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General information 
 

NK cell symposium 10th of September – 12th of September 2018 
 

Invited speakers and venues 
 
Meeting venue 
 

The meeting will take place in the Auditorium (Lecture Hall) of the Institute of 
Neuroanatomy, Building N61, University Medical Center Hamburg-Eppendorf 
(UKE), Martinistraße 52, 20246 Hamburg, Germany. 
 
Invited Speakers 
 

 Zusen Fan, China 
 David Finlay, Ireland 
 Salim Khakoo, UK 
 Ming Li, USA 
 Emily Mace, USA 
 Ashley Moffett, UK 
 Joseph C. Sun, USA 
 Hergen Spits, Netherlands 
 Sophie Ugolini, France 
 Eric Vivier, France 
 
Conference dinner location 
La Vela 
Ristorante & Wine Bar 
Große Elbstraße 27, 22767 Hamburg 
Germany  
 
Internet Access 
Free Wifi will be available at the conference venue using the UKE_freeWiFi network. No 
password is required. Alternatively, the eduroam network can be utilized using your own 
eduroam credentials. 
 
Organizing Committee Local Organizing Committee 
 Marcus Altfeld  Angelique Hölzemer 
 Andreas Diefenbach  Christian Körner 
 Chiara Romagnani  Anja Lindemann 
 Carsten Watzl  Sebastian Lunemann 
  Glòria Martrus 
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Transportation  
 
Arrival at Hamburg airport 
The city railway line (S1) and the express bus line 39 are stopping directly at the airport. 
Tickets (Einzelkarten, Hamburg AB) can be bought on the way to the platforms at a DB ticket 
machine or on the bus. You have several options to get to the UKE: 
 

1. Take the S1 until Ohlsdorf (1 stop), switch platforms to take the U1 direction Ohlstedt 
to Hudtwalckerstraße (4 stops) and switch there to take the bus line 20 direction to 
Altona until UK Eppendorf (4 stops). The trip takes 40 min. 

2. Take the express bus line 39 at the airport (direction Teufelsbrück) until Frickestraße 
(11 stops) and walk through the back entrance of the UKE (off Geschwister-Scholl-
Straße) (see map). The trip takes 40 min. 

3. A cab from Hamburg airport will cost app. 20 €.  
 
Arrival at Hamburg central station or Hamburg Dammtor 

1. From Central Station: Take the Metro-Bus 5 (HBF/Mönckebergstraße) direction 
Burgwedel/Nedderfeld to Brunsberg (14 stops). From Dammtor: Take the Metro-Bus 
5 direction Burgwedel/Nedderfeld to Brunsberg (8 stops). From there, it is a 10-15 
min walk to the Anatomie Hörsaal at the building N61. Take the back entrance of the 
UKE (off Butenfeld) (see map). The whole trip takes 35 min. 

2. A cab from Hamburg central station will cost approx. 20 €.  
 
From designated accomodations 
 

Dorint Hotel Hamburg-Eppendorf: Martinistraße 72, 20251 Hamburg. 7 min walking 
distance through the UKE campus.  
Hotel Vorbach: Johnsallee 63 – 67, 20146 Hamburg. Take Metro-Bus 5 (direction 
Burgwedel) from Universität/Staatsbibliothek to Brunsberg. The trip takes 23 min.  
Mercure Hotel Hamburg-Mitte: Schröderstiftstraße 3, 20146 Hamburg. Take Metro-Bus 
5 (direction Burgwedel) from Grindelhof to Brunsberg. The trip takes 22 min.  
 

Transportation Congress Dinner location 

La Vela 
Große Elbstraße 27, 22767 Hamburg 
 

Shuttle Service 
1. Bus (leaving Dorint Hotel Eppendorf, Martinistraße 71, 20251 Hamburg) 

Departure Time:  7pm  (11th of Sept. 2018) 
2. Bus (leaving Mercure Hotel, Schroederstiftstr.3, 20146 Hamburg) 

Departure Time:  7pm  (11th of Sept. 2018) 
 

Return Trip (stopping at Mercure Hotel with final destination Dorint Hotel): 
1. Departure Time:  12am  (12th of Sept. 2018) 
2. Departure Time:  1am  (12th of Sept. 2018) 
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Geographical maps 
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Program at a glance 
 

  10th of September 
TIME Lecture Hall, Institute for Neuroanatomy (Building N61)  

08:30-18:00 Registration opens 
09:30-12:30 Young Academy Meeting 
13:45-14:00 Welcome address: Marcus Altfeld 

14:00-15:40 Session I: NK cells and infection  
Chair: Lutz Walter 

14:00-14:40 Salim Khakoo - KIR2DS2 recognizes highly conserved flaviviral peptides in the 
context of MHC class I 

14:40-14:55 
Markus Uhrberg - KIR polymorphism modulates the size of the adaptive NK cell pool in 
chronic HCMV infection 

14:55-15:10 
Martha Böning - Role of ADAP in NK cell-activation and the initiation of innate immunity to 
bacterial infections 

15:10-15:25 Christine Thöns - NK cells from CMV-Seropositive Donors Inhibit Virus-Specific CD8 T cells 

15:25-15:40 
Sebastian Lunemann - Interactions Between KIR3DS1 and HLA-F Activate Natural Killer Cells 
to Control HCV 

15:40-16:15 Coffee Break 

16:15-17:55 
Session II: NK cell subsets and memory 

Chair: Chiara Romagnani 

16:15-16:55 Joseph Sun - Epigenetic control of NK cell memory 

16:55-17:10 
Victoria Stary - Human liver- and skin-derived NK cells exhibit antigen-specific memory 
responses 

17:10-17:25 Judith Secklehner - Intravascular resident Natural Killer cells shape neutrophil dynamics in the 
pulmonary vasculature 

17:25-17:40 Stephanie Jost - Semaphorin 7A as a potential immune regulator of cytokine-induced 
memory-like responses by human natural killer cells 

17:40-17:55 Beatrix Petersen - NKG2 receptors in CMV-infected rhesus macaques 

18:00-18:30 
General Assembly of the NK Cell Study Group in the German Society of 
Immunology 

18:30-20:00 Poster Session 1 (even numbers) - Welcome Reception - sponsored by Affimed 
20:00-21:30 Meet and Greet 

 
 

  11th of September 
TIME Lecture Hall, Institute for Neuroanatomy (Building N61)  

09:00-10:40 
Session III: NK cell function and metabolics 

Chair: Adelheid Cerwenka 

09:00-09:40 David Finlay - What fuels Natural Killer Cell anti-tumour responses 

09:40-09:55 Cathal Harmon - Lactate mediated acidification of tumour microenvironment induces 
apoptosis of liver-resident NK cells in colorectal liver metastasis 

09:55-10:10 Hanna van Ooijen - Natural killer cells switch mechanism of cytotoxicity from Granzyme B to 
Caspase 8-induced cytolysis during serial killing 

10:10-10:25 
Lutz Walter - Transcriptomic and functional analyses of human NK cells suggest a role for 
NMUR1 as specific stimulator of CD56dim NK cells 

10:25-10:40 
Evelyn Ullrich -Enhancing the activation and releasing the brakes of NK cells for treatment of 
Multiple Myeloma 

10:40-11:10 Coffee Break 
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11:10-12:50 
Session IV: NK cell development and education 

Chair: Markus Uhrberg 

11:10-11:50 Sophie Ugolini - Neuroendocrine regulation of NK cell functions  

11:50-12:05 Thuy Luu - SHP-1, Reactive Oxygen Species, and General Phosphorylation Status are Linked 
with Functional Education of NK cells 

12:05-12:20 
Annika Niehrs - Identification of HLA-DP molecules as new ligands for the natural 
cytotoxicity receptor NKp44 

12:20-12:35 
Vera Schwane - Deep immune-receptor profiling reveals significant differences in NK-cell 
receptor repertoires between individuals and functionally divergent NK-cell subsets 

12:35-12:50 Kerstin Stegmann - Hepatocytes promote survival of liver-resident NK cells 

12:50-14:20 Lunch Break 

14:20-16:25 
Session V: ILCs and NK cells in tissues 

Chair: Jan-Eric Turner 

14:20-15:00 Zusen Fan 

15:00-15:15 
Ralf Dressel - The cardiac ejection fraction is preserved in mice lacking innate lymphoid cells 
(ILCs) despite pressure overload 

15:15-15:30 Jan Raabe - Role of human ILC3 in the modulation of hepatic fibrogenesis 

15:30-15:45 Christine Zimmer - NK cells are robustly activated and primed for skin-homing during acute 
dengue virus infection in humans 

15:45-16:25 Eric Vivier - Innate Lymphoid cells: heterogeneity and cancer immunotherapy 

16:25-16:55 Coffee Break 
16:55-18:15 Poster Session 2 (odd numbers)  

19:00 Departure of buses from Hotels to Dinner Location 
19:30 Dinner for all registered participants at La Vela Restaurant 

 

  12th of September 
TIME Lecture Hall, Institute for Neuroanatomy (Building N61)  

09:00-09:40 Ashley Moffett - Interaction of uterine NK cells with placental trophoblast cells 

09:40-11:05 
Session VI: NK cell imaging and new technologies 

Chair: Carsten Watzl 

09:40-10:20 
Emily Mace - Multiscale quantitative image analysis of human NK cell 
development 

10:20-10:35 
Valentina Carannante - Characterization of Poliovirus Receptor in 3D cultures of Renal 
Carcinoma cells and its role in shaping Natural Killer cell activity in the tumor 
microenvironment 

10:35-10:50 
Veit Buchholz - Retrogenic color-barcoding for in vivo fate-mapping of single NK cells during 
infection 

10:50-11:05 Congcong Zhang - Preclinical characterization of an off-the-shelf chimeric antigen 
receptor-engineered NK cell therapeutic for adoptive cancer immunotherapy 

11:05-11:35 Coffee Break 

11:35-14:00 
Session VII: NK cells and cancer 

Chair: Ingo Müller 

11:35-12:15 Ming Li - Re(de)fining type 1 innate lymphocytes in the face of cancer 

12:15-12:30 
Florian Babor - CD16xCD33 and CD16xIL15xCD33 Bi- and Trispecific Killer Cell Engagers 
(BiKE/TriKE) as potential immunotherapy in Pediatric Patients with AML and Biphenotypic 
ALL 

12:30-12:45 
Joachim Koch - Developing first-in-class immune cell engagers to redirect and activate 
immunity to fight cancer 

12:45-13:00 Anais Eberhardt - Decipher the role of IL-33 as an activator of NK cells anti-tumor activity 

13:00-13:40 Hergen Spits - Identification of novel transitional ILC populations in human 

13:40-14:00 Final remarks/Prizes and Departure 



INVITED TALK

1
KIR2DS2 RECOGNIZES HIGHLY CONSERVED FLAVIVIRAL PEPTIDES IN THE
CONTEXT OF MHC CLASS I 

Salim Khakoo1

1University of Southampton, s.i.khakoo@soton.ac.uk

Background
The activating KIR have substantial population diversity indicative of pathogen-mediated selection.  Despite the observation that they
have high sequence homology in their extracellular domains with inhibitory KIR, their specificity has been difficult to determine.  As KIR
bind MHC in a peptide dependent manner, we have investigated recognition of viral peptides by the activating KIR, KIR2DS2. 

Results
Following  a  screen  of  hepatitis  C  virus  peptides,  we  identified  one  peptide  LNPSVAATL  that  induced  activation  of  NK  cells  from
KIR2DS2-positive  NK  cells  in  the  context  of  HLA-C*0102.   This  peptide  induced  binding  of  a  KIR2DS2-tetramer  to  TAP-deficient
721.174 cells and, phosphorylation of VAV1 and DAP12 in KIR2DS2-positive NKL cells.  LNPSVAATL was recognised by KIR2DS2
when endogenously presented and was sufficient for recognition by KIR2DS2+ NKL cells in the context of HLA-C*0102 in an in vitro
replication system. This peptide is in the viral NS3 helicase and is conserved in >98% HCV sequences. Furthermore, in a cohort of
HCV-exposed individuals, KIR2DS2 in combination with group 1 HLA-C ligands was associated with spontaneous resolution of HCV
(p<0.05).
Screening of related viruses for KIR2DS2-binding peptides identified a highly conserved peptide sequence (MCHAT), also in the NS3
regions of 63 of 66 Flaviviridae, including dengue, Zika, Japanese encephalitis and yellow fever viruses. Peptides derived from these
viruses  and  containing  this  sequence  all  bound  HLA-C*0102,  KIR2DS2-tetramers  and  activated  KIR2DS2+  NKL  cells.   Using  a
minigene system we showed that KIR2DS2+ NK cells can recognise the dengue/Zika peptide endogenously, and in a dengue virus
replicon system KIR2DS2-positive NKL cells specifically recognised dengue virus in the context of HLA-C*0102.  

Conclusion
We  identify  KIR2DS2  as  an  antigen-specific  NK  cell  receptor  that  recognises  highly  conserved  sequences  from  multiple  viruses.  
These data suggest that flaviviruses could be one driver for the natural selection of KIR2DS2.
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SELECTED SHORT TALK

2
KIR polymorphism modulates the size of the adaptive NK cell pool in chronic
HCMV infection

Angela R. Manser1, Ricarda Ising1, Nadine Scherenschlich1, Hartmut Hengel2, Jörg Timm3, Markus Uhrberg1

1Institute for Transplantation Diagnostics and Cell Therapeutics, Heinrich Heine University, Düsseldorf, Germany, 2Institute of
Virology,University Medical Center, Albert-Ludwigs-University Freiburg, Germany, 3Institute for Virology, Heinrich Heine
University,Düsseldorf, Germany, Markus.Uhrberg@med.uni-duesseldorf.de

Acute  infection  with  human  cytomegalovirus  (HCMV)  induces  the  development  of  NKG2C+  NK  cells,  which  show  distinct  adaptive
features  such  as  a  primed  state  and  high  sensitivity  to  antibody-mediated  activation.  In  about  one  third  of  chronically  infected
individuals,  NKG2C+  NK  cells  are  expanded  to  more  than  10%  of  the  total  NK  cell  subset.  In  most  cases,  these  expansions  are
accompanied  by  expression  of  a  cognate  inhibitory  KIR  with  specificity  for  HLA-C.  It  is  currently  unclear,  which  role  KIR  gene
polymorphism  plays  in  this  process  and  why  NKG2C  expanded  NK  cell  subsets  are  largely  restricted  to  HLA-C  allotypes.  In  the
present survey of 268 healthy donors we show that the frequency of NKG2C+ NK cells was substantially influenced by the centromeric
part  of  the KIR locus:  individuals  homozygous for  the centromeric  KIR haplotype A (cenAA) had larger  expansions of  NKG2C+ NK
cells than individuals carrying cenB haplotypes (p>0,008). Expansions beyond a certain size (>42% NKG2C+ NK cells) were invariably
associated  with  co-expression  of  cenA  KIR  genes,  in  particular  the  HLA-C2-specific  KIR2DL1.  Co-expression  of  KIR2DL1  was
associated with enlarged subsets of adaptive NKG2C+ NK cells (p>0,04). Next, the question was addressed if HLA-C, constituting the
major KIR ligand for NKG2C+ NK cells, is still present on the surface of HCMV-infected cells. Indeed, in two different in vitro models
involving  either  HCMV-infected  fibroblasts  or  mesenchymal  stem  cells,  HLA-C  expression  was  maintained  or  even  increased,
respectively whereas overall HLA class I levels were strongly downregulated. Altogether, the study suggests that the interaction of KIR
and HLA-C allotypes on HCMV-infected cells modulates adaptive NK cell subsets. The balance between cenA haplotypes promoting
and cenB haplotypes limiting the size of the adaptive NK cell subset seems to play an important role in this process. 
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SELECTED SHORT TALK

3
Role of ADAP in NK cell-activation and in the initiation of innate immunity to
bacterial infections

Martha Böning1, Andreas Jeron1, Gerald Parzmair3, Annegret Reinhold2, Burkhart Schraven2, Dunja Bruder3

1Institute of Medical Microbiology and Hospital Hygiene, Otto-von-Guericke University, Magdeburg, Germany, 2Institute for
Molecularand Clinical Immunology, Otto-von-Guericke University, Magdeburg, Germany, 3Institute of Medical Microbiology and
HospitalHygiene, Otto-von-Guericke University, Magdeburg, Germany and Immune Regulation Research Group, Helmholtz
Centrefor Infection Research, Braunschweig, Germany, martha.boening@med.ovgu.de

The adaptor  molecule  ADAP serves as a  multifunctional  scaffold  for  other  proteins  and is  known to  be involved in  the formation of
immune signaling complexes in T cells. ADAP has been studied primarily in the context of T cell activation and function. Only limited
data exist regarding its overall role in immunity to pathogens. Preliminary data from our group revealed that ADAP-/- mice are highly
susceptible  to  L.  monocytogenes  (Lm)  infection  and  fail  to  control  bacteria  growth  in  the  early  phase  of  infection.  Our  experiments
revealed  that  natural  killer  cells  (NK  cells)  in  ADAP-/-  mice  appear  to  be  more  effectively  activated  during  in  vivo  Lm  infection
compared to those in wild type animals. NK cells are known to express ADAP and ADAP has been described as an important mediator
of  cytokine  production  following  in  vitro  NK  cell  stimulation.  There  is  growing  evidence  that  during  infections  there  is  an  intimate
crosstalk between NK cells and neutrophils and that both cell types, via secreted mediators, mutually influence each other. Together
with  our  observation  that  ADAP-deficiency  does  not  only  alter  NK  cell  activation  but  as  well  has  a  significant  impact  on  neutrophil
recruitment to spleen and liver of Lm infected animals prompted us to perform more detailed analysis of the role of ADAP in the NK
cell-neutrophil interaction during the course of Lm-infection. 
Sublethal  Lm  infection  of  mice  lacking  ADAP  in  NK  cells  (NKp46cre/het  ×  ADAPfl/fl)  had  no  impact  on  the  bacterial  burden  in
comparison to WT mice (NKp46cre/het × ADAPwt/wt) on day 2, 3 and 5 post infection. Significantly reduced NK cell  numbers were
found in the spleen and the liver  of  Lm infected NKp46cre/het  × ADAPfl/fl  mice.  Detailed analysis  of  NK cell  subsets revealed only
marginal effects of ADAP in NK cells during Lm infection with respect to NK cell  maturation. Strikingly, ADAP-deficiency in NK cells
resulted in significantly reduced numbers of neutrophils and monocytes in spleen and liver of Lm infected NKp46cre/het × ADAPfl/fl
mice on day 3 and/or day 5 p.i. 
Our  preliminary  data  suggest  that  during  Lm  infection  ADAP  expression  in  NK  cells  indeed  affects  the  migration  of  NK  cells  and
subsequently the recruitment of neutrophils and monocytes to sites of infection. Ongoing experiments focus on the ADAP-dependent
expression  of  selected  cytokines/chemokines  in  NK  cells  that  are  associated  with  neutrophil  and  monocyte  recruitment  and  the
activation of antibacterial function in these cells during in vivo Lm infection. 
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SELECTED SHORT TALK

4
NK Cells From CMV-Seropositive Donors Inhibit Virus-Specific CD8 T cells

Christine Thöns1, Tina Senff1, Eugen Bäcker1, Wiebke Moskorz1, Monika Lindemann2, Albert Zimmermann1, 
Markus Uhrberg3, Philipp A. Lang4, Jörg Timm1

1Institute of Virology, Heinrich Heine University, Medical Faculty, Düsseldorf, Germany, 2Institute for Transplantation Medicine,
UniversityHospital Essen, University of Duisburg-Essen, Essen, Germany, 3Institute for Transplantation Diagnostics and Cell
Therapeutics,University Hospital Düsseldorf, Heinrich Heine University, Düsseldorf, Germany, 4Department of Molecular
MedicineII, Medical Faculty, University Hospital Düsseldorf, Heinrich Heine University, Düsseldorf, Germany,
christine.thoens@med.uni-duesseldorf.de

Cytomegalovirus  (CMV)  infects  the  majority  of  the  human  population  and  has  been  reported  to  influence  the  outcome  of  other
diseases.  CMV reactivation  is  a  frequent  and  major  complication  after  allogenic  hematopoietic  stem  cell  transplantation  and  under
other  immunosuppressive conditions.  In  infectious diseases CMV seropositivity  has been associated with  both  superior  and inferior
immune responses to heterologous infections. Given the profound impact of CMV on immune cell subsets including NK cells and CD8
T cells,  we addressed the question, whether CMV-associated NK cells interact with antiviral  CD8 T cells directed against  CMV and
heterologous infections.  

Here, we analyzed the phenotype and the interaction of NK cells and CMV- as well  as Influenza A Virus (IAV)-specific CD8 T cells
from  CMV  seropositive  and  CMV  seronegative  individuals.  In  line  with  previous  reports,  we  observed  a  strong  expansion  of
NKG2Cpos positive NK cells in CMV seropositive individuals. Depletion of NKG2Cpos NK cells resulted in an improved expansion of
CMV-specific CD8 T cells in vitro while simultaneous activation of NK cells inhibited the expansion of both CMV- and IAV-specific CD8
T cells in CMV-seropositive individuals. Importantly, NK cell activation did not inhibit the expansion of IAV-specific CD8 T cells in CMV
seronegative individuals.  

When we analyzed the expression of the NKG2C-ligand HLA-E on CD8 T cells, CMV-specific and terminally differentiated CD8 T cells
expressed increased levels of HLA-E. Interestingly, HLA-E was also upregulated in response to IFN alpha and IFN gamma and after T
cell activation. When CMV- or IAV-specific CD8 T cells were stimulated in vitro in the presence of activated NK cells, HLA-E low CD8
T cells preferentially proliferated in CMV seropositive but not in CMV seronegative individuals, suggesting that HLA-E high CD8 T cells
are negatively regulated in CMV seropositive individuals. Finally, we show that NKG2Cpos NK cells produce IFN gamma in response
to autologous activated CD8 T cells. 

In conclusion, we provide evidence that NKG2Cpos NK cells in CMV seropositive individuals regulate activated HLA-E high expressing
CD8  T  cells  and  thereby  contribute  to  shaping  of  antigen-specific  CD8  T  cell  responses.  We  believe  that  our  work  provides  new
insights into CMV immunity and how it impacts heterologous CD8 T cell immune responses and further highlight that it is important to
take the CMV serostatus into account when immune response to other infectious diseases are analyzed.

