsky1^, Adelheid Cerwenka3 

Alex braiman1,2 Kerry S Campbell4 and Angel Porgador1,2. 1Shraga Segal 
Department of Microbiology and Immunology; 2National Institute for 
Biotechnology in the Negev, Ben-Gurion University of the Negev, Beer Sheva, 
Israel, 3Innate Immunity Group, German Cancer Research Center, Heidelberg, 
Germany, 4Division of Basic Science, Fox Chase Cancer Center, Philadelphia, 
PA ^Authors equally contributed to this work.  
INTRODUCTION. NKp44 activating receptor is expressed exclusively by primate 
NK cells. yet its cellular ligands remain largely unknown. Interestingly, NKp44 
cytoplasmic domain contains an ITIM sequence. Proliferating cell nuclear Antigen 
(PCNA) is overexpressed in cancer cells and is highly associated with enhanced 
malignancy. In This study, we investigated the possible interaction between 
NKp44 and PCNA.     
METHODS. NK receptors Ig fusion proteins were test for specific binding to 
PCNA by different methods. PCNA-GFP and GFP transfected HeLa cells were 
employed as targets to test the effect of PCNA overexpression on NKp44-
mediated functions of NK cell lines and primary NK cells. siRNA down-regulation 
of PCNA in various types of tumor cells was used to test the effect of 
endogenous PCNA on NK cells functions. To explore the mechanism of PCNA 
effect on NKp44-mediated function, we used NK-92 cells transduced to express 
a form of NKp44 in which cytoplasmic tail is either truncated prior to the ITIM or 
mutated at the tyrosine site within the ITIM. Labeled targets cells were used in 

vitro and in vivo to test the necessity for a direct effector-target cells interaction 
for the PCNA-mediated effect. Live imaging confocal microscopy was used to 
test the cellular localization of PCNA-GFP during interaction of transfected HeLa 
cells with NK cells.  
RESULTS. PCNA protein manifested a specific binding to NKp44 but not to other 
NK cell receptors. PCNA over-expression suppressed IFNγ secretion and lysis 
by NKp44-expressing NK cells. In addition, blocking with anti-NKp44 antibodies 
abolished the PCNA-induced inhibition of lysis. Accordingly, down-regulation of 
endogenous PCNA in target cells enhanced NK cells function in NKp44 
dependent manner. Compared to the wild type NKp44, ITIM-mutated NKp44 
forms did not mediate a significant PCNA inhibitory effect of NK cells function. 
Direct interaction between the NK cell and the target cell was found to be 
imperative for PCNA-mediated effects. Finally, PCNA from tumor target cells is 
recruited to the NK immune synapse with NKp44 expressing NK cells. 
CONCLUSIONS. NKp44 is an NK cell activating receptor; yet, Inhibitory function 
was previously reported for NKp44 expressed on a subset of IFN producing cells. 
This work demonstrates a new inhibitory ligand for NKp44 and reveals a novel 
immune evasion mechanism involving NKp44/PCNA interaction. 
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OSCAR IS A COLLAGEN RECEPTOR THAT CO-STIMULATES 
OSTEOCLASTOGENESIS. Alexander David Barrow1,2*, Nicolas Raynal3, Thomas 
Levin Andersen4, David A. Slatter3, Dominique Bihan3, Nicholas Pugh3, Marina 
Cella2, Taesoo Kim5, Jaerang Rho6, Takako Negishi-Koga7, Jean-Marie Delaisse4, 
Hiroshi Takayanagi7, Joseph Lorenzo8, Marco Colonna2, Richard W. Farndale3, 
Yongwon Choi5* & John Trowsdale*1 1CIMR, Cambridge, UK. 2Washington 
University School of Medicine, St. Louis, USA. 3Department of Biochemistry, 
University of Cambridge, UK. 4Department of Clinical Cell Biology, University of 
Southern Denmark. 5Department of Pathology and Laboratory Medicine, University 
of Pennsylvania School of Medicine, USA. 6Department of Microbiology, Chungnam 
National University, Korea. 7Department of Cell Signaling, Tokyo Medical and 
Dental University. 8Department of Medicine, University of Connecticut Health 
Center, USA.  
INTRODUCTION. Osteoclasts are terminally-differentiated cells, derived from 
monocytes, that erode the mineralized bone matrix.  Osteoclastogenesis requires co-
stimulatory receptor signaling through adaptors encoding Immunoreceptor Tyrosine-
based Activation Motifs (ITAM), such as the Fc Receptor common γ chain (FcRγ) 
and the DNAX-Activating Protein of 12kDa (DAP12).  Identification of these ITAM 
receptors and their ligands remains a high research priority since the stimuli for 
osteoclastogenesis are only partly defined. The Osteoclast-associated receptor 
(OSCAR), encoded in the LRC near to LILR/KIR, was proposed to be a potent FcRγ-
associated co-stimulatory receptor expressed by pre-osteoclasts in vitro, but OSCAR 
lacked a cognate ligand and its role in vivo has been obscure.   
METHODS. Samples from mice and patients deficient in various ITAM pathways 
were used for functional analysis and in binding asssays.  
RESULTS. We showed that the Osteoclast-associated receptor (OSCAR) co-
stimulated one of the major FcRγ-associated pathways required for osteoclastogenesis 
in vivo. Furthermore, OSCAR bound to specific motifs within extracellular matrix 
(ECM) collagens, which become revealed on non-quiescent bone surfaces where 
osteoclasts undergo maturation and terminal differentiation in vivo. OSCAR promoted 
osteoclastogenesis in vivo and OSCAR binding to its collagen motif led to signaling 
that increased numbers of osteoclasts in culture.  
CONCLUSIONS. Our results suggest that ITAM-containing receptors can respond to 
exposed ligands in collagen, leading to the functional differentiation of leukocytes.  
This provides a new concept for ITAM regulation of cytokine receptors in different 
tissue microenvironments. 
[Funded by grants from the Wellcome Trust, the Medical Research Council, and the 
British Heart Foundation (to R.W. Farndale and J. Trowsdale); the Ministry of 
National Defense Foundation grant from the Korean Government (to J. Rho); and 
NIH grants (to Y. Choi and J. Lorenzo). A.D. Barrow is the recipient of a Marie Curie 
International Outgoing Fellowship from the EC framework programme (FP)7 and was 
awarded an international traveling fellowship from the Company of Biologists. M. 
Colonna is supported by NIH grant R01 HL097805]. 
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RIG-I STIMULATION INDUCES THE RELEASE OF KNOWN AND PUTATIVE 
LIGANDS FOR NKP30, NKP46 AND NKG2D VIA EXOSOMES 
 
Katrin S. Reiners**1, Juliane Dassler2, Christoph Coch2, Gunther Hartmann2, Elke 
Pogge von Strandmann1. 
1University Hospital Cologne, Department of Internal Medicine I, Laboratory for 
Immunotherapy, 50924 Cologne, Germany, 2University Hospital Bonn, Institute of 
Clinical Chemistry and Pharmacology, 53127 Bonn, Germany 
 
INTRODUCTION. Natural killer (NK) cells are essential for the early response to 
virus infected cells. The NK cell-mediated killing is permitted only when class I HLA 
antigens expression is reduced and ligands for activated receptors are induced in 
target cells as a result of viral infection. The key receptors involved in triggering NK 
cell lysis are the NK cell-specific natural cytotoxicity receptors (NCRs) and NKG2D. 
So far, cellular ligands for the NCRs are poorly defined. Aim of this project is to 
identify and characterize novel NCR ligands. 
METHODS. Using a yeast two hybrid screen (Y2HS) we identified BAG6 as a novel 
ligand for NKp30 and more recently a putative ligand for NKp46. Interestingly, both 
factors are not classical transmembrane ligands but intracellular proteins. To monitor 
the expression and release of these and other activating ligands in response to viral 
infections we used synthetic RNA (3pRNA) to stimulate RIG-I in cultivated cells. RIG-
I (member of the RIG-I-like receptor (RLR) family) acts as a sensor for viruses and is 
a key mediator of antiviral immunity able to couple detection of infection by RNA 
viruses to the induction of interferons.  
RESULTS. Here, we demonstrate that RIG-I stimulation with 3pRNA induced the 
release of exosomes in the melanoma cell line DO4mel. Exosomes are small (50-
100nm diameter) membrane vesicles involved in cell-cell communication released by 
many if not all cell types. Moreover, these exosomes (in contrast to exosomes 
derived from cells transfected with a control RNA) were able to trigger NK cell-
activation and they stimulated the secretion of pro-inflammatory cytokines (IFNg). 
FACS analysis revealed increased binding of recombinant NKp46, NKp30 and 
NKG2D-Ig fusion proteins to exosomes derived from RIG-I stimulated cells, indicating 
that the expression of the corresponding ligands was induced. Supporting this 
finding, an enhanced surface expression of BAG-6 (ligand for NKp30), vimentin 
(putative ligand for NKp46) and the novel NKp46-L identified in the Y2HS was 
observed using specific antibodies. In addition, we show that EEA1 (Early Endosome 
Antigen 1), which is necessary for endosomal trafficking, and the novel NKp46-L 
were co-localized intracellular, confirming its exosomal expression. 
CONCLUSION. Our findings suggest that the intracellular factors BAG6 (NKp30-
ligand) and the novel putative NKp46-ligands are released via exosomes in response 
to RIG-I stimulation to alert the innate immune system. These data shed new light on 
the nature and regulation of NCR-ligands and will contribute to a better 
understanding of the function and cross-talk of NCRs.  
 
