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Guided tour through Primate Husbandry
Please don’t take food or drinks to the guided tour!
o Wednesday 07/10/2015 12:30 – 13:30 h
o Friday

09/10/2015 13:00 – 14:00 h

Bus shuttle
o Wednesday 07/10/2015

08:30 h Departure LEINE-Hotel and InterCity-Hotel to DPZ
20:00 h Departure DPZ to LEINE-Hotel and InterCity-Hotel

o Thursday

08/10/2015

08.30 h Departure LEINE-Hotel and InterCity-Hotel to DPZ
19:00 h Departure DPZ to LEINE-Hotel and InterCity-Hotel

o Friday

09/10/2015

08.30 h Departure LEINE-Hotel and InterCity-Hotel to DPZ

Taxi
Can be ordered by calling
o Göttinger-Funk-Taxi-Zentrale +49 (0)551-69300
o Puk mini-car +49 (0)551-484848
o Night & Day-Taxi +49 (0)551-65000
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Congress Dinner
Dinner for all registered participants at
Restaurant Bullerjahn at the Old City Hall
(directly at „Gänseliesel“)
Address: Markt 9, D-37073 Göttingen
Phone: +49 551 3070100

Map from the hotels to the location of congress

dinner (10 min walking from
LEINE-Hotel or InterCity-Hotel)
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Support
We thank the following companies and institutions for supporting the Natural Killer Cell Symposium 2015!
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EFIS-EJI Travel Stipends
EFIS travelling grants were awarded to the following
young investigators:

Nr.

Author

City

Title

7

Stehle

Berlin

ICOS regulates the pool of group 2 innate lymphoid cells under
homeostatic and inflammatory conditions

26

Ohs

Zürich

The anti-metastatic activity of IL-12 is mediated by NK cells in the
absence of the common gamma-chain signaling

37

Filtjens

Gent

A dual role for the Ly49E natural killer receptor in the protection
against Trypanosoma cruzi infection.

101

Körner

Tübingen

Induction of NK and T cell immune responses against leukemia
cells by bispecific NKG2D-CD16 and -CD3 fusion proteins

114

Hertwig

Berlin

Recruitment of mature CD11bhigh NK cells into the inflamed CNS
depends on CX3CR1 and contributes to the control of
autoimmune neuroinflammation.

120

Ewen

Heidelberg

Functional properties of human cytokine pre-activated NK cells

128

Friede

Frankfurt

New insights into the expression and function of the mouse NKCencoded receptor Nkrp1g in the hematopoietic system

133

Wagner

Stockholm

α-galactosylceramide and exosome-induced induced iNKT cell
activation induces increased missing self recognition and
preferential proliferation of educated NK cells

144

Schmiedel

Jerusalem

The RNA binding protein IMP3 facilitates immune evasion of
cancer cells by direct and indirect regulation of NKG2D ligands

152

Huang

London

NKG2D-dependent cross-talk between NK cells and CD4 T cells
in chronic hepatitis B
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Scientific Program
Wednesday, 07.10.2015
08:00

Registration open

08:30

Departure of bus shuttle from hotel to German Primate Center

09:00-12:00

Satellite Symposium "Next generation NK cell-based anti-cancer therapies"

09:00-09:10

Introduction

Welcome and introduction to the event

Chair: Ulrike Köhl

09:10 Jeffrey Miller
09:40-10:00 Sarah Cooley

10:00-10:20

Coffee break
10:20 Winfried Wels
10:40 Helmut Salih

11:00 Martin Treder
11:15 Antonio PerezMartinez
11:30-12:00

Discussion - Round Table

12:00-12:30

Lunch

12:30-13:30

Guided tour through Primate Husbandry

13:45-14:00

Welcome address

14:00-16:11

Session 1
On Innate Lymphoid cell signature, plasticity and
14:00 Eric Vivier
redundancy
Innate Lymphoid Cells
Chair: Andreas Diefenbach 14:35 Andreas Diefenbach Innate lymphoid cells in antiviral immunity

15:01 Benjamin Krämer

Differentiation of human ILCs
Characterization of innate lymphoid cells (ILCs) in
the human gastrointestinal tract demonstrates
compartment-specific ILC distribution which is
markedly altered in HIV infection

Coffee break
15:45 Christina Stehle
15:58 Georg Gasteiger

16:15-17:15

CAR NK cells for adoptive cancer immunotherapy
Development of compounds to therapeutically
induce NK cell anti-tumor reactivity: chances and
(regulatory) hurdles
Anti-PD1 immune checkpoint inhibition or CD137
co-stimulation enhances NK cell cytotoxicity
towards CD30+ Hodgkin lymphoma induced by
CD30/CD16A TandAb AFM13
Feasibility and safety of IL-15/4-1BBL activated
and expanded NK cells in pediatric patients with
refractory acute leukemia.

Heidi Cerwenka / Lutz Walter

14:48 Chiara Romagnani

15:15-15:45

Translating NK cell biology toward the clinic
NK cell adoptive transfer and immunogenetics for
cancer and transplantation

Keynote Session

Peter Parham

ICOS regulates the pool of group 2 innate
lymphoid cells under homeostatic and
inflammatory conditions
Adaptive-innate lymphocyte crosstalk: T cell help
and control in NK cell and ILC responses
NK cell Immunogenetics in the Wild

Chair: Markus Uhrberg
17:15-18:00

Poster preview I − Chair: Lutz Walter

18:00-18:15

General Assembly of the NK Cell Study Group in the German Society for Immunology

18:15

Poster Session I (even numbers) − Get together in the lobby, Fingerfood, Drinks

20:00

Departure of bus shuttle to hotels
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Thursday, 08.10.2015
08:30

Departure of bus shuttle from hotel to German Primate Center

09:00-10:27

Session 3
09:00 Yenan Bryceson
Effector functions of NK cells
Chair: Alexander Steinle

09:35 Alexander Steinle
09:48 Antoine Marcais
10:01 Quirin Hammer
10:14 Carina Hamann

10:30-11:00
11:00-12:53

Coffee break
Session 4
NK cell development,
receptors, education
Chair: Jacques Zimmer

11:00 Jeffrey Miller
11:35 Jacques Zimmer
11:48 Angela Manser
12:01 Cynthia Dunbar
12:14 Emily Mace
12:27 Maren Claus
12:40 Stefanie Memmer

12:55-13:45

Lunch

13:45-15:58

Session 5
NK cells and cancer

13:45 Kerry Campbell

Chair: Heidi Cerwenka

14:20 Heidi Cerwenka
14:33 Erhard Hofer
14:46 Katrin Reiners
14:59 Isabel Ohs

15:15-15:45

Regulation of human NK cell differentiation and
effector function
The human C-type lectin-like NK receptor NKp80
uses a distinct proximal signaling mechanism to
stimulate natural killer cell activation
TGF-β inhibits NK cell activation and cytotoxicity
through repression of the mTOR pathway
Cytomegalovirus Infection Drives Epigenetic
Imprinting of the IFNG Locus and Contributes to
Enhanced IFN-γ Production in Expanded NKG2C+
NK Cells
Killing of murine pluripotent stem cells largely
depends on the activating NK receptor NKG2D
Optimizing NK cell activation, promoting NK cell
memory responses and making NK cells antigen
specific with BiKEs and TriKEs
Influence of HLA class I molecules on the Natural
Killer cell KIR repertoire
Differential impact of HCMV infection on KIR repertoire
formation dependent on KIR genotype
Elucidation of Rhesus Macaque NK Cell Ontogeny
and Heterogeneity via Genetic Barcoding
The developmental synapse: high-resolution
imaging reveals a novel role for CD56 in human
NK cell maturation and motility
Modulation of NK cell function by interactions
between 2B4 and CD48 in cis and in trans
The stalk domain of NKp30 is important for ligand
binding and intracellular signaling
NK cell dysfunction in chronic lymphocytic
leukemia
Harnessing NK cells against Tumors
Maintenance therapy with histamine plus IL-2
induces a striking expansion and activation of two
CD56bright NK cell subpopulations in patients with
acute myeloid leukemia
Impact of ligand display on signal transduction and
NKp30 receptor isoform transcription
The anti-metastatic activity of IL-12 is mediated by
NK cells in the absence of the common gammachain signaling

Coffee break
Chair: Helmut Salih

15:45 Florian Babor

Association of HLA-C-encoded KIR ligands with
childhood acute lymphoblastic leukemia and their
role in allogeneic stem cell transplantation

16:00-16:45

Poster preview II − Chair: Lutz Walter

16:45-18:30

Poster session II (odd numbers)

18:30

Departure of buses to hotels

19:30

Dinner for all registered participants at Restaurant Bullerjahn at the Old City Hall
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Friday, 09.10.2015
08:30

Departure of bus shuttle from hotel to German Primate Center
Increased frequency of HLA-C1 educated KIR2DS4+,
Session 5
NKG2C+ NK subsets in CMV seropositive
09:00-09:26
09:00 Martha Chekenya
Continued
glioblastoma patients is associated with improved
survival
Induction of NK cell reactivity against myeloid
Chair: Helmut Salih
09:13 Katrin Rothfelder
leukemia by a novel Fc-optimized CD133 antibody
Session 6
NK cells at the interface of innate and adptive
09:30-12:43
09:30 Eleanor Riley
immunity
NK cells and infection
Chair: Marcus Altfeld

10:05 Marcus Altfeld

NK cell-mediated recognition of HIV-1-infected cells

10:20-10:50 Coffee break
Chair: Jacob Nattermann

10:50 Salomé
LeibundGut-Landmann
11:25 Vanda Juranic
Lisnic
11:38 Kerstin Stegmann
11:51 Robert Petri

12:04 Christian Körner
12:17 Jessica Filtjens

12:45

12:30 Elisabeth LittwitzSalomon
Final remarks and departure

13:00-14:00 Guided tour through Primate Husbandry
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NK cells in control of fungal infections
Complex interplay between Ly49 receptors and
MCMV
CXCR6 marks a novel subset of human liver NK cells
with a T-bet(lo) Eomes(hi) transcriptional profile
Coping with inflammation and repair: innate
interaction of mesenchymal stem cells and natural
killer cells provides a stable strategy of pathogen
immunity and tissue regeneration
Blockade of self-inhibitory KIR2DL receptors
significantly improves the antiviral capacity of NK cells
in an autologous in vitro HIV-1 replication assay
A dual role for the Ly49E natural killer receptor in the
protection against Trypanosoma cruzi infection.
Regulation of NK cell effector functions during acute
retrovirus infection

SELECTED SHORT TALK
Anti-PD1 immune checkpoint inhibition or CD137 co-stimulation enhances NK cell
cytotoxicity towards CD30+ Hodgkin lymphoma induced by CD30/CD16A TandAb
AFM13

1

Xing Zhao1, Narendiran Rajasekaran3, Uwe Reusch2, Jens-Peter Marschner2, Martin Treder2,
Holbrook Edwin Kohrt3
1Tissue

Engineering and Stem Cells Research Center, Department of Immunology, Guiyang Medical University, Guiyang,
China,2Affimed GmbH, Heidelberg, Germany, 3Center for Clinical Sciences Research Stanford, Stanford, CA, USA,
m.treder@affimed.com

AFM13 is a CD30/CD16A-bispecific tetravalent antibody construct (TandAb) that efficiently engages CD16A+ natural killer (NK) cells
to induce targeted lysis of tumor cells in CD30+ malignancies(1). Having shown promising clinical activity in patients with relapsed or
refractory Hodgkin lymphoma (HL) AFM13 is currently being investigated in phase II(2). Modulation of immune checkpoints has
emerged as an effective therapeutic strategy to overcome tumor immune resistance and enhance antitumor immunity in a variety of
cancers, including HL. Here we investigated a potential synergistic effect of AFM13 and checkpoint modulation on the efficacy of NK
cell-mediated target cell lysis in vitro and tumor regression in vivo in a patient-derived xenograft model. Efficacy of AFM13-induced
CD30+ target cell lysis with or without anti-CTLA-4, anti-PD-1, or anti-CD137 antibodies was assessed in vitro using human PBMCs or
enriched NK cells. Analogous to these in vitro studies, AFM13 combination with checkpoint modulators was tested in vivo by
xenografting CD30+ HL tumor specimens into Rag2-/-IL2R null mice followed by infusion of autologous PBMCs and treatment with
AFM13, anti-CTLA-4, anti-PD-1, or anti-CD137 alone or in combination. While AFM13 induced robust target cell lysis in vitro of up to
40% at 1pM (EC50=15pM) alone or in combination with anti-CTLA-4, addition of anti-PD-1, anti-CD137, or both substantially
enhanced specific lysis to about 50-70% and up to 80%, respectively. Strikingly, combination of AFM13 treatment with PD-1 blockade
or CD137 co-stimulation in vivo resulted in significant reduction of tumor size and concomitant immune cell infiltration that exceeded
the effects seen with either agent alone and appeared to recapitulate the effects observed in vitro. These findings suggest combination
therapy with AFM13 and PD-1 checkpoint blockade or AFM13 and CD137 co-stimulation may result in higher clinical efficacies in
patients with HL than seen with either agent alone. These findings also imply checkpoint modulation may be a universal strategy to
significantly enhance therapeutic activity through a direct effect on NK cell cytotoxicity.
(1) Reusch, U. et al. A novel tetravalent bispecific TandAb (CD30/CD16A) efficiently recruits NK cells for the lysis of CD30 + tumor
cells. mAbs 6(3): 728–739 (2014).
(2) Rothe, A. et al. A phase I study of the bispecific anti-CD30/CD16A antibody construct AFM13 in patients with relapsed or refractory
Hodgkin lymphoma. Blood 125(26): 4024–4031 (2015).
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SELECTED SHORT TALK
Feasibility and safety of IL-15/4-1BBL activated and expanded NK cells in
pediatric patients with refractory acute leukemia.
1

1

2

6

7

8

3

4

4

2

Corral MD , González B , De Paz R , Rodriguez R , Valentín J , Fernández L , Leivas A , Vicario JL , Balas A ,
Bueno D1, Cho D9, Campana D5, Martínez López J3, Pérez-Martínez A1
1Unidad

de Hemato-Oncología Pediátrica. Hospital La Paz: Madrid, Spain., 2Servicio de Hematología. La Paz, Madrid, Spain.,
Hematología. Hospital 12 de Octubre, Madrid, Spain., 4Centro Regional de Transfusión Sanguínea de la
Comunidadde Madrid, Spain., 5Department of Paediatrics Yong Loo Lin School of Medicine National University of Singapore
Centrefor Translational Medicine. National University of Singapore, 6Unidad de Inmunología. La Paz, Madrid, Spain., 7Grupo de
InmunidadInnata. Instituto de Investigación del Hospital La Paz (IdiPAZ), Madrid, Spain., 8Grupo de Investigación Clínica.
CentroNacional de Investigaciones Oncológicas, Madrid, Spain., 9Public Health Bachelor of Science. University of
Washington,US., aperezmartinez@salud.madrid.org
3Serviciode