10



SELECTED SHORT TALK

5
KIR3DS1/HLA-F interactions control Hepatitis C virus infection

Sebastian Lunemann1, Anja Schöbel2, Janine Kah3, Pia Fittje1, Angelique Hölzemer1, Annika L. Langeneckert1, 
Leonard Hess1, Tobias Poch3, Gloria Martrus1, Wilfredo F. Garcia-Beltran4, Christian Körner1, Karl. J. Oldhafer5, 
Julian Schulze zur Wiesch6, Christoph Schramm3, Maura Dandri3, Eva Herker2, Marcus Altfeld1

1Department of Virus Immunology, Heinrich Pette Institute, Leibniz Institute for Experimental Virology, Hamburg, Germany,
2JuniorResearch Group HCV Replication, Heinrich Pette Institute, Leibniz Institute for Experimental Virology, Hamburg,
Germany,3I. Department of Medicine, Center for Internal Medicine, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany,4Ragon Institute of MGH, MIT, and Harvard, Cambridge, Massachusetts, USA, 5Department of General and
AbdominalSurgery, Asklepios Hospital Barmbek, Semmelweis University of Medicine, Asklepios Campus, Hamburg, Germany ,
6I.Department of Medicine, Section Infectious Diseases, University Medical Center Hamburg-Eppendorf, Hamburg, Germany,
7Instituteof Immunology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany, 8German Center for Infection
Research(DZIF), Partner site Hamburg-Lübeck-Borstel-Riems, Hamburg, Germany, sebastian.lunemann@leibniz-hpi.de

Introduction
Natural killer (NK) cells recognize altered and infected cells through a plethora of receptors, including the killer-cell immunoglobulin-like
receptors  (KIRs).  KIRs  have  been  implicated  in  shaping  the  outcome  of  various  human  diseases  and  are  especially  relevant  for
hepatitis V virus (HCV) infection. The activating receptor KIR3DS1 is associated with resolution of hepatitis C virus (HCV) infection,
better  treatment  responses  and  prevention  of  hepatocellular  carcinoma.  The  recent  observation  that  open  conformers  of  the
non-classical  HLA  class  I  molecule  HLA-F  serve  as  ligands  for  KIR3DS1  now  allow  for  the  first  time  to  investigate  the  molecular
mechanisms mediating KIR3DS1-associated HCV disease outcome in more detail.

Methods
HLA-F  surface  expression  was  assessed  by  flow cytometry  and  immunofluoresence  microscopy  using  Huh7.5  cells  infected  with  a
Jc1-eGFP reporter  strain,  uPA/SCID/beige  (USB)  chimeric  humanized  mice  infected  with  patient-derived  HCV,  and  primary  human
liver tissue biopsies from HCV patients. KIR3DS1-binding to HCV-infected Huh7.5 cells was determined using KIR3DS1-Fc constructs
and  KIR3DS1ζ-Jurkat  reporter  cells.  The  ability  of  KIR3DS1+  NK  cells  to  inhibit  HCV-replication  was  analyzed  longitudinally  by
infecting Huh7 cells with a HCV Jc1-reporter virus expressing gaussia luciferase and co-culturing them with primary human NK cells
from KIR3DS1 homozygous, KIR3DS1/3DL1 heterozygous and KIR3DL1 homozygous donors as well as using sorted KIR3DS1+ and
KIR3DL1+ primary human NK cells.

Results
Huh7.5 cells exhibited an increased expression of HLA-F after infection with Jc1-eGFP (p=0.03). We observed a comparable increase
of  HLA-F  expression  in  livers  of  chimeric  humanized  mice  infected  with  patient-derived  HCV  (p=0.001)  and  primary  liver  tissue
samples  from  HCV-infected  individuals  (p<0.0001).  HCV+  Huh7.5  cells  demonstrated  increased  binding  of  KIR3DS1-Fc  constructs
(p=0.002) and higher activation of KIR3DS1ζ-Jurkat reporter cells (p=0.03) compared to HCV- Huh7.5 cells. This interaction could be
blocked by  using  anti-KIR3DS1 or  anti-HLA-F antibody  (p<0.0001 for  both  readouts).  Finally,  this  interaction  allowed NK cells  from
KIR3DS1/KIR3DS1 homozygous donors  as  well  as  sorted  KIR3DS1+ NK cells  to  efficiently  inhibit  HCV replication  (p=0.02;  p=0.04
respectively).

Conclusion
Taken together, the present study provides new insights into the molecular mechanism mediating the protective effect of KIR3DS1 in
HCV infection, and rational to harness the KIR3DS1/HLA-F axis as a potential  future target for therapeutic approaches in infectious
diseases and cancer.
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INVITED TALK

6
Epigenetic control of NK cell memory

Joseph Sun1

1Memorial Sloan Kettering Cancer Center, sunj@mskcc.org

Clonal expansion and immunological  memory are hallmark features of the mammalian adaptive immune response and essential  for
prolonged host control of pathogens. Recent work demonstrated that natural killer (NK) cells of the innate immune system also exhibit
these  adaptive  traits  during  infection.  Here  we  demonstrate  that  differentiating  and  ‘memory’  NK  cells  possess  distinct  chromatin
accessibility  states,  and  that  their  epigenetic  profiles  reveal  a  ‘poised’  regulatory  program  at  the  memory  stage.  Furthermore,  we
elucidate  how  individual  STAT  proteins  differentially  control  epigenetic  and  transcriptional  states  early  during  infection.  Finally,
concurrent  chromatin  profiling  of  the  canonical  CD8+ T cell  response against  the  same infection  demonstrated  parallel  and distinct
epigenetic signatures defining NK cells and CD8+ T cells. Overall,  our study reveals the dynamic nature of epigenetic modifications
during the generation of innate and adaptive lymphocyte memory.
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SELECTED SHORT TALK

7
Human liver- and skin-derived NK cells exhibit antigen-specific memory
responses

Stary V1,  Kneissl L2, Strobl J2, Starlinger P1, Stary G2

1Department of Surgery, Medical University of Vienna, Vienna, Austria, 2Department of Dermatology, Medical University of
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Adaptive  immunity  was considered an  exclusive  feature  of  T  and B cells.  However,  mounting  evidence suggests  that  NK cells  can
develop long-lived and highly specific memory to a variety of haptens and viral antigens in mice and in non-human primates. Despite
phenotypic  analysis  and  description  of  memory-like  features  of  long-lived  human  NK  cells,  the  existence  and  consequences  of
antigen-specific NK cell memory still needs to be proven.
We  isolated  NK  cells  of  human  livers  and  blood  from  individuals  vaccinated  against  hepatitis  A  and/or  B  and  characterized  them
phenotypically  and  functionally  in  killing  assays  against  antigens  the  patients  had  been  vaccinated.  Furthermore,  we  evaluated  the
distribution  and  function  of  NK  cells  in  epicutaneous  patch  test  reactions  of  nickel-sensitized  patients,  an  effector  site  of  adaptive
immune response. 
In  contrast  to  the  peripheral  blood,  two distinct  NK cell  populations  were  found in  the  liver  based on their  expression  of  CD16 and
CD49a.  CD49a+CD16-  liver  NK  cells  (54.6%  ±  4.2  of  total  NK  cells)  performed  antigen-specific  killing  of  hepatitis  A  or  B-pulsed
autologous  B  cells  matching  the  patients’  vaccination  status.  Blood-derived  and  CD49a-CD16+  liver  NK  cells  did  not  exert
antigen-specific cytotoxicity, but recognized MHC-Ilow target cells. Although absent in healthy human skin, 57.8 ± 5.1 % of total NK
cells  in  nickel-induced epicutaneous patch tests  were found to belong to the CD49a+CD16low NK cell  subset  and were capable of
specific lysis of nickel-pulsed autologous target cells. 
These  results  suggest  that  antigen-specific  memory  NK  cells  in  humans  are  present  in  the  liver  and,  in  case  of  adaptive  immune
responses,  as  effector  cells  in  inflamed  skin.  The  description  of  underlying  mechanisms  for  specific  recognition  of  various  viral
antigens and haptens by human memory NK cells might form the basis for novel strategies of vaccination by harnessing this NK cell
subset.
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Intravascular resident Natural Killer cells shape neutrophil dynamics in the
pulmonary vasculature
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The lung is both anatomically and immunologically unique in its functions. Lungs receive the right cardiac output of blood, including all
intravascular leukocytes, which, in addition to resident immune cells, comprise the pulmonary immune system. In the fine capillaries of
the lung microvasculature, the physical barrier between the blood and the external environment is exceptionally delicate. Immune cell
regulation must be closely controlled to ensure adequate protection against pathogens while limiting tissue damage which could impair
gas exchange. 

Natural Killer (NK) cells are enriched in the lung compared to other tissues but the physiological implications of this accumulation are
not clear. Neutrophils are also enriched in the pulmonary vasculature making up over 50% of the lung leukocyte content. Neutrophils
can be rapidly activated and dysregulation in acute lung inflammation can be detrimental for patient outcome. Other immune cells can
play a role in controlling neutrophils  and NK:neutrophil  interactions have been described in a number of  settings and locations.  We
hypothesised that NK cells contribute to neutrophil regulation in the pulmonary vasculature.

Neutrophils are terminally differentiated and easily activated ex vivo which makes them difficult to work with. Lung intravital microscopy
allows  direct  visualization  of  immune  cells  in  the  pulmonary  vasculature.  This  method  revealed  that  NK  cells  can  remain  immobile
within alveolar capillaries for long periods (>60min), while neutrophils are able to transit quickly through these vessels. Moreover, we
found  that  most  lung  NK  cells  remain  intravascular  with  less  than  10%  of  NK  cells  found  within  the  parenchyma.  NK  cells  and
neutrophils frequently interacted for 5-10 minutes in the lung capillaries and occasionally material was transferred from neutrophils to
NK cells. NK depletion resulted in significant changes to neutrophil dynamics such as track length and duration, indicating a change in
cell dwell-time within pulmonary capillaries. Local stimulation with endotoxin in NK depleted mice lead to a more prominent increase in
neutrophil numbers compared to control mice. We propose that a population of intravascular resident lung NK cells directly influence
neutrophil responses in the lung which may denote a check-point for restricting neutrophilic infiltration during acute lung inflammation.
Understanding  by  which  mechanisms  these  cells  interact  could  allow  us  to  locally  influence  neutrophil  behaviour  without  affecting
systemic neutrophil functions. 
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responses by human natural killer cells  
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Introduction
Human cytokine-induced memory-like (CIML)  NK cells  are endowed with  the capacity  to  mediate enhanced effector  functions upon
cytokine  or  activating  receptor  re-stimulation  for  several  weeks  following  short-term  pre-activation  with  IL-12,  IL-15  and  IL-18.  The
potential of CIML NK cells as adoptive immunotherapy for patients with hematologic malignancies is currently being investigated, and
preliminary findings from clinical trials have linked robust ex vivo responses to leukemia targets by CIML NK cells with remission in a
subset  of  acute  myeloid  leukemia  patients.  However,  the  mechanisms  underlying  CIML  NK  cell  differentiation  and  increased
functionality  remain  incompletely  understood.  Semaphorin  7A  (SEMA7A)  is  a  potent  immunomodulator  expressed  in  activated
lymphocytes, including NK cells co-cultured with mitogens, and in myeloid cells. In this study, we investigated how cytokines regulate
SEMA7A expression on NK cells and evaluated the role played by SEMA7A in modulating CIML NK cell responses.

Methods
Using  flow  cytometry,  we  measured  SEMA7A expression  on  NK cells  following  stimulation  of  PBMCs from healthy  individuals  with
cytokines,  K562  cells,  viral  antigens  or  PHA,  and  assessed  co-expression  of  key  NK  cell  receptors  as  well  as  functionality  of
SEMA7A+ NK cells in response to cytokines. Next, NK cells were pre-activated with IL-12+IL-18+IL-15 and rested for one week in the
presence or absence of antibodies against SEMA7A to compare IFN-y production upon re-stimulation with IL-12+IL-15.   

Results
In unstimulated PBMCs, we found that SEMA7A was predominantly expressed on CD56bright NK cells, with 50% of this subset being
SEMA7A+  on  average,  and  typically  not  co-expressed  with  markers  of  terminally  differentiated  or  antigen-experienced  NK  cells.
SEMA7A was markedly  upregulated on CD56bright  and,  to  a  lesser  extent,  on CD56dim NK cells  stimulated with  cytokines,  with  a
positive  correlation  between  proportions  of  IFN-y+  and  SEMA7A+  CD56bright  NK  cells  (p=0.0006;  Spearman  r=0.86).  Brief
pre-activation of NK cells with IL-12+IL-15+IL-18 resulted in greater than 10-fold upregulation of SEMA7A after 7 days of culture, yet
only  surface  expression  of  the  ligand  for  SEMA7A,  integrin  beta-1,  significantly  differed  between control  and  CIML NK cells  at  this
point (p=0.008). Pre-activation in the presence of antibodies targeting SEMA7A resulted in decreased IFN-y release following cytokine
re-stimulation (p=0.03).  

Conclusions
These  results  imply  a  novel  mechanism  by  which  cytokine-enhanced  SEMA7A/Integrin  beta-1  interaction  promotes  CIML  NK  cell
differentiation  and/or  maintenance  of  increased functionality.  Future  investigations  are  warranted  to  assess  if  components  targeting
SEMA7A/Integrin beta-1 signaling could enhance antitumor activity of CIML NK cells.   
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NKG2 receptors in CMV-infected rhesus macaques
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In humans, the expansion of NK cells expressing the activating receptor NKG2C has been reported in individuals infected with human
cytomegalovirus  (hCMV).  These  cells  show  enhanced  effector  function  upon  re-exposure  to  hCMV in  the  context  of  hematopoietic
stem cell  transplantation,  suggesting  an  adapted  phenotype.  In  order  to  establish  a  corresponding  primate  animal  model,  we  have
started  to  analyze  the  NKG2/CD94  receptor  system  of  rhesus  macaques.  We  could  demonstrate  that  beside  single  polymorphic
NKG2A and CD94 genes, rhesus macaques have expanded their NKG2C genes, with three diverse members. In particular NKG2C-2
is  highly  polymorphic.  Besides  allelic  variation,  NKG2C-2  shows  alternative  splicing  resulting  in  a  longer  stalk  region.  This  is
particularly interesting, as the stalk region of  mouse Ly49H binds the mCMV m157 antigen. The individuals in our rhesus macaque
colonies  are  all  positive  for  rhCMV.  Some of  the  analyzed animals  only  express  NKG2C-2 with  the  short  stalk,  some express  both
types,  and  some  only  those  with  a  long  stalk.  We  are  currently  investigating  whether  these  stalk  length  differences  contribute  to
functional  changes  of  NKG2C-2.  Further,  we  found  that  NKG2A  as  well  as  all  three  NKG2C  molecules  are  expressed  on  the  cell
surface in combination with CD94 upon transfection and react with the anti-human NKG2A antibody Z199. This antibody is known to
not discriminate between NKG2A and NKG2C in macaques. Therefore, we are currently establishing specific monoclonal antibodies
against all NKG2 receptors. One of the antibodies raised against NKG2C-2, clone 4A8, only binds to NKG2C-2 and the closely related
NKG2C-1, but not to NKG2A or NKG2C-3. Preliminary flow cytometry data of primary NK cells from rhCMV+ macaques show that 4A8
binds  to  the  majority  of  Z199-positive  cells.  This  suggests  that  rhCMV  infection  leads  to  an  increase  in  the  frequency  of
NKG2C-positive NK cells in macaques similar to what is observed in CMV-infected humans.
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What fuels Natural Killer Cell anti-tumour responses
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Cytokine activated NK cells acquire an elevated metabolic phenotype that is essential for robust NK cell anti-tumour responses. We
have characterised the metabolic changes that occur in NK cells following cytokine stimulation; within 18 hours NK cells dramatically
increase rates of  glycolysis  and OXPHOS and these changes are associated with  an upregulation of   the glycolytic  machinery  and
increased mitochondrial mass. This increased metabolism supports cellular biosynthesis and energy production. Interestingly, NK cells
are found to adopt a novel metabolic configuration that has not been described for any other lymphocyte subset. NK cells do not use
the TCA cycle to drive OXPHOS, as is described in textbooks, but instead use the glucose-fuelled citrate malate shuttle. Our research
has  revealed  the  signal  transduction  pathways  leading  to  this  metabolic  phenotype.  The  transcription  factors  Srebp  and  cMyc  are
essential for cytokine-induced metabolic and functional responses in murine NK cells. Srebp is required for the metabolic switch to the
citrate-malate shuttle and cMyc promotes mitochondrial biogenesis and the increased expression of the glycolytic machinery. These
discoveries help us to understand why NK cells are dysfunctional in various disease states including cancer and obesity where NK cell
metabolism is found to be significantly perturbed.  
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Lactate mediated acidification of tumour microenvironment induces apoptosis of
liver-resident NK cells in colorectal liver metastasis.
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Colorectal cancer is the third most common malignancy worldwide. Metastasis to the liver is the most common cause of mortality in
these patients.  We recently  identified a population of  liver-resident  natural  killer  (lrNK) cells  with a unique Eomeshi  Tbetlo CXCR6+
phenotype.  These  cells  rapidly  degranulate  and  kill  tumour  cells.  Here,  we  investigate  changes  in  lrNK  cells  in  colorectal  liver
metastasis (CRLM) with a view to identifying novel immunotherapeutic targets.  

Patients  undergoing resection of  colorectal  liver  metastasis  (CRLM, n=18)  were biopsied and the frequency and phenotype of  lrNK
cells was assessed by flow cytometry. Tumour and donor tissue were cultured in vitro in order to generate conditioned media (CM) for
analysis of cytokine and metabolite production, and to assess the impact of the tumour microenvironment on lrNK cells isolated from
donor liver perfusate during transplantation (n=10).
Liver-resident  NK  cells  are  highly  cytotoxic  and  capable  of  killing  CRLM  tumour  cells.  They  are  significantly  depleted  from  CRLM
tumours  compared to  surrounding  tissue  (tumour:  38.1±3.4%,  distal:  56.0±3.2%).  Depletion  of  NK cells  from tumour  bearing  tissue
correlated with tumour recurrence within 6 months. Healthy lrNK cells exposed to tumour conditioned media undergo apoptosis in vitro
but  conventional  NK  cells  do  not.  Tumour  infiltrating  lrNK  cells  displayed  evidence  of  mitochondrial  stress,  with  decreased
mitochondrial mass and increased mitochondrial ROS production. CRLM tumours are highly glycolytic and produce significantly more
lactate  than  healthy  tissue  (tumour:  11.5±2.8mM,  healthy:  1.7±0.3mM).  In  vitro  lactic  acid  induces  apoptosis  of  lrNK  cells  by
decreasing  intracellular  pH,  causing  mitochondrial  dysfunction,  and  this  process  can  be  abrogated  by  blocking  mitochondrial  ROS
accumulation, using the ROS scavenger MitoTempo.