(This work was funded by the CRC832 “Molecular basis and modulation of cellular 
interactions in the tumour microenvironment”) 
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THE AP2 CLATHRIN ADAPTOR MEDIATES ENDOCYTOSIS AND 
INFLUENCES INHIBITORY FUNCTION OF KIR3DL1. Amanda K Purdy**1, 
Diana Alvarez-Arias2, and Kerry S Campbell1. 1Fox Chase Cancer Center, 
Philadelphia, PA, 2Dana-Farber Cancer Institute, Boston, MA. 
INTRODUCTION: Crucial to the ability of NK cells to distinguish friend from foe, 
inhibitory killer immunoglobulin-like receptors (KIR) inhibit NK cell activation 
through interaction with MHC class I on the surface of normal cells of the body.  
Since the cell surface expression of KIRs is critical to the ability of NK cells to 
discriminate normal from abnormal cells, we set out to identify the mechanisms 
controlling KIR cell surface expression.   
METHODS: Yeast two-hybrid (Y2H) screening was performed to identify 
interactors of KIR3DL1 (3DL1), using the cytoplasmic domain of 3DL1 as bait.  
We identified five clones of the µ2 component of the AP2 complex, the major 
clathrin adaptor involved in receptor endocytosis. The molecular basis of the 
µ2/KIR interaction was characterized by mutational analysis and expression of 
both mutant proteins in primary NK cells by lentivirus. Functional impact of the 
µ2/KIR interaction was investigated with endocytosis and cytotoxicity assays.   
RESULTS: µ2 was found to associate through ITIM-tyrosine residues in the 
cytoplasmic domain of 3DL1, since mutation of these tyrosines to alanine 
completely abolished the µ2/3DL1 interaction in Y2H and GST-pulldown 
experiments. We further confirmed that µ2 associates with native 3DL1 receptor 
in KHYG-1 cells. Disruption of the µ2/3DL1 interaction, either by mutation of the 
ITIM tyrosines in 3DL1 or mutation of µ2 itself, significantly diminished 
endocytosis and increased cell surface expression of 3DL1 in cell lines and 
primary NK cells.  Surprisingly, increased surface expression of 3DL1 in primary 
NK cells expressing mutant µ2 did not lead to a concomitant increase in inhibitory 
function; in contrast, 3DL1-mediated inhibition of cytotoxicity was diminished 
under these conditions.  
CONCLUSIONS: Our results show that the surface expression of 3DL1 is 
regulated through an interaction with the AP2 clathrin adaptor complex, which 
promotes the internalization of 3DL1.  Moreover, blocking the interaction with 
AP2 and thereby decreasing 3DL1 endocytosis has a negative effect on the 
inhibitory capacity of 3DL1.  These results suggest that 3DL1 needs to be 
internalized and recycled back to the cell surface to attain full inhibitory capacity. 
 
This work was supported by NIH grants CA083859 (K.S.C) and CA009035-32 
(A.K.P. and D.A.A.). 
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RAT AND MOUSE CD94 ASSOCIATE DIRECTLY WITH THE ACTIVATING 
TRANSMEMBRANE ADAPTOR PROTEINS DAP12 AND DAP10 AND 
ACTIVATE NK CELL CYTOTOXICITY 
Per C. Saether**, Sigurd E. Hoelsbrekken, Sigbjørn Fossum and Erik Dissen 
Department of Anatomy, Institute of Basic Medical Sciences, University of Oslo, 
Oslo, Norway. 
 
INTRODUCTION. Signaling by CD94/NKG2 has been well characterized in the 
human, but has remained unclear in the mouse and rat. In the human, the 
activating receptor CD94/NKG2C associates with DAP12 by an ionic bond 
between oppositely charged residues within the transmembrane regions of 
NKG2C and DAP12. The lysine residue responsible for DAP12 association is 
absent in rat and mouse NKG2C and –E, raising questions about signaling 
mechanisms in these species. As alternative substitutes, mouse and rat CD94 
have a lysine residue in the transmembrane region, and NKG2C and –E have an 
arginine in the transition between the transmembrane and stalk regions.  
METHODS. Possible associations between activating adaptor proteins and rat 
CD94 as well as NKG2C were studied by flow cytometry and 
immunoprecipitation experiments from transiently transfected 293T cells. Point 
mutations were introduced to study the significance of the lysine and arginine 
residues in the transmembrane regions of CD94 and NKG2C respectively. RNK-
16 cells were stably transfected with epitope tagged NKG2A, NKG2C or mutated 
NKG2C to study these receptors in redirected cytotoxicity assays.  
RESULTS. We found that, similar to their human orthologs, rat NKG2A inhibits 
whereas NKG2C activates NK cell cytotoxiciy. Whereas rat CD94 was not 
expressed on the cell surface of transfected 293T cells in single transfections, co-
transfection with DAP12 or DAP10 introduced surface expression of CD94. 
Immunoprecipitation experiments demonstrated that rat CD94 binds directly to 
DAP12 as well as to DAP10, and that the lysine residue in the transmembrane 
region of CD94 was critical for these associations. The arginine residue in 
NKG2C was not necessary for the activating function of NKG2C, indicating that 
the activating function of mouse and rat CD94/NKG2C was mediated by the 
CD94 chain binding to adaptor proteins.    
CONCLUSIONS. Unlike the human CD94/NKG2 receptor family, rat and mouse 
CD94/NKG2 receptors bind to activating adaptor proteins via a positively charged 
residue in CD94. Furthermore, rat CD94 associates with both DAP10 and 
DAP12, whereas human NKG2C has only been shown to associate with DAP12. 
These observations suggest that the CD94/NKG2 family of receptors may 
regulate NK cells differently in mice and rats compared to humans. 
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CATTLE NKp30 IS AN NK CELL RECEPTOR DIFFERENTIALLY 

EXPRESSED BETWEEN INDIVIDUALS AND UPREGULATED ON 

ACTIVATED NK CELLS. John A. Hammond*
1
, Timothy Connelley

2
, James Birch

1
, 

Shirley A. Ellis
1
 and Jayne C. Hope

2
. 

1
The Institute for Animal Health, Compton, 

Berkshire, UK. 
2
The Roslin Institute, University of Edinburgh, UK. 

INTRODUCTION. Of the three natural cytotoxicity receptors (NCRs) NKp30, NKp44 

and NKp46, cattle possess only two, as NKp44 is a non-expressed pseudogene. Cattle 

NKp46 has been previously well characterised and is currently used as a marker for cattle 

NK cells, but little was known about the sole remaining NCR, NKp30. NKp30 is an NK 

cell activating receptor that mediates cytoxicity against transformed and virally infected 

cells. In addition, NKp30 has a unique role in determining the fate of immature dendritic 

cells during their interactions with NK cells, therefore influencing T cell responses. 

METHODS. A fragment of cattle NKp30 was cloned allowing 5’ and 3’ RACE to 

confirm the entire cDNA sequence including 5’ and 3’ UTR sequences. The entire coding 

sequence was amplified and sequenced from the PBMC cDNA of 12 animals and a qPCR 

assay developed. In addition, we raised and validated a mouse monoclonal antibody to 

cattle NKp30. NKp30 expression and transcription was measured in both cattle PBMC 

and in isolated NKp46+ cells grown under different cytokine regimes.  

RESULTS. NKp30 is a non-polymorphic activating receptor expressed exclusively on 

NKp46+ cells in cattle. The proportion of NKp46+ NKp30+ PBMC analysed 

immediately ex vivo varies from between 0 to 2.2 % and these proportions did not 

significantly vary between repeat samples. After 7 days stimulation in either IL-2 or IL-

12 and 18, NKp30 expression increased in all animals, even if no expression was 

observed immediately ex vivo. IL-12 and 18 increased NKp30 expression on cultured NK 

cells such that 7-40% of cells expressed high levels of NKp30.  Following stimulation 

with IL-2 a greater proportion of NK cells expressed high levels of NKp30 (36-99%).  

Parallel qPCR data indicate that transcription does not necessarily correspond to levels of 

NKp30 on the cell surface, as transcription can still be detected in cells staining 

negatively. Moreover, FACS analysis using another cattle NK cell marker revealed that 

ex vivo NKp30 expression was higher on the CD2+ NK cell subset compared with CD2- 

NKp46+ cells. 