BACKGROUND:
Current therapies fail in most children with refractory or relapse leukaemia. Novel therapies are needed. Leukaemia cells are
susceptible to be killed by activated Natural Killer (NK cells). Highly activated/expanded natural killer (NK) cells can be generated
ex-vivo by stimulation with the human leukocyte antigen-deficient cell line K562, genetically modified to express 41BB-ligand and
membrane-bound interleukin-15, developed at St Jude Children’s Research Hospital (Memphis, TN). We tested the safety and
feasibility of haploidentical activated and expanded NK cell therapy in this heavily pre-treated paediatric population in two phase I/II
trials (EudraCT: 2012-005146-38 and EudraCT: 2012-000054-63).
PROCEDURE:
Sixteen children (9 male and 7 female) with a median age of 13 years (range, 1-23) who had refractory (8 of them after allogenic stem
cell transplantation) acute leukaemia (6 B cell lymphoblastic leukaemia, 5 T cell lymphoblastic leukaemia and 5 acute myeloid
leukaemia) were treated with rescue chemotherapy followed by the infusion of fresh activated and expanded NK cells obtained from
haploidentical donor peripheral blood followed by three times a week subcutaneous administration of low dose of IL-2. Rescue
chemotherapy consisted in an immunoablative regimen with Cy-Flu (4 cases), or more intensive regimen with clofarabine-based (7
cases) or nelarabine-based (5 patients). Seven (43%) NK donors were KIR mismatched.
RESULTS:
To date, we have infused 35 NK cell products containing a median of 8x106/kg (range, 1-33). All infusions were well tolerated and
there were no serious related adverse events. Seven patients have completed treatment and this is ongoing in 4; in 5 additional
patients treatment could not be completed because of leukaemia progression (n = 2) or chemotherapy-related toxicities (n = 3). Among
the 7 patients who completed the treatment, 3 achieved negative minimal residual disease, 3 had cytological remission and 1had
disease progression. All patients that achieved negative minimal residual disease received an allogenic stem cell transplantation. One
of them is alive and leukaemia-free more than 100 days post-transplant
CONCLUSIONS:
Infusion of fresh activated and expanded NK cell therapy was feasible and safe in a heavily pre-treated paediatric population, and
should be further investigated in patients with high-risk leukaemia.
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INVITED TALK
On Innate Lymphoid cell signature, plasticity and redundancy
Eric Vivier1, Sophie Ugolini1

3

1Centre

d’Immunologie de Marseille-Luminy, Aix-Marseille University UM2, Inserm U1104, CNRS UMR7280, Marseille, France,
de la Conception, Assistance Publique – Hôpitaux de Marseille, Marseille, France.,
vivier@ciml.univ-mrs.fr
2Immunologie,Hôpital

ILCs are a new type of lymphocytes, and their study is an emerging field in immunology that is having a major effect on our
understanding of immune responses. However, much remains to be understood regarding the role of ILCs in humans and mice,
particularly given the diversity of ILCs, which adds to the complexity of their analysis. ILCs can be classified into cytotoxic ILCs, such
as NK cells, and helper-like ILCs, such as the ILC1, ILC2 and ILC3 subsets. The study of ILC2 cells has progressed considerably in
recent years, due particularly to the development of mouse models selectively targeting these cells, such as RORalpha-deficient mice.
By contrast, much remains unknown about the respective roles of NK, ILC1 and ILC3 cells. NK cells, ILC1 and NCR+ILC3 are known
to express NKp46 in humans and mice. We will present here recent findings on the transcriptomic signature of NKp46+ ILCs, on their
plasticity as well as on their role in natura.
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INVITED TALK
Innate lymphoid cells in antiviral immunity

4

Andreas Diefenbach1
1Research

Centre of Immunology, University of Mainz Medical Centre, 2Institute of Medical Microbiology and Hygiene,
Universityof Mainz Medical Centre, diefenbach@uni-mainz.de

Innate lymphoid cells (ILCs) are a recently discovered family of innate lymphocytes that are substantially represented at mucosal
surfaces and have been implicated in the protection of epithelial barriers. Various types of ILCs can be discriminated based on the
expression of distinct transcription factors controlling the expression of a distinct set of cytokine genes endowing the various ILC
subsets with a specific range of effector functions. Currently, three groups of ILCs are being recognized. Group 1 ILCs (ILC1s) are a
diverse group of ILCs comprised of natural killer (NK) cells and other, poorly defined subsets of ILCs. It is believed that the ILC1 fate
decision is controlled by the T-box transcription factor T-bet endowing ILC1s with the capability to produce large amounts of IFN-γ.
ILC2s express high levels of GATA-3, produce IL-5 and IL-13 and have been involved in immunity to helminth infections and in the
pathogenesis of allergic diseases. Group 3 ILCs developmentally depend on the transcription factor RORγt and produce the cytokines
IL-22, IL-17A and IL-17F. ILC3s are believed to be involved in the protection against intestinal bacterial infections and, if
inappropriately stimulated, can be important drivers of inflammatory disorders. The transcriptional programs and effector cytokines of
the various ILC subsets strikingly resemble those of the various T helper cell effector fates suggesting that such transcriptional circuitry
already formed in the evolutionary older innate immune system. The various ILC subsets are developmentally related as all ILC
lineages depend on the transcriptional regulator Id2 (inhibitor of DNA binding 2) that interfers with E2 protein-controlled gene
expression. This raises the important issue if ILCs may derive from a common ILC progenitor (CILP). Identification of such a progenitor
would allow to identify the molecular signals required for the specification of the various ILC lineages. I will discuss progress towards
our understanding of the molecular programs regulating ILC fate decisions and our current models of transcriptional stability and
plasticity of ILC fates. Finally, I will discuss an unprecedented role of ILC3s in the protection against mucosal virus infections.

12

INVITED TALK
Differentiation of human ILCs

5

Chiara Romagnani1
1Innate

Immunity, Deutsches Rheuma Forschungszentrum (DRFZ) Berlin, Leibniz-Gemeinschaft, Berlin, Germany,
romagnani@drfz.de

Group 3 innate lymphoid cells (ILC3) are defined by the expression of RORgt, which is selectively required for their development. The
lineage-specified progenitor cells of human RORgt+ ILC3 and their developmental site after birth remain undefined. Moreover, the
developmental relationship between ILC3 and NK cells is controversially discussed in humans. We have identified a novel population
of human CD34+ hematopoietic progenitor cells (HPC) expressing RORgt, CD117 (c-kit) and a4b7 integrin, which reside in tonsils and
intestinal lamina propria (LP), but not in the bone marrow. Although RORgt+ HPC appear to overlap with the previously identified
CD34+ CD117+ CD94- stage II NK cells, they share a core transcriptome signature with mature ILC3 and selectively differentiate
towards IL-22 producing RORgt+ ILC3, with low potential toward Eomes+ NK cells. Thus, we propose that RORgt+ CD34+ HPC
represent human lineage-specified progenitors of IL-22 producing ILC3 and that tonsils as well as intestinal LP might be preferential
sites of ILC3 differentiation.
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SELECTED SHORT TALK
Characterization of innate lymphoid cells (ILCs) in the human gastrointestinal
tract demonstrates compartment-specific ILC distribution which is markedly
altered in HIV infection

6

Benjamin Krämer1, Felix Goeser1, Philipp Lutz1, Andreas Glässner1, Claudia Finnemann1, Franziska Wolter1,
Pavlos Kokordelis1, Dominik Kaczmarek1, Hans Dieter Nischalke1, Christoph Boesecke1, Jürgen K Rockstroh1,
Ulrich Spengler1, Jacob Nattermann1
11

Department of Internal Medicine I, University of Bonn, Bonn, Germany; 2 German Center for Infection Research (DZIF),
Bonn,Germany, m.benjamin.kraemer@googlemail.com

Background:
Innate lymphoid cells (ILC) have been shown to display critical effector and regulatory functions in innate immunity and tissue
remodelling. Recent reports demonstrate ILCs to promote anatomical containment of gut commensal bacteria and to play an important
role in intestinal inflammation.
However, most of these studies have been performed in mouse models and, thus, the distribution of ILCs in the human gastrointestinal
(GI) tract remained unclear.
Methods:
In HIV(-) individuals biopsies from macroscopically and histologically normal tissue were taken in the oesophagus (n=8), the stomach
(n=11), the duodenum (n=11), the terminal ileum (n=13), and the leftt-sided colon (n=13) during routine endoscopy. Moreover, oral
biopsies (n=6) as well as peripheral blood (n=14) was studied. In addition, biopsies from the oesophagus (n=7), the stomach (n=12),
the duodenum (n=12), the terminal ileum (n=8), and the colon (n=8), as well as PBMC (n=14) from HIV-infected patientsunder
effective therapy were analysed.
ILCs were phenotypically characterized by flowcytometry and tested for expression of IFN-g, IL-13, and IL-22 following stimulation with
PMA and ionomycin.
Results:
Frequency of total ILC (as % of Lin(-) cells) stepwise increased from the oral cavity to the distal GI-tract, with highest frequencies
found in the colon. The only exception was the oesophagus displaying an ILC-frequency close to that observed in the ileum.
Frequency of CD127(+)ILC1 was significantly higher in upper GI-tract (mouth, stomach, duodenum) than in ileum and colon. Similar
observations were made regarding the distribution of CD103(+)ILC1. The opposite was true regarding ILC3, which represented the
majority of ILCs in the ileum and the colon but only a minor fraction in the oesophagus and stomach, respectively. Substantial
proportions of ILC2 were only found in the stomach and the oral cavity. Expression of IFN-g(ILC1), IL-13(ILC2), and IL-22(ILC3) did
not differ significantly between the analysed GI-compartments.
Distribution of total ILCs in HIV(+) patients was similar to that observed in healthy controls. However, HIV infection was associated
with a dramatic decrease in CD127(+)ILC1 in all analysed parts of the GI tract. In contrast, we found the frequency of CD103(+)ILC1 to
be significantly higher in the proximal part of the intestine in HIV infection than in healthy controls.
Conclusion:
Our data indicate a compartment-specific distribution of ILCs in the human GI-tract, which is markedly dys-regulated in HIV infection.
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SELECTED SHORT TALK
ICOS regulates the pool of group 2 innate lymphoid cells under homeostatic and
inflammatory conditions
1

1

1

1

Daniela Paclik , Christina Stehle , Annette Lahmann , Andreas Hutloff , Chiara Romagnani
1German

1

7

Rheumatism Research Center, Berlin, christina.stehle@drfz.de

Group 2 innate lymphoid cells (ILC2) are innate effectors playing an important role in the defense against helminthic infections and in
the pathogenesis of allergic inflammation. Cytokines have been identified as the major stimuli driving ILC2 activation and expansion.
Conversely, it is not clear whether costimulatory molecules contribute to regulation of ILC2 functions. ILC2 display high expression of
Inducible T cell costimulator (ICOS), a costimulatory molecule belonging to the CD28 superfamily, which has been shown to control
late effector T cell functions, and is of upmost importance for the humoral immune response. However, the biological function of ICOS
expression on ILC2 is unknown. Here we show that ICOS signaling regulates ILC2 homeostasis independent of T cells and B cells, by
promoting proliferation and accumulation of mature ILC2. Under inflammatory conditions, ICOS controls ILC2 activation and eosinophil
infiltration in the lung. Our data identify a role of ICOS in the innate immune system and indicate that not only cytokines but also
costimulatory pathways can contribute to regulate the ILC2 pool. Thus, ICOS costimulation blockade which is currently under clinical
evaluation for inhibiting the humoral immune response would also enable targeting of innate inflammatory circuits.
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SELECTED SHORT TALK
Adaptive-innate lymphocyte crosstalk: T cell help and control in NK cell and ILC
responses
1

8

Georg Gasteiger

1Institute of Medical Microbiology and Hygiene, University of Mainz Medical Center , 2FZI Research Center for Immunotherapy,
Universityof Mainz Medical Center , gasteiger@uni-mainz.de

Innate lymphocytes, including natural killer (NK) cells and recently discovered innate lymphoid cells (ILC) execute critical
immunological functions, including the killing of infected cells, the production of proinflammatory cytokines as well as the secretion of
tissue-trophic factors. These activities contribute to multicellular immune responses that require tight control and coordination in order
to optimize immunity, and to prevent unopposed tissue damage. Innate cytokines and alarmins regulate the activation and
homeostasis of innate lymphocytes. Less well understood is the contribution of the adaptive immune system to the orchestration of
innate lymphocyte responses. The observation that T cells and ILCs share master transcription factors, hallmark cytokines and
cytokine receptors has raised questions about specific and redundant functions of adaptive and innate helper cells, as well as their
collaborative or regulatory reciprocal interactions. We have previously shown that Foxp3+ regulatory T cells and CD4+ T helper cells
contribute to the control of Eomes- CD127+ CD90+ ILC-1-like cells. This adaptive and innate lymphocyte crosstalk was at least in part
mediated by the cytokine IL-2. We have now further characterized responses and interactions of innate lymphocytes and will discuss
what is currently known about the crosstalk of regulatory and helper T cells with NK cells and ILC in local immune responses.
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INVITED TALK
NK cell Immunogenetics in the Wild