Our  results  support  a  model  where  the  accumulation  of  lactate  from  CRLM  tumours  decreases  the  pH  of  the  tumour
microenvironment. Liver-resident NK cells migrating toward the tumour are unable to regulate intracellular pH resulting in mitochondrial
stress and apoptosis. The metabolism of CRLM tumour cells provides a novel therapeutic target to prevent tumour growth and restore
local anti-tumour NK cell immunity through regulation of the glycolysis pathway.
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8-induced cytolysis during serial killing
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Natural Killer (NK) cells can induce cytolysis of target cells through release of granules containing lytic molecules such as perforin and
granzyme B, as well as by direct interaction with death receptors on the target cell leading to apoptosis through caspase 8 activation.
High amounts of perforin can also cause a rapid necrosis-like cytolysis leading to a fast leakage of the cytoplasmic content. We and
others have previously  shown that  single  NK cells  can sequentially  kill  multiple  target  cells,  in  a  process called serial  killing.  In  this
study we have used a target cell line expressing fluorescent reporter molecules for granzyme B and caspase 8 activity, enabling us to
determine the role of these two proteins during serial killing. Through time lapse live-cell imaging using a microwell platform, we have
followed individual  NK cells  and determined the temporal  parameters  of  their  cytotoxic  behavior.  Furthermore,  we have studied the
mechanism, speed and morphological aspect of target cell death during serial killing. We show that NK cells change their mechanism
of cytotoxicity during serial killing from granzyme B-dependent for the early killing events to caspase 8-dependent for later events. The
first target cell was most commonly killed by granzyme B (75% of cells displayed granzyme B activity) for both serial killing (4 killed
target cells)  and less cytotoxic NK cells.  However,  a significantly larger fraction of necrotic target cell  death was observed for serial
killing NK cells.  These NK cells  also more commonly used granzyme B for  later  killing events compared to less cytotoxic  NK cells.
Thus, our data suggests that serial killing NK cells release more perforin in their cytotoxic hits and have a larger reservoir of granzyme
B available for sequential killing.
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NMUR1 as specific stimulator of CD56dim NK cells
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The  human  NK  cells  transcriptome  is  not  very  well  studied  and  so  far  largely  limited  to  microarray  analyses.  Although  superior  to
microarrays, comprehensive RNA seq studies addressing the transcriptional identity of known human NK cell subsets are so far not
available.  In  order  to  thoroughly  characterize the transcriptome of  human NK cell  subsets,  we performed bulk  RNA seq analysis  of
>100 NK cell samples from different functional subsets, different stages of development, and various organs. We used B, T, ILCs, and
monocytes as outgroup. To reduce noise and increase specificity, we exclusively used cells that were purified by flow cytometrical cell
sorting.  Firstly,  we  addressed  the  question  of  specific  gene  expression  of  blood  NK  cells.  We  identified  1335  genes  that  were
differentially  expressed  between  CD56dim  NK  cells  and  the  outgroup  subsets.  Among  the  novel  factors  was  the  Neuromedin  U
receptor 1 (NMUR1), which is a G protein-coupled receptor for NMU, a peptide particularly well expressed by neurons in the brain and
the  gastrointestinal  tract  and  overexpressed  by  several  different  types  of  cancer.  Prominent  NMUR1  transcription  was  found  in
CD56dim NK cells, which is in stark contrast to mouse NK cells, which do not express Nmur1. Corresponding cell surface expression
of NMUR1 was detected by flow cytometry on CD56dim but not CD56bright cells. Functional analyses demonstrated that binding of
the ligand NMU stimulates CD56dim NK cells including the NKG2C+ adaptive NK cell subset. Prolonged NK cell stimulation leads to
downregulation of the NMUR1 receptor. Notably, besides the known expression of the NMU neuropeptide in the nervous system, high
levels of expression were also found in the erythroleukemic cell  line K-562 and we are currently investigating the contribution of the
NMU-NMUR1 axis to NK cell-mediated killing of K-562 as well as other NK cell-sensitive tumor targets. Together this study indicates
that NMUR1 is involved in neuronal regulation of NK cell stimulation and contributes to changes in the threshold of NK cell activation.
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Natural  Killer  (NK)  cells  are  innate  lymphocytes  with  a  strong  anti-tumor  ability.  In  multiple  myeloma  (MM)  patients,  an  elevated
number of NK cells after stem cell transplantation (SCT) seems to correlate with a higher overall survival rate. With the aim of NK cell
use for adoptive cell therapy, we investigated the activation status and cytotoxic capacity of patient-derived NK cells at first diagnosis,
before  and  after  autologeous  SCT.  At  all  addressed  time points,  we  observed  significant  changes  in  NK cell  phenotype  as  well  as
cytotoxic  function  before  and  after  cytokine-induced  ex  vivo  expansion.  Remarkably,  after  cytokine  stimulation,  patients  NK  cells
showed a highly activated phenotype and significantly enhanced killing capacity of different types of MM cells that was comparable to
healthy donors NK cells. In a small cohort of MM patients, we were able to isolate both NK cells and autlogeous MM cells from the
bone marrow (BM). Interesting, BM-NK cells were able to kill MM cells as efficiently as patients PB NK cells. In parallel, we could show
that  PB-NK cells  expanded from the  same patient,  were  able  to  gain  in  lytic  capacity  against  autologous  tumor  cells,  suggesting  a
potential use of ex vivo activated autologeous NK cells as adoptive therapy for MM patients. With the goal to further improve the NK
cell  killing  capacity  against  MM cells,  we  investigated  the  potential  use  of  NK  specific  check  point  inhibitors  with  focus  on  NKG2A
because  this  inhibitory  NK  cell  receptor  was  upregulated  following  ex  vivo  cytokine  stimulation  and  MM  cells  showed  HLA-E
expression that could even be increased by exposure to IFN-g.
Importantly,  the  blocking  of  NKG2A  resulted  in  a  significant  increase  in  the  NK  cell-mediated  lysis  of  all  different  MM  target  cells
tested, including the primary autologous MM cells. 
Finally,  these  results  let  suggest  that  combining  cytokine  induced  NK  cell  activation  and  the  specific  check  point  inhibition  of  the
NKG2A-mediated pathways can be an effective strategy to optimize NK cell therapeutic approaches against multiple myeloma.
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Upon infection, the immune system produces inflammatory mediators important for pathogen clearance. However, inflammation can
also  have  deleterious  effect  on  the  host  and  is  tightly  regulated.  Immune  system-derived  cytokines  stimulate  the
hypothalamic-pituitary-adrenal  (HPA)  axis,  triggering  endogenous  glucocorticoid  production.  Through  interaction  with  ubiquitously
expressed  glucocorticoid  receptors  (GRs),  this  steroid  hormone  has  pleiotropic  effects  on  many  cell  types.  Using  a  genetic  mouse
model in which the gene encoding the GR is selectively deleted in NKp46+ innate lymphoid cells (ILCs), we demonstrated a major role
for  the HPA pathway in  host  resistance to  endotoxin-induced septic  shock.  GR expression in  group 1 ILCs is  required to  limit  their
IFN-γ  production,  thereby  allowing  the  development  of  IL-10-dependent  tolerance  to  endotoxin.  The  role  of  this
neuroendocrine-immune  regulatory  pathway  was  also  investigated  in  the  context  of  mouse  cytomegalovirus  (MCMV)  infection.  Our
studies suggest that neuroendocrine axes are crucial for tolerization of the innate immune system to pathogen exposure through direct
corticosterone-mediated  effects  on  NKp46-expressing  innate  cells,  revealing  a  novel  strategy  of  host  protection  from
immunopathology.
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Natural killer (NK) cells acquire functional capacity in a process called “NK cell education”, which is achieved through a presumable
continuous  signal  from  MHC  class  I  on  surrounding  cells.  The  molecular  mechanism  underlying  the  education  process  is  largely
unknown.  We hypothesized that  the functional  difference between eductaed and uneducated NK cells  was manifested in  a general
cellular modulation of cellular metabolism and signal transduction. Consistent with this hypothesis, we found that depressed function
was associated with a generally  lower phosphorylation state of  many signaling molecules in uneducated versus educated NK cells,
including ZAP70/SYK, LCK, SLP76 and PLC-gamma. Gene expression arrays revealed lower expression levels of genes involved in
the  mitochondrial  processes  and  oxidative  stress  response  in  uneducated  NK  cells.  Consistent  with  these  findings,  the  amount  of
reactive  oxygen  species  (ROS)  in  NK cells  at  steady-state  was  associated  with  their  educational  state.  Our  analysis  also  revealed
higher  expression  levels  of  phosphatases,  mainly  SHP-1,  in  uneducated  versus  educated  NK  cells.  Furthermore,  ROS  (hydrogen
peroxide) inhibited tyrosine phosphatase activity in NK cells, which suggested a link between the general state of phosphorylation and
high metabolic  activity.  We propose a model  for  NK cells  education in which MHC class I  interactions dampens SHP-1 expression,
which leads to a decrease in tyrosine phosphatase activity, a generally higher phosphorylation status of signalling molecules, higher
OXPHOS/ROS levels and utimately more efficient functional reponses. 
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Introduction: Natural killer (NK) cells represent a major component of the human innate immune system with the ability to recognize
and lyse virus-infected and tumor cells. While interactions between NK-cell receptors and HLA class I molecules are well established,
little is known about the shaping of NK-cell activity by interaction with HLA class II (HLA-II) molecules.
Objectives: The aim of this project was to identify possible receptor-ligand interactions between different NK-cell receptors and HLA-II
molecules with focus on the natural cytotoxicity receptor (NCR) group.
Material and Methods: Soluble NCR IgG1 Fc fusion constructs, namely NKp30-Fc, NKp44-Fc and NKp46-Fc, were incubated with a
panel  of  single  HLA-II-coated  Luminex  beads  in  order  to  quantify  binding  to  specific  HLA-II  molecules.  To  confirm  identified
NCR–HLA-II  interactions using cell-based assays,  an NKp44ζ-  as  well  as  an NKp46ζ-expressing Jurkat  cell  line  was created.  Both
reporter cell lines were seeded onto wells coated with HLA-II monomers and ligand engagement was determined by CD69 expression
after 5h of co-incubation. For blocking experiments, NKp44ζ+ Jurkat cells were pre-incubated for 30 minutes with an α-NKp44 blocking
or an isotype control antibody, respectively.
Results:  Remarkably,  NKp44-Fc  construct  displayed  binding  to  a  subset  of  HLA-DP  molecules,  but  not  to  any  HLA-DR-  or
HLA-DQ–coated beads tested. In contrast, neither NKp30-Fc nor NKp46-Fc constructs bound to any HLA-II–coated beads. LAG-3 was
described  to  be  a  CD4  homolog  and  the  LAG-3  FC  construct  was  used  as  positive  control  in  this  assay.  In  cell-based  functional
assays,  NKp44ζ+  Jurkat  cells  were  activated  and  upregulated  CD69  after  co-incubation  with  HLA-DPB1*04:01  monomers  (median
percentage  of  CD69+  cells:  29.3%,  n=7),  while  less  reporter  cell  activity  was  observed  after  co-incubation  with  HLA-DRB1*07:01
monomers  (median  percentage  of  CD69+  cells:  4%;  n=7).  In  contrast,  NKp46ζ+  Jurkat  reporter  cells  did  not  respond  to  any
plate-coated HLA-II molecules and only upregulated CD69 upon incubation with plate-coated α-NKp46. These results were in line with
the  previous  finding  that  NKp44-Fc  constructs  bound  to  HLA-DP  but  not  HLA-DR  molecules.  Furthermore,  reporter  cell  activity  of
NKp44ζ+  Jurkat  cells  in  response  to  HLA-II  molecules  can  be  inhibited  by  pre-incubation  of  the  reporter  cells  with  an  α-NKp44
blocking antibody. 
Conclusion: This study demonstrates a novel interaction between a subset of HLA-DP molecules and the NCR molecule NKp44, and
uncovers a previously unknown interaction between NK cell receptors and HLA-II molecules that helps to expand our understanding of
NK-cell biology.
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Deep immune-receptor profiling reveals significant differences in NK-cell receptor
repertoires between individuals and functionally divergent NK-cell subsets
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The  NK-cell  repertoire  of  an  individual  is  defined  by  differential  expression  of  a  large  array  of  receptors  and  influenced  by
environmental factors and host genetics. Receptor expression patterns determine the activation threshold and ultimately the ability of a
given  NK  cell  to  recognize  transformed  and  virus-infected  cells.  Thus,  differences  in  the  NK-cell  repertoire  may  influence  an
individual’s  ability  to  clear  viral  infections  and  to  eliminate  transformed  cells.  In  the  present  study,  a  high-throughput  screening
approach was employed to assess differences in NK-cell  repertoires between individuals and to identify NK-cell  receptors impacting
target-cell recognition. 
Expression of 371 individual surface antigens was assessed on primary human NK cells using flow cytometry, either in the absence
(n=18) or presence of target cell lines (K-562: n=18; 721.221: n=12). Antibodies against CD107a, inhibitory KIRs, NKG2A/C and CD57
were included in the experimental setup to identify NK cells undergoing degranulation and to increase dimensionality in subsequent
analyses. NK cells expressed on median 134 of the 371 antigens tested (IQR=34, 5%-positivity cutoff). Significant differences in the
distribution  of  receptors  expressed were  not  only  observed between individuals  but  also  between CD56BRIGHT and CD56Dim NK
cells.  Fifty-nine  antigens  were  identified  to  be  differently  expressed  between  the  two  NK  cell  subsets  (p<0.002  for  all,  FDR=1%).
Moreover, we identified 14 antigens that were associated with NK-cell degranulation (p<0.0004 for all, FDR=1%), including CD54 and
CD319. In contrast to CD54, CD319 (CRACC) has not been implicated in NK-cell-mediated cytotoxicity so far.
These  results  show  that  the  presented  approach  is  a  suitable  tool  to  assess  the  heterogeneity  of  NK-cell  repertoires  in  human
populations  and  to  identify  differential  expression  patterns  within  functional  divergent  NK-cell  populations  that  potentially  impact  an
individual’s ability to recognize transformed cells. 
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Hepatocytes promote survival of liver-resident NK cells
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We and others have recently shown the long-term residence of a large subset of CXCR6+ T-betloEomeshi NK cells within the human
liver. Here we have investigated whether hepatocytes can support the survival of peripheral, liver-infiltrating or liver-resident NK cells.
Primary  human  NK  cells,  freshly  purified  from  blood  or  liver  were  rested  overnight  before  co-culture  with  or  without  an  HepG2
hepatoma cell line. Peripheral NK cells showed significantly enhanced survival after 2 or 5 days co-culture with HepG2 compared to
culture alone. Hepatocyte co-culture reduced NK cell apoptosis, marked by expression of Annexin V. Although HepG2 supernatants
were able to promote short-term NK cell survival (2 days), longer cultures (5 days) demonstrated a requirement for hepatocyte/NK cell
contact.  Preliminary  results  suggest  that  primary  human  hepatocytes  grown  in  a  3D  microfluidic  model  could  also  support  NK  cell
survival. Intrahepatic NK cells (isolated from transplant perfusates or heathy liver margin resections) survived better when cultured as
part of the intrahepatic lymphocytes (rather than purified) or when co-cultured with HepG2. Notably, HepG2 promoted the survival of
the CXCR6+ liver-resident subset of NK cells to a greater extent than the non-resident intrahepatic fraction. 
In  conclusion,  hepatocytes  promote  survival  of  NK  cells,  particularly  the  liver-resident  fraction,  in  a  contact-dependent  manner;  the
mechanism is under investigation.
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The cardiac ejection fraction is preserved in mice lacking innate lymphoid cells
(ILCs) despite pressure overload

André Sasse1, Sebastian Monecke2, Carina Gröschel2, Charlotte Röhrborn1, Leslie Elsner1, Michael Didié7, 
Gertrude Bunt5, Lutz Walter6, Karl Toischer4, Wolfram-Hubertus Zimmermann3, Gerd Hasenfuß4, Ralf Dressel2

1Institute of Cellular and Molecular Immunology, University Medical Center Göttingen, Göttingen, Germany, 2Institute of Cellular
andMolecular Immunology, University Medical Center Göttingen, Göttingen, Germany and DZHK, partner site Göttingen,
3Instituteof Pharmacology and Toxicology, University Medical Center Göttingen, Göttingen, Germany and DZHK, partner site
Göttingen,4Department of Cardiology and Pneumology, University Medical Center Göttingen, Göttingen, Germany and DZHK,
partnersite Göttingen, 5Clinical Optical Microscopy, Department of Neuropathology, University Medical Center Göttingen,
Göttingen,Germany, 6Primate Genetics Laboratory, German Primate Center, Göttingen, Germany, 7Institute of Pharmacology
andToxicology and Department of Cardiology and Pneumology, University Medical Center Göttingen, Göttingen, Germany and
DZHK,partner site Göttingen, rdresse@gwdg.de

We have recently  shown that  T  helper  cells  with  specificity  for  an  antigen  in  cardiomyocytes  can  promote  the  progression  of  heart
failure in response to pressure overload (Gröschel et al., Sci Rep 2017, 7:15998). This prompted us to compare the development of
heart  failure  in  wild  type  mice  (C57BL/6)  and  mice  lacking  either  all  lymphocytes  (RAG2-/-gc-/-)  or  lymphocytes  of  the  adaptive
immune system only (RAG2-/-). 
In wild type mice, pressure overload by transverse aortic constriction (TAC) induced not only cardiac hypertrophy and fibrosis but also
a timely ordered infiltration of the myocardium by myeloid and lymphoid cells starting already at day one after surgery with neutrophil
granulocytes as determined by immunohistochemistry and multicolor flow cytometry. This was guided by upregulated chemokines and
adhesion molecules. While the numbers of CD4+ and CD8+ T lymphocytes were significantly increased in the myocardium 8 weeks
after TAC when the mice progressed from cardiac hypertrophy to heart  failure,  CD3-CD49+ NK cells were not found in significantly
higher numbers at any time point after TAC. However, the cytotoxic activity of splenic NK cells was higher in TAC than sham-operated
mice one week after surgery. At this time point, Klrk1 mRNA encoding the activating NK receptor NKG2D as well as Raet1, Ulbp1 and
H60 encoding NKG2D ligands were stronger expressed in the myocardium of TAC than sham-operated mice. While both RAG2-/- and
RAG2-/-gc-/-  mice developed a left  ventricular  hypertrophy similarly  to wild type mice,  only RAG2-/-  and wild type mice displayed a
decrease  of  the  ejection  fraction  in  echocardiography  at  week  8  indicating  a  heart  failure  with  reduced  ejection  fraction  (HFrEF).
RAG2-/-gc-/- mice lacking ILCs showed a preserved ejection fraction but Nppa and Nppb expression was upregulated as in wild type
mice.  RAG2-/-gc-/-  mice  thereby  fulfill  the  diagnostic  criteria  of  a  heart  failure  with  preserved  ejection  fraction  (HFpEF)  applied  in
humans. However, we currently do not know whether they display a diastolic dysfunction as these patients do. 
Together the data suggest that ILCs contribute to the decrease of heart function in response to pressure overload. Although classical
CD3-CD49+ NK cells were not found in higher numbers in the myocardium after TAC, their systemic activity was augmented and they
might  respond to  an increased expression of  ligands of  activating NK receptors  in  the myocardium.  The alternative  hypothesis  that
other ILCs infiltrate the myocardium after TAC and contribute to the deterioration of heart function is currently under investigation.
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Role of human ILC3 in the modulation of hepatic fibrogenesis
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Background:  The  group  of  innate  lymphoid  cells  (ILCs)  comprises  recently  discovered  RAG-independent  lymphocytes  which  are
classically  divided  into  three  major  subsets:  IFN-γ  producing  group  1  ILCs  (ILC1),  IL-13  producing  group  2  ILCs  (ILC2),  and  IL-22
producing  group  3  ILCs  (ILC3).  Since  ILCs  have  already  been  characterized  as  critical  modulators  of  both  homeostasis  and
inflammation in numerous human tissues, we here investigated their role in the context of chronic fibrotic liver disease.

Material and methods: Human tissue-infiltrating lymphocytes were isolated from non-fibrotic (n=17) and cirrhotic (n=10) livers as well
as  from  ectomized  tonsils  (n=4).  Phenotypical  and  functional  characterization  of  ILCs  was  studied  by  flow  cytometry.  ILC  gene
expression was analyzed on a NanoString nCounter® and by Chromium Single Cell  3’ Sequencing®. In functional experiments, the
impact of ILC-derived cytokines on human monocytes and hepatic stellate cells (HSC) – two key drivers of hepatic fibrogenesis – was
investigated. Chemotactic response of monocytes was assessed using transwell  migration assays while pro-fibrotic activity of HSCs
was analyzed by quantitative PCR and cytometric bead array.	

Results:  ILC3  represented  the  major  hepatic  ILC  subset  and  were  significantly  enriched  in  cirrhotic  livers  compared  to  non-fibrotic
ones. Phenotypic and gene expression analysis demonstrated significant alterations of liver ILC3 in cirrhotic patients. Analyzing their
functional capacity, we found that human intrahepatic ILC3 displayed a distinct cytokine profile with a decreased IL-22 expression and
an  increased  production  of  the  ILC2-specific  cytokine  IL-13,  which  has  been  previously  speculated  to  exert  pro-fibrotic  actvity  in
chronic liver disease. In line with this, the percentage of IL-13+ ILC3 was significantly increased in patients with chronic liver disease.
On  a  mechanistic  level,  we  found  that  in  vitro  culture  of  human  monocytes  in  the  presence  of  ILC3-derived  IL-13  enhanced  their
chemotactic  response to the chemoattractants CCL2 and IL-8.  In addition,  treatment of  primary human HSCs with IL-13 resulted in
both  increased  gene  expression  of  pro-fibrotic  marker  genes  such  as  ACTA2  as  well  as  enhanced  secretion  of  fibrosis-associated
cytokines like IL-8 and TSLP. 

Conclusion: Taken together our data indicates that human liver ILC3 represent a so far unappreciated source of IL-13 and – as the
major intrahepatic ILC subset – might be a critical modulating factor in the progression of chronic liver disease.
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NK cells are robustly activated and primed for skin-homing during acute dengue
virus infection in humans
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As part of the innate immune system, natural killer (NK) cells are important players in the early defense against many viral infections.
To improve our understanding of human NK cell responses in acute viral infections, we thoroughly analyzed the phenotype, temporal
dynamics, regulation, and trafficking of NK cells in a well-defined cohort of patients with acute dengue virus infection. NK cells were
robustly activated and proliferated during the first week after symptom debut. High-dimensional analysis revealed the response to be
largely  confined  to  less  mature  NK cells.  Increased  plasma levels  of  IL-18  and  concomitant  signaling  downstream of  the  IL-18R in
responding  NK  cells  suggests  an  IL-18-dependent  mechanism  in  driving  NK  cell  activation.  Responding  NK  cells  had  a  distinct
chemokine-receptor  imprint  indicative  of  skin-homing  and  a  corresponding  NK  cell  subset  could  be  localized  to  skin  during  acute
infection.  These  data  represent  evidence  of  an  IL-18-driven  NK  cell  proliferation  and  priming  for  skin-homing  during  an  acute  viral
infection in humans.
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Innate Lymphoid cells: heterogeneity and cancer immunotherapy
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Immuno-oncology,  including  checkpoint  inhibitors  targeting  the  PD-1/PD-L1  (PD-x)  axis  in  particular,  has  revolutionized  cancer
treatment. However, only a subset of patients respond to these immunotherapies, and the development of drug resistance is frequent.
Here, we report that the blocking of the inhibitory NKG2A receptor enhances tumor immunity by promoting both Natural Killer (NK) and
CD8+  T-cell  effector  functions  in  mice  and  humans.  Monalizumab,  a  humanized  anti-NKG2A  antibody,  enhanced  NK  cell  activity
against various tumor cells and rescued CD8+ T-cell  function in combination with PD-x axis blockade. Monalizumab also stimulated
NK-cell  activity  against  antibody-coated target  cells.  We also  established proof-of-principle  for  the  use of  combined immunotherapy
with monalizumab and cetuximab in a phase II clinical trial, in which the combination showed promise for the treatment of patients with
squamous cell  carcinoma of the head and neck (SCCHN). NKG2A targeting with monalizumab is thus a novel checkpoint inhibitory
mechanism  promoting  anti-tumor  immunity  by  enhancing  the  activity  of  both  T  and  NK  cells,  which  may  complement  the
first-generation immunotherapies against cancer.
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Interaction of uterine NK cells with placental trophoblast cells
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NK cells account for  ~70% of the immune cells present in the uterine mucosa (decidua) in early pregnancy where trophoblast  cells
infiltrate  and transform the arteries.   They express a  range of  receptors  that  can bind to  extravillous trophoblast  (EVT)  HLA class I
molecules (HLA-G, HLA-C and HLA-E).  Immuno-genetic studies show that particular combinations of maternal KIR and fetal HLA-C
variants  are  associated  with  pregnancies  that  have  underlying  defects  in  placentation  (eg  pre-eclampsia).   However,  the  exact
functional roles of uterine NK cells are still unclear due partly to lack of in vitro models of human trophoblast.
We have profiled the transcriptomes of ~70,000 single cells from placentas with matched maternal blood and decidua cells to develop
a single-cell atlas of the maternal-fetal interface.  We have also developed a long-term organoid culture system for human trophoblast
and the cells can be induced to differentiate to EVT that invade Matrigel in 3D.  These studies provide a platform to investigate the
cellular and molecular interactions at the fetal-maternal interface.
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Multiscale quantitative image analysis of human NK cell development
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Human NK cells have intrinsic, critical function in the control of viral infections and malignancy. In addition, they are powerful new tools
in the arsenal of immunotherapy cells. Despite the importance of cell-cell contacts in the generation of functionally mature NK cells, the
mechanisms by which these signals are delivered are poorly understood. We performed multi-scale, multi-dimensional microscopy of
NK cells  undergoing  differentiation  on  developmentally  supportive  stromal  cells.  This  identified  complex  behaviors  of  migration  that
were acquired throughout development and mirrored those performed by NK cell developmental intermediates from tissue. We found
that the contribution of stromal cells to this system includes the secretion of extracellular matrix components. To test the contribution of
this  matrix  to  NK cell  development,  we generated cell-free matrices from developmentally  supportive stromal  cells.  We found these
enabled NK cell migration and differentiation, but did not promote proliferation that is associated with NK cell maturation in whole-cell
systems. Together, our data demonstrates that the acquisition of cell migration is a novel, regulated parameter of NK cell development
and defines the role that the extracellular matrix plays in this process. 
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Characterization of Poliovirus Receptor in 3D cultures of Renal Carcinoma cells
and its role in shaping Natural Killer cell activity in the tumor microenvironment 
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Immune cells are able to recognize, follow and kill  malignant cells that continuously arise in our body, limiting their potential growth.
CD8+ T  Lymphocytes  (CTL)  and  Natural  Killer  (NK)  cells  are  the  front  line  in  tumor  recognition.  However,  CTL  and  NK cell-based
immunotherapies to treat solid tumors are still unsuccessful, possibly due to immune-suppression in the tumor microenvironment. We
have previously developed a microchip platform where low energy-ultrasound waves induce in vitro 3-dimensional (3D) cultures. Here
we  use  3D  cultures  of  renal  carcinoma  cells  for  studying  the  effect  of  the  microenvironment  on  NK  cell  tumor  recognition.  In  3D
cultures of A498 renal cell carcinoma alone we observed a significant reduction of intracellular and extracellular PVR and ULBP-2,5,6,
suggesting that NK cell recognition via NKG2D and DNAM- 1 is reduced in 3D compared to 2D cultures. We further determined NK
cell  viability  and  expression  of  NK  receptors  in  both  2D  and  3D  co-cultures  of  NK  cells  and  renal  carcinoma  cells,  distinguishing
between intra-tumoral and extra-tumoral NK cells in 3D cultures at different time-points. A down-modulation of DNAM-1 was observed
in both 2D and 3D co-cultures of NK-tumor cells compared to NK alone. Interestingly, an increased expression of TIGIT was observed
only in 3D co-cultures of NK-tumor cells and not in 2D co-cultures or cultures of NK cells alone. Based on those findings, the TIGIT+
DNAM-1- NK population was characterized in 3D co-cultures of NK cells-tumor cells, revealing an increased percentage of NKG2A-
KIRS+  CD16+  CD57+  NK  cells.   Thus,  our  data  suggest  that  PVR-mediated  activation  is  reduced  in  3D  cultures  of  renal  cell
carcinoma due to modulated protein expression of both target and NK cells. Ongoing studies are directed towards understanding how
the interplay between DNAM-1 and TIGIT modulation in the NK cell and PVR and ULBPs in the renal carcinoma cells affect the NK
activity  and  infiltration  in  the  tumor  microenvironment.  We  are  also  increasing  the  complexity  of  the  tumor  microenvironment  by
introducing  other  cell  types,  e.g.  macrophages  and  fibroblasts,  in  the  3D  cultures.  This  experimental  platform  will  allow  systematic
studies of how immune suppression in the tumor microenvironment is regulated and can be manipulated to increase the efficacy of
NK-based immuno-therapeutic treatments.