CONCLUSIONS. Cattle NKp30 is an NK cell receptor upregulated in stimulated NK 

cells. The greatest upregulation was induced by IL-2 which suggests that CD4+ T cells 

are likely to influence expression. In addition, the stimulation induced by IL-12 & 18 also 

suggests that interactions between antigen presenting cells and NK cells impact on 

NKp30 expression and likely NK cell function. Greater expression of NKp30 on CD2+ 

cells indicates a functional difference between the CD2+ and CD2- NK populations, as 

has been proposed in the past with the CD2- population showing increased activation. To 

our knowledge this is the first cattle NK cell receptor shown to be differentially expressed 

on activated NK cells. 
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CIS ASSOCIATION OF LEUKOCYTE Ig-LIKE RECEPTOR 1 WITH MHC 
CLASS I LIMITS ACCESSIBILITY TO ANTIBODIES AND UL18.   
Nicholas L. Li** and Deborah N. Burshtyn.  University of Alberta 
INTRODUCTION.  Leukocyte Ig-like receptor (LIR) 1 is an inhibitory receptor 
expressed on a variable subset of human NK cells with 4 Ig-domains and a long 
cytoplasmic tail encoding multiple ITIMs. LIR-1 possesses broad specificity for 
MHCI due to its contact with a conserved α3-region and β2m. Additionally, LIR-1 
is exploited by human cytomegalovirus (HCMV) via its MHCI homologue UL18, 
which binds LIR-1 with significantly greater affinity than MHCI. LIR-1 has been 
shown to interact with MHCI expressed not only on a target (in trans), but also on 
the same cell (in cis). Here we present evidence that cis binding of LIR-1 by 
MHCI restricts accessibility of antibodies and ligands in trans. 
METHODS.  NK92 cells were incubated with the MHCI antibody W6/32, which 
blocks the trans association with LIR-1, at 37°C to encourage release of cis 
interactions and then stained with fluorescently labeled anti-LIR-1 antibodies, 
including GHI/75 and HP-F1, at 4°C and analyzed by flow cytometry. Cells were 
also treated with citrate buffer to denature surface MHCI. Following treatment, 
NK92 cells were assessed for LIR-1 and conformed MHCI staining by flow 
cytometry. UL18 binding in trans was examined using a UL18-Fc fusion protein 
and flow cytometry. 
RESULTS.  We observed  that 721.221 cells stably expressing MHCI displayed 
enhanced staining with GHI/75 but similar HP-F1 compared to 721.221 cells 
without MHCI, suggesting MHCI increases GHI/75 binding, perhaps by 
preferential recognition of LIR-1 occupied in cis. When the MHCI contact site on 
NK92 was blocked with mAbs W6/32 or DX17 at 37°C, GHI/75 and HP-F1 
staining significantly decreased and increased respectively, consistent with the 
idea that GHI/75 better recognizes LIR-1 in cis. As an alternative to blocking the 
cis interaction, NK92 cells were incubated in citrate buffer or PBS, and consistent 
with the blocking data, GHI/75 staining significantly decreased with low pH. 
Importantly GHI/75 detection was not affected by citrate on cells lacking MHCI. 
Titration of GHI/75 on treated cells suggested that decreased staining was due to 
reduced antibody accessibility for LIR-1 and not affinity. Moreover, UL18-Fc 
binding to NK92 following exposure of cells to W6/32 was significantly enhanced. 
CONCLUSIONS.  Our data suggests that a proportion of LIR-1 receptors on the 
surface of NK cells are associated in cis with MHCI, and this interaction limits the 
accessibility for select antibodies and ligands such as UL18 in trans. In contrast 
to HP-F1, the GHI/75 epitope on LIR-1 appears to be more dependent on MHCI. 
These results imply that modulation of MHCI during infection by factors such as 
IFN, may sequester LIR-1 and limit its ability to negatively regulate NK cells. 
Furthermore, as the cis bound form of LIR-1 is less permissive to UL18 binding, it 
may also provide for improved NK responses during HCMV infection. 
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Identification of phosphatidylserine as a ligand for the CD300a 
immunoreceptor.   
 
Chigusa Nakahashi-Oda1, 2, Satoko Tahara-Hanaoka1, 2, Tsukasa Nabekura1, 2, 
Kazuko Shibuya1, Akira Shibuya* 1, 2  1Department of Immunology, Division of 
Biomedical Sciences, Faculty of Medicine, 2Japan Science and Technology 
Agency, CREST, University of Tsukuba, Japan 
 
 INTRODUCTION.  CD300a is a member of CD300 multigene family. CD300a is 
preferentially expressed on myeloid cells, including macrophages, neutrophils, 
dendritic cells and mast cells in both human and mouse, and regulate activation 
of these cells. CD300a contains the consensus immunoreceptor tyrosine-based 
inhibitory motif (ITIM) sequence in the cytoplasmic portion. Upon cross-linking 
with an antibody against CD300a on mast cells, CD300a recruits SHP-1 in 
myeloid cells. CD300a is also expressed on human, but not mouse, NK cells and 
involved in cytotoxic function. However, the ligand for CD300a has not been 
identified and the physiological role of CD300a remained unclear.   
 
METHODS.  To identify the ligand for CD300a, we generated a chimeric fusion 
protein of the extracellular portion of CD300a with the Fc portion of human IgG 
(CD300a-Fc). We used the CD300a-Fc to screen for the expression of a CD300a 
ligand on primary hematopoietic cells and tumor cell lines by using flow 
cytometry.  
 
RESULTS.  Although the CD300a-Fc did not stain any viable cells tested, we 
found that CD300a-Fc bound apoptotic cells in a Ca2+-dependent manner. This 
binding was specifically inhibited by a neutralizing monoclonal antibody against 
CD300a. An immunoblotting study showed that CD300a-Fc directly bound 
phosphatidylserine (PS), which is exposed on the outer leaflet of the plasma 
membrane of apoptotic cells. Solid phase ELISA also demonstrated that CD300a 
bound PS in a CD300a dose-dependent manner. In contrast, although CD300d, 
a member of the CD300 family, contains the Ig-like domain in the extracellular 
portion with more than 90% homology with that of CD300a, it did not bind PS. 
SHP-1 recruitment was observed when mast cells were co-cultured with 
apoptotic cells in response to LPS. However, in the presence of MFG-E8, which 
is able to bind PS, CD300a did not recruit SHP-1, indicating that PS binding was 
required for SHP-1 recruitment by CD300a. 
 
CONCLUSIONS.  Our results show that CD300a is a new PS receptor. Apoptotic 
cells may regulate activation of NK cells as well as myeloid cells via the CD300a 
immunoreceptor. 
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TIM-3 ON HUMAN NK CELLS SUPPRESSES CELL-MEDIATED 
CYTOTOXICITY.  Lishomwa C. Ndhlovu1#, Sandra L. López-Vergès2,3# *, Jason 
D. Barbour1, Aashish R. Jha2, Eric C.M. Schoeffler2, Douglas F. Nixon2$ and 
Lewis L. Lanier2$.  1University of Hawaii, 2University of California San Francisco, 
3new address: ICGES, Panama. #first co-authors, $contributted equally to the 
work. 
Natural Killer (NK) cells are innate lymphocytes that play an important role 
against viral infections and cancer.  This is achieved through a complex mosaic 
of inhibitory and activating receptors expressed by NK cells that ultimately 
determine the magnitude of the NK cell response. The T cell immunoglobulin (Ig) 
domain and mucin domain-3 (Tim-3) receptor was initially identified as a Th1-
specific type 1 membrane protein involved in regulating T cell responses; 
however, human NK cells transcribe the highest amounts of Tim-3 amongst 
lymphocytes.Tim-3 protein is expressed on all mature CD56dimCD16+ NK cells, 
and is expressed heterogeneously in the immature CD56brightCD16– NK cell 
subset in blood from healthy adults and in cord blood.  Tim-3 expression was 
induced on immature CD56brightCD16– NK cells after stimulation with IL-12 and 
IL-18 in vitro, suggesting that Tim-3 is a maturation marker on NK cells.  NK cells 
expressing high amounts of Tim-3 were the most responsive with respect to 
cytokine production and cytotoxicity.  However, when Tim-3 was cross-linked 
with antibodies it suppressed NK cell-mediated cytotoxicity.  Our results show 
that Tim-3 is expressed on NK cells and is induced by activation with different 
cytokines, mainly IL-12 and IL-18, and that NK cells expressing Tim-3 are highly 
functional.  These findings were unexpected, as Tim-3 has been used to identify 
dysfunctional T cells.  Finally, our results suggest that NK responses may be 
negatively regulated when NK cells encounter target cells expressing cognate 
ligands of Tim-3.  (This work was funded by NIH grants, National Institute of 
Allergy and Infectious Diseases, the San Francisco-Gladstone Institute of 
Virology & Immunology Center for AIDS Research, the UCSF AIDS Biology 
Program of the AIDS Research Institute.  L.L.L. is an American Cancer Society 
Professor and S.L.L-V. was a Cancer Research Institute postdoctoral fellow.) 
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TIM-3 MEDIATED NK/CD8+T CELLS CROSS TALK IN CHRONIC HEPATITS B     
Di Zhao1, Min Guo1, Xiao Liu1, Hongxin Ma1, Xiaohong Liang1, Lifen Gao1, 
Chunhong Ma*1 1Institute of Immunology, Shandong University School of 
Medicine, 44# Wenhua Xi Road, Jinan, Shandong, 250012 P.R. China 
 