9

Peter Parham1
1Stanford

University School of Medicine, peropa@stanford.edu

Variable natural killer (NK) cell receptors and their MHC class I ligands rapidly evolve under pressures from infectious disease and
reproduction. To gain perspective on the human system of HLA class I ligands and killer cell immunoglobulin-like receptors (KIR), we
have been studying their counterparts in orangutan, chimpanzee and bonobo. To explore how the interactions of KIR and MHC class I
evolve in the wild, we studied Patr-B, the ortholog of HLA-B, in the three chimpanzee communities of Gombe National Park, Tanzania.
This chimpanzee population is endemically infected with simian immunodeficiency virus (SIV). Eleven Patr-B alleles are maintained in
this small population of ~125 individuals. Five of them are correlated with SIV infection. One of them, Patr-B*06:03 is in structure and
evolution related to human HLA-B*57, and is similarly associated with reduced viral load. During a period of ten years the Central
community has increased in size, while the Northern has been stable and the Southern community has declined as a consequence of
SIV. Patr-B allele distributions have been stable in the Northern and Central communities. They consist of one or two high-frequency
alleles, carried by the most fecund individuals, and a majority of low-frequency alleles. In the Southern community, the Patr-B allele
distribution has been changing dramatically. Rising in frequency are alleles carrying the Bw4 and C1 epitopes that educate NK cells. In
progress is a parallel analysis of wild Bonobos, a species that is not endemically infected with SIV, and methods development to
expand the scope of these studies.
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We have probed mechanisms underlying human natural killer (NK) cell phenotypic and functional heterogeneity, finding emergence of
diverse subsets of human NK cells selectively lacking expression of signaling proteins following cytomegalovirus (CMV) infection. The
absence of B and myeloid cell-related signaling protein expression in these NK cell subsets correlated with promoter DNA
hypermethylation. Genome-wide DNA methylation patterns were strikingly similar between CMV-associated adaptive NK cells and
cytotoxic effector T cells, but differed from those of canonical NK cells. Functional interrogation demonstrated altered cytokine
responsiveness in adaptive NK cells that was linked to reduced expression of the transcription factor PLZF. Furthermore, subsets of
adaptive NK cells demonstrated significantly reduced functional responses to activated autologous T cells. The present results
uncover a spectrum of epigenetically unique adaptive NK cell subsets that differentiate and diversify in response to viral infection.
These cells have distinct functional capabilities compared to canonical NK cell subsets. Implications for how distribution of different NK
cell subsets may relate to heath and disease will be discussed.
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NKp80 is an activating natural killer (NK) receptor that is broadly expressed on human NK cells. Directly opposed to the NKp80 gene
KLRF1, the likewise C-type lectin-like ligand of NKp80, AICL (activation-induced C-type lectin), is encoded (CLEC2B) in the human
Natural Killer Gene Complex (NKC). AICL is expressed on activated myeloid cells and interleukin-12/-18-exposed NK cells.
Engagement of NKp80 by AICL on these activated leukocytes, stimulates cytotoxicity and cytokine secretion by NK cells. We found
that NKp80 does not associate with adaptor molecules such as CD3ζ to transduce activating signals into cells but rather uses an
atypical cytoplasmic hemi-immunoreceptor tyrosine-based activation motif (hemITAM) for cellular activation. Mutational studies of the
NKp80 hemITAM as compared to the hemITAM consensus reported for myeloid hemITAM-bearing receptors (Dectin-1; CLEC-2)
revealed that alterations in the hemITAM of NKp80 result in a diminished tyrosine phosphorylation and an abrogation of Syk
recruitment. We therefore postulated that another yet unidentified signaling molecule is recruited by phophorylated NKp80 instead. We
find, that crosslinking of NKp80 on primary human NK cells results in the phosphorylation of Syk, SLP-76, and PLCγ1, respectively, in
a manner similar to the ITAM-adaptor-coupled NKp46. Interestingly, Ca2+ influx upon NKp80 ligation is delayed as compared to
NKp46. Biochemical studies uncovered the src kinase Fyn as a putative NKp80 interactor that was corroborated in functional studies
using cells overexpression of Fyn.
Altogether we provide novel insights into the signaling mechanisms of the activating NK receptor NKp80 employing an unusual
hemITAM for signaling and recruiting Fyn kinase.
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TGF-β is a major immunosuppressive cytokine maintaining immune homeostasis and preventing autoimmunity. TGF-β has
anti-proliferative and anti-inflammatory properties in various cell types that remain to be characterized at the molecular level. Here, we
provide genetic, pharmacologic and biochemical evidences that a major target of TGF-β in mouse and human Natural Killer (NK) cells
is the serine/threonine kinase mTOR. In vitro treatment with TGF-β leads to a rapid blockade of IL-15-induced mTOR activation in
mouse or human NK cells. TGF-β and the mTOR-specific inhibitor rapamycin had identical effects on NK cell metabolic activity,
proliferation, expression of various NK cell receptors and cytotoxic activity. In vivo, constitutive TGF-β signaling or mTOR deletion
result in similar developmental arrests in NK cells, while reciprocally TGF-βRII deletion releases mTOR activity and cytotoxic potential
upon IL-15 treatment. Suppression of TGF-β signaling in NK cells impacts neither NK cell development nor homeostasis. However, it
endows NK cells with a better ability to control metastases in two different tumor models. Altogether, these results establish the mTOR
kinase as a crucial signaling integrator of pro and anti-inflammatory cytokines in NK cells. Moreover, they suggest that improving
metabolic activity of anti-tumor lymphocytes could be a valid strategy to promote tumor suppression.
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Human Cytomegalovirus (HCMV) infection shapes the human NK-cell repertoire and, in a proportion of HCMV-seropositive individuals,
is associated with the expansion of a terminally differentiated NK-cell subset expressing the activating receptor NKG2C. The
population exhibits vast effector functions including robust interferon-γ (IFN-γ) secretion. Here we show that expanded NKG2C+ NK
cells undergo a global epigenetic remodeling, in particular of the IFNG gene locus. The subset is uniquely characterized by stable
hypomethylation of the IFNG enhancer region conserved non-coding sequence (CNS) 1 similar to effector/memory T cells of the type
1 (Th1) lineage. Functionally, the increased accessibility of the CNS 1 results in elevated transcriptional activity as well as enhanced
IFN-γ production upon engagement of NKG2C ex vivo.
Interestingly, acquisition of an identical DNA methylation pattern at the IFNG locus was observed upon treatment of NK cells with
pro-inflammatory cytokines, suggesting that epigenetic remodeling of the IFNG locus represents a common mechanism underlying
potent IFN-γ production in both HCMV-imprinted and cytokine-induced memory NK cells.
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Natural killer (NK) cells play an important role as cytotoxic effector cells, which scan the organism for stressed, infected or tumorigenic
cells. Future strategies to treat diseases, such as heart failure or Parkinson’s disease might include the transplantation of pluripotent
stem cell (PSC)-derived grafts. However, PSC-derived grafts are at risk of giving rise to teratomas in the recipient, if residuals of
undifferentiated cells are present in the grafts. We have previously shown that NK cells can kill allogeneic and autologous PSCs and
reduce the risk of teratoma growth after transplantation of PSCs. Inhibition studies indicated that NKG2D is an activating NK receptor
that is involved in the killing of PSCs. To further clarify the role of NKG2D, we compared the capability of NK cells from wild type
C57BL/6 and NKG2D-deficient mice to kill murine PSC lines.
NK cells were isolated by magnetic cell sorting and either used directly as effector cells or after stimulation for 4 days with 10 ng/ml
interleukin (IL)-2 in Cr-51 release assays. The PSC targets included induced pluripotent stem cells (iPSC C57BL6 and iPSC 129SV),
embryonic stem cells (ESC BTL-1 and MPI-II, both 129SV), and multipotent adult germline stem cells (maGSC C57BL/6 and maGSC
129SV). As NK cell-sensitive control, YAC-1 cells were used. PSCs from C57BL/6 mice were syngeneic to the NK cells, whereas
PSCs from 129SV mice were major-histocompatibility-complex (MHC)-matched but otherwise allogeneic.
All PSCs and YAC-1 cells were largely resistant to killing by naïve NKG2D-deficient NK cells. Wild type NK cells, in contrast, killed all
targets with low or intermediate efficacy. The stimulation of wild type and NKG2D-deficient NK cells by IL-2 increased the killing of all
PSCs. However, the NKG2D-deficiency was not fully compensated and wild type NK cells were still more efficient. In agreement with
our previous results, all PSC lines expressed NKG2D ligands although the expression pattern of RAE-1, MULT-1 and H60 molecules
was variable.
In conclusion, we have demonstrated that NKG2D is an important activating receptor involved in killing of murine PSCs. Cytotoxicity of
naïve NK cells was completely dependent on this receptor, whereas IL-2-activated NK cells were able to partly compensate the
NKG2D-deficiency. NK cells have the capability to kill undifferentiated PSCs, which might contaminate PSC-derived grafts in trace
amounts and a functional NK cell system in recipients could increase the safety of transplantations. Immunosuppressive therapies not
affecting NK cells might be favorable, if allogeneic PSC-derived grafts are transplanted.
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NK cells express a number of activating and inhibitory receptors to determine their function through a process called NK cell education
or licensing. We have shown that adoptive transfer of haploidentical NK cells can induce remissions in some patients with refractory
acute myeloid leukemia (AML). Data suggests that clinical efficacy correlates with the ability of adoptively transferred cells to expand in
vivo. Aiming to optimize NK cell expansion, we tested different strategies to maximize this endpoint to overcome barriers of host
immune rejection and maximize the persistence and expansion of donor NK cells. The lymphodepleting preparative regimen is
followed by the NK cell product (T and B cell depleted) incubated overnight in 1000 U/ml IL-2 and then infused and followed by 6
doses of subcutaneous IL-2 (10 million units) given every other day to promote in vivo NK cell expansion. In those that do not expand,
simulation of CD25+/FoxP3+ regulatory T cells (Treg) by low dose IL-2 may actively suppress proliferation of NK cells. Therefore, Treg
depletion strategies combined with adoptive transfer may improve on these results. Based on the finding that IL-15 does not stimulate
Treg and IL-15 is superior to support NK cell adoptive transfer in a xenogeneic model, we are also testing whether IL-15 will be
superior to support adoptive NK cell transfer in clinical trials and to enhance NK cell activation for those that relapse after allogeneic
transplant. To overcome the specificity of NK cells, we have found that bispecific or trispecific killer cell engagers (BiKEs and TriKEs)
comprised of single chain Fv fragments engaging CD16 and recognizing a tumor associated antigen on cancer cells induces potent
NK cell killing by overcoming the inhibitory signals through class I recognizing inhibitory receptors. Lastly, we have discovered a new
subset of NK cells termed adaptive with properties of immunologic memory induced by cytomegalovirus, which we think has potent
anti-tumor activity and enhanced CD16 signaling. All of these aspects of NK cell biology offer the hope of targeted cancer therapy
building on viral priming and specificity to make NK cells antigen specific.
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The interaction between clonally distributed inhibitory receptors on Natural Killer (NK) cells and human leukocyte antigen (HLA) class I
molecules defines NK cell functions, but the role of HLA class I ligands for acquisition of their receptors during NK development is still
unclear.
While some works demonstrated that HLA-C affects the expression of Killer Immunoglobulin-like Receptors (KIR), other studies have
shown that NK cells acquire their KIR repertoire in a stochastic manner. In order to give more insight to this question, we compared the
co-expression of different KIR molecules, NKG2A and CD8 on NK cells in healthy donors (HD) and seven patients with deficient HLA
class I expression due to mutations in one of the transporter associated with antigen processing (TAP) genes. Our results show a
correlation between the presence/absence of HLA class I molecules and the co-expression of their receptors. In a HLA class I low
expression context, an increase in KIR molecules’ co-expression is detected on the NKG2A+ CD8+ subset. These observations
strongly suggest a role of HLA class I molecules in NK cell maturation and KIR repertoire acquisition.
Adaptive NK cell responses to human cytomegalovirus (CMV) infection are characterized by the expansion of NKG2C+ NK cells
expressing self-specific inhibitory KIR. We set out to study the HLA class I-dependency of such NKG2C+ NK cell expansions. We
demonstrate expansion of NKG2C+ NK cells in patients with TAP-deficiency. In contrast to normal individuals, expanded NKG2C+ NK
cell populations in TAP-deficient patients expressed a polyclonal KIR-profile and remained hyporesponsive to HLA class I-negative
target cells. Nonetheless, agonistic stimulation of NKG2C on NK cells from TAP-deficient patients yielded significant responses in
terms of degranulation and cytokine production. Thus, while interactions with self-HLA class I molecules likely shape the
KIR-repertoire of expanding NKG2C+ NK cells during adaptive NK cell responses, they are not a prerequisite for NKG2C+ NK cell
expansions per se or the generation of functional responses. This finding leads us to speculate that the emergence of
NKG2C-responsive adaptive NK cells in TAP-deficient patients may contribute to anti-viral immunity and that this may explain these
patients’ unexpectedly low incidence of severe viral infections.
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The composition of human KIR repertoires is shaped by the presence/absence polymorphism of HLA class I-encoded KIR ligands. In
particular, in donors being homozygous for the common group A KIR haplotype, the frequency of NK cells expressing cognate
inhibitory KIR is significantly elevated. In addition, the strength of cognate inhibitory KIR expression as measured by the flow
cytometric mean fluorescent intensity (MFI) is decreased. Importantly, it was recently shown that infection with human cytomegalovirus
(HCMV) promotes the expansion of NKG2C+ NK cells co-expressing HLA-C-specific inhibitory KIR thereby providing a potential
explanation for the observed adaptation of KIR expression towards cognate HLA class I. In the present study, we analyzed the
influence of HCMV infection and KIR genotype on the KIR repertoire in a cohort of healthy Caucasoid individuals. Remarkably, a bias
towards increased frequencies of NK cells with cognate inhibitory KIR was restricted to HCMV-seropositive donors. In contrast, the
MFI of cognate KIR was similarly downregulated in HCMV-seropositive and -negative donors. Analysis of NKG2C expansions in the
cohort revealed that donors with homozygous group A haplotype preferentially co-expressed cognate KIR2DL1, whereas donors with
group B haplotypes co-expressed significantly more KIR2DL2/3. The latter observations might at least partly be explained by the
differential affinity of HLA-C-specific KIR in the centromeric part of the group A vs. B KIR haplotypes.
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Natural killer (NK) cells are defined by CD56 and/or CD16 expression, MHC–unrestricted target lysis, and cytokine production.
Restricted development in vitro, differences between human and murine NK, and poor human NK engraftment in immunodeficient
mice have hindered understanding of human NK ontogeny. Rhesus macaque NK are phylogenetically, phenotypically and functionally
similar to human NK. We utilized genetic barcoding of progenitor and stem cells to study rhesus NK ontogeny in vivo, and previously
reported (Wu et al, Cell Stem Cell, 2014) distinct lineage ontogeny for circulating rhesus NK as compared to B, T and myeloid
hematopoietic lineages. We have now tracked barcoded rhesus NK cells in vivo for over two years post-transplantation as well as
following in vivo anti-CD16 antibody depletion, and report separate clonal ontogeny of CD16+CD56- (corresponding to human
CD16+/CD56dim NK) versus CD16-CD56+ rhesus NK. In vitro expansion of barcoded rhesus NK cells, and expansion of purified
rhesus or human NK subpopulations also provide evidence for distinct development of the two major subsets, and lack of a linear
precursor-progeny relationship between CD16-CD56bright and CD16+CD56dim subsets. The phenotypic and functional properties of
NK subsets characterized in these analyses provide new insights into NK biology, have likely relevance to the formation and
persistence of adaptive or memory NK cells, and are relevant to design and optimization of clinical NK therapies.
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Human NK cell development is a poorly understood process, with the molecular interactions driving the differentiation of mature
functional subsets unknown. Peripheral blood contains CD56 bright NK cells that are thought to give rise to CD56 dim NK cells, and
each subset mediates distinct, critical effector functions required for human host defense. Secondary lymphoid tissue contains a
continuum of NK precursors thought to undergo increasingly restricted lineage commitment. The complex, cell-rich environment of
lymphoid tissue suggests that cell-cell interactions are critical for NK cell development, yet these have not been described. In vitro
differentiation of CD34+ hematopoietic stem cells to NK cells is made efficient by the presence of developmentally supportive stromal
cells which enable NK cell functional maturation and KIR acquisition. We have applied high-resolution imaging of developing human
NK cells on supportive stromal cells in order to dissect the contact-dependent processes required for the acquisition of NK cell
function.
Rigorous analysis shows that human NK cell development is marked by progressively increasing motility on stroma. Stable contacts
formed early in development are replaced by transient interactions and stage-specific, distinctive motility including tethering through a
distinctive structure that we have termed the developmental synapse. The relative motility of NK cells increases as they move through
development, as shown by the isolation of discrete stages from human peripheral lymphoid tissue and in vitro differentiation cultures.
Interestingly, blocking CD56 itself or CRISPR/Cas9 deletion of CD56 prevents NK cell motility. NK cell precursor motility on stroma,
characteristic of cells progressing through development, is reduced by inhibition of Src family kinase function as well as CD56 and/or
L-selectin ligation.
In summary, we have described for the first time the novel “developmental synapse” formed between an NK cell and supportive
stromal cell. We believe that further analysis of this synapse will yield critical insight into NK cell maturation and acquisition of effector
function. In addition, we show that CD56 accumulates at the developmental synapse and is required for NK cell motility, thus ascribing
a novel role for this poorly understood molecule on human NK cells.
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SLAM-related receptors (SRR) are important modulators of NK cell function. Since most SRR are activated by homophilic interaction,
SRR do not only function as activating NK cell receptors, but also as activating NK cell ligands. 2B4 (CD244) is the only SRR that is
activated by binding to a distinct ligand: CD48 is a GPI-anchored surface molecule that is widely expressed on hematopoietic cells.
We investigated the function and early signal transduction of 2B4 in NK cells. We could show that 2B4 does not only bind in trans to
CD48 on neighboring cells, but can also interact in cis with CD48 molecules on the same NK cell. This cis interaction reduced the
ability of 2B4 to bind soluble CD48 or CD48 on target cells in trans. Investigating the structural basis for this interaction we could show
that 2B4 uses the same binding site to interact with CD48 in cis and in trans. To explore the structural requirements for the cis binding,