33



SELECTED SHORT TALK

29
Retrogenic color-barcoding for in vivo fate-mapping of single NK cells during
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In the past we have applied single-cell in vivo fate mapping to gain deeper insight into the differentiation processes that govern T cell
immune responses to infection or vaccination (Buchholz et al., Science 2013; Graef et al., Immunity 2014; Buchholz et al., Annual Rev.
Immunol.  2016;  Cho et  al.,  Cell  Reports  2017).  In  order  to  enable  direct  flow-cytometric  tracing of  immune responses derived from
single NK cells, we have now established ‘retrogenic color-barcoding’. This novel approach allows for the rapid introduction of more
than  30  unique  heritable  labels  into  various  leukocyte  populations:  Via  retroviral  co-transduction,  multiple  fluorochrome  genes  are
introduced  into  hematopoietic  stem  cells  that,  upon  transfer  into  sublethally  irradiated  mice,  give  rise  to  color-barcoded  leukocyte
populations. Individual color-barcoded leukocytes are then introduced into secondary hosts for single-cell fate mapping.
As a proof-of-concept study, we have used ‘retrogenic color barcoding’ to study the maturation of the Ly49 receptor repertoire within
the  progeny  of  single  NK  cells  during  infection  with  murine  cytomegalovirus  (MCMV).  We  find  that  both  clonal  stability  as  well  as
dynamic  maturation  of  Ly49 receptor  profiles  can  be  found within  the  progeny  of  single  NK cells.  These insights  are  relevant  for  a
better  understanding  of  NK  cell  memory  and  for  gauging  the  immunotherapeutic  relevance  of  NK  cells  expressing  defined  Ly49
receptor profiles.
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Preclinical characterization of an off-the-shelf chimeric antigen
receptor-engineered NK cell therapeutic for adoptive cancer immunotherapy
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Genetic modification of NK cells with chimeric antigen receptors (CARs) is receiving increasing attention as an approach for adoptive
cancer immunotherapy. The clinically applicable cytotoxic cell line NK-92 provides an unlimited source of effector cells to investigate
and  improve  CAR  concepts  for  NK  cells,  and  holds  potential  for  development  as  a  standardized  off-the-shelf  therapeutic.  We
genetically engineered NK-92 cells to express an ErbB2 (HER2)-specific CAR harboring a composite CD28-CD3ζ signaling domain.
GMP-compliant  protocols  for  vector  production,  lentiviral  transduction  and  expansion  of  a  gene-modified  single  cell  clone
(NK-92/5.28.z)  were established.  Functional  analysis  of  NK-92/5.28.z cells  revealed high and stable CAR expression,  and selective
cytotoxicity  against  ErbB2-expressing  but  otherwise  NK-resistant  tumor  cells  of  different  origins.  Importantly,  upon  activation
NK-92/5.28.z  cells  secrete  high  levels  of  proinflammatory  factors  without  upregulating  immune  checkpoint  receptors,  with
CAR-mediated  cytotoxicity  not  being  affected  by  immunosuppressive  factors  such  as  a  hypoxic  environment  and  high  TGF-β
concentrations.
	To develop these cells for treatment of ErbB2-positive glioblastoma (GBM), we evaluated the activity of NK-92/5.28.z against GBM cell
lines and primary GBM cultures, and demonstrated selective ErbB2-dependent cell killing in vitro. Potent in vivo antitumor activity of
NK-92/5.28.z was observed in orthotopic GBM xenograft models in NSG mice, leading to a marked extension of symptom-free survival
upon repeated stereotactic injection of CAR NK cells into the tumor area. In immunocompetent mice, local therapy with NK-92/5.28.z
cells resulted in cures of transplanted syngeneic GBM, induction of endogenous antitumor immunity and long-term protection against
tumor rechallenge at distant sites. Of note, irradiation of NK-92/5.28.z cells as a safety measure did not influence in vitro and in vivo
antitumor  activity.  Our  results  suggest  adoptive  transfer  of  ErbB2-specific  NK-92/5.28.z  cells  as  a  promising  new  immunotherapy
approach for GBM. A phase I clinical trial investigating NK-92/5.28.z cells as a treatment for recurrent ErbB2-positive GBM is ongoing.
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Re(de)fining type 1 innate lymphocytes in the face of cancer
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No abstract available.
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(BiKE/TriKE) as potential immunotherapy in Pediatric Patients with AML and
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Novel  anti-CD19  targeted  immunotherapies  such  as  chimeric  antigen  receptor  T  cells  and  bispecific  anti-CD19/CD3  antibodies
(blinatumomab)  against  acute  lymphoblastic  leukemia  (ALL)  are  promising  therapeutic  options.  However,  CD19-  relapses  and
resistance  despite  CD19  positivity  remain  a  major  challenge  in  about  30%  to  60%  of  patients.  Similar  to  pediatric  acute  myeloid
leukemia (AML) the subgroup of biphenotypic ALL is a rare complex entity with adverse outcome. Both entities are characterized by
the surface expression of CD33. 
To investigate the potential role of two fully humanized bi-specific antibodies, i.e. CD16×CD33 (BiKE) and CD16×IL-15×CD33 (TriKE,
this construct includes an IL-15 crosslinker) in children with CD33+ acute leukemia, we tested the reagents against CD33+ tumor cell
lines  (HL-60  [CD33hi]  and  SEM  [CD33lo]  and  primary  pediatric  CD33+  biphenotypic  ALL  and  AML  blasts  using  13-colour  flow
cytometry, cytotoxicity (CFSE-labeled target killing) assays and functional (CD107-, IFN-y- and TNF-α-) assays.
NK  cells  from  AML/ALL  patients  expressed  less  CD16  on  the  surface  (mean  20%  reduction)  than  healthy  controls.  Nonetheless,
primary NK cells from AML- and ALL patients treated with BiKE/TriKE exhibited significantly enhanced degranulation and TNF-α and
INF-y  production  against  HL-60.  In  primary  NK  cells  from  healthy  volunteers,  16x33  BiKE  and  16x15x33  TriKE  induced  increased
cytotoxicity, degranulation, and cytokine production against CD33+ cell line targets. Moreover, against primary ALL and primary AML
targets,  degranulation,  IFN-γ  and  TNF-α  production  could  be  significantly  increased  with  BiKE/TriKE.  Notably,  the  addition  of  IL15
(TriKE) showed no further advantage compared to the employment of BiKE. 
Taken together these data support the investigation of CD33 specific antibodies BiKE/TriKE as promising immunotherapy increasing
NK cell  cytolytic activity and cytokine production against pediatric AML and biphenotypic ALL blasts. These antibodies are therefore
suitable  for  children  with  CD33+  leukemia,  especially  with  CD19  loss,  as  potential  maintenance  therapy  or  “bridging”  consolidation
chemotherapy before hematopoietic stem cell transplantation.
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Developing first-in-class immune cell engagers to redirect and activate immunity
to fight cancer

Joachim Koch1, Uwe Reusch1, Stefan Knackmuss1, Erich Rajkovic1, Michael Tesar1, Andras Strassz1, 
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1Affimed, GmbH, Heidelberg, Germany, 2Affimend Inc., New York, NY, J.Koch@affimed.com

Affimed  is  developing  first-in-class  tetravalent  multispecific  antibodies  for  engagement  and  activation  of  both  innate  and  adaptive
immunity to fight cancer. Affimed pioneers NK cell  retargeting and our NK cell  platform comprises three immuno-engagers targeting
the tumor antigens CD30 (AFM13), BCMA (AFM26) or EGFR (AFM24) and CD16A on NK cells. These immuno-engagers display high
binding affinity for CD16A independently of CD16A polymorphisms and virtually no competition by circulating IgG in peripheral blood,
which results in superior potency and efficacy when compared to current state-of-the-art approaches.
A Phase 1 study with AFM13 in relapsed/refractory (R/R) Hodgkin lymphoma patients (Rothe et al., 2015) provided evidence of safety
and  clinical  activity  for  AFM13  as  a  single  agent.  These  findings  have  been  confirmed  in  a  Phase  2a  study  in  R/R  Hodgkin  and
CD30-positive lymphoma patients.
In order to unleash the full potential of NK cells in immuno-oncology, we have generated the novel ROCKTM (Redirected Optimized
Cell  Killing)  platform  which  comprises  a  suite  of  antibody  formats  allowing  the  tailoring  of  properties  including  half-life,  tissue
distribution and optimal tumor cell targeting for optimized NK cell efficacy and safety.
Other major strategies we pursue to optimize anti-tumoral activity of NK cells are combinations of NK cell engagers with: i) check-point
inhibitors, ii) cytokines, or iii) adoptive transfer of NK cells. 
In  this  respect,  data  will  be  presented  from  an  ongoing  Phase  1b  dose  escalation  study  in  patients  with  R/R  HL  that  indicate  the
combination  of  AFM13  and  the  anti-PD-1  antibody  Keytruda®  (pembrolizumab)  is  well-tolerated.  Interim  efficacy  data  show  a
3-months ORR comparing favorably to historical ORR of pembrolizumab monotherapy in a similar patient setting. 
We are further  presenting data showing that  CD16A engagement leads to engager-mediated sensitization of  NK cells  as shown by
IL2-  and  IL15-driven  proliferation  and  increased  cytotoxicity  (Pahl  et  al.,  2018).  Interestingly,  CD16A-experienced  NK  cells  exerted
more vigorous IFN production upon re-stimulation with tumor cells or cytokines providing a rationale for combining immuno-engagers
with cytokine stimulation to boost NK cell activity.
Current activities aim at combination of Affimed’s NK cell engagers with adoptive cellular transfer to further improve antitumoral activity
of NK cells. Our latest results on this combination will be presented.
In conclusion, NK cell engagement holds promise for safe and efficacious mono- and combination therapy of patients suffering from
hematological or solid malignancies.
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Decipher the role of IL-33 as an activator of NK cells anti-tumor activity
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Interleukin-33 (IL-33) is a cytokine of IL-1 family constitutively expressed in the nucleus of endothelial cells, fibroblastic reticular cells,
and epithelial cells. However, in response to cellular stress such as mechanical constraint, allergens, viral infection, or cell  death by
necrosis or necroptosis, IL-33 can be released in the extracellular space as an alarmin to bind to its receptor ST2 and promote both
type 1 and type 2 immune responses, depending on the context. Consistently, paradoxical pro- and anti-tumoral roles of IL-33 were
reported. These observations prompted us to investigate IL-33/ST2 signaling in immune cells and we unraveled a new pathway for NK
cells  activation  where  IL-12  up-regulates  IL-33  receptor  (ST2)  on  human  NK  cells,  which  in  turns  become  responsive  to  IL-33  by
secreting  high  levels  of  IFN-γ  and  increasing  their  cytotoxic  activity.  This  effect  was  specific  to  a  subset  of  CD56dim  NK  cells.  As
tumour-infiltrating NK cells often show an exhausted phenotype, characterized by depressed responses upon classic stimulation, IL-33
shows good potential to re-activate NK cells anti-tumor immune response.
Following  up  on  these  results,  our  aim  is  to  i)  better  characterize  IL-33-responsive  NK  cells  subpopulation,  ii)  decipher  IL-33/ST2
signaling pathway in this NK cells subset, iii) confirm the activating role of IL-33 on NK cells secretory and cytotoxic function in vivo,
and  iv)  characterize  tumor  NK  cells  response  to  IL-33.  We  observed  that  ST2  up-regulation  on  CD56dim  NK  cells  following  IL-12
treatment is dependent on STAT4 phosphorylation. Interestingly, although they do not express ST2 nor respond to IL-33 stimulation, a
subset  of  CD56high  NK  cells  phosphorylates  STAT4  in  response  to  IL-12,  suggesting  a  blockade  downstream  STAT4  signaling
pathway in this cell population. Ongoing RNA sequencing analysis will help us to decipher the main molecular characteristics of ST2+
versus ST2- NK cells.  Additionally,  we are developing multiparametric  immunofluorescence and flow cytometry analysis to evaluate
ST2  expression  by  immune  cells  infiltrating  breast  and  ovarian  tumors.  Downregulation  of  STAT4  signaling  is  frequent  in  human
tumors and could constitute a novel immune evasion pathway requiring further characterization in tumor-infiltrating NK cells.
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Recently, circulating multi- and uni-potential human ILC precursors have been found in a lymphocyte population that expresses CD117
and CD127 but lack the ILC2 marker CRTH2. However, these precursors have not been extensively characterized. We performed an
unbiased  Hierarchical  Stochastic  Neighbor  Embedding  (HSNE)  analysis  of  the  phenotype  of  peripheral  blood  CD117+  ILCs  which
revealed  the  presence  of  two  subsets.  Analysis  of  the  differentiation  potential  of  these  cells  on  bulk  and  clonal  levels,  cytokine
production and the transcriptome revealed that these populations are precursors biased to ILC3 and ILC2 lineages, respectively, but
are highly plastic and can also differentiate to other ILC subsets depending on the activation signals they receive
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Peptide-specific recognition of human cytomegalovirus controls adaptive natural
killer cells
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Natural killer (NK) cells are innate lymphocytes that lack antigen-specific rearranged receptors, a hallmark of adaptive lymphocytes. In
some people infected with human cytomegalovirus (HCMV), an NK cell subset expressing the activating receptor NKG2C undergoes
clone-like expansion that partially resembles anti-viral adaptive responses.
However, the viral ligand that drives the activation and differentiation of adaptive NKG2C+ NK cells has remained unclear. Here we
found  that  adaptive  NKG2C+  NK  cells  differentially  recognized  distinct  HCMV  strains  encoding  variable  UL40  peptides  that,  in
combination with pro-inflammatory signals, controlled the population expansion and differentiation of adaptive NKG2C+ NK cells.
Thus,  we  propose  that  polymorphic  HCMV  peptides  contribute  to  shaping  of  the  heterogeneity  of  adaptive  NKG2C+  NK  cell
populations among HCMV-seropositive people.
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A subset of HLA-DR-positve NK cells expands in response to Mycobacterium
tuberculosis

Erokhina S.A.1, Streltsova M.A.1, Kanevskiy L.M.1, Kovalenko E.I.1
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The  involvement  of  NK  cells  in  immune  response  against  Mycobacterium  tuberculosis  is  confirmed  by  a  number  of  independent
studies.  These  cells  can  produce  important  cytokines,  stimulate  bacteriolytic  activity  of  macrophages,  carry  out  direct  lysis  of  both
infected and bacterial cells, or interact with the adaptive immune cells. Nevertheless, there is little information about the subsets of NK
cells,  participating  in  the process.  The aim of  this  work  was to  evaluate  the possible  role  of  NK cells,  expressing activation  marker
HLA-DR, in immune response to M. tuberculosis, as it was shown earlier that this subset expands upon BCG stimulation.
The  study  of  the  PBMC  from  healthy  volunteers  and  patients  with  diagnosed  tuberculosis  revealed  that  the  proportion  of
HLA-DR-positive NK cells in the infected patients was significantly higher than in healthy people. This fact suggested the physiological
role  of  HLA-DR+  NK  cells  during  M.  tuberculosis  infection.  Also,  both  in  healthy  and  infected  individuals,  in  PBMC  cultures
HLA-DR-positive NK cells showed more intensive response to stimulation with mycobacterial sonicate (ultrasound-damaged bacteria),
evaluated by IFNγ production, than HLA-DR-negative NK cells.
In vitro, the proportion of HLA-DR-positive cells increased after 7 day stimulation of isolated NK cells from healthy volunteers with IL-2
and M. tuberculosis sonicate, comparing to the samples with IL-2 only. The percentage of NKp44+ and NKG2A+ NK cells increased
too,  while  the  proportion  of  CD57+  and  KIR+  cells  decreased.  Thus,  NK  cells  with  less  mature  phenotype  (NKG2A+CD57‒KIR‒),
expressing  activation  markers  HLA-DR and  NKp44,  predominantly  survived  and  proliferated.  At  the  same  time,  IFNγ  production  in
both HLA-DR+ and HLA-DR‒ NK cells,  measured 24h after  stimulation,  was significantly  inhibited in the presence of  mycobacterial
antigens  in  a  wide  range  of  sonicate  concentrations  in  a  dose-dependent  way.  This  fact  indicates  that  in  the  absence  of
microenvironment (i.e., PBMC), NK cell functioning is substantially depressed by the products of destroyed mycobacteria.
Thus, HLA-DR-positive NK cells, characterized by increased IFNγ production, expand both in vivo during mycobacterial infection and
in vitro in a stimulation model in the presence of M. tuberculosis sonicate. Although the intensity of IFNγ production by these cells did
not differ between healthy and infected individuals, due to their abundance in tuberculosis patients HLA-DR+ NK cells may serve as an
important source of this cytokine.
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Natural killer cell response to Aspergillus fumigatus is less efficient after
allogeneic stem cell transplantation
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Introduction:
Aspergillus  (A.)  fumigatus is  a  saprophytic  fungal  mold,  which can cause invasive aspergillosis  (IA)  in  immun-ocompromised hosts.
Stuehler et al. showed that patients after allogeneic stem cell transplantation (alloSCT) have a higher risk to develop IA when NK cell
counts are lower and NK cell reconstitution time takes longer (Stuehler et al., 2015). Current NK cell models postulate dynamic NK cell
movements between the human blood and the lung (Marquardt et al., 2017) which enables NK cell interactions with A. fumigatus in
both loca-tions of the human body. We demonstrated in former studies that the neuronal cell adhesion molecule 1 (NCAM-1, CD56)
mediates  the  interaction  between  NK  cells  and  A.  fumigatus  hyphae  in  vitro,  leading  to  NK  cell  activation  and  secretion  of
CC-chemokine ligands CCL3, 4, and 5 (Ziegler, Weiss, et al., 2017).
Objectives:
We functionally characterized the interaction of NK cells isolated from alloSCT patients (30, 60 and 90 days post-transplantation) and
healthy individuals with A. fumigatus hyphae in vitro. 
Material & Methods:
NK cells were isolated by negative isolation from whole blood or PBMCs (Miltenyi Biotec) from patients re-ceiving an allograft or from
healthy individuals. Cells were pre-stimulated with Proleukin (Novartis) overnight before NK – A. fumigatus co-cultures were set for 6
h.   Cell  culture  supernatants  were  analyzed  by  multiplex  immunoassay  and  analysis  of  CD56  expression  was  performed  by  flow
cytometry. CD56 single molecule tracking and actin mobility analysis from alloSCT patients and healthy individuals were investigated
by live cell imaging on a direct stochastic optical reconstruction microscopy (dSTORM) setup. 
Results:
Despite  higher  mean  fluorescence  intensities  of  CD56  in  patients  after  alloSCT  compared  to  healthy  individu-als,  CD56  binding  to
fungal hyphae was inhibited in alloSCT patients. Furthermore, fungal mediated NK cell secretion of CCL3, 4, and 5 were reduced in
alloSCT patients until 120 days post-transplantation. 
Conclusion:
We hypothesize that the role of NK cells is even more relevant during fungal infections in absence of other immune cell  types, e.g.
neutrophils  or  T cells.  By showing a long-term deficiency in NK cell  fungal  binding and cytokine and chemokine secretion,  NK cells
derived from alloSCT patients are potentially less efficient than healthy NK cells in the defense against A. fumigatus and in parallel, in
recruiting other cell types to sites of fun-gal infiltrates. 
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Analysis of polymorphism in the TLR3 gene of NK cells from Multiple Sclerosis
patients
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Anastasia Lambrianides, PhD1, Marios Pantzaris, MD2, Georges Krashias, PhD1, Christina Christodoulou, PhD1

1The Cyprus School of Molecular Medicine, 2The Cyprus Institute of Neurology and Genetics, elied.sm@gmail.com