Background: By engagement with its ligand galectin-9, T cell immunoglobulin 
and mucin domain-3 (Tim-3) has been shown to play a pivotal role in many 
immune-related diseases, including chronic viral infection diseases. However, its 
function in chronic hepatitis B virus (HBV) infection has not been well-defined. 
We previously reported the elevated Tim-3 expression on NK cells which in turn 
suppress its functions in patients with chronic hepatitis B (CHB). Increased data 
demonstrate the important role of NK cells in immune regulation by cross talk 
with other immune cells. Here, in this study, we explore the Tim-3 mediated 
NK/CD8+T cross talk in CHB. 
Methods: Totally 111 CHB patients and 34 healthy controls are enrolled in the 
study. Tim-3 expression, CSFE proliferation assay and phenotype analysis were 
analyzed by flow cytometry. Magnetic beads were used for NK cells depletion or 
CD8T cells isolation from PBMC of CHB patients. Tim-3-Fc or alpha-lactose, the 
sugar that binds to the carbohydrate-binding domain of galectin-9, was involved 
to block Tim-3 pathway.  
Results: Tim-3 expression was significantly up-regulated on CD8+ T cells, 
especially CD8+CD28+ T cells rather not CD8+CD28- T cells in CHB patients. The 
proportion of Tim-3 expressing CD8+ T cells showed significantly positive 
correlation with HBV viral load. Tim-3 expressing CD8+ T cells had a higher 
expression of activated marker CD69 but failed to produce more IFN-gamma, 
Granzyme B, perforin or proliferate in response to HBs antigen peptide. Blocking 
Tim-3 mediated pathway in PBMCs enhanced IFN-γ expression and proliferation 
in CD8+ T cells of CHB patients. Depletion of NK cells or blocking Tim-3 pathway 
of NK cells destroyed the Tim-3 mediated suppression on CD8+ T cells. Both RT-
PCR and flow cytometry analysis confirmed the expression of galectin-9 on NK 
cells. 
Conclusions: Tim-3 was up-regulated in peripheral CD8+ T cells from patients. 
with CHB which reversely inhibit its functions. The Tim-3 mediated suppression 
on CD8+ T cells needs the presence of NK cells which might provide ligands to 
Tim-3. Therefore, engagement of Tim-3 with its ligand mediates NK/CD8+ T cells 
cross talk which inhibits the activity of CD8+T cells and NK cells in CHB patients. 
All these findings have an implication that Tim-3 represents a new therapeutic 
target in chronic hepatitis B infection. 
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TIM-3 IS AN INDUCIBLE HUMAN NATURAL KILLER CELL RECEPTOR THAT 
ENHANCES INTERFERON GAMMA PRODUCTION IN RESPONSE TO 
GALECTIN-9. Michelle K. Gleason**1, Todd R. Lenvik1, Valarie McCullar1, Martin 
Felices1, M. Shea O’Brien1, Sarah A. Cooley1, Michael R. Verneris1, Frank 
Cichocki1, Carol J. Holman1, Angela Panoskaltsis-Mortari1, Toshiro Niki2, 
Mitsuomi Hirashima2, Bruce R. Blazar1 and Jeffrey S. Miller1. 1University of 
Minnesota; 2Kagawa University, Japan. 
INTRODUCTION. Natural killer (NK) cell function is regulated by the integration 
of signals received from activating and inhibitory receptors. Recently, a novel 
receptor, T cell immunoglobulin and mucin-containing domain-3 (Tim-3), has 
been described to have various roles in immune regulation and is highly 
expressed on NK cells in mice and humans. These experiments were designed 
to test the hypothesis that Tim-3 acts to mediate human NK cell effector function. 
METHODS. Tim-3 expression on resting and cytokine activated adult peripheral 
blood NK cells (PBNK) from healthy donors and reconstituted NK cells obtained 
from patients after HCT was evaluated by flow cytometry. The NK92 NK cell line 
engineered to overexpress Tim-3 (NK92-Tim-3) and PBNK primed with IL-12/IL-
18 were exposed to soluble recombinant human galectin-9 (rhGal-9), Raji tumor 
cells engineered to express Gal-9 (Raji-Gal-9) or primary acute myelogenous 
leukemia (AML) targets that endogenously express Gal-9 and IFN-γ production 
was evaluated by Luminex and flow cytometry analysis.  
RESULTS. Among resting lymphocyte populations, the CD56+/CD3− NK cell 
population had the highest percentage of Tim-3-expressing cells (49±2%) 
compared to CD56+/CD3+ NKT (6±1%, P<0.001, n=10) and CD56–/CD3+ T cell 
populations (1±0%, P<0.001, n=10). Tim-3 expression was upregulated in 
response to IL-2, IL-15, IL-12 and IL-18 and had a minimal response to IL-7 or IL-
21. Reconstituted post-transplant NK cells from HCT recipients had reduced 
levels of Tim-3 expression compared to their normal paired donors (23±7% vs. 
53±2%, P=0.005, n=4) that correlated with impaired IFN-γ production. IFN-γ 
production in response to rhGal-9, Raji-Gal-9 targets, and primary AML Gal-9+ 
targets showed a marked increase in IL-12/IL-18 primed PBNK and NK92-Tim-3 
cells and was abrogated with Tim-3 blockade. Engagement of Tim-3 led to ERK 
activation and degradation of the inhibitor IκBα, indicating Tim-3 is involved in 
NFκB signaling.  
CONCLUSION. Our data collectively show that Tim-3 functions as an activating 
co-receptor in human NK cells to enhance IFN-γ production when primed with IL-
12/IL-18 and engaged by its ligand Gal-9. We propose a model whereby Tim-3 is 
upregulated by inflammatory cytokines and NK cell IFN-γ production is enhanced 
by Tim-3/Gal-9 interactions. This may facilitate the elimination of Gal-9+ tumors 
and thus has important implications for tumor targeting by NK cells. 
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XENORECOGNITION OF MOUSE MHC-I BY D0 DOMAIN OF KIR3DL1.   
Li Fu**1 and Deborah N. Burshtyn1. 1University of Alberta, Edmonton. 
 