we substituted the flexible hinge-region between 2B4 IgV- and IgC-domains with the more rigid CD4 beta-strand. We found that this
stiffened 2B4 structure interferes with the binding of 2B4 to CD48 in cis, while trans interaction is not affected. These results indicate
that the flexibility of 2B4 and / or CD48 is important for the cis interaction between 2B4 and CD48. Our data further show that the basal
phosphorylation level of 2B4 is a result of the cis interaction with CD48. These results raised the question whether the degree of basal
phosphorylation might affect the induced phosphorylation level after triggering 2B4 with susceptible target cells expressing CD48.
Interestingly, stimulation of 2B4 produced a pronounced increase in pY in cells lacking the cis interaction, while pY level was only
slightly increased after stimulation of NK cells expressing both 2B4 and CD48. Our data show that the density of 2B4 and CD48 on
both the NK cell and the potential target cell is important for the modulation of NK cell activity.
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NKp30 is a key-player for NK cell immunosurveillance. The molecular details of ligand recognition of NKp30 are largely unknown,
however, this knowledge is crucial for the development of new NK cell-based therapies. Therefore, we have investigated the
parameters, which impact on ligand recognition of NKp30 and signaling capacity via the homodimeric CD3ζ chain adaptor. Based on
single molecule tracking experiments, we could show that the CD3ζ adaptor protein increases the surface expression of NKp30,
suggesting a new role of CD3ζ in plasma membrane targeting and/or in the retention of NKp30 on the plasma membrane. Since the
stalk domain of NKp30 was not resolved in the crystal structure of the NKp30 ectodomain bound to B7-H6 (PDB ID: 3PV6), the way
how this domain contributes to ligand binding remained elusive. In the current study, we generated wildtype and mutant
NKp30::IgG1-Fc fusion proteins deficient in Fc receptor binding, and corresponding full-length receptor constructs to investigate ligand
binding and receptor signaling. We found that the stalk domain of NKp30 promotes high affinity ligand binding and is indispensable for
receptor signaling. Based on detailed truncation and mutagenesis studies, we could show that the stalk domain of NKp30 is intolerant
to alterations in length and sequence demonstrating that the stalk domain of NKp30 represents a functional domain of the receptor. In
order to shed light on the contribution of the stalk domain and certain amino acid residues of NKp30 to initiation of CD3ζ chain
signaling, detailed mutagenesis studies were performed. Based on ligand binding experiments with NKp30::IgG1-Fc fusion proteins
and signaling reporter assays, we could show that several hydrophobic residues at the transition of the extracellular domain and the
transmembrane domain and a positively charged residue in position 143 are essential for signaling. Interestingly, neither the positively
charged amino acid in the cytosolic domain (K165) nor the two tyrosine residues (Y161, Y162)in the transmembrane region
contributed to signal transduction. Taken together, the stalk domain directly contributes to ligand binding and mediates intracellular
signaling via the CD3ζ chain. However, further studies are needed to elucidate whether stalk-assisted relocation of the charged
residue at position 143 following ligand binding might provide a switch to induce signaling of a preexisting NKp30/CD3ζ chain complex
in the plasma membrane of NK cells.
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Small lymphocytic lymphoma (SLL) and chronic lymphocytic leukemia (CLL) are indolent B cell tumors that share common features of
morphology, surface marker phenotype, and gene expression signature. Whereas CLL presents as a monoclonal B cell population
that is abundantly evident in peripheral blood, SLL tumor cells are less prevalent in circulation, but are instead enriched in lymph
nodes, bone marrow, and spleen. We performed a comprehensive flow cytometry-based characterization of T and NK cell phenotype
and function in fresh peripheral blood samples from untreated patients with CLL, untreated patients with SLL, and age-matched
healthy controls. NK cells in CLL patients displayed elevated expression of PD-1, reduced NKG2D, and increased CD27, indicating a
functionally suppressed and less mature phenotype. CLL patient NK cells were found to elicit reduced degranulation responses toward
transformed B cells and reduced viability, especially in ADCC assays, but enhanced interferon-γ production. We further noted a
striking reduction in the frequency and viability of NK cells expressing inhibitory KIR, which progressed over time in most patients.
Patients with the highest PD-1 expression levels on NK cells possessed genes for inhibitory KIR in combination with their cognate HLA
ligands. Comparisons between a CLL patient and healthy monozygotic twin provided compelling support for the results. Overall,
biomarker alterations were less pronounced on NK cells from SLL patients, presumably due to the lower tumor burden in peripheral
blood. We conclude that mature KIR-expressing NK cells respond to the high circulating B cell tumor burden in CLL, but become
overwhelmed and undergo activation-induced apoptosis through a mechanism that may involve PD-1. Consequently, CLL patients
may benefit from therapies that augment NK cell survival and function.
This work was supported by the FCCC Keystone Program in Blood Cell Development and Cancer and NIH grants CA083859 (K.S.C.)
and CA06927 (FCCC).
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Histamine dihydrochloride (HDC) plus IL-2 has been proposed as a novel maintenance-immunotherapy in acute myeloid leukemia
(AML). We analyzed the immunophenotype and function of NK cells in blood from 7 AML patients treated with HDC plus IL-2. The
treatment caused a striking 5-fold expansion of CD56brightCD16neg and CD56brightCD16low NK cell subpopulations. Reduced
numbers of NK cells expressing the activating receptors NKG2D, NKp30, and NKp46 were found normalized after treatment, whereas
KIR-expressing cells remained low and NK cells with inhibitory NKG2A/CD94 receptors increased beyond normal levels. Importantly,
NK cells with the capacity to produce IFN-γ and to degranulate were also normalized after HDC plus IL-2. We provide in vitro evidence
that this is caused in part by direct effects of IL-2 on the CD56bright cells. IL-2 specifically induced proliferation of both CD56bright
subpopulations, but not of CD56dim cells. It further preserved the expression of activating receptors and NK cells with the capacity to
produce IFN-γ and to degranulate. These data suggest that therapy with HDC plus IL-2 reconstitutes a deficient NK cell fraction in
AML patients through the specific amplification of CD56bright NK cells giving rise to functional NK cells with enhanced potential to
combat leukemic disease.
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The activating Natural Cytotoxicity Receptors (NCRs) are of major importance for the activation of NK cells and their ability to
recognize and eliminate malignant cells.
The ligands BAG6 and B7-H6 recognized by the NCR NKp30 are known to compromise NK cell activity as soluble proteins, while they
lead to NK cell activation when presented in a membrane-associated form. Consistent with a fundamental role of NK cells as a target
for tumor immune escape, soluble ligands for NKp30 were significantly elevated in patients with hematological diseases (Reiners et al,
Blood, 2013; MolTher, 2013). Moreover, level of soluble NKp30-ligands sB7-H6 and sBAG6 were predictive biomarkers in GIST
patients treated with imatinib. Thus, soluble BAG6 was associated with low NKp30 expression, affecting both, event-free and overall
survival. While sB7-H6 did not correlate with NKp30 isoform expression levels, sBAG6 levels were specifically associated with the
down-regulation of NKp30A and B isoform mRNA transcription (submitted). These isoforms mediate NK cell activation whereas the
NKp30C variant is known to induce the production of the immunosuppressive cytokine IL10. In contrast, exosomes derived from
dendritic cells, which harbor the activating form of BAG6, triggered NKp30-dependent NK cell functions in NSCLC patients presenting
with defective NKp30 expression (Besse et al. Oncoimmunology, 2015). Importantly, the BAG6 expression level on exosomes
correlated with NKp30-dependent NK cell functions, the latter being associated with longer progression-free survival.
So far, the relation of soluble BAG6 and the NKp30 isoform transcription levels has not been investigated regarding the underlying
molecular mechanisms. Thus, we aim to explore the effect of soluble and membrane bound (exosomal) BAG6 on the absolute
transcription of the three NKp30 isoforms (A, B and C).
The findings of this study will give a more detailed insight on tumor immune escape mechanisms involving soluble ligands for the
activating NK cell receptor NKp30. Ideally, the results will allow the development of new therapeutic approaches to circumvent this
evasion strategy of tumor cells.
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The appearance of metastases in vital organs and the lack of effective anti-metastatic treatments are the main reasons for
cancer-associated deaths. A possible approach to eradicate metastases is to use the body’s own immune defense by activating
natural killer (NK) cells, potent antitumor effector cells. Whereas development and survival of these cells are thought to be dependent
on interleukin-15 (IL-15), their cytotoxicity can be enhanced upon stimulation with Interleukin-12 (IL-12), a cytokine triggering potent
immune responses against primary tumors. Whether IL-12 is effective against metastases and the mechanisms by which this cytokine
modulates immune responses on different metastatic sites remains largely elusive.
Using the syngeneic 4T1 mouse model of metastatic breast cancer, we demonstrated potent anti-tumor activities of IL-12 against
pulmonary and liver metastases upon intranasal administration. Interestingly, IL-12 limited the formation of pulmonary metastases not
only in Rag2-deficient mice but also in RAG/IL-2-receptor common gamma chain double knockout mice lacking conventional NK cells
and T cells, two immune cell subsets that have been described as the main mediators of IL-12-induced anti-tumor responses. When
looking for a potential cell type that could respond to IL-12 in lungs from RAG/IL-2-receptor common gamma chain double knockout
mice, we found a CD122+Dx5+Nkp46int population that produced IFNg, an early target gene of IL-12. Thorough analysis of this cell
type within the lung revealed the expression of several NK cell surface markers as well as the transcription factor Eomesodermin
(Eomes). The NK-cell identity of these cells was further confirmed by their capacity to kill YAC-1 cells. A population of CD122+Dx5+
cells was additionally detected in the bone marrow of IL-12 treated RAG/IL-2-receptor common gamma chain double knockout mice,
indicating a potential role of IL-12 in NK cell development independent of the common gamma chain signaling.
Collectively, we demonstrate a potent IL-12 mediated anti-metastatic immune response via NK cells generated in the presence of
IL-12 and the absence of common gamma-chain-signaling. Studying the underlying cell type and mechanism that induces
CD122+Dx5+Nkp46int NK cells in the bone marrow in IL-12 treated RAG/IL-2-receptor common gamma chain double knockout mice
forms the focus of future research in our lab.
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Killer cell immunoglobulin‐like receptors (KIR) interact with HLA class I ligands to educate NK cells and form the basis for immune
surveillance against malignantly transformed cells. In childhood acute lymphoblastic leukemia (ALL) a role for KIR and HLA class I
polymorphism has been discussed but inconsistent results were revealed. Recently, we provided immunogenetic analyses of
childhood ALL patients by KIR subtyping, copy number variation analyses and standard high resolution HLA typing to enlighten the
role of KIR and class I HLA KIR ligands and their interaction. Comparison of 320 pediatric ALL patients with 1515 ethnically matched
healthy controls (HC) revealed no association between activating or inhibitory KIR genes. However, HLA-C2 homozygous individuals
were significantly overrepresented in the ALL cohort. Besides its role as susceptibility factor for childhood B-ALL, HLA-C2 turned out to
be an independent risk factor for ALL late relapse (> 30 months after diagnosis) with increasing numbers of C2 alleles resulting in
higher incidence of late relapse. In the present study, we analysed the relevance of the C1/C2 dimorphism for clinical outcome
following hematopoietic stem cell transplantation (HSCT) for childhood B-ALL. For this purpose, >200 transplant pairs were analysed
from matched sibling and matched unrelated HSCT enrolled in the Acute Lymphoblastic Leukemia Berlin-Frankfurt-Münster Stem Cell
Transplantation Group (ALL-BFM-SCT 2003) prospective clinical trial. Donor KIR genotyping and recipient HLA status were correlated
with event-free survival, overall survival, non-relapse mortality and clinical characteristics such as minimal residual disease and GvHD.
Our studies constitute consecutive analyses of KIR and class I HLA KIR ligands from diagnosis of childhood ALL to HSCT and might
have further relevance for adjustment of therapy and donor selection.
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Glioblastoma (GBM) is the most malignant brain tumor in adults where median survival is only 14.6 months despite maximal therapy.
Natural Killer (NK) cells represent the first line of defense against malignant transformation and virus infection, yet their potential in
immunosurveillance of cytomegalovirus (CMV+) brain tumours is not established. We demonstrated previously that NK cells infiltrate
the GBM tumour in situ, lyse tumour cells in vitro and in vivo in mice. We hypothesize herein that NK cells from GBM patients may be
hypo-responsive due to KIR repertoires skewed in education, maturation, and or CMV imprinting to impact patient survival. 105 GBM
patients and 439 healthy Norwegian controls of similar age and gender were genotyped for human leucocyte antigen (HLA)-A,-B and
–C and investigated for the presence of 15 KIR genes and 2 pseudogenes by PCR-SSOP and PCR-SSP, respectively. Preliminary
samples of peripheral blood mononuclear cells (PBMCs) from 25 GBM patients and 86 of the healthy controls were phenotyped by
multipanel flow cytometry. Serological typing of CMV specific (IgG and IgM) antibodies was also performed. KIR gene frequencies
varied from 24-100% in the GBM and healthy control cohorts. Similar frequencies were found except for KIR2DS1, KIR3DL1 and
KIR2DL5 that were significantly reduced in patients. However, in the presence of their cognate HLA ligands, only full-length KIR2DS4
was significantly and exclusively associated with HLA-C1 in GBM patients but not controls. In contrast, the frequency of HLA-C2 was
significantly diminished in KIR2DS4+ compared to KIR2DS4- patients and controls, indicating transmission of activating signals
through HLA-C1. KIR2DS4 was also exclusively correlated with CMV seropositivity in GBM patients but not in controls. Only KIR2DS4
was independently prognostic of improved survival. KIR2DS4+ NK subsets were enriched for NKG2C, NKG2A and CD16 expression
in GBM patients compared to controls. CD69 expression was paradoxically attenuated in the KIR2DS4+ patients compared to
KIR2DS4-patients and controls. Our preliminary data indicate potential mobilisation of HLA-C1 educated KIR2DS4 NK subsets to CMV
infected GBM patients resulting in improved survival outcomes. These NK subsets characterized by NKG2C, NKG2A, and CD16
expression were previously associated with CMV imprinting. Current analyses are focused on resolving the phenotype and
functionality of the adaptive subsets to determine their contribution in controlling GBM progression.
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NK cells largely contribute to the success of monoclonal antibody (mAb) application in cancer due to their ability to mediate
antibody-dependent cellular cytotoxicity (ADCC), a feature considered critical for therapeutic success. Up to now, no
immunotherapeutic antibodies are available for the treatment of myeloid leukemias. Recently, we reported on the development of mAb
targeting CD133, which is expressed on a wide variety of tumor cells (Koerner et al., Blood 2014 124:2309). Here we extend our
analyses and provide further data on the preclinical characterization of an Fc-engineered CD133 mAb for the treatment of myeloid
leukemia. Compared to two other anti-human CD133 mAb (clones AC133 and W6B3), which both bound to primary AML and CML
cells in 15/25 and 7/10 cases, respectively, clone 293C3 recognized the leukemic cells in 22/25 AML cases and 7/10 CML cases.
Based on these results, clone 293C3 was chosen to generate chimeric mAb with either a wildtype Fc part (293C3-WT) or a variant
containing amino acid exchanges (S239D/I332E) to enhance affinity to the activating Fc receptor CD16 on NK cells (293C3-SDIE).
Treatment with 293C3-SDIE resulted in significantly enhanced activation, degranulation and lysis of primary CD133-positive AML cells
by NK cells in allogeneic and autologous experimental ex vivo settings as compared to its wildtype counterpart. Considering the
expression of CD133 on healthy hematopoietic progenitor cells, we further performed colony forming unit assays with healthy bone
marrow (BM) cells. In line with the observed lower expression levels of CD133 on healthy compared to malignant hematopoietic cells
no relevant toxicity of 293C3-SDIE at the level of committed hematopoietic progenitor cells was observed. Moreover, 293C3-SDIE did
not induce lysis of of healthy BM cells by allogeneic or autologous NK cells. In a NOD.Cg-Prkdcscid IL2rgtmWjl/Sz (NSG)
xenotransplantation model, induction of ADCC by treatment with 293C3-SDIE resulted in the elimination of patient AML cells by NK
cells from a matched human donor. Thus, 293C3-SDIE constitutes an attractive immunotherapeutic compound, in particular for the
elimination of minimal residual disease in CD133 bearing leukemia in the context of allogenic SCT.
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Studies to develop cell-based therapies for cancer and other diseases have consistently shown that purified human natural killer (NK)
cells secrete cytokines and kill target cells after in vitro culture with high concentrations of cytokines including IL-2, IL-12, IL-15 and
IL-18. However, these assays only poorly reflect the conditions that are likely to prevail in vivo in the very early stages of an infection.
We have conducted detailed kinetic and dose-response analyses of human NK cell responses to low concentrations of IL-12, IL-15,
IL-18, IL-21 and IFN-α, alone and in combination, and their potential to synergise with IL-2. We find that very low concentrations of
both innate and adaptive common gamma chain cytokines synergise with equally low concentrations of IL-18 to drive rapid and potent
NK cell CD25 and IFN-γ expression; IL-18 and IL-2 reciprocally sustain CD25 and IL-18Rα expression in a positive feedback loop; and
IL-18 synergises with FcγRIII (CD16) signalling to augment antibody-dependent cellular cytotoxicity. These data indicate that NK cells
can be rapidly activated by low doses of innate cytokines, such as might be found immediately after infection, and may be further
potentiated by adaptive immune responses (T cell IL-2 and antigen-antibody immune complexes) upon re-infection.
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NK cells play a critical role in the control of viral infections, and increasing data suggest that NK cells can also contribute to the control
of HIV-1 infection. However, the precise mechanisms by which NK cells can recognize and kill virus-infected cells remain unclear.
Epidemiological data suggest that KIR/HLA interactions modulate the protective effect of NK cells in HIV-1 infection, and that HIV-1
can evade NK cell-mediated immune pressure by the selection of viral escape variants. I will present novel data on how NK cells can
sense HIV-1-infected cells through KIR/HLA interactions, and how the virus can evade these immune responses.
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While NK cells are well-known for their key functions in protection from viruses, their role in other types of infections, such as those
caused by fungi, remains less well understood. We have shown recently that mice lacking a functional NK cell compartment are highly
susceptible to systemic infection with the yeast Candida albicans. They rapidly accumulate fungal hyphae in the kidney and succumb
to fungal sepsis. NK cell-mediated defense against C. albicans depends on GM-CSF, which is induced in NK cells upon fungal
recognition by dendritic cells via a Syk-dependent pathway. Here I will discuss new data on the regulation and protective effects of
GM-CSF-producing NK cells that provide a first line of defense against fungal infection.