Background:  Multiple  Sclerosis  (MS)  is  a  chronic  demyelinating  disease  of  the  central  nervous  system  (CNS)  where  both
environmental  and  genetic  risk  factors  play  a  role.  Among  the  environmental  risk  factors,  EBV  and  HSV  infections  have  been
suggested  as  strong  candidates  contributing  to  MS pathology/progression.  Viral  recognition  and  control  is  largely  tasked  to  the  NK
cells via TLR recognition and various cytotoxic and immunoregulatory functions.
Objective: The present work aimed to characterize NK cells isolated from MS patients for genetic polymorphisms in the gene encoding
for TLR3.
Method:  Highly  purified  NK  cells  isolated  from  peripheral  blood  of  MS  patients  (n=30)  and  healthy  controls  (n=30)  were  used  to
sequence all  five exons of  the TLR3 gene using sanger  sequencing.  Alignment  of  the obtained sequences with the wild-type TLR3
sequence was used to identify genetic polymorphisms within the TLR3 gene.
Results:  The  alignment  identified  multiple  substitution  mutations  across  the  5  exons  of  the  TLR3  gene  (rs116729895,  rs3775296,
rs377529,  rs3775290,  rs3775291,  rs376735334  and  rs73873710).  A  significant  difference  was  observed  in  the  allele  distribution  of
rs3775291 (Leu412Phe) between MS patients and HC, whereby the minor allele was detected in 36.7% of MS patients versus 20% of
HC (p=0.04).
Interpretation:  There appears to be a possible association between the TLR3 missense mutation rs3775291 and Multiple Sclerosis,
which  might  be  attributed  to  changes  in  the  TLR3  functional  properties.  Future  work  can  look  further  into  TLR3  expression  and/or
functional differences in the NK cells of MS patients.
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Dissecting mechanisms of natural killer cell activation during Hepatitis C Virus
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Hepatitis  C  virus  (HCV)  induces  chronic  infection  in  around  3% of  the  world  population  and  leads  to  progression  of  liver  cirrhosis,
fibrosis and hepatocellular carcinoma. Natural Killer (NK) cells were found to be enriched in the patients with HCV. Besides, early and
strong NK cell responses are associated to the HCV clearance. Therefore, the aim of our study was to elucidate mechanisms which
induce NK cell response to HCV.
In  our  study,  we  co-cultured  HCV  replicon-carrying  or  cured  Huh6  hepatoblastoma  cells  with  peripheral  blood  mononuclear  cells
(PBMCs) from healthy individuals or chronically infected patients. 
We  observed  higher  frequency  of  NK  cells  which  upregulated  high  affinity  IL-2  receptor  alpha  chain  CD25  in  co-culture  with
HCV-containing hepatocytes compared to control co-culture. These cells proliferated more rapidly and showed pronounced production
of IFN-gamma. Activation of NK cells was dependant on IL-2, produced by T cells, and on cell-cell contact with monocytes. The TNF
family  member  OX40  became induced  on  NK cells  concomitantly  with  its  ligand  OX40L  on  monocytic  cells  in  infected  co-cultures.
Most  importantly,  blockade  of  the  OX40/OX40L  pathway  greatly  reduced  NK cell  proliferation  and  activation.  Accordingly,  NK  cells
were found in close proximity with OX40L expressing monocyte-derived cells in liver biopsies. To further dissect activation modules of
NK cells in infected co-cultures we are currently performing microarray analysis of sort-purified NK cell populations.
Together, our data unravel a novel mechanism of NK cell response against HCV-infected cells, which involves contact with monocytes
via the OX40/OX40L axis.  Our obtained results  will  in  more detail  reveal  changes in NK cells  induced by HCV and enable a better
understanding of distinct pathways regulating NK cell function. Overall, our data could provide novel target modalities for the treatment
of virus infections.
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Natural killer (NK) cells are an intensively studied part of immune system, possessing unique ability to recognize and induce death of
tumor and virus-infected cells  without prior  antigen sensitization.  Their  function is  regulated by a fine balance of  signals induced by
multiple  activating  and inhibitory  cell  surface receptors  and their  interaction  with  the ligands present  on the target  cell.  This  can be
illustrated  on  the  homodimeric  rat  inhibitory  receptor  NKR  P1B  and  its  ligand  Clrb,  which  play  a  crucial  role  in  the  immunological
response of NK cells to the infection with rat cytomegalovirus (RCMV).
During  the  infection  of  RCMV  the  target  cell  downregulates  cell  surface  expression  of  Clrb,  thus  decreasing  the  inhibitory  signal
transmitted through NKR-P1B to  the NK cell,  which would  ideally  lead to  NK cell  activation  and lysis  of  the  infected cell.  However,
RCMV carries a gene for “decoy” surface receptor – RCTL that mimics Clrb and thus escapes the immunological response of NK cells.
Moreover, while this escape strategy was demonstrated in the rat strain WAG, it has been shown that the NKR-P1B homologue from
rat strain SD ligates only Clrb and does not recognize RCTL. Thus, the SD rat strain is less susceptible to the RCMV infection.
This  research  aims  to  elucidate  the  molecular  basis  of  the  NKR-P1:Clr  receptor  ligand  recognition,  based  on  previous  successful
results  with  homologous  human  NKR-P1:LLT1  receptor  ligand  pair.  For  protein  crystallization,  it  was  found  out  that  the  best
recombinant  expression  system for  production  of  soluble  extracellular  domains  from this  family  of  receptors  is  transiently  or  stably
transfected HEK293S GnTI- human cell line possessing homogeneous N glycosylation profile. To increase the yields of recombinant
proteins,  we  have  optimized  this  expression  system  enabling  us  to  prepare  native  glycosylated  disulfide-linked  homodimers  of
extracellular parts of studied rat NK cell receptors. For NKR-P1B (SD), the crystal structure of its homodimeric extracellular part was
solved and its dynamic behavior in solution was studied by combination of several biophysical techniques.

This  study  was  supported  by  BIOCEV (ERDF CZ.1.05/1.1.00/02.0109),  Czech  Science  Foundation  (18-10687S),  and  MEYS of  the
Czech Republic (LTC17065 within the COST Action CA15126). The authors also acknowledge the support and the use of resources of
Instruct, a Landmark ESFRI project through the R&D pilot scheme APPID 56 and 286.
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The role of O-antigen in LPS induced activation of human NK cells
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NK cells  can be directly  stimulated by bacterial  lipopolysaccharides (LPS).  Unlike macrophages, human NK cells  do not  express or
express  very  low  level  of  surface  TLR4  receptor  normally  required  for  LPS  stimulation.  This  has  led  to  the  assumption  that  the
stimulating action of LPS on macrophages and NK cells differs. In this work we have investigated the effects of different forms of E.coli
LPS, including mutants lacking O-antigen structures, and deacylated LPS on IFNγ production by purified human NK cells. 
Human NK cells from healthy donors were isolated by magnetic separation and cell sorting. Then they were incubated in RPMI-1640
supplemented  with  10%  FCS  in  presence  of  IL-2  (500  U/ml)  and  different  forms  of  E.  coli  LPS  (5  ug/ml).  Cell  concentration  was
1.5x10*6  cells/ml,  incubation  has  been  performed  in  96  U-well  plates  for  18  h.  The  following  LPS  preparations  purchased  from
SigmaAldrich (Merck, Germany) were used: 1) full  length S-LPS from strains O55:B5, O111:B4 and O127:B8 (#L4524, #L3024 and
#L5024); 2) Ra- and Rd-LPS mutant forms (#L9641 and #L6893, respectively); 3) S-LPS with removed fatty acid portions (“detoxified
S-LPS”) from strains O55:B5 and O111:B4 (#L9023 and #L3023, respectively). IFNγ amount in supernatants was analyzed by ELISA.
The main findings were the following: 1) S-forms of LPS but not R-forms (LPS lacking O-antigen) have been found to stimulate IFNγ
production  by  NK  cells;  2)  the  structure  of  polysaccharide  part  of  LPS  had  a  strong  influence  on  the  observed  effects;  3)
polysaccharide part of LPS molecule alone failed to stimulate IFNγ production by NK cells; 4) LPS retained its ability to trigger cytokine
production in serum-free media.  The data demonstrated the considerable role of  O-antigen in LPS-induced activation of  human NK
cells.
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HIV-1 strains differ in their ability to modulate surface levels of the
NKG2A-receptor ligand, HLA-E
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Although  HIV-1  prominently  reduces  HLA  class  I  surface  levels,  residual  HLA  class  I  expression  can  restrict  NK-cell  killing  of
HIV-1-infected  cells.  Yet,  NK  cells  expressing  the  inhibitory  NKG2A receptor  display  enhanced  functionality  against  HIV-1–infected
cells  in  vitro.  Therefore,  we investigated  the  surface  expression  of  HLA-E,  an  NKG2A ligand,  following  infection  with  various  HIV-1
strains. Primary CD4+ T-cell blasts were infected either with the lab-adapted NL4-3, LAI and SF162 viral strains or several transmitted
HIV-1  founder  viruses.  Whereas  lab-adapted  strains  failed  to  downregulate  HLA-E,  clade  B  and  C  transmitted  founder  viruses
decreased HLA-E surface levels differentially as measured by flow cytometry (from 5% to 38% decrease in HLA-E MFI). Since HIV-1
accessory proteins Nef and Vpu mediate downregulation of HLA-A/-B and -C surface levels, respectively, we subsequently used Δnef
and Δvpu transmitted founder HIV-1 mutants to investigate their effect on HLA-E surface expression. HLA-E surface levels of mutant
virus-infected CD4+ T-cells were on average 1.74-fold (Δnef) and 1.48-fold (Δvpu) higher compared to CD4+ T-cells infected with the
respective  wild  type  virus,  suggesting  that  both  Nef  and  Vpu  may  play  a  role  in  downregulating  HLA-E.  However,  while  lentiviral
transduction  of  a  T-cell  line  with  nef  (derived  from  clade  B  transmitted  founder  virus)  alone  resulted  in  a  30%  reduction  of  HLA-E
surface  levels,  transduction  with  vpu  alone  did  not  significantly  affect  HLA-E  surface  levels,  indicating  a  dominant  role  of  Nef  in
HIV-1–mediated downregulation of HLA-E. In summary, we observe a differential modulation of HLA-E surface expression in primary
CD4+ T-cells infected with different HIV-1 strains. This may have implications for NK-cell recognition of HIV-1–infected cells through
NKG2A and other HLA-E receptors, and potentially modulate NK cell-effector function towards HIV-1–infected cells.
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Chronic hepatitis C virus infection irreversibly impacts human NK cell repertoire
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Diversity is a central requirement for the immune system’s capacity to adequately clear a variety of different infections. As such, NK
cells represent a highly diverse population of  innate lymphocytes important in the early response against  viruses. Yet,  the extent to
which  a  chronic  pathogen  affects  NK  cell  diversity  is  largely  unknown.  Here,  we  studied  this  issue  in  the  context  of  chronic  HCV
infection,  using  novel  metrics  to  estimate  immune  system  diversity.  High-dimensional  flow  cytometer-based  assays  combined  with
stochastic  neighbor  embedding  analysis  revealed  that  chronic  HCV  infection  caused  a  significant  imprint  on  the  human  NK  cell
compartment.  Furthermore,  the infection resulted in  increased inter-individual,  but  decreased intra-individual,  diversity.  The effect  of
chronic HCV infection on the NK cell compartment appeared largely irreversible, since it persisted long after successful interventional
clearance  of  the  virus.  Taken  together,  our  results  provide  detailed  insights  into  how  an  infection’s  history  affects  human  NK  cell
diversity.
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Metabolic rewiring of NK cell subsets during chronic HIV infection
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Cellular metabolism is increasingly recognised as a critical factor contributing to successful immune responses. Dynamic regulation of
metabolism is important for maintaining homeostasis and can directly influence immune cell function and differentiation. Importantly,
different immune cell types have different bioenergetic demands. We have recently described a reconfiguration of the NK cell pool in
HIV  infection  that  is  driven  in  part  by  HCMV coinfection/reactivation,  leading  to  expansions  of  NK  cells  with  adaptive  features  and
altered  functionality.  We  hypothesise  that  HIV  infection  and  variable  levels  of  chronic  immune  activation  are  associated  with
environmental perturbations that disrupt NK cell metabolism, differentiation and function. Current studies are therefore addressing the
metabolic  signature  of  adaptive  versus  canonical  NK  cell  subsets  during  chronic  HIV  infection,  comparing  to  NK  cells  from
HIV-seronegative  HCMV-seropositive  individuals.  NK  cells  are  being  assessed  both  in  the  resting  state  and  following  exposure  to
different activating stimuli.  Our preliminary data suggest that chronic HIV infection leads to alterations in the metabolic machinery of
NK  cells  and  influences  their  mitochondrial  integrity.  The  role  of  mitophagy  and  contribution  of  the  mTOR  and  AMPK  pathways  in
modulating NK cell metabolic reprogramming in this setting are now being evaluated. Targeting metabolic pathways has potential as
an effective strategy for pharmacologically re-invigorating NK cell responses to enhance antiviral immunity.
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Analysis of NK cells in HIV seropositive individuals with and without CMV
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Background:
Several  studies  have  described  skewed  NK  cell  phenotypes  in  Human  Immunodeficiency  Virus  (HIV)  infection.  One  of  the  most
prominent findings is a massive loss of NKG2Apos NK cells during chronic HIV infection and the restoration of normal frequencies of
NKG2Apos  NK  cells  during  anti-retroviral  therapy.  The  loss  of  NKG2Apos  NK  cells  is  often  accompanied  by  an  expansion  of
NKG2Cpos NK cells. Multiple studies report a protective roll of NKG2Cpos NK cells in HIV infection. Expansion of NKG2Cpos NK cells
is  a phenomenon linked to infection with the Cytomegalovirus (CMV).  As the majority  of  HIV infected individuals  is  co-infected with
CMV  we  aimed  to  analyze  how  CMV  infection  influences  the  function  and  phenotype  of  NK  cells  and  T  cells  from  HIV  infected
individuals.

Material and Methods: 
A  detailed  phenotypical  analysis  was  performed  on  NK  and  T  cells  from  HIV  infected  (HIVpos)  as  well  as  uninfected  (HIVneg)
individuals  with  and  without  CMV  co-infection  using  multicolor  flow  cytometry.  Furthermore,  we  performed  an  ADCC  assay  to
determine the NK cell function. 

Results:
In  agreement  with  previous  studies  we  found  that  NKG2Cpos  NK  cells  only  expand  in  CMV  co-infected  individuals.  Furthermore,
NKG2Cpos  NK  cells  of  CMV  co-infected  individuals  express  significantly  higher  levels  of  CD57  than  NK  cells  of  CMV  negative
individuals. Interestingly CD8 T cells of HIVpos individuals display increased CD57 expression independent of the CMV serostatus. 
Analysis of ADCC revealed no functional differences between HIV infected individuals with and without CMV co infection. 

Conclusion & Outlook:
Our data suggest that the expansion of NKG2Cpos NK cells in HIV infected individuals is indeed mediated by CMV co-infection, but
that CMV co-infection does not influence ADCC mediated NK cell functionality. We next aim to analyze the role of the NKG2C-ligand
HLA-E in more detail.   
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STAT5 potentiates adaptive NK cell responses during viral infection
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Natural killer (NK) cells are innate lymphocytes with the capacity to elicit adaptive immune features, including antigen specificity, clonal
expansion, and long-lived memory. Signal transducer and activator of transcription (STAT) transcription factors play a pivotal role in
NK  cell  development  and  functionality.  We  have  previously  demonstrated  that  STAT1  and  STAT4  are  required  for  optimal  NK  cell
expansion  and  memory  formation  following  mouse  cytomegalovirus  (MCMV)  infection.  Although  previous  work  has  shown  that
common γ-chain cytokine signaling mediated by STAT5 is essential for development and homeostasis of NK cells, the role of STAT5
during  viral  infection  has  not  been  carefully  investigated.  In  this  study,  we  analyze  how  STAT5,  through  IL-2  and  IL-15  signaling,
globally  affects transcriptional  regulation in  the context  of  other  proinflammatory cytokines produced during MCMV infection.  During
competitive adoptive transfer of NK cells that are heterologous for Stat5 mutation, we demonstrate that even partial STAT5 deficiency
results in a defective capacity of NK cells to undergo clonal expansion and generate long-lived memory cells in response to MCMV
infection. We thus highlight a critical and novel role for STAT5 signaling in promoting an optimal antiviral NK cell response.
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Innovative electron beam irradiation for NK cell therapy of cancer
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NK  cell  lines  are  an  attractive  tool  in  cellular  immunotherapy.  For  clinical  usage,  these  tumor-derived  cells  must  be  irradiated  to
guarantee complete inhibition of proliferation in a patient's body after infusion. But conventional irradiation (gamma or X-ray) does not
only damage cellular DNA, thus preventing further proliferation, but also effector proteins, thus severely reducing anti-tumor efficacy of
cell  therapeutics.  In  contrast,  electron  beam  irradiation  confers  less  unspecific  damage  due  to  shorter  exposure  time  needed  and
potential degradation of effector proteins is reduced, while nuclear DNA will be sufficiently damaged by electron beam irradiation. Thus
cellular proliferation will be incapacitated sufficiently, while maintaining optimal viability and cytotoxic anti-tumor activity.
Results  indicate  significantly  increased  viability  and  cytotoxicity  of  electron  beam  irradiated  NK  cell  lines  compared  to  cell  lines
inactivated by X-ray. Furthermore, genetically engineered NK cell lines are known to be more radiosensitive compared to parental NK
cell lines. Therefore, electron beam irradiation was also applied to engineered NK cells and compared to X-ray irradiation. 
In  conclusion,  innovative  electron  beam  irradiation  might  be  a  suitable  alternative  to  conventional  X-ray  irradiation  of  NK  cells  for
cancer immunotherapy in the future. 
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INVESTIGATION OF QUATERNARY STRUCTURE OF HUMAN NK CELL
RECEPTOR:LIGAND COMPLEXES BY SUPER-RESOLUTION FLUORESCENCE
MICROSCOPY
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Natural  killer  cells  (NK  cells)  play  one  of  the  key  roles  in  our  immune  system.  They  have  ability  to  eliminate  infected,  stressed  of
malignantly transformed cells without prior antigen sensitization. Recognition of the target cell is promoted by surface NK cell receptors
and equilibrium between activating and inhibitory signals leads to apoptosis or tolerance. We are focusing on structural description of
one NK cell immunocomplex: human natural killer receptor protein 1 (NKR-P1; gene klrb1) and its ligand lectin-like transcript 1 (LLT1;
gene clec2d).

First,  the crystal  structure of  this immunocomplex was solved and data were supported by other biophysical  methods (SAXS, AUC,
SPR).  These  data  were  used  to  make  a  hypothesis  about  organisation  of  receptor  domains  on  the  cell  surface,  enabling  cell
signalisation.  Super-resolution  microscopy  nowadays  seems  like  the  final  step  of  structural  analysis,  forming  a  bridge  between
structure and function.  Therefore,  STORM super-resolution microscopy was used to evaluate biological  relevance of  structural  data
and reveal nanoscale organisation of NKR P1:LLT1 complex directly on the cell surface. Using Voronoi cluster analysis of the STORM
localisation tables, we studied reorganisation of NKR-P1 in cell membrane after binding of its biological ligand, LLT1.
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Single cell-laden microwell arrays of hematological tumor cells for improved live
cell imaging of NK cell-mediated tumor lysis
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NK  cells  are  a  subset  of  immune  cells  that  can  recognize  and  kill  tumor  cells.  Cancer  immunotherapy  based  on  ex  vivo
expanded/engineered NK cells  has been successful  for  the treatment  of  hematopoietic  malignancies,  in  particular  for  leukemia.  NK
cell-mediated  tumor  lysis,  a  critical  event  for  NK  cell-based  cancer  immunotherapy,  is  composed  of  serial  steps,  including  stable
engagement, lytic granule convergence and polarization, exocytosis of lytic granules for tumor lysis, and detachment to engage with
other  targets.  Direct  visualization  of  each  step  for  tumor  cell  lysis  has  been  possible  by  live  cell  imaging.  However,  live  cell
imaging-based analysis of entire steps of NK cell-mediated hematoligical tumor cell lysis is technically challenging because both type
of  cells  can  float  by  convection  and  frequently  form  large  multicellular  aggregates.  In  particular,  observation  of  serial  killing  that
requires  detachment  of  NK  cells  from  a  dead  tumor  cell  and  re-engagement  of  NK  cells  to  another  tumor  cell  is  limited  due  to
heterogeneous  distribution  of  tumor  cells.  To  overcome  these  limitations,  we  developed  single  cell-laden  microwell  arrays  of
hematological tumor cells. Size of each microwell was optimized to maximize probability to capture a single leukemia or lymphoma cell
per microwell. Antibodies specific for different types of leukemia and lymphoma cells were immobilized on the surfaces of microwells to
enhance capturing efficiency.  Using this experimental  setting,  we could quantitatively analyze NK cell-mediated tumor cell  lysis in a
single cell  level. Depending on distances between each microwell and presence of adhesion molecules, NK cells engaged only one
tumor cell at one time and engaged to another tumor cells after detachment, or contacted multiple tumor cells simultaneously. 
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INTRODUCTION
Natural  killer  (NK) cells  are innate cytotoxic  lymphocytes exerting cytotoxicity  against  virally  infected cells  and tumor cells.  NK cells
express  panels  of  activating  and  inhibitory  receptors  to  recognize  stressed  and  transformed  cells.  NK  cell  cytotoxicity  is  primarily
determined by biochemical signals received by ligands expressed on target cell  surfaces. In addition to the biochemical signals, we
hypothesized  that  NK  cell  cytotoxicity  could  be  regulated  by  biophysical  environments  of  tumor  cells  such  as  nanoscale  surface
topography typically existing on extracellular matrixes (ECMs). To test this hypothesis, we compared NK cell cytotoxicity for tumor cells
plated on flat vs. nano-grooved surfaces.
METHODS
PDMP thin films prepares by spincoating on gelatin coated glass substrates were used for cell  micropatterning [1].  HeLa cells were
placed in various circular  and elliptical  micropatterns with an identical  area and various aspect  ratiosThen,  NK-92 cells  were added
onto the micropatterned HeLa cells, and NK cell-mediated cytotoxicity was evaluated by measuring killing time. 

RESULTS
NK cell  exhibited  significantly  higher  cytotoxicity  against  tumor  cells  on  nanogrooved  surfaces  than  tumor  cells  on  flat  surfaces.  In
addition, killing time for tumor cells in circular micropatterns was significantly lower than that for tumor cells in elliptical micropatterns. It
is  likely  that  membrane  or  cytoskeletal  tensions  mediated  by  geometry  and  nanotopography  is  a  major  factor  for  these  intriguing
cytotoxicity behaviors.
 
Fig.1 (A) Effects of tumor cell geometry on NK cell cytotoxicity. (B) F-actin intensity of HeLa cells micropatterned on different types of
geometries.