INTRODUCTION. KIR3DL1 recognizes HLA-B molecules carrying the Bw4 motif. 
KIR3DL1 is notorious for its high degree of heterogeneity and association of 
various alleles with slower progression to AIDS. KIR3DL1 contains three Ig 
domains named D0, D1 and D2. While D1 and D2 were thought to parallel those 
domains in KIR2D, the role of the D0 domain has remained enigmatic until 
recently. We found that the D0 domain alone can weakly binds to a distinct 
secondary site away from the canonical site in the 12 region. The physical 
basis for this interaction was recently revealed by the co-crystal structure of 
KIR3DL1 and HLA-B51 in which the D0 directly contacts a conserved region on 
the MHC-I α1 domain (Nature 2011, 497:491). To map the D0-interacting region, we 
intended to generate HLA-B chimeras with mouse molecules. Surprisingly, our 
results indicate the D0 interaction extends to MHC-I of other species. 
METHODS. Studies were performed using KIR3DL1*001 and a KIR3DL1D0 
chimera with KIR2DL1.  For functional studies, the receptors were expressed in 
YTS cells and measured by lysis assay. For binding assays, receptors were 
produced as Fc-fusion proteins and binding measured by flow cytometry to 221 
cells expressing various HLA-B molecules or mouse cells expressing H-2b 
molecules (RMA, RMA-S, RIE.Db, RIE.Kb). Assays were performed in the 
presence of various antibodies. 
RESULTS.  KIR3DL1 and the D0 domain alone are able to bind to mouse MHC-I 
molecules H-2Db and Kb.  Similar to the interaction with HLA-B, the interaction is 
most sensitive to an antibody that interacts with the 3 domain of the mouse 
molecules (28-14-8S) but can be partially blocked by antibodies specific for the 
 domains. Moreover, the intact KIR3DL1 exhibits higher binding than the 
D02DL1 chimera suggesting the D1D2 domains contribute to the 
xenorecognition. Studies are underway to further map the interaction. 
CONCLUSIONS. These results suggest that the D0 domain interaction may 
represent a residual feature of KIRs as they evolved from receptors that did not 
discriminate MHC-I subtypes and raise a cautionary note for studies of KIR3DL1 
in mouse models. (supported by CIHR MOP36344) 
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ADAM17 mediates the shedding of FcγRIIIa/CD16A on activated NK Cells. Laurie 
Lajoie1,2, Nicolas Congy-Jolivet1,2,3, Hsueh C Sung1,2, Beatrice Clemenceau4, Thierry 
Moreau2,5, Franck Peiretti6, Henri Vié4, Valerie G Gouillleux-Gruart1,2,3 and Gilles J 
Thibault*1,2,3. 1CNRS 7292, 2University and 3CHRU, Tours, France, 4INSERM U892, 
Nantes, France, 5INSERM U1100, Tours, 6INSERM UMR 626, Marseille, France. 
INTRODUCTION.  Several goups including our own have shown that activation of NK 
cells by K562 cells, phorbol ester, anti-CD16 mAb or rituximab leads to 
FcγRIIIa/CD16A down-modulation by a metalloprotease-dependent pathway, 
however the metalloprotease involved in the shedding of FcγRIIIa has not been 
identified so far. It has been recently reported that ADAM17 (TACE) may be involved 
in the shedding of FcγRIIIb/CD16B expressed on polymorphonuclear cells. Given 
that the C terminus sequence containing the putative cleavage site of FcγRIIIb is 
similar to that of FcγRIIIa, we postulated that ADAM17 may be responsible for the 
shedding of FcγRIIIa on NK cells. The aim of this study was to confirm this 
assumption and to characterize the cleavage site of FcγRIIIa and FcγRIIIb. 
METHODS. The ability of the recombinant catalytic domain of ADAM 17 to cleave the 
extracellular form of recombinant FcγRIIIa was evaluated by ELISA and its ability to 
cleave the DABCYL-TQGLAVSTISSE-(EDANS)-NH2 peptide corresponding to the C 
terminus of CD16 was studied using a fluorogenic assay. The cleavage products of 
the peptide were analyzed by Maldi-Tof. The presence of ADAM17 protein on freshly 
isolated human NK cells was studied by flow cytometry (FCM) and western blot and 
the transcript by qRTPCR. The shedding of FcγRIIIa and of CD62L (a substrate of 
ADAM17) were studied by FCM in the presence of a physiological (TIMP-3) or a 
pharmacological inhibitor (TMI2) of ADAM 17, or in the presence of N-ethyl 
maleimide (NEM) a direct activator of ADAM. Finally, shRNA was used in CD16+ 
NK92 cells to study the effect of silencing ADAM17 on the expression of FcγRIIIa. 
RESULTS. Recombinant ADAM17 cleaved recombinant FcγRIIIa near the C 
terminus. It also cleaved the TQGLAVSTISS peptide corresponding to AA 191-200 of 
FcγRIIIa and FcγRIIIb. Maldi-Tof analysis of the cleavage products allowed to identify 
the cleavage site which is different from that previously reported for FcγRIIIb. 
Expression of ADAM17 was detected in freshly isolated human NK cells as well as in 
different NK cell lines. In addition, we observed a concentration-dependent inhibition 
of the shedding of FcγRIIIa and CD62L induced by phorbol ester or plate bound-anti 
CD16 mAb in the presence of TIMP-3 and TMI-2. Conversely, stimulation of NK cells 
with NEM induced a fast and strong downmodulation of CD16 on NK cells. In 
addition, our results show that the silencing of ADAM17 strongly affected the level of 
FcγRIIIa expresion on NK92 cells. Finally, we show that ADAM17-dependent 
FcγRIIIa/CD16A down-modulation is a surrogate marker of FcγRIIIa -dependent and 
-independent activation of NK cells. 
CONCLUSIONS. Our results support the conclusion that ADAM17 is expresed on 
human NK cells and mediates the shedding of FcγRIIIa induced by NK cell 
activation. The effect of ADAM17-dependent FcγRIIIa shedding on FcγRIIIa-
dependent functions such as antibody dependent cellular cytotoxicity is currently 
under investigation. The characterization of the cleavage site may be helpfull to 
design inhibitors of FcγRIIIa shedding, which could potentiate the FcγRIIIa-
dependent functional responses of NK cells and therefore the clinical responses to 
cytolytic monoclonal antibodies used in cancer patients. (This work was funded by 
the ANR, the INCA, the Canceropole Grand ouest, the Fondation Langlois and the 
region centre) 
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SOLVED THREE DIMENSIONAL STRUCTURES OF NKR-P1 PROVIDE 
MOLECULAR PARADIGMS FOR ITS INTERACTION WITH GLYCOPROTEIN 
AND CARBOHYDRATE LIGANDS. Lyubina Ivanova**1, Daniel Rozbesky1,2, Ondrej 
Vanek1,2, Petr Kolenko3, Tereza Skalova3, Jan Dohnalek3, Petr Man1,2, Petr Novak1,2, Karel 
Bezouska1,2 1Faculty of Science, Charles University, 2Institute of Microbiology, ASCR, 
3Institute of Macromolecular Chemistry, Prague, Czech Republic 
INTRODUCTION. NKR-P1 lymphocyte receptor family is critically involved in recognition 
of malignantly transformed, virally infected or stressed cells, tumor cells treated with genotoxic 
drugs, and immune mechanisms behind hypertension. Both certain carbohydrate sequences and 
Clr family glycoproteins have been identified as NKR-P1 ligands, but few details have been 
provided so far about the molecular details of these interactions. 
METHODS. We used recombinant protein expression, protein crystallization, X-ray 
diffraction, protein cross-linking, H/D exchange, molecular modeling, and printed 
oligosaccharide array to understand structural conditions for interaction of NKR-P1 receptors 
with their (glyco)protein and oligosaccharide ligands. 
RESULTS. The entire NKR-P1 family is defined by the presence of a large evolutionarily 
conserved protein loop having a distinct role in ligand binding. The solved three dimensional 
structures of mouse NKR-P1A provided important paradigms defining its interaction with 
ligands. Surprisingly, the loop is not necessary for binding of oligosaccharide ligands allowing 
to achieve very efficient receptor cross-linking at the surface of lymphocytes. We optimized 
eukaryotic expression protocols allowing to produce dimeric forms of fully active NKR-P1 
receptors including the native glycosylation and disulfide bonding. Dimeric proteins were 
labeled and analyzed on printed glycan arrays at Core H facility of CFG. Binding experiment 
revealed a remarkable specificity for carbohydrate sequences containing both α- and β-linked 
terminal N-acetyl-D-hexosamine residues.  
CONCLUSIONS. Our results show that evolutionarily conserved protein loop within the 
NKR-P1 family is essential for ligand recognition. In crystals of mouse NKR-P1A this loop is 
extended from the standard C-type lectin fold leading to domain swapping effect. However, 
solution studies of monomeric NKR-P1A receptors performed using NMR, protein cross-
linking, and isotope exchange experiments argue for an alternative position of this loop that 
appears to work as a molecular spring upon ligand recognition. Surface charge distribution 
appears to govern the specificity of NKR-P1 : Clr interactions. Binding of carbohydrates is loop 
independent leading to efficient receptor cross-linking and NK cell activation by dimeric 
carbohydrates. Data from printed glycan arrays allow to understand the participation of NKR-
P1 receptors in recognition of tumor carbohydrate neoantigens. (Supported by CSF 
(303/09/0477 and 305/09/H008), Charles University Prague (project UNCE#42), and by CFG). 
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STRENGTH AND SPECIFICITY OF KILLER-CELL IMMUNOGLOBULIN-LKE 
RECEPTORS FOR HLA-C ARE CONTROLLED BY POSITIVELY SELECTED 
POSITIONS IN THE MHC-BINDING REGION. Hugo G. Hilton**, Luca Vago†*, Ana Older 
Aguilar*, Achim K. Moesta*, Thorsten Graef*, Laurent Abi Rached*, Paul J. Norman*, Lisbeth A. 
Guethlein*, Katharina Fleischhauer§, Peter Parham*  

*Department of Structural Biology, and Department of Microbiology and Immunology, Stanford 
University School of Medicine, Stanford, USA; † Hematology and Bone Marrow Transplantation 
Unit, San Raffaele Scientific Institute, Milano, Italy; § Unit of Molecular and Functional 
Immunogenetics, San Raffaele Scientific Institute, Milano, Italy. 
 