40

SELECTED SHORT TALK
Complex interplay between Ly49 receptors and MCMV
Vanda Juranic Lisnic1, Branka Popovic1, Anne LHernault4, Marina Babic Cac1, Berislav Lisnic1, Jelena Zeleznjak1,
Anne Halenius5, Hartmut Hengel5, Astrid Krmpotic1, Stipan Jonjic1

33

1University of RIjeka, Croatia, 2Department for Histology and Embryology, University of Rijeka, Croatia, 3University of
Wurzburg,Germany, 4University of Cambridge, UK, 5Universitatsklinikum Freiburg, Germany, vanda.juranic@uniri.hr

Cytomegaloviruses downregulate MHC I from the cell surface in order to avoid recognition by T cells. Since this strategy could trigger
the NK cell-mediated “missing-self” recognition, murine cytomegalovirus (MCMV) encodes m04, a protein which brings a portion of
MHC I molecules back to the cell surface enabling them to engage inhibitory Ly49 receptors (iLy49s). Differential sensitivity of various
mouse strains to MCMV has been linked to the capacity of NK cells to recognize infected cells via activating Ly49 receptors. In certain
cases, Ly49 receptors recognize MHCI, m04 and an additional, 11kDa viral protein encoded by the MCMV’s most abundant transcript
(MAT), which also encodes another protein of unknown function and contains a binding site for cellular micro RNA (Marcinowski et al
(2012) PLOS Pathogens ; Juranic Lisnic et al (2013) PLOS Pathogens). Here we show that the deletion of MAT results in a modest
downregulation of MHC I from the cell surface and drastically changes the repertoire of host and viral peptides presented in MHC I. In
addition, viral mutants lacking MAT are attenuated in vivo and their titers can be restored by NK cell depletion.
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Recent work in mice has defined a discrete lineage of CXCR6+TRAIL+ liver NK cells, whose T-bet/Eomes profile is distinct from that
of bone-marrow-derived NK cells. CXCR6-expressing murine NK cells have been shown to represent a liver-resident subset with
memory-like properties. NK cells account for 30-40% of intrahepatic leukocytes in healthy and inflamed human livers and have a
number of emerging roles in regulating immunity and immunopathology. Here we investigated the heterogeneity of human liver NK
cells, analyzing T-bet/Eomes transcriptional profiles and surface CXCR6 on NK cells from blood and liver in health and disease
(chronic hepatitis B (CHB) infection).
CXCR6+ NK cells were strikingly enriched in healthy liver perfusates and resections compared to blood (mean 54.80% versus 6.16%,
p<0.0001) and in liver biopsies compared to paired blood samples from patients with CHB (mean 54.48% versus 5.51%, p<0.0001).
As in murine livers, human hepatic CXCR6+ NK cells had an immature (CD56(bright)CD57-) phenotype and are enriched for TRAIL
expression. CXCR6 also clearly demarcated human liver NK cells into two transcriptionally distinct subsets: T-bet(hi) Eomes(lo)
(CXCR6-) and Tbet(lo) Eomes(hi) (CXCR6+). The Tbet(lo) Eomes(hi) subset constituted between 10-76% (mean 48.83%) of
intrahepatic NK cells, and was virtually absent amongst circulating NK cells. Even the small CXCR6+ subset present in the blood was
predominantly T-bet(hi) Eomes(lo), in line with its CXCR6- circulating counterparts. These data reveal a distinct lineage of human liver
Tbet(lo) Eomes(hi) NK cells distinguished by their expression of CXCR6. CXCR6+ NK cells may be preferentially expanded/retained in
the liver by engagement with their hepatic-specific ligand CXCL16.
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It is commonly recognised that tissue will initiate an inflammatory state, followed by a period of resolution and repair to defend against
damage and infection. Here we show that interaction between mesenchymal stem cells (MSC) and natural killer (NK) cells, constitutes
a primary driver of this process. PolyI:C (a Pattern Recognition Receptor Agonist) was capable of activating MSC to produce a
biphasic response over 24hrs. At 4hrs (pMSC4h) post-stimulation PolyI:C (p) treated MSC produced high levels of IFN-α/β indicative
of an early inflammatory phase. However at 24hrs (pMSC24h) a late regulatory phase with high levels of IL-6 and TGF-β was
observed. NK cells incubated with inflammatory pMSC4h SN showed increased classical effector functions with enhanced cytotoxicity,
IFN-γ production and CD69 expression. In contrast, when NK cells were incubated with the regulatory pMSC24h SN, they expressed
CXCR4, a chemokine receptor associated with regulatory NK cells. These pMSC24h treated CXCR4+ve NK cells showed a
preference for forming conjugates with MSC, yet showed reduced degranulation. Furthermore CXCR4+ve NK cells displayed higher
levels of p16 expression, increased apoptosis , impaired proliferation and reduced classical effector functions such as cytotoxicity and
IFN-γ production. The pMSC24h SN was also capable of modulating NK cell subsets by differentiating the cytotoxic
CD56dimCD16+ve subset to a CD56dimCD16-ve subset. The cytokine and gene signature of pMSC24h treated NK cells was
consistent with a Senescence Associated Secretory Prolife (SASP), where IL-6, IL-8, uPAR, SOCS1 and SOCS3 were increased. In a
feedback mechanism NK cell derived SASP molecules promoted key tissue regenerative functions in MSCs such as increased
proliferation and invasiveness as well as enhanced production of VEGF, IL-6 and IL-8.
In summary pathogenically challenged MSC and NK cells exhibit a truly dynamic system of interaction where MSC direct NK cell
function, and NK cells feedback to instruct MSC. This model is consistent with the pattern of inflammation and tissue regeneration
observed in vivo. Using this strategy MSC may act as accessory cells to promote classical NK cell function to provide immunity against
infection. On the other hand MSC can induce CXCR4+veCD56dimCD16-ve regenerative NK(reg) cells, which have reduced classical
function and a senescent-like phenotype. NKreg feedback onto MSC then leads to the survival of MSC and enhanced tissue
regeneration.
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NK-cell function is tuned by inhibitory KIR receptors through the interaction with HLA class I molecules, a process termed “licensing”.
However, it remains unclear whether the increased functional competence of licensed NK cells directly translates into increased
recognition of HIV-1-infected cells and inhibition of viral replication. Therefore, we investigated the antiviral capacity of KIR2DL1+ and
KIR2DL3+ NK cells in the context of the cognate HLA class I ligand HLA-C.
Primary NK cells derived from HIV-1(-) individuals (N=23) were used to test the ability of NK cells to inhibit HIV-1 replication.
HIV-infected autologous CD4+-T-cells were co-cultured with either sorted KIR2DL1+, KIR2DL3+ or bulk NK cells in the presence of
KIR antibodies to block KIR/HLA interaction for 7 days. Viral RNA was quantified in the supernatant to monitor NK-cell-mediated
inhibition of HIV replication.
NK cells expressing self-inhibitory KIR2DL receptors displayed a reduced ability to inhibit HIV-1 replication as compared to bulk NK
cells (p=0.02). Blockade of self-inhibitory KIRs was associated with improved antiviral capacity (p<0.0001) while blockade with KIR
antibodies not matching donor HLA class I molecules did not affect inhibition of HIV replication (p=0.8).
Our results showed that the ability of NK cells to directly inhibit HIV-1 replication was limited by expression of self-inhibitory KIR2DL
molecules, and that blocking of inhibitory KIRs on NK cells can unleash the antiviral activity of these cells. These data provide a
rational for selection of specific NK-cell subpopulations based on their KIR expression profile for adoptive NK-cell transfers in the
context of HIV-1 cure approaches.
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Trypanosoma cruzi (T. cruzi) infection is a major health problem in Latin America. This protozoan parasite circulates in the blood as
trypomastigotes and invades a variety of cells where it multiplies intracellularly as amastigotes. Proliferation of the parasite is restricted
in the acute phase of infection, however, parasites are able to persist in tissues. Natural killer (NK) cells play an important role in the
innate immune response to this pathogen. NK cells can eliminate T. cruzi parasites through activating receptors present on their cell
surface, which initiate NK cell effector functions. In the present study, we analyzed whether the inhibitory NK receptor Ly49E
participates in the control of experimental T. cruzi infection. WT and Ly49E KO mice of different ages were subcutaneously infected
with T. cruzi. This resulted in higher parasitemia and more weight loss in young WT as compared to Ly49E KO mice. Furthermore, T.
cruzi infection of pregnant mice on gestation day 13 resulted in reduced litter size and lower birth weight in WT compared to Ly49E KO
mice. Importantly, congenital transmission was only seen in Ly49E KO litters. Thus, the Ly49E receptor contributes to a more severe
T. cruzi infection, but protects against congenital transmission.
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In many virus infections natural killer (NK) cells are critical for the rapid containment of virus replication. Polymorphisms in NK-cell
receptors as well as viral escape from NK-cell responses are associated with pathogenesis and viral loads in HIV-infected individuals,
emphasizing their importance in retroviral immunity. In contrast, NK cells from LCMV-infected mice dampened virus-specific T-cell
responses. This resulted in impaired virus control and suggested a regulatory function of NK cells. It is also well established that
another cytotoxic lymphocyte population, the effector T cell, is crucial for the control of virus infections. Cytotoxic T-cell responses are
often tightly controlled by suppressive regulatory T cells (Treg) to minimize immunopathology but it is unknown whether Tregs also
suppress NK cells’ anti-viral activity. Thus, the exact roles of NK cells during different phases of viral infections, as well as the
suppressive effect of Tregs on NK cell functions, remain elusive during an acute infection of mice with Friend retrovirus (FV).
Depletion of NK cells during the initial phase of FV infection resulted in increased viral loads, which correlated with enhanced target
cell killing and elevated NK cell effector functions. At peak viral loads, NK cells did not contribute to anti-retroviral immunity while in the
transition phase between acute and chronic infection NK cells exhibited an inhibitory role. Here, depletion of NK cells resulted in
reduced viral loads and significantly improved FV-specific CD8+ T-cell responses. At peak viral load, we identified a strong increase of
NK cell proliferation, activation and effector functions in Treg-depleted mice. Furthermore, suppression by Tregs led to increased viral
loads and reduced cytotoxicity of NK cells in vivo. A significant increase in IL-2 concentration after depletion of Tregs suggested an
essential role of IL-2 in NK-cell functions during acute FV infection. The Treg-mediated suppression of NK cells could be reversed by
adding IL-2/anti IL-2 mAb complexes, which specifically stimulate NK cells.
The current study demonstrates contrasting activity of NK cells during retroviral infection. NK cells were protective in the initial phase
of infection but at later time points they exhibited regulatory functions inhibiting virus-specific CD8+ T-cell responses. Furthermore, at
peak viral loads Tregs inhibit anti-retroviral NK-cell responses, which can be recovered by targeted immunotherapy. Thus, a
therapeutic approach with IL-2, which specifically improves NK cell responses, has a clear advantage over Treg depletion or
manipulation during viral infections as it may significantly reduce the risk of inducing immunopathologies.
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High-resolution analysis of intrahepatic immune cell-composition is desired in studies of many human liver diseases. Utilizing simple
minimally invasive ultra-sound guided fine-needle liver aspiration, we here demonstrate how retrieved material can be analyzed for the
generation of super-high resolution intrahepatic immune cell signatures. Strategies employed relied on 22-parameter flow cytometry,
dimensionality-reducing analysis algorithms, such as stochastic neighbor embedding (SNE) and hierarchical clustering (HC), and
usage of readily available software. Furthermore, we present means to circumvent sample-handling issues that allow for batching and
deferred analysis of very small cell numbers. Both SNE and HC revealed vast differences in human hepatic immune cell signatures as
compared to matched peripheral blood samples. Furthermore, group lasso regression analysis of the HC-data identified NKG2A+/CD56bright NK cells as one of three clusters that most significantly distinguished liver from blood. Interestingly, the remaining two
clusters were only present in multivariate space not allowing identification by standard flow cytometric analysis. The described
technology significantly advances our ability to investigate intricacies of human liver immunology and should be adaptable to other
organs.