CONCLUSIONS
In  summary,  using  micropatterning  and  nanofabrication,  we  found  that  nano-grooved  surfaces  and  elongated  morphology  of  tumor
cells synergistically enhance NK cell cytotoxicity.
REFERENCES 
[1] M. Kim, J.-C. Choi, H.-R. Jung, J.S. Katz, M.-G. Kim, and J. Doh, “Addressable micropatterning of multiple proteins and cells by
microscope projection photolithography based on a protein friendly photoresist”, Langmuir 26, 12112, 2010.
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The activating immunoreceptor NKG2D is expressed on primary AML cells and
enhances viability and chemotherapy resistance
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The activating immunoreceptor NKG2D is expressed on cytotoxic lymphocytes like NK cells,  CD8+ cytotoxic T cells and γδ T cells,
and potently stimulates their effector functions upon recognition of its ligands (NKG2DL) that are generally absent on healthy cells but
induced by cellular stress including malignant transformation. Recent findings indicate that also cancer cells themselves can express
NKG2D, which affects cellular functions of the malignant cells and facilitates tumor growth and metastasis. Here we report that primary
acute myeloid leukemia (AML) cells express NKG2D on the cell surface in approximately 37% of the investigated 94 patient cases as
determined by FACS and confirmed by qPCR analysis. Next we studied whether NKG2D on AML cells was functional and to this end
employed antibodies with defined capacity to trigger NKG2D. ELISA and intracellular FACS analysis revealed that induction of NKG2D
signaling into AML cells caused the release of the cytokines IL-6,  IL-8,  IL-10 and TNF, which act as growth and survival  factors for
AML cells and play an important role in disease pathophysiology. In addition, we determined the amount of intracellular ATP in AML
cells by CTG assays, which revealed that signaling via NKG2D in leukemic cells significantly enhanced cell viability. Notably, NKG2D
signaling also protected AML cells from the therapeutic effects of cytostatic agents routinely used for AML treatment (cytarabine and
doxorubicine)  as shown by CTG assays and determination of  cell  death by flow cytometry.  Our data identify  an unexpected role of
NKG2D  in  AML  cells  and  implicate  that  the  NKG2D/NKG2D  ligand  system,  beyond  its  involvement  in  immune  surveillance,  may
influence susceptibility to cytostatic treatment via autocrine/paracrine interaction of NKG2D with co-expressed NKG2DL. Analyses of
the potential correlation of (functional) NKG2D/NKG2DL expression and clinical disease course are presently ongoing.
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Targeting acute myeloid leukemia (AML) for NK cell immunity using
immunocytokines with target cell-restricted IL-15 activity
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Monoclonal antibodies (mAbs) have substantially improved treatment options for cancer patients. Their efficacy largely relies on their
ability to induce antibody-dependent cellular cytotoxicity (ADCC) of NK cells. We recently introduced Fc-optimized (SDIE modification)
antibodies targeting CD133 and CD135 (FLT3) with improved capacity to induce NK cell  reactivity against AML cells (Koerner et al,
Leukemia  2017;  Hofmann  et  al,  Leukemia  2012).  Based  on  these  preclinical  results,  our  FLT3  mAb  termed  FLYSYN  is  currently
clinically evaluated in AML patients with minimal residual disease (NCT02789254). NK cell reactivity can be substantially increased by
the cytokine IL-15, but clinical application of truly effective doses is currently prevented by substantial  side effects due to unspecific
immune  activation  (Conlon  et  al,  JCO  2015).  To  overcome  this  limitation  and  to  strengthen  therapeutic  efficacy  we  fused  our
Fc-optimized CD133 and CD135 mAbs to an IL-15 mutant with abolished binding to IL-15 receptor α (IL-15Rα). The resulting modified
immunocytokines  (MIC)  should  substitute  trans-presentation  of  IL-15  by  binding  to  their  target  antigens  on  leukemic  cells  which
facilitates stimulation of IL-15Rβ/γ on NK cells. Functional analyses confirmed target antigen-restricted binding of MIC133/MIC135 with
saturating doses reached at approximately 1 µg/ml.  FLT3 was found to be expressed on primary AML cells with significantly higher
frequency and to be less susceptible to antigen shift compared to CD133. Analysis of activation and cytokine release, the latter being
particularly  relevant  for  side  effects,  demonstrated  that  MIC  proteins  stimulate  NK  cells  in  a  target  cell-restricted  manner  and  to  a
profoundly greater extent than their Fc-optimized counterparts without IL-15. In line, target cell killing induced by either MIC was clearly
superior  to  that  of  the respective Fc-optimized CD133 and FLT3 mAbs as revealed by various experimental  systems using primary
AML  cells.  MIC135,  which  was  chosen  for  further  development  due  to  its  superior  characteristics  described  above,  did  not  induce
unwanted effects against healthy FLT3 expressing cells and potently reduced leukemic burden in a NSG xenotransplantation model
with primary AML and polyclonal NK cells. In summary, MIC stimulate NK cells in a target cell-restricted manner, clearly outperform
Fc-optimized antibodies and thus constitute a promising treatment option for AML.
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against colorectal cancer spheroid cultures.
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Natural  Killer  (NK)  cells  have  been  described  to  be  an  essential  element  in  cancer  immunosurveillance.  However,  its  role  against
stablished solid malignancies is not clear and protocols to enhance its efficacy against this type of tumours are scarce.  It has been
reported that human solid tumours infiltrated with NK cells are correlated with better prognosis. In contrast, in colorectal cancer (CRC)
NK cells seem to be located on the periphery of the tumour. Since NK cells can be selectively activated to eliminate bad prognosis
haematological cancers, some factors, such as the migration/infiltrating ability of NK cells and the three-dimensional (3D) architecture
of the tumour might influence the effectiveness of NK cell-based immunotherapies.

We  have  showed  that  NK  cell  activated  under  specific  conditions  (Sanchez-Martinez  et  al,  2015)  eliminate  multi-drug  resistant
haematological tumours as well against human CRC cell lines. Now, employing 3D spheroid CRC cell lines, we exploded the ability of
activated human NK cells (aNK) to reach, infiltrate and eliminate CRC cells in the presence or absence of extracellular matrix (ECM).
Our results  show aNK cells  can destroy colorectal  cancer spheroids with different  mutational  status in the Ras/Raf,  PI3K and Bcl-2
pathways.  Importantly  the expression levels  of  PD-L1 in  cancer  cells  did not  affect  NK cell  activity.  However,  when spheroids were
located inside of different composition ECMs, NK cell migratory ability was highly reduced and very few cells reached CRC spheroids.
These results agree with in vivo studies employing human CRC samples and validates our model to find out specific signals that might
enhance NK cell chemotaxis/migration through ECM to reach and destroy tumour cells. To this aim we have designed a NK cell CAR
against  the  MUC1  antigen  aiming  to  selectively  and  specifically  destroy  and  cross  the  ECMs,  so  active  NK  cells  could  reach  and
destroy  the  tumour  cells.  Results  employing  this  NK-CAR  will  be  presented  and  the  effect  of  different  factors  modulating  NK  cell
activity in the tumour microenvironment will be analysed. 
Our results indicate that NK cells activated under adequate specific conditions efficiently eliminate bad prognosis CRC cells and could
be exploited to treat this type of tumour in combination with protocols to enhance NK cell migration through ECM. Since most patients
with  CRC present  mutations  conferring  resistance  to  chemotherapy  and  monoclonal  antibodies,  and  T  cell  based  therapies  do  not
work in most of these patients, NK cell based therapy should be exploited as a good alternative.
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Inhibition of IL-10 secretion in CAR-engineered NK cells modulates polarization of
bystander macrophages and enhances dendritic cell maturation
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Winfried S. Wels1

1Georg-Speyer-Haus, Institute for Tumor Biology and Experimental Therapy, Frankfurt am Main, Germany, 2Institute of
BiochemistryII, Goethe University, Frankfurt am Main, Germany, waldmann@gsh.uni-frankfurt.de

Natural killer (NK) cells play a critical role in antitumor immunity by directly eliminating malignant cells and by regulating tumor-specific
adaptive immune responses. NK-cell-based cancer immunotherapies typically rely on adoptive transfer of allogeneic NK cells derived
from a suitable donor. To enhance their antitumor activity, NK cells can be further engineered to express chimeric antigen receptors
(CARs) that facilitate selective recognition and killing of tumor cells, with early stage clinical development of such approaches ongoing.
Nevertheless,  in  addition  to  pro-inflammatory  cytokines  such  as  interferon  (IFN)-γ,  activated  NK  and  CAR  NK  cells  can  secrete
significant  levels  of  immunoregulatory  interleukin  (IL)-10,  which  may  counteract  pro-inflammatory  factors  and  dampen
tumor-suppressive activities of bystander immune cells in the tumor microenvironment.
Using continuously expanding ErbB2 (HER2)-specific CAR NK cells derived from the human NK cell line NK-92 as a clinically relevant
model, we aim to better understand the role of NK-cell-derived IL-10 in the interaction of CAR-engineered NK cells with host immune
cells within solid tumors. To investigate this, we developed an IL-10-specific endoplasmic reticulum (ER)-retained intracellular antibody
(anti-IL-10ER),  which  upon  expression  in  CAR  NK  cells  trapped  the  IL-10  protein  in  the  secretory  pathway  and  abrogated  IL-10
secretion  to  an  extent  comparable  to  CRISPR/Cas9-mediated  IL-10  gene  knockout.  Importantly,  prevention  of  IL-10  secretion  by
anti-IL-10ER  did  not  negatively  affect  proliferation  of  NK-92  cells,  natural  and  CAR-mediated  cytotoxicity,  and  activation-induced
production of  IFN-γ. However,  downregulation of  IL-10 production in activated CAR NK-92 cells enhanced polarization of  bystander
macrophages towards a tumor-suppressive M1-like phenotype and supported maturation of dendritic cells in vitro. These data suggest
an  enhanced  therapeutic  potential  of  IL-10-depleted  CAR  NK  cells,  which  is  currently  being  analyzed  further  in  immunocompetent
mouse tumor models.
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Investigating oncogenic functions of STAT5B in natural killer cells
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Natural  killer  (NK) cells  are important  early  effector  cells  in  antiviral  and antitumor responses,  whose development and function are
controlled by Janus kinase / signal transducer and activator of transcription (JAK-STAT) signaling. Particularly, the transcription factor
STAT5 is essential for conventional NK cell survival, maturation and function. Two paralogs of STAT5 (STAT5A and STAT5B) exist,
which  share  high  homology.  Previous  studies  reported  a  dominant  function  of  STAT5B  in  NK  cell  biology,  which  is  reflected  by  a
reduced NK cell number in patients with STAT5B-deficiency. Interestingly, activating mutations in STAT5B, but not in STAT5A, have
been  reported  in  NK  cell  lymphomas,  indicating  a  tumor-promoting  function  of  STAT5B  in  NK  cells.  We  have  generated  a  mouse
model expressing the most frequently found human STAT5B mutant (STAT5B-N642H) in the hematopoietic system, which develops a
severe CD8+ T cell leukemia/lymphoma. However, NK cell anomalies have not yet been investigated in this mouse model. We aim to
further explore the oncogenic potential of STAT5B mutations in innate lymphocytes. To do so, we seek to investigate transcriptional
alterations  and  potential  changes  in  the  STAT5B  interactome  in  STAT5B-N642H  mutant  NK  cells,  applying  techniques  including
ChIP-Seq, RNA-Seq and rapid immunoprecipitation mass spectrometry of endogenous proteins (RIME). 

121
NK cell activation and recovery of NK cell subsets in lymphoma patients after
obinutuzumab and lenalidomide treatment

Dang Nghiem Vo1, Catherine Alexia1, Nerea Allende-Vega1, Guillaume Cartron2, Martin Villalba1

1Institute for Regenerative Medicine and Biotherapy (IRMB) - INSERM U1183, CHU Montpellier, Montpellier, France,
2Departementd’Hematologie Clinique, CHU Montpellier, Universite de Montpellier, 80 avenue Augustin Fliche, Montpellier,
France,dang-nghiem.vo@inserm.fr

Obinutuzumab (OBZ) shows stronger antibody-dependent cell cytotoxicity (ADCC) compared to rituximab and improved clinical activity
for treating certain CD20+ neoplasia. However, the efficacy of monoclonal antibody (mAb) as a monotherapy is limited. Natural Killer
(NK)  cells  are  mediators  of  ADCC.  Hematological  cancer  patients  possess  antitumor  NK  cells  that  are  unable  to  control  disease,
possibly because they are dysfunctional. The immunomodulatory drug lenalidomide (LEN) could be a treatment to restore exhausted
NK  cell  cytotoxic  functions.  The  clinical  trial  GALEN  is  a  Phase  Ib/II  study  of  OBZ  combined  with  LEN  for  the  treatment  of
relapsed/refractory follicular and aggressive (DLBCL and MCL) B-cell Lymphoma. During treatment, we analyzed specific aspects of
NK  cell  biology.  Treatment  reversed  the  immature  NK  phenotype  of  patients  and  increased  expression  of  NK  activating  receptors.
Inhibitory receptors were either unchanged or decreased. There was a strong NK response at the end of the 1st cycle: NK number and
intracellular  granzyme  B  (GrzB)  expression  decreased,  degranulation  increased  and  NK  responded  better  to  allogeneic  target
challenge. Moreover, the interaction of NK cells with B cell targets, measured by trogocytosis, decreased during treatment. At the end
of  treatment,  when  target  cells  had  been  wiped  out,  the  proportion  of  reactive  NK cells  (CD69+,  CD45RARO+,  CD107a+,  CD19+)
strongly decreased. Because all patients received LEN and OBZ, it was uncertain which drug was responsible of our observations, or
even if a combination of both products was necessary for the described effects on this lymphocyte lineage. In summary, our findings
support  for  implementation  of  CD45  isoform  profile  analysis  on  NK  cell  subset  following  clinical  treatment  in  hematological
malignancies.
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INVESTIGATING THE QUATERNARY STRUCTURE OF HUMAN NK CELL
RECEPTOR:LIGAND COMPLEX BY SEC-SAXS AND CRYSTALLOGRAPHY
APPROACHES

Jan Bláha1, Barbora Kalousková1, Ondřej Skořepa1, Tereza Skálová2, Jan Dohnálek2, Ondřej Skořepa1
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Natural killer (NK) cells possess a unique ability to recognize and induce death of tumor and virus-infected cells without a prior antigen
sensitization. Their function is regulated by a fine balance of signals induced by multiple activating and inhibitory cell surface receptors
and their interaction with the ligands present on the target cell. Human natural killer receptor protein 1 (NKR-P1; gene klrb1) and its
physiological binding partner lectin-like transcript 1 (LLT1; gene clec2d) are representatives of the NK cell receptor C-type lectin-like
family.
The  inhibition  of  NK cell  immune  response  facilitated  by  the  interaction  between  NKR-P1  expressed  on  NK cells  and  LLT1  on  the
target cell is regarded as a primary function of these receptors. Previous research showed that this signalization pathway is exploited
by glioblastoma tumor cells, which dampen the NK cell immune response by overexpression of LLT1; furthermore, LLT1 was recently
suggested as a biomarker for B-cell 
non-Hodgkin’s lymphoma and implicated in other cancerous manifestations. However, besides the NK cells, LLT1 is also present on
circulating T and B cells and on antigen presenting cells; and NKR-P1 is also expressed by NKT and T cells. Interestingly, NKR-P1 is
considered as a marker for all Th17 and some Tc17 cells, and could play a role in the homing and transendothelial migration of these
lymphocytes into immunologically privileged sites. Therefore, it is not surprising that relationship between NKR-P1 and LLT1 positive
cells  is  more  and  more  being  implicated  with  diseases  connected  with  immune  malfunctions  –  e.g.  multiple  sclerosis,  rheumatoid
arthritis or Crohne’s disease.
Here we showcase our efforts to elucidate the NKR P1:LLT1 complex’s quaternary structure utilizing combination of insights provided
by SEC-SAXS and protein crystallography of their soluble forms.
This study was supported by BIOCEV (ERDF CZ.1.05/1.1.00/02.0109), Czech Science Foundation (18-10687S), MEYS of the Czech
Republic (LTC17065 within the COST Action CA15126), and Charles University (GAUK 161216). The authors also acknowledge the
support and the use of resources of Instruct, a Landmark ESFRI project through the R&D pilot scheme APPID 56 and 286.
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ligand binding
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Immune  system  is  able  to  recognize  tumour  cells  and  subsequently  eliminate  them.  Natural  killer  (NK)  cells,  a  special  sort  of
lymphocytes,  are  able  to  provide  this  function  by  causing  apoptosis  of  tumour  cells  using  Fas  ligand  binding  or  granzymes.  These
processes  are  activated  when  signals  from  their  inhibitory  receptors  are  decreased  and  on  the  other  hand,  signals  from  activating
receptors are increased. NKp30 is an activating NK cells receptor with one Ig-like extracellular domain. B7-H6, a membrane protein
with two Ig like domains which is present on the surface of some tumour cells, and also BAG6 and galectin 3 were all reported to be
NKp30 ligands [1]. The structure of the B7-H6 ligand bound to NKp30 produced in E. coli has already been solved [2]. Moreover, the
glycosylation and length of C terminal chain of NKp30 extracellular domain as well as its oligomerization status influence its ability to
bind ligands [3]. The structural basis of these effects is not known.
For our studies the extracellular domains of NKp30 and B7-H6 have been cloned into a mammalian expression vector with C-terminal
histidine  tag.  To  study  the  effect  of  C-terminal  region  of  extracellular  domain  of  NKp30,  shorter  and  longer  constructs  have  been
cloned.  Both  proteins  have  been  produced  in  human  HEK293S  GnTI-  cell  line  possessing  homogeneous  N  glycosylation  profile,
purified by affinity and size exclusion chromatography. Glycosylation of NKp30 was confirmed by mass spectrometry and formation of
its oligomers was observed by analytical ultracentrifugation, transmission electron microscopy and size exclusion chromatography with
multi  angle  light  scattering.  Impact  of  glycosylation  and  C-terminal  length  of  NKp30  construct  was  measured  using  analytical
ultracentrifugation,  surface  plasmon  resonance  and  isothermal  titration  calorimetry.  Crystallization  screens  of  the  complex  with
glycosylated NKp30 constructs have been set up, too.
This study was supported by BIOCEV (ERDF CZ.1.05/1.1.00/02.0109), Czech Science Foundation (18-10687S), MEYS of the Czech
Republic (LTC17065 within the COST Action CA15126), and Charles University (GAUK 927916). The authors also acknowledge the
support and the use of resources of Instruct, a Landmark ESFRI project through the R&D pilot scheme APPID 56 and 286. [1] Vivier E.
et al: Immunol Cell Biol, 92 (3), 221-9, 2014 [2] Joyce M.G. et al: Proc Natl Acad Sci U S A, 108 (15), 6223-8, 2011 [3] Herrmann J. et
al: J Biol Chem, 289 (2), 765-77, 2014
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Functional immune phenotyping of NK cells in patients with Neurofibromatosis
Type 1

Laurenz Ringel1,  Johannes Brandi2,  Laura Glau, Kati Tillack, Marcus Altfeld, Manuela Kolster, Victor-Felix Mautner, Eva Tolosa1, Glòria Martrus1
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LeibnizInstitute for Experimental Virology, Hamburg, Germany. 3 Clinic for Neurofibromatosis, University Medical Center
Hamburg-Eppendorf,Hamburg, Germany, laurenz.ringel@web.de

The  autosomal-dominant  disease  Neurofibromatosis  Typ  1  (NF1)  is  a  rasopathy  causing  multiple  benign  peripheral  nerve  tumors.
NF1-Patients present a very heterogeneous phenotype depending on their internal tumor burden, but it is still unclear how the immune
system controls tumor growth. We used multiparameter flow cytometry and unsupervised cluster analysis to determine deviations in
the  immune phenotype of  peripheral  blood in  44  patients  harboring  different  tumor  burden,  including  seven patients  with  malignant
peripheral nerve sheath tumors (MPNST). Our results show elevated frequencies of B cells in NF1 patients, with a bias towards more
naive phenotypes. The frequencies of total T and NK cells were not altered. However, NK cells in patients with low tumor load showed
a more mature phenotype, with lower frequency of CD56bright NK cells and higher proportion of cells expressing CD57 and pan-KIRs.
NKG2D  expression  levels  were  also  upregulated  in  those  individuals  compared  to  the  healthy  group.  Functional  analysis  revealed
impaired  upregulation  of  CD25  and  reduced  IFNgamma  production  upon  co-culture  with  target  cells.  As  individuals  with  NF-1-low
tumor burden rarely progress, our results suggest that mature and functional NK cells may play a crucial role in anti-tumor response.
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NK Cell Engineering
Enabling fully automated separation, cultivation and genetic modification of NK
cells

Sabine Müller1, Angela Mekes1, Verena Müssig1, Peter Maul1, Juliane Stuth1, Wing Leung1, Nina Möker1
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Chimeric  antigen  receptors  (CARs)  have  been  used  to  direct  autologous  T  cells  to  hematopoietic  cancers  with  promising  clinical
results.  The  use  of  allogeneic  T-cells  comes  with  the  risk  of  inducing  graft-versus-host  disease  (GVHD).  CAR  Natural  Killer  cells
(CAR-NK) provide potential advantages: NK cells can be used in an allogeneic setting, they have a low risk of GvHD and also have
activity through their native receptors, potentially preventing cancer cell antigen escape. 