Introduction: Positions 44, 68, 70 and 71 in the D1 domain and positions 131 and 
182 in the D2 domain of hominoid lineage III KIR are situated in or near the 
binding site for MHC-C and have been subject to positive natural selection during 
hominoid evolution. Given their location within the MHC class I binding region of 
the KIR molecule we hypothesized that these residues were selected for their 
direct functional effects on the interaction of hominoid lineage III KIR with MHC 
class I. 
Methods: To explore in depth the role of selection at the six positively selected 
sites in the MHC-binding region of lineage III KIR, we used mutagenesis to 
introduce all naturally occurring hominoid variation at these positions into the 
backbones of human C2-specific KIR2DL1 and C1-specific KIR2DL3. Fc-fusion 
proteins constructed from mutant and wild-type KIR were compared for their 
interactions with 95 HLA class I allotypes using a simple, robust, and quantitative 
binding assay.  
Results: Dimorphism at position 44 determines the C2 specificity of KIR2DL1 and 
the C1 specificity of KIR2DL3, whereas dimorphism at position 70 accounts for 
both the higher avidity of KIR2DL1 and the lower avidity of KIR2DL3 for HLA-C. 
Threonine 44, which is naturally present in the activating receptors KIR2DS3 and 
KIR2DS5 that do not bind to HLA class I, converts KIR2DL1 and KIR2DL3 into 
weak, C2-specific receptors. Glutamate 44, a residue known to impart C1+C2 
specificity to orangutan KIR, reduces the avidity of KIR2DL1 for C2 and imparts a 
weak C1+C2 specificity to 2DL3. Six different amino-acid residues are found at 
position 71 of hominoid lineage III KIR. All human lineage III KIR have glutamine 
71 except KIR2DS4, which has proline. Introduction of proline 71 into KIR2DL3, 
but not KIR2DL1, confers recognition of HLA-A*11:02, as assessed by binding 
assays and cellular recognition of target cells expressing the complex of HLA-
A*11:02 and the RLRAEQVK peptide from Epstein-Barr virus. When residues that 
are uniquely present in activating lineage III KIR were introduced into KIR2DL1 
and KIR2DL3 at positions 44, 70, 71 and 182, they caused 20-80% loss of avidity 
for HLA-C.  
Conclusions: Our study demonstrates the key contributions made by positive 
selection in human evolution in determining the specificity and avidity of lineage III 
KIR for HLA-C. Although dimorphism at position 44 determines the specificity of 
KIR2DL1 and KIR2DL3, in other contexts, position 44 can preserve specificity 
while reducing avidity. Position 70 variation is dominant in modulating the avidity of 
human lineage III KIR, contrasting with position 71 where variation has dominated 
species-specific evolution of hominoid lineage III KIR. As consequence of positive 
natural selection, the avidity of hominoid activating lineage III KIR for HLA-C has 
been progressively reduced.  
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INSECT CELLS TO ANALYZE THE INDIVIDUAL INTERACTION 
BETWEEN THE HUMAN ACTIVATING NATURAL KILLER CELL 
RECEPTOR NKp30 AND ITS LIGAND B7H6  Julia Herrmann**1, Hannah 
Berberich1, Jessica Hartmann1, André Cohnen2, Carsten Watzl2, and Joachim Koch1.  
1Georg-Speyer-Haus, Institute for Biomedical Research, NK Cell Biology, Germany, 
2Leibnitz Research Centre for Working Environment and Human Factors - IfADo, 
Germany 
INTROCUCTION.  NK cells belong to the innate immune system and eliminate virus-
infected and tumor cells. The natural cytotoxicity receptor family member NKp30 is a 
key player for NK cell mediated cytotoxicity. Recently, the 3D-structure of a partial 
NKp30 ectodomain was solved. However, this protein - refolded from E. coli inclusion 
bodies - neither contained the proximal stalk domain nor posttranslational 
modifications. Moreover, the authors failed to show ligand binding on target cells. 
Studies with bivalent NKp30::hIgG1-Fc fusion constructs demonstrated that the stalk 
domain as well as the glycosylation status of NKp30 are crucial for ligand binding 
(Hartmann et al., unpublished). Suggested ligands for NKp30 are BAG-6 and B7H6. 
Since the molecular details of the ligand recognition are poorly understood, we 
investigated the individual NKp30-B7H6 interaction. 
METHODS.  NKp30-functionalized insect cells were generated using the baculovirus 
expression system. Receptor surface expression and ligand binding were analyzed by 
flow cytometry and immunofluorescence staining. Furthermore, a soluble monovalent 
NKp30 variant - containing the whole ligand binding domain and the proximal stalk 
domain - was secreted by baculovirus-infected insect cells. The glycosylation status of 
the soluble monovalent NKp30 variant was analyzed by PNGase F treatment. The 
NKp30-B7H6 interaction was verified by flow cytometry and ELISA on cellular and 
molecular level. 
RESULTS.  Insect cells were successfully functionalized with human NKp30 as 
verified by immunoprecipitation, flow cytometry and immunofluorescence staining. 
The specific binding of the ligand B7H6 on NKp30-expressing insect cells was 
inhibited by an NKp30 blocking antibody. Additionally, the purified functional 
monovalent NKp30 ectodomain protein is N-linked glycosylated at all three predicted 
sites. NKp30 binds to B7H6 with nanomolar affinity in ELISA. This interaction could 
be competed with an NKp30 blocking antibody. 
CONCLUSIONS.  Insect cells can be employed to express a functional and soluble 
NKp30 ectodomain protein to study monovalent receptor ligand interactions. 
Furthermore, NKp30-functionalized insect cells are a suitable tool to investigate the 
individual receptor ligand interaction in a cellular context without immunological 
background. Notably, these cells might allow for assembly and functional 
characterization of partial immunological synapses between target cells and NK cells. 
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THE STALK DOMAIN AND THE GLYCOSYLATION STATUS OF THE 
ACTIVATING NATURAL KILLER CELL RECEPTOR NKP30 ARE 
IMPORTANT FOR LIGAND BINDING. Jessica Hartmann**1, Thuy-Van Tran1, 
Janina Kaudeer1, Julia Herrmann1, Isabell Quagliano1, Tobias Abel2, André Cohnen3, 
Andrea Jacobs4, Bernd Wollscheid4, Carsten Watzl3, and Joachim Koch1 
1Georg-Speyer-Haus, Institute of Biomedical Research, Frankfurt am Main, Germany, 
2Paul-Ehrlich-Institut, Division of Medical Biotechnology, Langen, Germany, 3Leibniz 
Research Centre for Working Environment and Human Factors – IfADo, Dortmund, 
Germany, 4ETH Zürich, Institute of Molecular Systems Biology, Zürich, Switzerland 
INTRODUCTION.  The human natural cytotoxicity receptors (NCRs) NKp30, NKp44 
and NKp46 are type I membrane proteins which are expressed mainly on the surface of 
natural killer (NK) cells. NKp30 is critical for NK cell cytotoxicity against virus-
infected and tumor cells, as well as immature dendritic cells. However, the interaction 
with its few known cellular ligands is poorly characterized on the molecular level. 
Therefore, we investigated the parameters which impact on ligand recognition of 
NKp30. 
METHODS.  NKp30-ECD::IgG1-Fc fusion variants were generated and purified from 
the culture supernatant of HEK293T cells after secretion. With these constructs cellular 
NKp30 ligand expression levels were analyzed on a variety of cell lines by flow 
cytometry and immunofluorescence staining. To investigate the influence of the stalk 
domain and the glycosylation status of NKp30 on ligand binding, fusion variants with 
stepwise truncations and substitution by a length-matched GS-linker as well as 
glycosylation deficient mutants were generated. The interaction of NKp30 with BAG-6 
(ELISA) and B7H6 (surface plasmon resonance) was investigated.  
RESULTS.  The various NKp30-ECD::IgG1-Fc fusion variants could be purified to 
milligram amounts. With the NKp30-ECD::IgG1-Fc fusion protein with stalk domain a 
variety of cell lines expressing high levels of NKp30 ligands could be identified. 
Further studies revealed that the flexible stalk region of NKp30 is an important module 
for ligand recognition. Moreover, we could demonstrate that the stalk domain provides 
not only a spacing effect but also the amino acid composition of the stalk domain 
influences ligand binding of NKp30. Mutational analyses verified that the ectodomain 
of NKp30 is N-linked glycosylated at all three consensus motifs. Furthermore, mono-, 
di- or tri-glycosylated NKp30 mutants differ in their ligand binding affinities. 
CONCLUSIONS.  We identified the so far neglected stalk domain of NKp30 as an 
important module for engagement of cellular ligands. Furthermore, we demonstrated 
that the integrity of the entire stalk domain with respect to sequence and length is 
essential for ligand binding. Moreover, we show that N-linked glycosylation of the 
ectodomain of NKp30 impacts on ligand binding affinity and might be a novel 
mechanism to tune NK cell cytotoxicity. 
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A SOLUBLE FRAGMENT OF THE NKp30 LIGAND BAG-6 INHIBITES NK 
CELL CYTOTOXICITY.  Janina Kaudeer**1, Steffen Beyer1, Jessica Funke1, 
Guennur Gueler2, Katrin Reiners3, Vitali Vogel2, Werner Maentele2, Elke 
Pogge von Strandmann3, Ulrike Koehl4 and Joachim Koch1. 1Georg-Speyer-
Haus, Institute for Biomedical Research, Frankfurt a. M., Germany, 2Institute 
of Biophysics, Goethe-University, Frankfurt a. M., Germany, 3Division of 
Antibody-Based Immunotherapy, University Hospital, University of Cologne, 
Germany,  4Pediatric Hematology and Oncology, Laboratory for Stem Cell 
Transplantation and Immunotherapy, University Hospital, Goethe-University, 
Frankfurt a. M., Germany.  
INTRODUCTION.  The NK cell natural cytotoxicity receptor NKp30 is a key-
player for immunosurveillance of tumor cells and the regulation of dendritic 
cell maturation. Recently, the nuclear protein BCL2-associated athanogene 6 
(BAG-6) was identified as a cellular ligand for NKp30. BAG-6 was found on 
the plasma membrane of immature dendritic cells (iDCs) and several tumor 
cells as well as on exosomes. The molecular details of the interaction 
between NKp30 and BAG-6 remain elusive. However, it is obvious that a 
better understanding of receptor-ligand interactions within the immunological 
synapse between NK cells and their target cells is crucial for the development 
of new NK cell-based anti-cancer therapies. 
METHODS.  In order to identify the interaction site(s) of NKp30 and BAG-6, 
we performed interaction studies with a soluble NKp30::IgG1-Fc fusion protein 
on peptide spot arrays of BAG-6. Systematically truncated BAG-6 variants 
were heterologously expressed in E. coli and purified to homogeneity by IMAC 
and subsequent size exclusion chromatography. Moreover, we have 
determined the oligomeric state and investigated the structural properties by 
analytical ultracentrifugation and CD spectroscopy. NKp30 binding to the 
BAG-6 was analyzed by co-immunoprecipitation and kinetic parameters were 
determined by ELISA. Cell decoration experiments were performed using flow 
cytometry. The influence of BAG-6 fragments on cytotoxicity (killing assay) 
and cytokine release (ELISA) of primary NK cells was analyzed.  
RESULTS.  We identified seven clustered interaction hot spots for NKp30 
within the C-terminal half of BAG-6. Based on these screens and further 
systematic truncation studies, we generated a soluble C-terminal fragment, 
which contained all binding hot spots. Structural investigation of this BAG-6 
hot spot fragment revealed a mainly alpha-helical fold and homodimer 
formation suggesting a domain character. Functional studies showed binding 
to living NK-92 cells and high affinity binding to NKp30::IgG1-Fc. Most 
importantly, the presence of BAG-6 hot spot fragment reduced the cytotoxicity 
and cytokine release of primary NK cells.  
CONCLUSIONS.  Based on our results, we suggest that the identified BAG-6 
fragment represents a tool to modulate NK cell activity and to study a possible 
tumor immune escape mechanism mediated by BAG-6 on exosomes. (This 
work was funded by the LOEWE Center for Cell and Gene Therapy Frankfurt.) 
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REGULATION OF B7-H6 EXPRESSION: A LIGAND FOR THE ACTIVATING 
NATURAL KILLER CELL RECEPTOR NKP30 IN HUMANS. Jessica Matta1,2,3, 
Myriam Baratin1,2,3, Celine Cognet1,2,3,4, and Eric Vivier*1,2,3,4. 1Centre d'Immunologie de 
Marseille-Luminy, Université de la Méditerranée UM 631, Campus de Luminy Case 906, 
13288 Marseille, France; 2Institut National de la Santé et de la Recherche Médicale, 
Unité Mixte de Recherche S 631, 13009 Marseille, France; 3Centre National de la 
Recherche Scientifique, Unité Mixte de Recherche 6102, 13288 Marseille, France ; 
4Assistance Publique, Hôpitaux de Marseille, Hôpital de la Conception, 13385 Marseille, 
France 
INTRODUCTION.  Natural killer (NK) cells are lymphocytes of the innate immune 
system that sense target cells through a panel of activating and inhibitory receptors. Upon 
recognition, they can kill target cells, and secrete regulatory cytokines. The group of 
Natural Cytotoxicity Receptors includes NKp46, NKp44 and NKp30 cell surface 
molecules. While multiple ligands for NKG2D and DNAM-1 have been identified, tumor 
cell surface ligands for NCRs have remained elusive, hindering a complete understanding 
of their role in tumor surveillance. A noticeable exception is a novel member of the B7 
family, B7-H6, which is a ligand for NKp30. B7-H6 triggers NKp30-mediated activation 
of human NK cells. B7-H6 was not detected in normal human tissues but was expressed 
on human tumor cells, emphasizing that the expression of stress-induced self-molecules 
associated with cell transformation serves as a mode of cell recognition in innate 
immunity. The mechanisms of regulation of B7-H6 expression are unknown. 
METHODS. We have generated a panel of monoclonal antibodies directed against B7-
H6. Using cytometric analysis and qRT-PCR, we analyzed the pathways that lead to the 
expression of B7-H6. 
RESULTS. We found that B7-H6 can be induced on normal cell upon various conditions 
of stress, indicating that B7-H6 expression is not limited to tumor cells. The 
characterization of the monoclonal antibodies and the dissection of the pathways 
involved in B7-H6 regulation will be presented and discussed. 
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CD226 involves in immune synapse formation and triggers NK cells 
activation via its first extracellular domain.   
Shengke hou1, Zhigang Tian1, Rui Sun1.   
1Institute of Immunology, School of Life Sciences, University of Science and 
Technology of China, Hefei 230027, China 
INTRODUCTION.  CD226 is an activation receptor of the NK cells. In previous 
study, CD226 involves in the immune synapse formation of the T cells. 
Interacting with its ligands CD155 and CD112, CD226 produces activated signals 
via its ITAM motif to active the NK cells. There are two domains constituted in the 
CD226 extracellular segment. The function of the CD226 is dependent which 
extracellular domain is unknown. 
METHODS.  We expressed and purified the CD226 IgV domain and the CD226 
IgV+ IgC domain respectively, both of which containing a His tag. Add the two 
protein segments to the target cells expressing the CD226 ligands. Then, we 
added the anti-His tag mAb-FITC to detect the adhesion of the proteins to the 
cells via flow cytometer. Next, we detect the affection of the two proteins to the 
conjunction and cytotoxity of the NK cells to its target cells. 
RESULTS.  After detecting the cells using flow cytometer, we discovered both 
the two proteins could bind to the targeted cells. The next functional experiments 
showed that both the two proteins could block the conjunction and cytotoxity of 
the NK cells to its target cells. 
CONCLUSIONS.  Our results show that the CD226 molecular plays its role via its 
first extracellular domain, the IgV domain. The IgV domain could recognize the 
ligands of the CD226. The next step, we want to examine the immune synapse 
via confocal microscopy directly and to explore the CD226 activated signal 
pathways in the NK cells. 
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Crystallization and preliminary X-ray diffraction of NK cell inhibitory 
receptor TIGIT  Jiacheng Bi1, Zhigang Tian1, Rui Sun1 
1Department of Immunology, School of Life Sciences, University of Science 
and Technology of China, Hefei, Anhui 230027, China; Hefei National 
Laboratory for Physical Sciences at Microscale, Hefei, Anhui 230027, China.  
 