Induction of NK and T cell immune responses against leukemia cells by bispecific
NKG2D-CD16 and -CD3 fusion proteins
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101

1Clinical

Collaboration Unit Translational Immunology, German Cancer Consortium (DKTK) and German Cancer Research
Center(DKFZ), Partner site Tübingen, Department for Internal Medicine II, Germany, 2Synimmune GmbH, Tuebingen,
Germany,3Department for Immunology, Eberhard Karls University, Tuebingen, Germany,
Samuel.Koerner@med.uni-tuebingen.de

Monoclonal antibodies (mAbs) have by now become an established tool in therapy of many malignancies. The interaction of a mAb’s
Fc portion with Fcγ receptors (FcγR) on immune effector cells is important for its efficacy, but often insufficient to potently induce
antitumor immunity e.g. due to FcγR polymorphisms. Moreover, Fc parts of mAbs may bind to FcγRs expressed on non-cytotoxic cells
(e.g., platelets and B cells) and interact with FcγRs that do not trigger cytotoxicity (e.g. CD16b on granulocytes). These shortcomings
can be overcome by novel antibody formats like bispecific antibodies allowing for improved activation of a specific pool of effector
cells. Here we report on the development and preclinical characterization of two bispecific fusion proteins that target ligands of the
immunoreceptor NKG2D (NKG2DL) which are widely expressed on malignant cells but generally absent on healthy tissue. Our fusion
proteins consist of the extracellular domain of NKG2D as targeting moiety for tumor-expressed NKG2DL fused to Fab-fragments of
either an agonistic CD3 or CD16 antibody. Specific binding of these NKG2D-CD3 and NKG2D-CD16 constructs was confirmed using
NKG2DL-transfectants with regard to their target arm and either NK cells or T cells with regard to their different effector parts. Dose
titration assays revealed an increased affinity of NKG2D-CD16 to the FcγR on NK cells as compared to our previously described (e.g.,
Steinbacher et al, 2014) Fc-optimized NKG2D-IgG1 fusion protein, which was mirrored by a potently increased ability to induce lysis of
NKG2DL-tranfectants and NKG2DL-positive primary acute myeloid leukemia (AML) cells by allogeneic NK cells. The novel
NKG2D-CD3 construct in turn was found to potently activate allogeneic and autologous CD4+ and CD8+ T cells. Next we
comparatively analyzed the efficacy of T cells and NK cells to lyse autologous leukemia cells upon treatment with NKG2D-CD3 and
NKG2D-CD16, respectively, by using PBMC of AML patients (blast counts 30-70%) directly ex vivo in long term cytotoxicity assays.
NKG2D-CD16 potently induced AML cell lysis, and this was, in line with their proliferative and higher effector potential, by far
exceeded upon stimulation of T cells with NKG2D-CD3. Taken together, we here introduce novel “antibody-like” bispecific constructs
that take advantage of the highly tumor-restricted expression of NKG2DL and potently activate the reactivity of NK or T cells for
immunotherapy of leukemia.
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NK cells of kidney transplant recipients show a reduced capacity to produce
cytokines but retain their cytotoxic capacity
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Background: The role of NK cells in either graft rejection or tolerance induction is still discussed controversially. In order to clarify the
effect of long-term immunosuppression on NK cells, we compared the residual function of NK cells derived from kidney transplant
under immunosuppression recipients with NK cell function of healthy donors.
Methods: PBMC of healthy donors (n=4) or kidney recipients (n=4) were co-incubated for 18h with K562 target cells, resembling NK
cell-specific stimulation. IFN- production was quantified by ELISpot-technique, supernatants were analyzed for perforin and granzyme
A/B secretion by multiplex assays.PBMC of healthy donors (n=6) or kidney recipients (n=4) were stimulated for 24 hours with
PMA/Ionomycin, supernatants were harvested and analyzed to determine secretion of TH1/Th2/Th17 and Th22 cytokines and receptor
expression.
Results: NK cells of kidney transplant recipients secreted less IFN- after specific stimulation with K562 target cells. In contrast, the
cytotoxin content of lytic granules seemed to be unaffected by immunosuppression in patients because perforin and granzyme A/B
release was comparable to healthy donors. Supernatants derived from PMA/Ionomycin-stimulated PBMC of KTx patients and healthy
donors showed equal IFN- secretion associated with down-regulation of CD16. However, other NK cell-derived cytokines such as
IL-22, Il-17A, TNF- and IL-31 were significantly decreased compared to healthy donors.
Conclusions: The capacity of NK cells to produce cytokines is reduced in KTx patients after long-term immunosuppressive treatment.
The residual capacity to produce IFN- seems to be dependent on the stimulus: the general capcability of NK cells for IFN- production
is not impaired in KTx patients while response to specific stimulation by HLA-class-I-negative target cells was significantly reduced,
similar to production of other NK cell-derived cytokines. Thus, immunosuppressive treatment with Calcineurin inhibitors may alter NK
cell phenotype and cytokine production permanently, while NK cytotoxicity cannot be controlled by this this immunosuppressive
regimen.

Characterization of NK cells following influenza vaccination
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The seasonal influenza causes yearly epidemics worldwide procuring high economical burdens. Especially in high risk groups, e.g.
very young, old or immunocompromised individuals, infection can result in severe illness or death. Vaccination represents the most
effective and cost-efficient tool to prevent or control the spread of the virus and connected severe outcomes. However, due to the
genetic drift and shift of the influenza virus, the composition of the seasonal vaccines is subject to yearly revision in order to match the
newly evolved viruses. Innate immune cells, especially natural killer (NK) cells, were shown to play an important role as a first line of
defence against viral infections. They also represent a critical link for the initiation of adaptive immune responses. However, in order to
use NK cells as targets for vaccination strategies, their role in influenza vaccination strategies needs to be assessed. Therefore, the
presented study aimed at the characterization of NK cells following vaccination against the A/California/7/2009 (H1N1) influenza strain
using Pandemrix (split inactivated virus adjuvanted with AS03). In course of the study 16 participants were vaccinated and blood was
collected before and 7, 14, 21 and 180 days after vaccination. The serological data were used to classify the participants into vaccine
responders (RR) and low responders (LR). NK cell characteristics were subsequently assessed by using frozen peripheral blood
mononuclear cell (PBMC) samples. The analysis of NK cell functionality revealed that RR-NK cells seemed to hold a higher activation
threshold as compared to LR-NK cells. RR-NK cells further displayed elevated frequencies of CD57-NKG2C+ and CD57+NKG2C+
cells peaking at day 7 and 14. This elevated frequency of NKG2C+ NK cells as well as a high proliferative capacity was mainly
detectable in RR participants. In these participants the increased frequency of CD57-NKG2C+ NK cells positively correlated with their
degranulation capacity, as assessed by CD107a expression. However, the expression of NKG2C and CD107a negatively correlated
with the hemagglutinin (HA)-specific IgG titer and positively correlated with the HA inhibition titer, hinting an NK cell-dependent shift
towards the production of functional antibodies. The present study thus demonstrates that influenza vaccination results in an increased
frequency of NKG2C+ NK cells with a high degranulation capacity that might have impact on the humoral immune response. These
findings highlight the potential of NK cells as targets for improved vaccination strategies against influenza and NK cell subsets as early
diagnostic biomarkers for responsiveness to vaccination.
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Gene expression analysis reveals mechanisms with potential relevance to NK cell
expansion protocols for immunotherapy
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The innate ability of Natural Killer (NK) cells to recognize and destroy malignantly transformed cells, offers a promising potential for
their use in adoptive anti-cancer immunotherapy. Since a large number of activated NK cells are desirable for this therapy, protocols
are under development to expand ex vivo NK cells, showing variable efficiencies in the generation of sufficient cell doses. The
mechanisms underlying good or poor proliferative conditions on NK cells are not completely understood. In this study, the mechanisms
regulating NK cell proliferation were investigated by gene expression and functional annotation analyses.
Early events driving NK cell proliferation were characterized using whole genome microarray gene expression analysis between highand non/low-proliferating NK cells, or the uncultured control. In vivo conditions were mimicked by co-cultivating NK cells with
autologous irradiated PBMCs as feeder-cells to provide a microenvironment where multiple signals induce NK cell proliferation. In
more detail, NK cells from five different donors were labelled with a cell trace dye before co-culture with feeder cells. After five days of
culture, they were sorted in two fractions; high proliferating and non/low-proliferating NK cells, according to the cell trace dye
brightness. The transcriptome analysis reveals differential expression signatures between these two groups of samples, exemplified by
high transcript levels of HLA-II alleles, B7-H3, 4-1BB, CTLA-4, RANKL, ERK3, or CCR7 and low transcript levels of HLA-I alleles,
NKp80, Siglec-7, CD16, CD7, TIGIT or CD300a in proliferating NK cells compared to non-proliferating, respectively. The protein
expression of selected candidates was substantiated by flow cytometry. In general terms, the genes upregulated in the highly
proliferative cells are predominantly associated with immune cell activation (cytokine, receptor signalling), cell proliferation and
migration; while the set of downregulated genes associate preferentially with immune cell suppression, further confirming the likely
contribution of the candidate genes in modulating the proliferative characteristics of the cells.
In conclusion, several molecules are differentially expressed by proliferating NK cells compared to their non-proliferating counterparts,
which may be involved in modulating early events in the proliferation process of these cells. The signaling pathways associated with
these biomarkers are promising targets on further studies for the improvement of expansion protocols of NK cells for clinical
applications.

Fast isolation of NK cells directly from human whole blood yields high and stable
NK cell frequencies in a cohort of 59 healthy donors
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Natural Killer (NK) cells represent a special type of innate immune cells with central roles in modulating different immune responses,
offering great potential for their use in clinical applications such as anti cancer therapy. For a better understanding of the different
aspects of NK cell functionality it is important to work with pure cell populations. However isolation of these cells from blood samples is
usually time consuming, and the separation procedure may affect the performance of functional analysis.
The recently developed MACSxpress® technology allows for a fast isolation of NK cells directly out of whole blood, without the
necessity of density gradient centrifugation steps. A centrifuge is not required to perform sample preparation or cell isolation steps.
The cell isolation reagent is added to the tube containing 2mL of anticoagulated whole blood. After a 15 minute incubation the tube is
placed in MACSxpress Separator and the supernatant, containing the NK cells, is collected and transferred to a new tube for
subsequent functional or flow cytometric assays.
We tested the robustness of this technology on 59 whole blood samples (47 fresh, 12 old stored for 1 day), using only 2ml of whole
blood from healthy donors. The analysis of all samples processed, revealed highly reliable recoveries and purities. Median values of
recovery and purity percentages were 89% and 86% respectively in fresh samples, and 75% and 79% respectively in stored samples.
25% and 75% percentiles for purities were 81% and 90%, for yield 75% and 99% for fresh blood products. A median of 5.4E5 NK cells
could be isolated from 2mL of fresh whole blood (range: 1.6E5 to 9.5E5), a median of 2.7E5 NK cells from blood stored for 1 day
(range: 1.6E5 to 6.8E5).
MACSxpress NK cell isolation is easy to perform without the need for equipment, allowing for cell isolation even outside of specialized
laboratories. The procedure is fast (20 minutes) and can be performed with low starting volumes of anticoagulated blood. Purities and
yields are robust. MACSxpress NK cell isolation can be a useful tool for subsequent functional and phenotyping assays, especially in
situations where more time consuming methods requiring laboratory equipment would not allow to purify NK cells for assays.
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allogeneic stem cell transplantation from matched related and unrelated donors.
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Introduction: The outcome of allo-SCT in patients with hematoligal malignancies is hampered by GVHD and relapse. Specific depletion
of αβ T- cells is proposed to result in a decreased incidence of aGVHD, whereas the remaining innate cells such as NK cells and γδ T
cells may provide control of infected and transformed cells the first months post SCT.
Methods: Patients with hematological malignancies who received an αβT-cell depleted allo-SCT of a HLA matched sibling (MRD) or
HLA matched unrelated donor (MUD) were analysed. The conditioning regimen consisted of: ATG (Genzyme®) 6 mg/m2 + fludarabine
120 mg/m2 + busilvex AUC=90. Immune suppression consisted of 28 days of mycophenolic acid. A cohort of 32 patients was
retrospectively analyzed for clinical parameters including immune reconstitution, engraftment, infections, GVHD, relapse, NRM and OS
and compared to an historical control cohort of recipients of a T cell replete allo-SCT. In addition in a subset of patients NGS of the
TCRβ chain was performed using the Illumina/MiSeq sequencing platform after isolation of a diverse array of immune subsets.
Results: The combination of ATG/fludarabine/busilvex was well tolerated with hematological recovery within 3 weeks. Primary
engraftment (chimerism > 95%) was observed in all patients (n=32). Immune reconstitution primarily consisted of NK cells, which
contract around 4 months post SCT. In addition, γδ T cells were present at normal numbers the first half year post SCT, whereas the
adaptive immune repertoire shows a delayed reconstitution. As compared to the historical control cohort the incidence of CMV (54%
vs 38%; p = 0,48) and EBV (32% vs 9%) infections was increased, but not to a significant level. The incidence of aGVHD > grade II
within 100 days was 0%. With NGS of the TCRβ repertoire, a surprising diversity was observed in defined immune subsets from
clonal expansion of regulatory T cells to broad repertoires in effector memory cells.
Conclusion: αβ T cell depleted allo-SCT results in a swift reconstitution of innate cells (NK cells and γδ T cells) the first 6 months post
transplantation, followed by a subsequent reconstitution of the adaptive immune repertoire. The diversity appears to be different for
diverse subsets of the αβT cell repertoire, which remains to be confirmed in larger analysis subjects. The incidence of severe aGVHD
is low, without a significant increase in infections or relapse.