Ex  vivo  modification  of  NK cells  requires  isolation,  activation,  transduction  and  expansion  steps.  To  simplify  procedures  and  widen
applicability for clinical therapies, we are developing automated complex cell manufacturing processes in a closed system. 
Results: 
We have developed a fully automated isolation of NK cells using the CliniMACS Prodigy CD3 depletion / CD56 enrichment process
resulting in an average 4 log depletion of T cells and of 98% pure NK cells.
For  cultivation  and  transduction  we  have  developed  the  CliniMACS  Prodigy  CD56  enrichment  and  culture  process  providing  fully
automated CD56 enrichment  and subsequent  cultivation of  NK cells.  Enrichment  of  CD56+ cells  results  in  an average of  45 % NK
cells and 48 % CD56+T cells (“NKT”). 2 weeks cultivation in CliniMACS Prodigy and the NKMACS medium designed for the selective
growth of NK cells results in an average purity of 96% of NK cells. 
For  generation  of  genetically  engineered  NK  cells  we  are  evaluating  two  consecutive  processes  of  CD3  depletion  and  CD56
enrichment, culture and genetic modification. 
After separation, an average NK cell purity of 97% was achieved with a T cell depletion of
4.4–4.9 log. After 14 days of expansion an average NK cell number of 2.4×10⁹ with a purity of >99.8% was achieved . This process
represents the basis for a fully automated platform enabling genetic engineering of NK cells.
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Patterns and molecular determinants of NK cell mediated killing of melanoma
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Malignant melanoma is the most aggressive form of skin cancer. Due to its genetic heterogeneity and high potential to metastasize,
the treatment of melanoma is challenging. The recent development of T-cell based therapeutic strategies in combination with targeted
therapies  has  shown  promising  results;  however,  therapeutic  resistance  or  lack  of  response  is  common  and  many  patients  still
succumb to the disease. Natural killer (NK) cells, as part of the innate immune system, have been sidelined in the recent development
of melanoma immunotherapy. However, due to their innate ability to recognize and kill cancer cells without prior sensitization, NK cells
could provide useful therapeutic benefits to existing therapies and improve clinical outcome. To investigate the therapeutic potential of
NK cells,  we assessed the cytotoxicity of primary NK cells to genetically diverse human melanoma cell  lines. We observed a broad
range of susceptibility of different melanomas to activated NK cells, while non-stimulated NK cells showed reduced cytotoxicity against
the  same  cells.  Subsequent  proteome  analyses  of  melanoma  cells  indicated  a  correlation  between  protein  expression  and
susceptibility  to NK cells.  By using the proteomic signature,  we successfully  predicted the NK cell-mediated killing of  additional  and
untested melanoma cell  lines.  In summary,  our study reveals new insights in the potential  of  NK cell  cytotoxicity  against  melanoma
cells.  Our  findings might  thus contribute  to  improved immunotherapies  and in  identifying novel  prognostic  immunotherapy-response
biomarkers for melanoma.
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Distinct free fatty acid species differentially regulate natural killer cell functional
and metabolic responses. 
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Obesity has overtaken smoking as the primary cause of preventable cancer deaths globally. Natural Killer (NK) cells are crucial for the
protective immunity against tumour development but are functionally and metabolically defective in obesity. We hypothesised that the
chronic  elevation  of  free  fatty  acids  (FFAs)  in  obesity  impacts  cellular  cytotoxic  functions,  rendering  the  anti-tumour  response
inadequate,  explaining  the  correlation  between obesity  and  cancer.  Using  an  in  vitro  model,  the  Lynch  Lab has  shown that  certain
FFAs  target  immunometabolic  pathways  in  NK  cells,  which  interferes  with  their  inherent  anti-tumour  responses.  PPAR-driven  lipid
metabolism pathways are robustly induced in NK cells upon FFA treatment, which occurs alongside inhibition of mTOR, a pre-requisite
for NK cell effector functions such as the production of IFNy and Granzyme B. We have found that tumour dissemination is partially
dependent  on  the  source  of  dietary  fat,  with  the  NK  cell  compartment  being  functionally  and  metabolically  defective  in  mice  fed  a
lard-rich diet. NK cells treated in vitro with palmitic and oleic acid- FFAs present in a lard-rich diet- increase the expression of PPAR
target genes, and mimic the functional and metabolic defects seen in vivo. Interestingly,  FFAs present in the tumour interstitial  fluid
robustly induce such lipid metabolism pathways, while altering NK cell cytokine profiles, inducing a more anti-inflammatory phenotype
with  the  production  of  IL-10.  Overall,  our  data  suggests  that  the  metabolic  and  functional  defects  observed  in  NKs  in  obesity  is
potentially driven by certain FFA species, elevated in obesity.
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Activation of PPARα/δ pathway contributes to Natural Killer cell functional and
metabolic defects in obesity
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Obesity has overtaken smoking as the leading preventable cause of cancer worldwide. Natural Killer (NK) cells are early responding
effector immune cells with an important role in cancer immune surveillance. Our recent data shows that obesity negatively impacts NK
cell metabolism and function, which may be responsible for an increased risk of cancer in obese individuals. RNA sequencing analysis
of NK cells from lean and obese humans and mice found that obesity induces profound changes in NK cells including 1) an increase in
Peroxisome  Proliferator-Activating  Receptor  (PPAR)  target  genes  and  2)  loss  of  genes  associated  with  NK  cytotoxic  functions,
including perforin and granzymes. Consistent with this, we found that NK cells from obese humans are unable to switch to glycolytic
metabolism upon encountering cancer, rendering them unable to efficiently kill cancer cells. The aim of this study is to investigate the
significance  of  PPAR  pathway  activation  in  obesity-induced  immune  defects.  PPARα/δ/γ  are  a  family  of  transcription  factors  that
mediate lipid metabolism. Strikingly,  activation of  PPAR pathways alone is sufficient to mimic the dysregulation observed in NK cell
metabolism and function in obesity. mTORC1 and cMyc are two key regulators of NK cell effector functions through their regulation of
cellular  metabolism.  Levels  of  cMyc protein  and downstream mTORC1 target  proteins are reduced in  NK cells  isolated from obese
individuals. Our current hypothesis is this ‘immune paralysis’ in NK cells in obesity is due to dysregulated metabolic reprogramming as
a result of activation of PPARα/δ driven lipid metabolism pathways, inhibition of mTORC1 activity and loss of cMyc. These data have
important implications for cancer therapy in both lean and obese individuals. PPAR pathways are switched on in many types of cancer
cells and promote tumor growth and proliferation. Our data would predict that inhibition of PPAR pathways will both limit tumor growth
directly  and  release  the  anti-cancer  action  of  Natural  Killer  cells.  Therefore,  exploring  PPAR  pathway  inhibitors  as  a  therapeutic
intervention for the treatment of cancer, in both lean and obese individuals, is a very exciting prospect for cancer therapy.
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Less differentiated CD57– human NK cells expanded under stimulation with IL-2
and K562 feeder cells expressing membrane-bound IL-21 are highly susceptible
to retroviral gene transduction
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Both allogeneic and autologous NK cells can be applied for immunotherapy of cancer patients. Additional genetic modifications of NK
cells may improve their anti-tumor efficacy. In this work, we achieved efficient retroviral gene transduction of primary human NK cells
that were stimulated by a combination of IL-2 and engineered K562 cells expressing membrane-bound IL-21 (K562-mbIL21). 
We used xlox-GFP or xlox-NGFR vectors expressing GFP or NGFR reporter gene under the control of human PGK promoter, and the
pseudotyping  construct  expressing  RD114  envelope  glycoprotein.  Native  or  stimulated  with  IL-2  (100  units/ml)  and  K562-mbIL21
(provided by Dr. Dean Lee, USA) NK cells were tested for transduction. The native NK cell populations, which contained on average
52,1%  ±  5,8  of  CD57+,  3,6%  ±  1,7  of  HLA-DR+,  43%  ±  5,6  of  NKG2A+,  and  10,3%  ±  3,4  of  NKG2C+  cells,  were  resistant  to
transduction.  After  in  vitro  stimulation,  NK  cells  revealed  high  expression  of  HLA-DR,  an  activation  marker  (P<0,001,  compared  to
initial HLA-DR proportion). In most experiments, they also had significantly lower proportion of CD57+ cells and higher proportion of
NKG2A+ cells as compared to ex vivo NK cells (P<0,001 and P=0,012, respectively). The cultivated NK cells also expressed activating
receptors CD16, NKG2D, NKp30. We have shown that the decrease in CD57+ cell proportion resulted from low proliferative activity of
CD57-positive cells. Interestingly, in parallel with low levels of CD57 expression in most of the stimulated cells, a significant expression
of  NKG2C  was  observed  in  some  donors.  Presumably,  NKG2C+CD57–  NK  cells  selectively  proliferated  in  response  to  the  used
stimuli,  although  we  could  not  exclude  the  possibility  of  partial  loss  of  CD57  expression  by  NKG2C+CD57+  cells  during  their
cultivation. 
Both types of vectors effectively transduced the activated NK cells. Expression of GFP was detected in 17-60% of cells, and proportion
of NGFR-positive cells was 29-65%. We also sorted NK cells activated in vitro for 7 days into CD57– and CD57+ subsets. CD57– NK
cells were then efficiently transduced with RD114-pseudotyped retroviral  particles,  while CD57+ subpopulation was transduced with
very low efficiency. We concluded that the low proliferative response of CD57+ cells to IL-2/K562-mbIL21 explained their resistance to
retroviral transduction. Still, CD57+ memory-like mature NK cells are of a great interest for adoptive immunotherapy, and thus it might
be important to find a way to genetically modify them.
This work was supported by Russian Science Foundation, grant #16-15-00309.
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Surface NKG2C marks differentiated T-cell clones expanded in peripheral blood
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Surface expression of activating receptor NKG2C in NK cells accompanies the formation of highly differentiated adaptive cell subset
associated with CMV infection.  A portion of  peripheral  blood T lymphocytes also expresses NKG2C but  it’s  not  known whether this
expression  is  connected  to  the  infection.  We  have  shown  that  proportion  of  NKG2C-positive  cells  is  much  higher  in  T  cell  subset
expressing  CD56,  common  marker  of  NK  cells.  Majority  of  these  cells  were  highly  differentiated  TEMRA  cells,  characterized  by
surface  CD45RA  expression  and  the  lack  of  CCR7.  Within  the  subset,  almost  all  NKG2C+  cells  were  CD45RA+CCR7–CD57+.
Besides,  higher  proportion  of  CD3+CD56+NKG2C+  cells,  compared  to  CD3+CD56+NKG2C–  cells,  expressed  typical  for  NK  cells
receptors CD16, KIR2DL2/DL3, and NKG2D, but not NKG2A. Most of NKG2C+ cells in CD56– T cell subset also possessed features
of highly differentiated cells. We have analyzed cell fractions of eight donors isolated by fluorescence-activated cell sorting using HTS
profiling  of  beta-chain  T-cell  repertoires.  The  preponderance  of  one  clonotype  (11-76%,  mean  51%)  unique  for  each  donor  was
revealed for CD3+CD56+NKG2C+ cell fraction. Interestingly, 55.6% share of the dominant clonotype in this fraction was shown for a
single HCMV-seronegative individual participated in the study. In seven donors such clones were found in CD8+ T cell fraction, where
they  ranked  by  prevalence  from 1  to  3  in  six  donors.  A  dominant  clone  from one  individual  was  most  widely  represented  in  CD4+
fraction. For most of the donors the clones prevalent in CD3+CD56+NKG2C+ fraction were identified in full CD3+ fraction with highest
frequencies. 
In summary, the most abundant TCR beta-chain clonotypes can be identified by NKG2C surface expression analyzed in a fraction of
highly differentiated CD56+ T cells. The expansion of the T cell clones is not necessarily associated with HCMV infection. 
This work was supported by Russian Science Foundation, grants #16-15-00309 and #15-15-00178.
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Endometrial NK cells reveal a tissue-specific receptor repertoire

Dorien Feyaerts1, Tadeja Kuret1, Bram van Cranenbroek1, Sylvie van der Zeeuw-Hingrez1, 
Olivier WH van der Heijden1, Irma Joosten1, Renate G van der Molen1

1Radboud Institute for Molecular Life Sciences, Radboudumc, dorien.feyaerts@radboudumc.nl

Natural killer cells (NK) discriminate foreign and malignant cells from healthy ‘self’ cells. However, during pregnancy local uterine NK
cells play a different and more regulatory role by creating an immunologically privileged niche, and promoting trophoblast invasion and
correct placenta formation. NK receptors (NKR) are central regulators of NK activity, however, little is known about NKR expression on
pre-pregnancy endometrial NK cells (eNKs). In order to bridge this knowledge gap, we analyzed NKR expression on pre-implantation
eNKs to  examine their  potential  role  in  successful  pregnancy and questioned whether  the NKR repertoire  of  eNKs is  different  from
peripheral  blood NK cells (pbNKs).  eNKs, obtained from menstrual  blood, were immunophenotyped for NKR expression using  flow
cytometry, and compared to pbNKs of the same female. 
We showed that, within the same female, the NKR expression profile of eNKs does not differ between consecutive menstrual cycles.
The NKR repertoire of eNKs is distinct from pbNKs, with eNKs co-expressing more than 3 NKR simultaneously. In contrast to pbNKs,
expansions  of  NK  subpopulations  present  in  the  eNK  population  were  independent  of  prior  cytomegalovirus  (CMV)  infection  and
HLA-C genotype. Moreover, the typical NKG2C imprint induced by CMV infection on pbNKs was not observed on eNKs, collectively
suggesting rapid local turnover of eNKs and/or a distinct licensing process. 
Taken together,  our  data  reveals  that  eNKs have a  unique tissue-specific  signature,  suggesting  they are  finely  tuned to  accept  the
semi-allogenic fetus. These findings pave the way for the evaluation of eNK function during pregnancy complications, and may yield
insight into their pathogenesis, thereby setting the stage for the discovery of pregnancy-success related biomarkers.
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Identification of liver-homing markers on CD56bright NK cells expressing PLZF in
peripheral blood
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Introduction:  Human  liver-resident  NK  cells  (lrNK)  have  been  characterized  by  their  expression  of  specific  surface  molecules  (e.g.
CXCR6, CD69, CD56bright) and certain transcriptional profiles (e.g. EomeshiT-betlo). In particular CXCR6 has been shown to enable
NK cell homing to hepatic sinusoids in humans. The promyelocytic leukemia zinc finger protein (PLZF) is a transcription factor shown
to be involved in the development of lrNK cells and ILCs but not of conventional NK cells in mice. We investigated the expression of
PLZF in human peripheral blood and liver-derived NK cells and its association with expression of markers for tissue-residency.
Methods:  Isolated  liver-derived  lymphocytes  (n=12)  and  matched  PBMCs  (n=8)  retrieved  from  patients  undergoing  resection  of
metastases or liver transplantation were characterized using multiparameter flow cytometry. Additionally, stimulation of PBMCs from
healthy donors with IL-12 was performed to determine changes in the expression of tissue-residency markers and transcription factors
by NK cells.
Results:  Hepatic  CD56bright  NK  cells  expressed  higher  levels  of  PLZF  than  blood-derived  CD56bright  NK  cells,  which  were
predominantly PLZFlo (Median MFI 480/168: p=0.008). Within intrahepatic CD56bright NK cells, CXCR6+CD69+ NK cells contained
the highest frequency of PLZFhi NK cells (Median: 91%/69%; p=0.0005) and displayed the highest expression level of PLZF (Median
MFI: 516/375; p=0.001) compared to single-positive and double-negative NK cells. Surprisingly, CD56brightCXCR6+CD69+ NK cells
were also detected in peripheral blood (Median 1,3%, range 0.4-10.0% of NK cells), which expressed high levels of PLZF. This rare
CD56brightCXCR6+CD69+  NK  cell-subset  in  peripheral  blood  largely  displayed  an  EomesintT-bethi  phenotype,  however,  some  of
these  NK cells  exhibited  high  expression  of  Eomes.  Treatment  of  PBMCs with  IL-12  induced  significantly  increased  frequencies  of
CD56brightCD16+/-CXCR6+CD69+ NK cells  with significantly elevated expression of PLZF compared to other NK cells.
Conclusion:  Our  data  suggests  that  circulating  CD56brightPLZFhi  NK  cells  represent  a  transitional  state  of  NK  cells  expressing
receptors  enabling tissue-homing to  the liver,  where they become EomeshiT-betlo  lrNK cells.  This  transition is  potentially  driven by
cytokines.  The  transcription  factor  PLZF  might  therefore  be  involved  in  a  transcriptional  network  which  promotes  tissue-homing  of
circulating NK cells in humans.
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Mucosal NK cells are abundant in the small intestine of young infants but rapidly
decline with increasing age

A. Sagebiel 1, F. Steinert1, S. Lunemann1,  C. Körner 1,  R. Schreurs 2, M. Altfeld 1,  D. Perez3, K. Reinshagen4, 
M. J. Bunders1

1Department of Virus Immunology, Heinrich Pette Institute, Leibniz Institute for Experimental Virology, Hamburg, Germany, 2

ExperimentalImmunology, Academic Medical Center (AMC), University of Amsterdam (UvA), Amsterdam, The Netherlands,
3Departmentof General, Visceral and Thoracic Surgery, University Medical Center Hamburg-Eppendorf(UKE), Hamburg,
Germany, 4Department of Pediatric Surgery, UKE., adrian.sagebiel@leibniz-hpi.de , madeleine.bunders@leibniz-hpi.de

Natural killer (NK) cells are crucial for the elimination of virus-infected cells. Viral infections enter the host at barrier sites such as the
intestinal  mucosa. In particular children are at risk of infections, however at present,  most of our understanding regarding infant NK
cells is based on studies in blood. Here we investigated the mucosal NK cell compartment in the infant intestine in comparison with
adults. 
Lymphocytes from human infant and adult small intestines (n=28) were isolated and analyzed using 18-parameter flow cytometry.
NK cells were identified as lin-CD127-CD56+ cells. Absolute NK cell numbers were up to 17-fold higher in the mucosa of infants under
6 months of age compared to adults (p=0.0007). This reduction of absolute intestinal NK cell numbers/cm2 coincided with an increase
of T cell numbers, resulting in a NK-T cell ratio of 1:2 in young infants and 1:20 in adults (p=0.0001). In infants, mucosal NK cells were
Eomeshigh, expressed NKG2A and KIR as well as over four times more perforin (53.8%, p=0.011) and over twice as much granzyme
B (45.9%, p=0.03) than adult mucosal NK cells. Stimulation with PMA/ionomycin resulted in higher levels of degranulation (CD107a+)
of  infant  mucosal  NK cells  (83.7%)  compared to  adults  (p=0.005).  In  sum,  NK cells  in  infant  intestines  had a  more  distinct  NK cell
phenotype whereas in adults a less-cytotoxic ILC-1-like phenotype (Nkp44+CD103+Eomeslow) persisted. 
NK cells are abundantly present in the intestinal mucosa of young infants, however rapidly decline when T cells populate the intestinal
epithelium. Upon decrease of classical NK cells in the infant mucosa CD103+Nkp44+ ILC-1-like innate cells in adult epithelium persist,
representing the dominant innate population in adult  intestines. The numerous mucosal NK cells in infants could provide the critical
defense against pathogens early in life until adaptive responses have matured.
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The role of NK cells in drug-induced liver injury
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In a previous project we performed genome-wide expression analysis of primary human hepatocytes that had been exposed to 148
drugs (Grinberg et al., 2014). Using this dataset we found that several ligands for Natural Killer (NK) cell receptors were regulated by
various drugs. Especially the expression of the activating NKG2D ligands (MICA, MICB, and ULPBs) and the NKp30 ligand B7-H6 was
up-regulated in hepatocytes upon exposure to many different drugs. Using the hepatocyte cell lines Huh7 and HEPG2, we confirmed
that protein levels of activating NK cell ligands were upregulated in vitro after drug exposure. Co-culture experiments of hepatocyte cell
lines  or  primary  human  hepatocytes  with  NK  cells  showed  enhanced  NK  cell  activation  after  co-culture  with  drug-pretreated
hepatocytes.  Enhanced  NK  cell  activation  was  evident  by  increased  cytotoxicity  and  IFN-γ  production.  NK  cell  activation  could  be
blocked by specific antibodies against activating NK cell receptors. These data support our hypothesis that NK cells can contribute to
drug-induced liver injury by direct interaction with hepatocytes resulting in cytotoxicity and IFN-γ production. 
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Degradation of BCL11B protein by dimerization-assisted targeted ubiquitination
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Introduction:  BCL11B gene encodes a  zinc  finger  transcription  factor  which  is  essential  for  T-cell  development  and maintenance of
T-cell  identity.  Depletion  of  Bcl11b  in  an  inducible  mouse  model  resulted  in  reprogramming  of  T  cells  from different  developmental
stages into natural killer-like cells with strong tumor killing potential. To establish a BCL11B blockade in human T cells we developed a
BCL11B-specific  protein  targeting  approach  using  the  ubiquitin  proteasome  pathway.  Unlike  previous  techniques,  mostly  based  on
antibody/nanobody-mediated  systems,  we  employ  the  recently  identified  N-terminal  CCHC  zinc  finger  motif  necessary  for
homodimerization of BCL11B. 
Materials and methods: For dimerization-assisted ubiquitination, BCL11B-fragment containing the CCHC zinc finger motif was fused to
the E3 ubiquitin-protein ligase accessory protein SPOP (speckle-type POZ Protein) using overlap extension PCR technique. BCL11B
degradation efficiency was analyzed by flow cytometry after co-transduction of T-cell lymphoma/leukemia cell lines with EGFP labeled
BCL11B and the SPOP-CCHC fusion gene at different time points.  
Results: Our experiments show that fusion of the BCL11B-CCHC domain with the E3 ubiquitin-protein ligase accessory protein SPOP
mediated binding to EGFP-BCL11B and subsequent proteasomal degradation.  In T-cell lines a reduction of the fluorescence signal up
to 60-70% was achieved. 
Conclusion:  Our  results  demonstrate  that  using  the  CCHC  dimerization  domain  might  be  an  approach  for  ubiquitin-mediated
degradation of BCL11B. If this approach can be applied on primary human T-cells remains to be determined. Furthermore, the biologic
consequence of Bcl11b knockdown shown in mice, reprogramming of T-cells towards NK-cells, has to be demonstrated in the human
immune  system.  Therefore  further  investigations  in  primary  human  T  cells  are  necessary.  However,  since  T-cells  are  unlimited
available in human adults, this approach might open a new option for cancer immunotherapy.
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Educated NK cells exhibit a distinct glycolytic profile
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NK  cells  expressing  self-inhibitory  receptors  display  increased  functionality  compared  to  NK  cells  lacking  those  receptors  (NK  cell
education). Little is known about the underlying mechanisms that lead to the functional differences between educated and uneducated
NK cells. Increasing studies suggest that the cellular metabolism is a determinant of immune cell functions. Thus, alterations in cellular
metabolic pathways may play a role in the process of NK cell education. Here, we investigated the glycolytic profile of primary human
NK cells in the context of NK-cell education.
Primary  human  NK  cells  were  isolated  from  29  healthy  donors.  The  education  status  of  NK  cell  subsets  was  determined  by  co
culturing NK cells with the target cell  line K 562 and subsequent assessment of  degranulation (CD107a) using flow cytometry.  This
was  accompanied  by  the  assessed   of  the  glucose  transporter  Glut1  expression.  Educated  and  uneducated  NK  cell  subsets  were
further  defined  using  antibodies  against  inhibitory  receptors  (KIR2DL1,  KIR2DL2/L3/S2,  KIR3DL1  and  NKG2A).  Based  on  this
functional  and  phenotypical  analysis,  educated  and  uneducated  NK  cells  were  sorted  and  their  glycolytic  profile  was  subsequently
measured via Seahorse XF Glycolysis Stress Test.
The expression of self-inhibitory receptors was associated with significantly increased levels of degranulation (p<0.0001) as previously
described. In parallel,  we observed an upregulation of Glut1 after of exposure to target cells (p<0.0001). Interestingly, educated NK
cells  showed  overall  higher  levels  of  degranulation  and  Glut1  expression  compared  to  uneducated  NK  cells.  Furthermore,  we
assessed  the  glycolytic  profiles  of  educated  and  uneducated  NK cells.  In  a  glucose  saturated  environment,  higher  rates  of  cellular
glycolysis  in  educated  NK  cells  were  observed  compared  to  uneducated  NK  cells  (p=0.0007).  Next  we  investigated  the  glycolytic
capacity,  defined  as  the  maximum  capacity  of  glycolysis.  We  observed,  that  educated  NK  cells  were  able  to  use  higher  rates  of
glucose when oxidative phosphorylation was inhibited (p=0.04). Of note, glycolytic reserve rates did not differ between educated and
uneducated NK cells (p=0.9).
The different glycolytic profiles indicate that educated and uneducated NK cells inherently reside in different metabolic states prior to
activation. This may serve as an underlying mechanism for the superior functionality of NK cells expressing self-inhibitory receptors in
the setting of NK cell education.
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MicroRNAs (miRNAs) are small non-coding RNAs that can regulate gene expression post-transcriptionally. Several miRNAs are highly
upregulated in mature T, B, and natural killer (NK) cells, and their aberrant expression can lead to impaired function of lymphocytes.
Here, we report  that miR-150 targets perforin-1 (Prf1) in both mouse and human NK cells and subsequently downregulates NK cell
cytotoxicity.  Mouse  NK  cells  with  a  targeted  deletion  of  miR-150  (miR-150─/─  NK  cells)  have  upregulated  Prf1,  which  leads  to
enhanced NK cell  cytotoxicity  compared  with  wild-type  (WT)  littermates.  miR-150 directly  binds  to  3'  untranslated  regions  (UTR)  of
both human and mouse Prf1 and post-transcriptionally downregulates its expression. Lentivirus-mediated overexpression of miR-150
in  mouse  miR-150─/─  NK  cells  and  human  NK92  MI  cells  represses  Prf1  expression  and  diminishes  NK  cell  cytotoxicity.
Furthermore, adoptive transfer of miR-150─/─ NK cells into immunodeficient mice significantly reduced tumor growth and metastasis
of B16F10 melanoma compared to WT NK cells. Overall, these findings indicate that miR-150 acts as a negative regulator of NK cell
cytotoxicity, and opens new avenues for enhanced NK cell-mediated tumor surveillance.
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central nervous system and their response to neuroinflammation 
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Natural  killer  (NK)  cells   play  an  important  role  in  the  immune  surveillance  of  the  central  nervous  system  (CNS)  and  are  rapidly
recruited to sites of lesions during neuroinflammation. We previously showed a selective recruitment of mature NK cells into the CNS
by  the  CX3CR1  receptor  during  inflammation  in  the  animal  model  of  multiple  sclerosis,  the  experimental  autoimmune
encephalomyelitis  (EAE).  Here,  we aimed to  characterize  the  migration  and composition  of  the  immature  counterpart  in  health  and
disease. Our data show that immature NK cells in the CNS comprise both conventional (c)NK (CD3-NK1.1+CD49a-CD49b+Eomes+)
cells  and  also  tissue  resident  (tr)NK  cells  (CD3-NK1.1+CD49a+CD49b-Eomes-)  in  addition  to  an  intermediate  NK  cell  population
(CD3-NK1.1+CD49a+CD49b+Eomes-/+). These three NK cells subsets were further characterized by flow cytometry analysis based
on the expression of CD127, CD69 TRAIL, DNAM-1, CXCR3 and Perforin. Next, we investigated the response of these populations to
autoimmune  inflammation  of  the  CNS  using  the  EAE  mouse  model.  Our  data  show  that  cNK  cells  represent  the  population  that
proliferate  more  actively  inside  the  brain  during  EAE.  In  addition,  the  majority  of  cells  in  all  three  populations  are  IFN-gamma
expressers,  while  TNF-alpha  is  produced  in  higher  levels  by  trNK  and  intNK  cells.  Interestingly,  the  expression  of  the  chemokine
receptor  CXCR3  dramatically  decreased  during  neuroinflammation  and  was  associated  with  an  increase  in  the  expression  of  the
activation marker CD69. This could point to an activation of both tr and cNK within the inflamed CNS. 
In sum, our data show for the first time the presence and response to inflammation of tissue resident NK cells of the CNS.
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Consisting of innate immune cells that lack rearranged antigen specificity, the family of innate lymphoid cells (ILCs) regulates not only
immune  responses  and  tissue  repair  but  also  metabolic  homeostasis  by  integrating  various  signals  derived  from  epithelial  cells,
microbiota or pathogens. Three major subsets have been classified and their  preferential  enrichment at  mucosal  surfaces implies a
central role in barrier surveillance against invading pathogens.
Pseudomonas  aeruginosa  (P.aer)  is  a  commonly  found  opportunistic  bacterium  that  can  give  rise  to  respiratory  tract  infections  in
humans, thereby representing one major cause of hospitalization and mortality throughout the world. The main defense against this
pathogen occurs through innate immune mechanisms, especially neutrophils, and is associated with elevated expression of IL-22 and
IL-17. 
In  addition,  the  group  of  Stefan  Kaufmann  has  recently  shown  that  the  aryl  hydrocarbon  receptor  (AhR),  a  highly  conserved
ligand-dependent  transcription  factor  that  senses  environmental  toxins  and  endogenous  ligands,  specifically  binds  to  virulence
pigmented  factors  secreted  by  P.aer  and  is  essential  for  bacterial  containment.  Mice  infected  with  P.aer  could  not  control  bacterial
loads and succumbed to disease more rapidly in the absence of AhR signaling. However, the immunological mechanisms underlying
the AhR-mediated protective effects towards P.aer have only been partly investigated. AhR is expressed by different ILC subsets but
the role of innate lymphoid cells in modulating pulmonary P.aer infection remained largely unclear.
Based on these observations,  we monitored murine IL-17 responses in  vivo during intratracheal  infection with P.aer  and found that
ILC3  produced  IL-17  as  early  as  8  hours  after  infection,  thereby  contributing  to  early  host  defense.  Furthermore,  we  sought  to
investigate AhR-mediated protective effects against P.aer using several conditional knockout mouse models and examined the impact
on  bacterial  dissemination  and  survival.  Thus,  our  findings  contribute  to  a  better  understanding  of  the  role  of  ILCs  in  response  to
pulmonary P.aer infection and open the field for future studies on the protective functions of ILCs in respiratory tract diseases.
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Innate  lymphoid  cells  (ILC)  belong  to  the  innate  immune  system  which  includes  the  classically  defined  cytotoxic  NK  cells  and  the
helper-like ILCs (ILC1, ILC2 and ILC3). ILC3s have been shown to produce IL-22 and IL-17 and to express RORγt. In human, ILC3
can  be  further  subdivided  via  the  expression  of  natural  cytotoxicity  receptors  (NCR),  NCR+  ILC3  mainly  produce  IL-22  and  NCR-
ILC3s produce IL-17. So far, ILCs were mainly shown to respond to inflammatory cytokines. However, there is emerging evidence that
also receptors expressed on the ILC surface might mediate ILC responses. The family of NCRs comprises three members, NKp30,
NKp44 and NKp46. Recently, novel ligands for these receptors have been identified, for instance B7-H6 was identified as the tumor
cell surface expressed ligand for NKp30. Accordingly, on NK cells the NCR NKp30 mediates potent killing of B7-H6+ tumor cells and
mediates  the  interaction  with  DCs.  The  function  of  NKp30  on  helper  ILCs  in  particular  on  ILC3s  upon  interaction  with  its  tumor
expressed ligand B7-H6 is still poorly explored. 
In this study, we aim to investigate the effector function of activating receptors on human ILC3 in the human tonsil and in blood and
their  relevance for the anti-tumor immune response. In a first  step, we established methods to isolate ILC3 populations from tonsils
and  blood  and  stained  for  activating  receptors  followed  by  analysis  by  flow  cytometry.  We  showed  that  NKp30  and  also  other
activating receptors were expressed on both NCR+ and NCR- ILC3 in the human tonsil.  In a next step, we determined the cytokine
profile of ILC3s upon stimulation with the inflammatory cytokines IL-23 and IL-1β. In the human tonsil, ILC3s produced IFNγ and IL-2
after 24 hours and after prolonged stimulation IL-6 and IL-17f. In the future, we will further investigate the functional role of activating
receptors including members of the NCR family on ILC3.
So far,  we conclude that ILC3s upon stimulation with inflammatory cytokines are important for mediating IFNγ, IL-2,  IL-17f and IL-6
production  that  might  be  further  modulated  by  engagement  of  activating  receptors.  Our  future  research  is  aimed  at  gaining  new
insights  into  the  ILC  research  with  the  ultimate  goal  to  harness  activating  receptors  expressed  by  ILCs  for  the  immunotherapy  of
cancer. 
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Innate  lymphoid  cells  (ILCs)  are  emerging  initiators  of  immune responses  and are  mainly  tissue resident.  There  are  two major  ILC
populations  in  liver  in  steady-state,  which  are  circulating  cytolytic  natural  killer  cells  (cNK  cells)  and  tissue-resident  helper  ILC1s
(hILC1s). Together with other liver-resident immune cells such as Kupffer cells, ILCs reside in the sinusoidal compartments formed by
liver  sinusoidal  endothelial  cells  (LSECs).  LSECs  constitute  the  microvasculature  networks  connecting  hepatic  arteriole  and  portal
venules, which collect blood from various organs, and hepatic veins that transport blood out of liver.  So far,  the interaction of these
specialized endothelial cells and ILCs in the liver is poorly understood. 