INTRODUCTION.  TIGIT (T cell immunoglobulin and ITIM domain) is a cell 
surface receptor reported to inhibit NK cell cytotoxicity. However, the structural 
basis underlying the negative regulation by TIGIT remains unknown. In this 
study, we tried to solve the structure of TIGIT and elucidate the interaction of 
TIGIT and its ligand. 
METHODS.  Predicted ectodomain (22~141) of human TIGIT protein was 
expressed in Escherichia coli BL21(DE3) at 37 °C as inclusion body followed 
by denaturing with urea and refolding by dilution. Renatured protein was 
concentrated by ultrafiltration and purified by HitrapQ anion exchange 
chromatography and S200 size exclusion chromatography. The purified 
protein was concentrated by ultrafiltration and crystallized by using the 
hanging drop vapor-diffusion method at 4 °C. For crystallization of 
selenomethionine derivatives, point mutations (L95M and L124M) were 
introduced. To seek better crystallization, shorter constructs were made in 
which the original protein was truncated at the C-terminus to different lengths 
(107, 112 and 116). 
RESULTS.  TIGIT ectodomain was crystallized in a number of commercially 
availlable conditions. The crystals were diffracted to 4.5-Å for the highest 
resolution. One of the truncated versions of TIGIT ectodomain (116) got the 
best results for X-ray diffraction. Further improvements were being made to get 
higher resolution of the crystals. 
CONCLUSIONS.  To date, there have been no reports of ligand-binding sites 
of TIGIT. We hope that our work could solve the high resolution structure of 
TIGIT and shed light on its receptor-ligand interaction mechanisms. 
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THE UNFOLDED PROTEIN RESPONSE INDUCES THE RESISTANCE OF 

HEPATOMA CELLS TO NK CELLS’ CYTOTOXICITY. Lihua Chen
*
, Jiuyu 

Gong, Rongrong Liu, Liang Fang, Ran Zhuang, Yun Zhang, and Boquan Jin. 
Department of Immunology, the Fourth Military Medical University, Xi’an, 
China,710032 

INTRODUCTION. NK cells’ activating receptors such as CD226 and NKG2D 

play important roles in anti-tumor immunity. Meanwhile it has been proven that 

ligands of NK cells’ activating receptors(CD112, CD155 and MICA/B) which 

are expressed on a series of tumor cells could also affect the cytotoxicity of NK 

cells to tumor cells. In this study, the mechanisms of how tumor cells regulate 

the expression levels of CD112, CD155 and MICA/B have been investigated.  

METHODS. The human hepatoma cell lines HepG2 and SMMC7721 were 

treated with 3 μg/ml tunicamycine for 12h, 24h and 36h to induce the unfolded 

protein response. Then the expression of GRP78 was analyzed by western 

blot and the expression level of spliced XBP-1 was analyzed by 

semiquantitative PCR. The protein levels of CD112, CD155 and MICA/B were 

detected by flow cytometry and the mRNA levels were detected by RT-PCR. 

The Human NK cell line NKL which highly expressed CD226 and NKG2D was 

used as effector cells in cytotoxic analysis. The ER stress related molecules 

ATF6, IRE1, PERK and the ERAD molecule HRD1 were knocked down by 

chemosynthetic specific siRNA. The expression patterns of CD112, CD155, 

MICA/B and GRP78 in paraffin section of hepatoma tissues from patients with 

hepatoma of different TNM grades were analyzed with immunohistochemistry 

and the correlation of the expression levels of these molecules were analyzed 

with spearman’s rank correlation test. 

RESULTS. Here we showed that the unfolded protein response induced by 

tunicamycin could decrease the expression levels of CD112, CD155 and 

MICA/B on hepatoma cells via the ATF6 and IRE1 pathway and induce the 

resistance of hepatoma cells to NK cells’ cytotoxicity. Furthermore, the IRE1 

pathway increased the expression of the ER associated degradation (ERAD) 

related molecule HRD1 and facilitated the degradation of CD112, CD155 and 

MICA/B. Moreover, we demonstrated that the expression levels of CD112, 

CD155 and MICA/B in hepatoma tissues were inversely correlated with the 

expression level of GRP78 and the TMN grade of hepatocellular carcinoma in 

vivo.  

CONCLUSIONS. Our findings suggest that the production of HRD1 is 

up-regulated to facilitate the hepatoma cells escape from the NK cells’ 

cytotoxicity by degrading the ligands expression of the NK cells’ activating 

receptors. The results we got would not only provide the theoretical and 

experimental evidence to understand the pathogenesis process and immune 

escape mechanisms of hepatoma, but also lead to new ideas on the 

immunotherapy of hepatoma patients. 
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IDENTIFICATION OF HUMAN NK CELLS WITH SIGNALING FcR  CHAIN

DEFICIENCY AND SPECIALIZED FUNCTIONAL ACTIVITY. Ilwoong Hwang**1,
Tianxiang Zhang1, Jeannine M. Scott1, Ae Ra Kim1, Taehyung Lee1, Tejaswi
Kakarla1, John B. Sunwoo2, and Sungjin Kim1. 1Michigan State University,
2Stanford University School of Medicine
INTRODUCTION. NK cells respond to virus-infected or tumor cells using the
activating Fc receptor for antibody (IgG) bound to target cells, as well as several
other activation receptors that bind targets directly. NK cell activation through
these receptors critically depends on signaling adaptors such as Fc receptor 

and  chains, which are thought to be expressed by all NK cells. However, we

have identified a novel subset of human NK cells that are deficient for  adaptor

chain and display specialized functional activity.
METHODS. NK cell functional activities, including cytokine and chemokine
production as well as CD107a expression, were analyzed by flow cytometry
following stimulation of freshly isolated human PBMCs. Surface marker and
intracellular adaptor chain expression were analyzed by flow cytometry and
verified by western blot and RT-PCR analysis.
RESULTS. The -deficient NK cells belonged to the CD56dim population and

constituted as much as 80% of the total NK cell pool depending on the donor.
Upon Fc receptor engagement, they produced much greater amounts of
cytokines and chemokines compared to conventional ( -chain expressing) NK

cells.  However, -deficient NK cells were significantly less responsive to cytokine

stimulation and tumor targets, and they displayed a distinctive phenotype,
including dramatically reduced expression of natural cytotoxicity receptors,
NKp30 and NKp46.
CONCLUSIONS. These findings reveal -deficient NK cells as specialized

effector cells that exhibit enhanced Fc receptor-dependent immune responses to
antibody-bound targets, but poor activity against tumor targets. Our findings also
illustrate a novel mechanism for innate immune cell diversification. (This work
was supported in part with NIH and MSU start-up funds)
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Retargeted Natural Killer Cells for Adoptive Cancer Immunotherapy 
 