Nk cells of kidney transplanted patients display an activated phenotype that is
influenced by immunosuppression and pathological staging
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Background: The role of NK cells in the context of transplantation (Tx) gains more attention but is still controversially discussed. Some
studies show that NK cells promote rejection, others that they may be necessary for tolerance induction. To illuminate the role of NK
cells after kidney Tx, we investigated their phenotype in peripheral blood of kidney transplanted (KTx) patients and correlated it with
pathological staging and immunosuppression.
Methods: PBMC of KTx patients (n=29), respectively, healthy donors (n=13) were isolated and analyzed by FACS for surface marker
expression including CD16, CD6, CD56 and CD226. Patients were grouped either regarding treatment (CsA, Tacrolimus (Tac) or Tac
in combination with Sirolimus), pathological staging (borderline, TCMR, AMR) or time after Tx.
Results: KTx patients had less CD16+ NK cells in comparison to healthy donors and the effect was strongest in the Tac treated group.
CD226+ (DNAM-1) and CD161+ NK cells were also significantly reduced in KTx patients, most pronounced in the Tac-treated group.
In contrast, activation markers like HLA-DR, CD25 and CD69 were higher expressed on NK cells of KTx patients as sign of recent
activation. CD94+NKG2A+ expression of the CD56bright NK cell subset was also modulated and reached highest levels in
tacrolimus-treated and lowest levels in cyclosporine A-treated KTx patients compared to healthy individuals. In comparison to patients
with unsuspicious biopsies, patients with TCMR showed significantly reduced CD226+CD56dim NK cells. All other receptors did not
correlate with pathological staging. Time after Tx did also affect NK cell phenotype as patients with an at least nine months old graft
showed significantly diminished HLA-DR+CD56dim NK cell levels in comparison with patients being transplanted less than 9 months.
Conclusions: KTx patients show an activated NK cell phenotype due to higher expression of activation markers and lower expression
of several NK receptors. This activated phenotype seems to be dependent on the time interval after Tx, as HLA-DR+ CD56dim levels
decrease continuously. Interestingly, patients with biopsy-proven rejection seemed to have a less activated NK cell phenotype. Thus, it
seems that NK cells become activated and may have a protective role during kidney Tx. In future the analysis of NK cells of patients
with long-term CNI vs. long-term costimulation blockade (Belatacept, CTLA4-Ig) treatment will give more information about the effect
of different immunosuppressive drugs on NK cells of KTx patients.
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Impaired DNAM-1/CD155 interaction in Multiple Sclerosis disrupts NK-mediated
immune regulation of T-cell activity and is reconstituted by therapeutic
modulation of the IL-2 receptor
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Multiple Sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system resulting from a breakdown in
peripheral immune tolerance that is driven by peripheral activation of myelin specific effector T cells. Although the importance of NK
cells in controlling activated T cells has been well established, it still needs to be elucidated whether NK-cell immune-regulatory
features are impaired as part of the disease or if immune modulating therapies such as Daclizumab (DAC) simply boost functioning
NK-cell immune regulatory activity.
To address this question 43 therapy-naïve MS patients, 13 patients prior and following one year treatment with IFN-, 10 patients prior
and following one year treatment with DAC HYP (SELECT study), 16 patients treated with either IFN- (n = 6) or DAC HYP (n = 10)
(DECIDE study), and 57 healthy volunteers were included in the current study.
Our data revealed that NK cells derived from MS patients exhibit a reduced cytolytic activity in response to antigen-activated CD4 T
cells. Impaired immune regulation in MS was mainly due to a CD4 T-cell evasion caused by an impaired DNAM-1/CD155 interaction
between NK cells and antigen-activated CD4 T cells. In MS patients both, the activating receptor DNAM-1 on NK cells as well as its
ligand CD155 on antigen-activated CD4 T cells exhibited a lower cell surface expression in comparison to healthy individuals.
Therapeutic immune modulation of the IL-2 receptor with DAC HYP restored impaired NK-cell mediated immune regulation of T-cell
activity by both increasing the frequencies of CD155 expressing CD4 T cells as well as the cytolytic activity of NK cells; the latter
depending of the presence of conventional DC.
In summary our data show that the functionally disturbed immune regulatory network of NK/T-cell regulation in MS is caused by
impaired DNAM-1/CD155 interaction and restored by therapeutic modification of the IL-2 receptor.
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The recently described innate lymphoid cells (ILCs) belong to the lymphoid lineage with important functions in the innate immune
system. They do not express rearranged antigen receptors and therefore trigger immune responses in an antigen-unspecific manner.
Except NK cells, the physiological function of ILCs are supposed to be analogous to helper T cells of the adaptive immune system.
Rhesus macaques are used as valuable models of human diseases, yet characterization of ILCs is still in its infancy. Therefore, we
analysed rhesus macaque ILCs from peripheral blood and tonsils. Phenotypic analysis of lymphoid cell subsets was carried out by
multicolor flow cytometry using antibodies against CD45, CD3, CD20, CD14, NKG2A, NKp46, KIR, and CD16. Within the CD45+ CD3CD20- CD14- cells of peripheral blood, two main populations could be distinguished based on NKG2A, KIR, and CD16 markers: a
NKG2A+ KIR+ CD16+ population and a NKG2A- KIR- CD16- population. The NKG2A+ population represents proper NK cells, while
the NKG2A- population might contain both NK cells and ILCs. In contrast, only NKG2A- cells were observed in tonsils. Subsequently,
we assessed cytokine production in the innate lymphoid population upon PMA/Ionomycin stimulation. Intracellular cytokine staining
was performed after five hours of stimulation in the presence of brefeldin A. Upon stimulation, CD16 was completely downregulated in
cells of the NKG2A+ NK cell population from blood, a known phenomenon during NK cell activation. Furthermore, we observed an
increased production of IL-17 in cells of the NKG2A- population from both peripheral blood and tonsils and an elevated level of IFN-g
in NKG2A+ blood NK cells. In conclusion, our preliminary results indicate the presence of ILCs (including NK cells) in peripheral blood
and tonsils of rhesus macaques. These subsets most likely play an important role during immune responses due to elevated
production of pro-inflammatory cytokines IL-17 and IFN-g upon activation. Next steps in our ongoing study will be detailed analyses of
ILC1, ILC2, and ILC3 subsets in the rhesus macaque.

Human RORγt+ CD34+ cells are lineage-specified progenitors of group 3 RORγt+
innate lymphoid cells
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Group 3 innate lymphoid cells (ILC3) are defined by the expression of RORγt, which is selectively required for their development. The
lineage-specified progenitor cells of human ILC3 and their developmental site after birth remain undefined. Here we identified a novel
population of human CD34+ hematopoietic progenitor cells (HPC) expressing RORγt and sharing with ILC3 a distinct transcriptional
signature. RORγt+ CD34+ HPC were located in tonsils and intestinal lamina propria (LP) and selectively differentiated towards ILC3.
Conversely, RORγt- CD34+ HPC displayed commitment potential for both ILC3 and NK cells and the differentiation fate towards these
two cell lineages was determined by cytokine and aryl hydrocarbon receptor (AhR) signaling. Thus, we propose that RORγt+ CD34+
cells represent human lineage-specified progenitors of IL-22+ ILC3 and that tonsils as well as intestinal LP might be preferential sites
of their differentiation.
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Selektive killing activity of CD19-expressing leukemia cells by clonal Primary NK
cells expressing an ErbB2/HER2-specific chimeric antigen receptor (CAR).
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Natural killer (NK) cells play an essential role in tumor immunosurveillance and are an important effector cell type for adoptive cancer
immunotherapy. Similar to T cells, NK cells can be modified to express chimeric antigen receptors (CARs) to enhance antitumor
activity. We redirected continuously expanding human primary NK cells to the leukemia-associated CD19 antigen using optimised
transduction conditions for increased transduction levels (>50 %) by alpharetroviral vectors. Proportion of NK cell subsets (CD56+/
CD16+ and CD56+/CD16-) were monitored every three days over 15 days of IL-2 (1000 I.E./ml Proleukin S) expansion. Alpharetroviral
modified primary human NK cells after 12 days revealed no alterations in receptor expression, basal cytotoxicity (against K-562) and
had similar degranulation activity as untransduced NK cells, thus demonstrating that alpharetroviral modification did not negatively
affect NK cell cytotoxic functionalities. Transduced primary NK cells with an alpharetroviral vector containing a CD19 CAR expression
cassette selectively increased NK cell cytotoxicity against CD19-expressing leukemia cells (BV-173), achieving nearly complete
elimination of leukemia cells after 48 h. Our results suggest that it is feasible to generate CAR-expressing NK cells as a clonal and
functionally well-defined and continuously expandable cell therapeutics. Consequently, primary CAR-engineered NK cells are a
promising candidate for use in adoptive cancer immunotherapy.

Umbilical cord blood plasma contains soluble NKG2D ligands that mediate loss of
natural killer cell function and cytotoxicity
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NK cells play a key role in innate elimination of virally infected or neoplastic cells but they can be circumvented by immunoevasive
mechanisms enabling viral spread or tumour progression. Engagement of the NKG2D activating receptor with soluble forms of its
ligand is one such mechanism of inducing NK cell hyporesponsiveness. Interestingly, this immunoevasive strategy among others is
described at the maternal-foetal interface where tolerance of the semi-allogeneic foetus is required to allow successful human
pregnancy. Understanding of maternal-foetal tolerance is increasing but mechanisms preventing alloreactivity of foetal immune cells
against the maternal host are less well understood. The study of umbilical cord blood has enabled insight of the foetal immune system,
which appears immature and inert. We have found that soluble NKG2D ligands (sNKG2DLs) are present in cord blood plasma (CBP)
and associate with adult NK cell hyporesponsiveness demonstrated by reduced CD107a expression and secretion of IFN-γ upon
stimulation. The capacity of NK cells to kill K562 cells or proliferate was also reduced by incubation with CBP; however, physical
removal of sNKG2DL from CBP restored K562 lytic function and NKG2D expression. We further characterised expression of
sNKG2DL in CBP and maternal blood plasma (MBP) from paired samples and found that whilst soluble MICA and MICB was
significantly higher in CBP, indicating a foetal source, sULBP1-3 expression was significantly higher in MBP. Moreover, full-term
pregnancy levels of sULBP1 in MBP were extremely high in all maternal samples. We have also performed MICA and MICB typing
and promoter characterisation of over 200 DNA samples obtained from cord blood. Preliminary results indicate that levels of sMICA
correlate with MICA allelic differences, such as met/val at residue 129, whereas sMICB expression was influenced by promoter
polymorphisms. Overall, our results strongly suggest sNKG2DLs are expressed in CBP as a mechanism of foetal-maternal tolerance
in human pregnancy.
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MALP-2 mediates increased NK cell cytotoxicity when monocytes are inhibited to
produce PGE2 by COX-2 blockade
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Macrophage-activating lipopeptide (MALP)-2 is a potent inducer of proinflammatory cytokine secretion by macrophages, monocytes,
and dendritic cells. MALP-2 was reported to be involved in natural killer (NK) cell activation and ensuing tumor rejection. However, the
mechanism of MALP-2-mediated NK cell activation remained unclear. Therefore, we studied the effects of MALP-2 on cultured human
NK cells. We found that MALP-2 had no direct effect on NK cells. Instead, MALP-2 acted on monocytes and triggered the release of
different molecules such as interleukin (IL)-1beta, IL-6, IL-10, IL-12, IL-15, interferon gamma-induced protein (IP-10) and prostaglandin
(PG)-E2. Our data show that monocyte-derived IP-10 could significantly induce NK cell cytotoxicity as long as the immunosuppression
by PGE2 is specifically inhibited by cyclooxygenase (COX)-2 blockade. In summary, our results show that MALP-2 mediated
stimulation of monocytes results in the production of several mediators which, depending on the prevailing conditions, affect the
activity of NK cells in various ways. Hence, MALP-2 administration with concurrent blocking of COX-2 can be considered as a
promising approach in MALP-2 based adjuvant tumor therapies.
*The first two authors contributed equally to this study

Recruitment of mature CD11bhigh NK cells into the inflamed CNS depends on
CX3CR1 and contributes to the control of autoimmune neuroinflammation.
Laura Hertwig1, Silvina Romero Suarez1, Jason M. Millward1, Hanna Stuis1, Richard M. Ransohoff2,
Astrid E. Cardona3, Carmen Infante Duarte1
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Background. An exacerbated course of experimental autoimmune encephalomyelitis (EAE) can be observed in mice deficient for the
chemokine receptor CX3CR1, apparently corresponding with reduced NK cell infiltrates in the inflamed CNS. However, the precise
implications of NK cells, or NK cell subsets in autoimmune neuroinflammation remains elusive.
Objective. To investigate NK cell dynamics in response to a neuroinflammatory insult, and the implications of the chemokine receptor
CX3CR1 on NK cell migration and effector function using the MOG33-35-induced EAE model.
Results. We found that NK cell frequency in peripheral blood of MOG33-35-induced EAE C57/BL6 mice decreased directly after the
peak of disease. Transversal analysis of NK cells at distinct EAE stages pointed to a mobilization of NK cells from spleen and
peripheral blood, and to an accumulation of NK cells in the inflamed CNS. Comparable migration patterns were observed in
CX3CR1-deficient EAE mice, although NK cell levels in blood remained unaltered. However, the infiltrated NK cell population in
CX3CR1-deficient mice displayed an immature CD11bneg/low phenotype that contrasted with the predominantly CD11bhigh NK cell
infiltrates in the WT counterparts. This shift in the ratio of immature to mature NK cells in CX3CR1-deficient mice seems to contribute
to exacerbation of disease in the deficient animals, since transfer of fully mature wild-type NK cells prior to disease induction exerted a
protective effect in CX3CR1-deficeint recipients.
Conclusion. Our data highlight a protective role of fully mature NK cells in EAE, and demonstrate for the first time that mature and
immature NK cells are recruited into the CNS by distinct chemotactic signals.
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NK cells localize in synovium in a CXCR3-dependent fashion and promote joint
damage in a mouse model of osteoarthritis
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Osteoarthritis (OA), classically described as a degenerative disease, is now considered an inflammatory process involving several
immune cell populations, which are responsible for cartilage damage, bone erosion and resorption. Natural killer (NK) cells are innate
lymphoid cells that play critical roles in various human inflammatory diseases, including arthritis. However, it is still unclear whether
they exert a protecting or disease-promoting function in arthropathies. The aim of the work was to study the role of NK cells in the
pathogenesis of OA and their interaction with neutrophils, which are emerging as crucial in regulating NK cell biology. By using a
mouse model of OA, induced by intra-articular injection of collagenase in the knee joint of C57BL/6 mice, we found that neutrophils
and NK cells promptly and sequentially infiltrate inflamed joint within 3 days. These cells were likely mobilized from bone marrow as
shown by their concomitant reduction in this organ. In vivo cell depletion showed that both neutrophils and NK cells have a
disease-promoting function, since the histopathological score decreased in mice deficient of either cell type. Indeed, we found that
CXCL10/CXCR3 axis is crucial for disease establishment and progression, being CXCL10 increased in synovial fluid of CIOA mice
and CXCR3-/- mice protected from disease development. In addition, NK cell and macrophage increase in the synovial fluids was
impaired in CXCR3-/- mice, suggesting that CXCR3 regulates NK cell recruitment in the joint. CXCL10 was produced at early time
points by neutrophils and their in vivo depletion led to marked inhibition of NK cell number increase in the synovium of OA mice
indicating that neutrophils regulate NK cell localization in synovium.
Overall, our data indicate that NK cells play a pathological role in OA that may be facilitated by neutrophil recruitment and increased
levels of CXCL10 in the inflamed synovium, and promoted by their mobilization from BM.