First,  we  characterized  the  phenotype  of  LSECs  isolated  from  mouse  livers  using  flow  cytometry.  Our  results  demonstrated  that
LSECs  abundantly  expressed  CD146+,  CD31+,  CD206+,  Stabilin2+  in  steady-state,  which  are  typical  LSEC  surface  markers.
Moreover, they expressed ILC ligands, including CD155, MHC I, PD-L1 and HVEM. After in vitro stimulation with poly I:C and IFN-g,
LSECs further upregulated PD-L1 and HVEM expression. Concomitantly, the receptor of HVEM, CD160, was expressed on hILC1s,
but not cNK cells in steady-state. Next, we performed coculture experiments with LSECs and liver ILCs to determine their interactions.
LSECs  were  either  unstimulated  or  stimulated  with  IFN-g  or  poly  I:C  before  cocultured  with  ILCs.  In  general,  LSECs  showed  an
inhibitory effect on cNK and hILC1s, when cocultured in the presence of IL12 and IL18. 

Taken together, the interaction of endothelial cells with ILCs might shape their subsequent reactivity and our future studies will address
the mechanisms involved in the ILC/endothelial cell cross-talk. 
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Generation of human innate lymphoid cells (ILCs)

Daniela Hernández1, Kerstin Juelke1, Chiara Romagnani1
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DepartmentI, Charité – Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, Humboldt-Universität zu
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Rising as critical  effectors of innate immunity,  particularly at mucosal surfaces, innate lymphoid cells (ILCs) have been described to
play pivotal roles in the initiation, regulation, and resolution of inflammation. These cells can be classified into three groups: group 1
ILC, ILC2, and ILC3, based on their effector functions and transcriptional requirements, which parallel those of T helper cells. In a bid
to understand the functional requirements for both differentiation and effector functions of ILCs as we do with T cells, we established
an  in  vitro  generation  system  to  engender  human  ILCs,  including  natural  killer  (NK)  cells  and  ILC1,  from  CD34+  hematopoetic
progenitor  cells  (HPCs).  With  a  systematic  approach,  we  phenotypically  and  functionally  characterized  the  in  vitro  generated  ILCs
derived from CD34+ HPCs from different compartments: umbilical cord blood, peripheral blood, bone marrow and tonsils. Phenotypic
characterization  consisting  of  both  intra-  and  extra-cellular  marker  repertoires  in  tandem  with  functional  cytokine  expression
ascertained the ILC lineage of our generated cells. With this study we provide a versatile system for in vitro ILC generation to enhance
the  understanding  of  the  signals  required  for  ILC  development  and  acquisition  of  specific  effector  programs,  in  order  to  potentially
identify alternative targets to modulate chronic inflammation.
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Alloantibody formation against NK cell antigens in patients after transplantation

T. Langer Jacobus1, R.E. Schmidt1, C.S. Falk1, F.W.R. Vondran1, E. Jäckel1, C. Ferreira de Figueiredo1

1Hannover Medical School (MHH), LangerJacobus.Thais@mh-hannover.de

Introduction: Chronic antibody-mediated rejection (ABMR) is known to play a key role in graft survival, dysfunction or rejection and is
still a major obstacle in transplantation success. Recent studies have shown the importance of non-HLA antigens in the formation of
donor-specific  antibodies  (DSA)  in  graft  rejection.  Previous  experiments  revealed  the  presence  of  allospecific  antibodies  against
antigens encoded in the donor NK cell gene complex (NKC) and leukocyte receptor gene complex (LRC) in 23% of the sera of liver
and  kidney  recipients  (n=92).  The  current  study  aims  to  further  investigate  the  frequency  and  relevance  of  alloantibody  formation
against donor NK cell receptors in graft recipients after solid organ transplantation. 
Materials  and Methods:  Recombinant  proteins  for  the  predicted  most  relevant  antigens  were  produced and coupled  to  differentially
coloured-multiplex beads. The labelled beads were then used to screen patient sera for the presence of antibodies on a FACSCanto II
flow cytometer. 
Results: This screening strategy revealed antigen-allospecific antibodies against various NKC- and LRC-encoded receptors such as
NKG2C, KIR2DS4, KIR2DL2, KIR2DS1, LILRB3 in 5 to 17% of liver, lung and kidney recipients.  
Conclusions:  The data indicate a high degree of  potential  mismatch in NK cell  diversity  between donor and recipient  in the case of
solid organ transplantation. Further analyses will be performed in order to evaluate the functional consequences and clinical relevance
of these antibodies in transplantation. 

Supported by DFG grant SFB738/A5
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Novel RNA Construct increases Perforin and Granzyme B in Natural Killer and
Cytotoxic T cells
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1Center for Hematology and Regenerative Medicine, Department of Medicine Huddinge, Karolinska Institutet, Stockholm,
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Stimulation  and  activation  of  the  cytosolic  RNA  recognition  receptors  RIG-I  and  MDA-5  are  very  attractive  to  boost  the  immune
response of activated lymphocytes. Activation will  stimulate the synthesis of  a broad range of antiviral  effector molecules, cytokines
and chemokines that have a crucial role for priming, expansion and polarization of immune cells.

In this study, we aimed to identify optimal inducers of perforin and granzyme B production in cytotoxic lymphocytes. Initially, we tested
the hypothesis of RIG-I induction leading to better perforin and granzyme B expression by using previously published RIG-I agonists.
While we can observe an increase in type I  interferon secretion, we could not detect a significant increase in either of the cytotoxic
granule  components.  In  contrast,  when  we  screened  novel,  much  shorter  and  structurally  different  RNA  constructs,  a  significant
increase in expression of perforin and granzyme B could be detected in NK cells and T cells. 
Introduction of the best construct to NK cells using transfection or extracellular vesicle-mediated delivery resulted in a rapid increase of
both molecules, which could be further boosted by IL-2. To our knowledge, this is the first report of an RNA construct leading to such a
drastic difference in the proteomic profile of cytotoxic lymphocytes.

We administered the RNA construct to a syngeneic immunocompetent multiple myeloma (MM) mouse model in which activated NK
cells  are  critical  for  MM rejection  in  a  dose-dependent  manner.  When administered  for  a  brief  period  shortly  after  establishment  of
minimal  residual  disease,  the  construct  resulted  in  a  significant  delay  in  tumor  development  and  increased  survival  compared  to
published  RIG-I  agonists.  We  have  not  observed  any  off-target  effects  or  severe  adverse  events.  Further  studies  are  needed  to
elucidate the best platform and method of delivery for optimal anti-tumor activity.
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Synergistic Role of Innate Cytokines and Antigen-Specific CD4 T cells in IFN-
Production by NK cells induced by adjuvanted Vaccine in Humans

Sara Lemos1, Isabelle Carletti 2, Cindy Gutzeit2, Caroline Hervé2, Stéphane Temmerman2, Arnaud Didierlaurent2, 
Wivine Burny2, Robbert Van Der Most2

1GSK, Stevenage, UK, 2GSK, Rixensart/Wavre, Belgium, wivine.burny@gsk.com

Background:  Elucidating the mechanisms of  action of  adjuvants is  important  to understand the benefits  of  adjuvanted vaccines and
inform  adjuvant  selection  for  new  vaccines.  In  particular,  the  link  between  innate  and  adaptive  immunity  remains  largely
underexplored.  Recent  data  have  highlighted  a  central  role  for  IFN-g  produced  by  NK  cells  for  triggering  monocytes  to  DC
differentiation.   Interestingly,  IFN-g secretion by NK cells,  dependent  on IL-2  expressed by CD4 T cells,  IL-12 and IL-18,  has been
described in recall responses to vaccination.
Aim:  To test  in  a  post-hoc analysis  whether  the NK-IFN-g production contributes to  the mode of  action of  adjuvanted vaccines,  we
measured  CD4  T  cell-dependent  NK  cell  responses  using  PBMC  samples  (at  day  14  post-dose  2)  from  subjects  vaccinated  with
Hepatitis  B virus  surface antigen (HBsAg)  adjuvanted with  Adjuvant  Systems (AS)01,  AS03,  AS04 or  Alum.  We also evaluated the
IL-2-dependency of IFN-g production by NK cells using neutralizing IL-2 antibody.   
Material and Method: Healthy HBV-naive adults were enrolled in a phase II randomized study (NCT00805389) aimed at comparing the
immune response to HBsAg and combined with GSK proprietary AS. A subset of subjects in each group (n=20/group) were selected
for  exploring the role  of  NK.  PBMCs were stimulated with  a  pool  of  peptides covering the HBs sequence in  the presence or  not  of
suboptimal doses of innate cytokines (IL-12 and IL-18). IFN-g production by NK cells was assessed by intracellular flow cytometry (%
and Mean Fluorescence Intensity, MFI).
Results: IFN-g production by NK cells was observed after HBs peptide stimulation without addition of innate cytokines in AS groups.
HBs peptide pool stimulation in presence of suboptimal doses of IL-12 and IL-18 allowed the induction of IFN-g in NK cells from all
groups.  IFN-g  production  by  NK  cells  was  shown  to  be  IL-2-dependent  because  similar  results  were  obtained  when  PBMC  were
stimulated with innate cytokines alone or when the neutralizing anti-IL-2 antibody was added with the HBs peptide pool. Interestingly,
in  addition,  subjects  immunized  with  AS01  and  AS03  presented  an  increased  intensity  of  production  at  the  single  cell  level  as
compared with subjects immunized with AS04 or Alum. Furthermore, we observed a synergistic effect of innate cytokines and IL-2 in
relation to MFI values in all groups.
Conclusion:  Altogether,  these  data  emphasize  the  important  synergistic  role  of  innate  cytokines  and     acquired  immunity  in  IFN-g
production by NK cells as a distinct effect of adjuvants.   
Funding: GlaxoSmithKline Biologicals SA and Region Wallonne. 
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Characterization of NK cells in primary sclerosing cholangitis 
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1Department of Virus Immunology, Heinrich Pette Institute, Hamburg, Germany, 2Department of Medicine I, University Medical
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Introduction:  The precise  pathogenesis  of  primary  sclerosing  cholangitis  (PSC)  is  unknown.  However,  genetic  associations  suggest
that immune dysregulation plays an important factor. While T cells were described to show a distinct phenotype in PSC patients, only
few studies so far investigated the role of Natural killer (NK) cells.
Objectives:  The  aim  of  this  study  was  to  comprehensively  characterize  blood  and  intrahepatic  NK  cells  from  PSC  patients  and
compare them to those of healthy control individuals.
Methods: Peripheral blood from PSC patients (n=10), PBC patients (n=10), AIH patients (n=9) and healthy controls (n=10) as well as
liver  samples  from  PSC  patients  (n=10)  undergoing  liver  transplantation  and  liver  samples  from  liver  resection  surgeries  (n=10),
serving as non-PSC controls, were used for this study. Peripheral and intrahepatic lymphocytes were analyzed using multi-parameter
flow  cytometry,  and  the  obtained  high  dimensional  data  was  visualized  using  t-SNE.  Plasma from PSC (n=8),  PBC (n=7)  and  AIH
(n=7)  patients  as  well  as  healthy  individuals  (n=8)  was  analyzed  for  chemokine  and  cytokine  levels.  Cryosections  from PSC livers
(n=3) and control livers (n=3) were used for a fluorescence microscopy analysis.
Results: t-SNE analyses indicated a clear difference in peripheral blood and intrahepatic NK cells when comparing PSC and non-PSC
controls.  CD56bright  NK  cells  were  enriched  in  peripheral  blood  of  PSC  patients  (p=0.02).  Intrahepatic  NK  cells  exhibited  more
CD49a+ cells (p=0.01) and expressed significantly higher levels of  CD49a (p=0.01) and CD69 (p=0.03) in PSC patients.  Peripheral
blood (p=0.001) and intrahepatic (p=0.02) NK cells from PSC patients were enriched for CCR7+ cells and CCR7 was expressed at
higher levels by peripheral blood NK cells in PSC patients (p=0.04). Interestingly, in PSC patients CXCR3+ NK cells (p=0.003) as well
as  its  expression  levels  (p=0.02)  were  increased  on  peripheral  blood  NK  cells,  but  not  on  intrahepatic  NK  cells.  Multiplex  bead
analyses of cytokines showed higher concentrations of CCL21 (p=0.03), CXCL10 (p=0.0003) and CXCL11 (p=0.04) in the plasma of
PSC patients undergoing liver transplantation (lsPSC) compared to healthy controls. CCL21 levels were higher in lsPSC than in AIH
(p=0.02).  Significantly  higher  CCL21  levels  in  liver  tissue  were  also  detected  in  cryosections  of  PSC patients  compared  to  healthy
controls (p=0.0001).
Conclusions:  Taken  together,  peripheral  blood  and  intrahepatic  NK  cells  in  PSC  showed  a  distinct  phenotype  compared  to
non-diseased controls, with an enrichment of CCR7+ and CXCR3+ NK cells. 
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Exploring NK cells as an anti-fibrotic tool in systemic sclerosis

Wolfgang Merkt1, Fabienne Amrhein1, Shuyang Zhao1, Hanns-Martin Lorenz1

1Medizinische Klinik V, Universitätsklinikum Heidelberg , wolfgang.merkt@med.uni-heidelberg.de

Systemic  sclerosis  (SSc)  is  a  severe  systemic  inflammatory  disease  with  unknown  etiology.  Its  hallmarks  are  inflammation,
vasculopathy and fibrosis of the skin and other organs. Therapeutic options are limited and there are no targeted treatments against
fibrosis available. Activated (myo)fibroblasts are considered to be key drivers of fibrosis. As natural killer (NK) cells are known to kill
aberrant  and  hyper-activated  cells  as  well  as  activated  liver  myofibroblasts,  they  represent  a  potential  tool  or  target  of  future
anti-fibrotic therapies. 
Utilizing an allogeneic fibroblast/NK cell co-culture system, we showed that IL2-activated, but not resting freshly isolated healthy NK
cells lead to death of cultured dermal fibroblasts. However, the presence of dermal fibroblasts induced only low – however significant -
degranulation of IL2-activated NK cells, as compared to the presence of the well-described NK-sensitive target cell line K562. We also
found that IL2-activated NK cells lead to proliferation of fibroblasts that had been seeded at low density but not at confluency. These
above-mentioned  impacts  of  NK  cells  on  fibroblasts  were  not  significantly  different  when  comparing  healthy  and  SSc  dermal
fibroblasts. Vice-versa, both healthy and SSc fibroblasts increased NK cell survival, but this effect was significantly weaker in the case
of SSc dermal fibroblasts. 
Therefore, depending on stimulation conditions and next to further reciprocal interactions, NK cells can in principle eliminate cultured
(i.e. activated) healthy and SSc dermal fibroblasts. Future studies will need to explore the specific NK killing mechanisms in order to
identify  potential  ways  to  arm  NK  cells  against  hyper-activated  fibroblasts  while  sparing  resting  ones.  These  insights  may  also  be
relevant in further diseases in which fibroblast dysfunction plays a role. 
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