Kurt Schönfeld1, Christiane Sahm1, Christian Brendel1, Sylvia Köhler1, Sonja 
Naundorf2, Marcus Odendahl3,4, Ulrike Köhl5, Torsten Tonn3,4, Manuel Grez1, 
Winfried S. Wels1* 
 
1Chemotherapeutisches Forschungsinstitut Georg-Speyer-Haus, Frankfurt am 
Main; 2EUFETS GmbH, Idar-Oberstein; 3Med. Faculty Carl Gustav Carus, TU 
Dresden and 4German Red Cross Blood Donation Service East, Dresden; 
5Pediatric Hematology and Oncology, University Hospital, Frankfurt am Main, 
Germany 
 
INTRODUCTION. In addition to donor-derived primary Natural killer (NK) cells, 
also continuously growing cytotoxic cell lines such as NK-92 hold promise for 
cancer immunotherapy. In preclinical studies NK-92 showed high cytotoxicity 
against malignant cells of hematologic origin, and safety of infusion of NK-92 
cells was established in phase I clinical trials. To further enhance their 
therapeutic utility and provide NK-92 cells with pre-determined tumor-cell 
specificity, we previously generated genetically modified variants that express 
chimeric antigen receptors (CAR). These prototypic CAR were composed of a 
tumor-specific single chain Fv antibody fragment fused via a flexible hinge region 
to CD3 zeta chain as an intracellular signaling moiety. The retargeted NK cells 
displayed high cytotoxic activity, and selectively killed antigen positive and 
otherwise NK-resistant targets. As a prerequisite for application of ErbB2 
(HER2)-specific NK cells in cancer patients, here we developed humanized and 
codon-optimized CAR constructs to reduce immunogenicity and improve 
expression in NK-92 cells. 
 
METHODS. In addition to a CAR employing the ErbB2-specific scFv(FRP5) 
antibody fragment for target-cell recognition and human CD3 zeta chain as a 
signaling moiety, we also investigated CAR with composite signaling domains. 
CAR constructs were stably introduced into NK-92 by lentiviral gene transfer, 
CAR-expressing single cell clones were isolated by FACS sorting, and 
functionality was characterized. 
 
RESULTS AND CONCLUSIONS. CAR containing CD3 zeta (5.z), or CD28 and 
CD3 zeta domains (5.28.z) showed highest expression levels, with NK cells 
expressing the latter displaying most selective killing activity towards ErbB2-
expressing breast carcinoma, medulloblastoma and glioblastoma cells. Based on 
these results, a clinically applicable lentiviral 5.28.z CAR vector was derived, 
protocols for GMP-compliant transduction of NK-92 cells were developed, and a 
functionally and molecularly defined clonal NK-92/5.28.z cell line for clinical 
development was established. 
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ETHNICITY INVALIDATES AN ASSOCIATION OF HLA AND KIR GENES IN 
LIVER FIBROSIS PROGRESSION RELATED TO CHRONIC HEPATITIS C.  
Yume T. Phung1, Mohamed S. Kohla1,2, Komal M. Singh**1, Billy Lan3, Sharon Chan3, 
Virginia Tugade2, Shana Rheault1, Irina Rudnik1, Kimberley Page4, Peter Davidson4 Adil 
Wakil1,2,5, Robert W. Osorio2, David Eckels2, Sandy Feng3, Stewart L. Cooper1,2,5  
1 Liver Immunology Laboratory and 2 Department of Transplantation, California Pacific Medical Center, San 
Francisco; 3 Department of Transplantation, University of California, San Francisco; 4 Department of 
Epidemiology, University of California, San Francisco. 5 Division of Hepatology, Sutter Pacific Medical 
Foundation and California Pacific Medical Center, San Francisco. 

INTRODUCTION. Chronic infection with hepatitis C virus (cHCV) is a leading 
cause of cirrhosis and liver transplantation. HCV is not cytopathic and in cHCV 
liver injury is likely immune-mediated. Natural killer (NK) cells are abundant in the 
liver and play a vital role in immune control during acute HCV (aHCV). A role for 
NK cells in cHCV is understudied. The function of human NK cells is orchestrated 
by polymorphic repertoires of activating and inhibitory KIR receptors specific for 
HLA class I ligands. A seminal study found that homozygosity for the weak 
inhibitory receptor KIR2DL3 and its HLA-C1 ligand conferred protection against 
low-inoculum HCV infection, presumably by permitting stronger activation. 
However, some individuals homozygous for the KIR2DL3/HLA-C1 compound 
genotype (h-2DL3/C1) fail to resolve aHCV and progress to cHCV. We 
hypothesized that in cHCV, h-2DL3/C1, and potentially other KIR-ligand pairs, 
might preferentially lead to strong NK activation, liver injury and cirrhosis. 
MATERIALS AND METHODS.  KIR and HLA genotyping was conducted in 771 
individuals: 382 with HCV-cirrhosis, 157 with cHCV but no cirrhosis (47 with long-
term non-progression) and 232 HCV-exposed young injection drug users. 
Genomic DNA was extracted from PBMC and each sample was typed for 16 KIR 
genes using SSP-PCR. HLA-C1/C2 ligands were distinguished by nested-PCR, 
and HLA-A/B typing using a Luminex™ platform. The different subject groups 
were compared for KIR-ligand content. The comparison was then extended to a 
previously characterized HCV cohort (n=1037). Statistical analysis was 
performed using Chi-square tests. Subjects in respective groups were stratified 
by (self-assigned) ethnicity and the analysis was repeated.  
RESULTS. The KIR-ligand compound genotype frequencies among the 382 
cirrhotic subjects were compared with the other groups. Consistent with our 
hypothesis, the frequency of h-2DL3/C1 (75/382 19.6%) indeed appeared 
significantly higher (p=0.0013) than among non-cirrhotic cHCV subjects (84/683 
12.3%). However, when groups were stratified by ethnicity and location, the h-
2DL3/C1 frequency in Northern Californian Caucasian (NCC) cirrhotic (52/261 
19.9%), non-cirrhotic cHCV+ (22/123 17.9%) and HCV-exposed young (32/172 
18.6%) subjects was similar. While the cirrhotic NCC h-2DL3/C1 frequency was 
also similar among cHCV+ Caucasians from the Eastern US (59/355 16.6%), it 
significantly exceeded (p=0.01) that among cHCV+ Caucasians from the UK 
(25/217 11.5%) as well as African Americans (AA) with cHCV (16/176 9.1%) 
(p=0.002). When homozygous KIR and ligand frequencies were investigated 
separately, KIR2DL3 displayed only minor fluctuations between groups and 
ethnicities. In contrast, there were striking differences in HLA-C1 distribution, 
greatest between cirrhotic NCC (109/261 41.8%) and: i) cirrhotic NC AA (5/29 
17.2%, p=0.01); ii) cHCV+ AA from Eastern US (63/271 23.3%, p=.000005), but 
also with: iii) UK Caucasians (116/340  34.1%, p=0.05).  
CONCLUSIONS. In cHCV, h-2DL3/C1 does not portend progression to cirrhosis.  
Our study highlights that population structure, even within Caucasians, can 
generate spurious disease associations with KIR-ligand combinations—including  
with KIR2DL3 and its HLA-C1 ligands, which are being studied intensively.  
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MULTI-PATHWAY GENE DEREGULATION AND CHRONIC ACTIVATION 
IN ETS1-DEFICIENT NATURAL KILLER CELLS. 

 
Kevin Ramirez1, Katherine J. Chandler2, Sasan Zandi3, Mikael Sigvardsson3, Barbara J. 

Graves2 and Barbara L. Kee1,4* 
 

Committee on Immunology1, Department of Pathology4, The University of Chicago, 
Chicago IL 60615, Department of Oncological Sciences2, University of Utah School of 
Medicine, Huntsman Cancer Center, University of Utah, Salt Lake City, UT 84112, and 
Experimental Hematopoiesis Unit3, Faculty for Health Sciences, Linkoping University, 

Linkoping, Sweden. 
 
INTRODUCTION: Multiple transcription factors guide the development of mature 
functional natural killer (NK) cells yet little is known about their function. For example, 
ETS1 was among the first transcription factors shown to be required for development of 
mature (M) NK cells and the few mNK cells that develop in Ets1-/- mice fail to kill classic 
NK cell targets. Nonetheless, relevant targets of ETS1 have not been identified in NK 
cells and the mechanisms underlying the functional defects in Ets1-/- mNK cells remain to 
be determined. METHODS: We used global gene expression profiling and genome wide-
binding analyses combined with developmental and functional studies to unveil three 
novel roles for the ETS1 transcription factor in NK cells. RESULTS: We demonstrated 
that ETS1 functions at the earliest stages of NK cell development to promote expression 
of critical transcriptional regulators including T-BET and ID2, NK cell receptors (NKRs) 
including NKG2D, NKp46, Ly49H and Ly49D and signaling molecules essential for 
NKR function. As a consequence, Ets1-/- NK cells fail to degranulate after stimulation 
through activating NKRs. Nonetheless, these cells are hyper-responsive to cytokines and 
have characteristics of chronic stimulation including increased expression of inhibitory 
NKRs and multiple activation-associated genes. CONCLUSONS: We conclude that 
ETS1 regulates a broad gene expression program in NK cells involving multiple 
pathways that promotes target cell recognition and limit cytokine driven activation. 
(Supported by grants from the NIH:CA099978, GM38663, T32AI007090 and the 
Leukemia and Lymphoma Society) 
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