Identifying Ligands for Activating Killer Ig-like Receptors on HCMV infected
fibroblasts
Kattria van der Ploeg1, Chiwen Chang1, Mark Wills2, John Trowsdale1

116

1Department

of Pathology, University of Cambridge, United Kingdom, 2Department of Medicine, University of Cambridge,
UnitedKingdom, kv279@cam.ac.uk

The function of most inhibitory Killer Ig-like Receptors (KIRs) on Natural Killer (NK) cells is well-defined. However, the specific ligands
and consequently the functions of most activating members of the KIR family remain poorly understood. Our work explores possible
ligands for KIR2DS1, -S2, -S4 and -S5 using human cytomegalovirus (HCMV) as an infection model. We used a specifically designed
mouse 2B4 cell reporter system, as described by Arase et al (2002), which carries a NFAT-green fluorescent protein (GFP) with the
different activating KIR receptors and a modified DAP12 adaptor protein. By co-culturing the activating KIR reporter cells with 721.221
cells transfected with different HLA molecules, we have confirmed that, in contrast to inhibitory KIRs, activating KIR reporters did not
bind normal HLA class I, including HLA-C. Similarly, activating KIR reporters did not bind ligands on IFN-γ stimulated tumour cells.
However, the KIR2DS1 reporter recognised a ligand on Human Foetal Foreskin Fibroblasts (HFFFs) infected with HCMV.
Furthermore, the KIR2DS1 reporter did not bind HFFFs stimulated with UV-inactivated virus, indicating that the ligand expression
requires active viral gene expression. In contrast to other activating KIRs, KIR2DS1 has been shown to interact weakly with HLA-C2.
For example, KIR2DS1/HLA-C2 binding after EBV infection was described by Stewart et al (2005) and by Xiong et al (2013) with
regard to decidual NK cells interacting with trophoblasts. In spite of these observations, it remains unclear what KIR2DS1 precisely
binds. Our data are consistent with modulation of interaction of either HLA-C2, or of other ligands, by specific HCMV genes.
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Amino acid at position 7 (p7) of HLA-C*0304 and HLA-C*0102 bounds peptide
defines a peptide antagonist for KIR2DL2/L3 NK cells
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Background: Natural Killer (NK) cells activation requires the integration of inhibitory and activating signalling. Inhibitory signals are
determined by members of the killer cell immunologbulin-like receptor (KIR) family, which have MHC class I ligands. Therefore
down-regulation of MHC I during viral infection or tumorigenesis induces NK cells activation. However we have shown that peptide
antagonism of MHC class I provides an alternative mechanism for activation for KIR2DL3-positive NK cells. This occurs when a weak
KIR binding peptide disrupts the inhibitory signalling of a strong binding peptide. Peptide antagonism has been defined only for
HLA-C*0102, endogenously expressed in TAP-deficient cells, using a peptide variant of VAPWNSLSL (VAPWNSDAL and
VAPWNSDYL). To determine whether this phenomenon is a unique property of HLA-C*0102, we studied HLA-C*0304.
Results: 721.221 cells were transduced with HLA-C*0304 and transfected with ICP47. 721.221:C*0304-ICP47 cells were used for
peptide loading and as target cells in CD107a assays. We studied previously described position 8 (p8) derivatives of the
endogenously processed peptide GAVDPLLAL with a defined range of affinities for KIR2DL2 (9.5 to >600M). All stabilised
HLA-C*0304 equally and we observed an inhibition hierarchy which correlated with their KIR affinity. No antagonism was observed
using combinations of peptides with high and low KIR affinities. As position 7 (p7) and p8 residues are important for KIR recognition
we made a series of p7 derivatives, L7R, L7F and L7D. In contrast to our observations for HLA-C*0102, arginine at p7 triggered
stronger inhibition than phenylalanine. L7D did not inhibit KIR2DL2/3-positive NK cells, however did antagonise inhibition by L7R in
CD107a assays. As observed for HLA-C*0304, non-inhibitory p8 derivatives of VAP peptide were not antagonist in HLA-C*0201
context.
Finally, we used peptide elution and HPLC analysis to demonstrate that peptide antagonism was not related to displacement of L7R or
L7F by L7D.
Conclusions: Peptide antagonism is not restricted to one HLA-C allele, but is likely to be a more generalizable phenomenon for
KIR2DL2/3. Furthermore, the p7 residue appears more important than p8 in defining an antagonist peptide.

Adoptively transferred Natural Killer cells maintain long-term anti-tumor activity
by epigenetic imprinting and CD4+ T cell help
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Natural Killer (NK) cell-infusions can induce remissions in subsets of patients with different types of cancer including acute myeloid
leukemia (AML). The optimal strategies for NK-cell activation prior to infusion and the clinical protocol are still under debate.
Recent studies revealed that NK cells despite belonging to innate immunity can acquire long-term functional competence after
preactivation with the cytokines IL-12/15/18. The objective of our current study was to dissect the mechanisms leading to these
memory-like NK-cell features in vivo to improve current immunotherapy protocols.
Our results reveal two major mechanisms for the remarkable long-term competence of IFN-g production by adoptively transferred
cytokine-preactivated NK cells. 1.) The short exposure of mouse NK cells to cytokines IL-12/15/18 triggered epigenetic remodeling of
the Ifng locus in the CNS1 region enabling IFN-g production upon restimulation up to one month after adoptive transfer. 2.) CD4+ T
cells activated by macrophages during homeostatic proliferation enhanced the ability for IFN-gamma production by NK cells after
adoptive transfer into lymphopenic mice. Moreover, also human NK cells preactivated with IL-12/15/18 maintained the competence for
IFN-gamma production in response to tumor cells after transfer into NSG mice that was supported by the presence of CD4+ T cells
and monocytes. Thus, NK cells can “remember” a previous exposure to cytokines by epigenetic imprinting resulting in a remarkable
stability of the IFN-gamma-producing phenotype. In addition, our results support combination of cytokine-preactivated NK cells with
CD4+ T-cell activation upon lymphopenic conditioning to achieve long-term NK-cell effector function for cancer immunotherapy.
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LFA-1 activation in Natural Killer cells and their subsets
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The integrin LFA-1 is essential for the efficient activation and cytotoxicity of NK cells, because it initiates the assembly of the
immunological synapse and mediates firm adhesion to the target. LFA-1 is also needed to polarize the cytotoxic machinery of the NK
cell towards the target cell. A special property of integrins is, that their adhesiveness can be regulated via inside-out signals from other
receptors. Depending on the conformation and its arrangement in the membrane, LFA-1 has different binding affinity and avidity for its
ligands, the intercellular adhesion molecules (ICAMs).
Here we investigate the signals necessary to activate LFA-1 in human NK cells by using different assays. The ligand-complex-based
adhesion assay (LC-AA) can detect affinity and avidity changes, whereas staining with a conformation specific antibody selectively
detects the high affinity form of LFA-1.
Our data show that stimulation of some activating receptors like 2B4 or CD16 was sufficient to induce LFA-1 activation by itself,
whereas other receptors are less efficient when triggered alone but can provide co-activation. Short-term stimulation of freshly isolated
NK cells with different pro-inflammatory cytokines did not activate LFA-1, but it increased the responsiveness of the cells to
subsequent receptor stimulation.
Different NK cell subsets vary in their ability to induce LFA-1 binding activity after activating receptor stimulation. Interestingly, the NK
cell subsets that are more mature and have been shown to possess higher cytotoxic potential also exhibit the highest activation of
LFA-1. The differences in activation of LFA-1 are not caused by differences in receptor expression, but are probably due to alterations
in the outside-in signal transduction. These alterations could be one reason for the divergent cytotoxic activities of NK cell
subpopulations.

Functional properties of human cytokine pre-activated NK cells
Eva-Maria Ewen1, Matthias Miller1, Julia Pollmann1, Alexander Rölle1, Adelheid Cerwenka1
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Immunotherapy based on adoptive transfer of Natural Killer (NK) cells is a promising strategy for cancer treatment, because they very
efficiently recognize and eliminate MHC class-I deficient target cells. However, most NK cells at the tumor site have an inactive
phenotype and don’t lead to tumor regression. We therefore aim to develop new strategies to improve the quantity and the quality of
NK cells with high effector functions for tumor therapy.
NK cells have been commonly described as innate immune cells characterized by rapid induction of effector function but relatively
short-lived. Our previous study showed that a brief exposure of human NK cells to the pro-inflammatory cytokines IL-12, IL-15 and
IL-18 resulted in increased proliferation and higher cell recoveries compared to IL-15 treated controls. NK cells pre-activated with
IL-12/15/18 reacted with more pronounced effector function after re-stimulation regarding IFN-gamma and TNF-alpha production.
Thus, NK cells could remember the previous exposure to cytokines.
We further observed that stimulation with IL-12/15/18 but not IL-15 alone led to a decreased expression density of inhibitory killer cell
immunoglobulin-like receptors (KIRs) on the surface of human NK cells. In contrast, other NK receptors (as NKp46, CD56) remained
unchanged or even got up-regulated as the IL-2 receptor alpha chain CD25. Modulation of KIR expression was shown to be transiently
regulated on mRNA level and not via decreased proliferation or apoptosis of the KIR positive NK cell subpopulations. Furthermore, we
observed regulation of inhibitory NK receptors as well as increased proliferation in an in vitro HCMV (human cytomegalovirus) infection
model where production of pro-inflammatory cytokines such as IL-12 and IL-18 is described. Understanding the molecular basis of NK
cell receptor regulation and its impact on NK cell functionality and recognition of transformed and viral infected cells could lead to more
successful concepts of immunotherapy.
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Natural Killer (NK) cells play a fundamental role in the defence against viral infections, influencing the course of chronic viral infections
such as HIV-1 and HCV. The appearance of large numbers of CD56neg CD16+ NK cells during these chronic infections has recently
attracted attention. In comparison to the major NK subsets of cytolytic CD56dim and immune regulatory CD56bright NK cells,
CD56neg NK cells were demonstrated to be functionally impaired. The question to which degree this subset simply reflects NK
impairment in chronically infected humans or whether CD56neg NK cells establish a functionally distinct subset is currently under
debate. Despite initial studies examining this population, a systematic characterization of their functional repertoire is missing.
In this project we present a comparative analysis of the proteomes of ex vivo isolated human CD7+ CD56neg, CD56dim and
CD56bright NK cell subsets from healthy individuals, which revealed distinct subset-specific protein signatures and quantitative data
for over 3800 proteins. Our results indicate that CD56neg NK cells are more closely related to CD56dim than to CD56bright NK cells,
and possess a high potential for cytotoxicity, with high levels of cytotoxic molecules and proteins required for immune synapse
formation.

Differential activation of cord blood and peripheral blood natural killer cells by
cytokines
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Background and aims
Natural killer (NK) cells play important roles in the clearance of infection and transformed cells. Cord blood (CB) is currently used as a
source of hematopoietic stem cells for transplantation and is a potential source of NK cells for immunotherapy. We previously showed
that CB NK cells are immature and less cytotoxic as compared with peripheral blood (PB) NK cells. We aimed to identify which
cytokines, among interleukin (IL)-2, IL-12, IL-15 and IL-18 and their combinations, could fully activate CB NK cells as compared with
PB NK cells.
Methods
We performed a comprehensive analysis of phenotype and functionality of cytokine-activated NK cells.
Results
Our results show that the lower responsiveness of CB NK cells to IL-2 is associated with lower levels of expression of IL-2 receptors
and decreased phosphorylation of STAT5 as compared with PB NK cells. Activation of CB NK cells with IL-15+18 led to the most
robust proliferative response and higher interferon-γ and tumor necrosis factor-α secretion, whereas activation with IL-15+2 promoted
enhanced cytotoxicity. PB NK cells responded significantly better to IL-2 than to CB NK cells but were also fully activated with other
cytokine treatments including IL-15, IL-15+2 or IL-15+18. It was also possible to use cytokines to generate memory-like NK cells, with
sustained ability to produce interferon-γ, from both CB and PB.
Conclusions
CB NK cells are fully functional on activation with IL-15+2 or IL-15+18 rather than IL-2 alone as observed for PB NK cells. These
cytokines should be considered in the future to activate CB NK cells for therapeutic purposes.
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The influence of immunosuppressive drugs on the interaction between NK cells
and primary human hepatocytes (PHH) as in vitro model for solid organ
transplantation
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In the context of kidney and liver transplantation, NK cells may play an important role by recognizing the allogeneic organ. The specific
interaction with the allogeneic tissue can activate NK cell function via several receptors and, thus, participate in allograft rejection. In
pediatric liver transplantation, we followed frequency and phenotype of peripheral NK cells during the first weeks after transplantation.
Three basic patterns could be defined that are influenced by the microenvironment, immunosuppression and the primary disease. NK
cells displayed either sustained decrease, constant increase over time or remained unchanged. In order to mimic the clinical situation,
we investigated the interaction between NK cells and PHH (primary human hepatocytes) in vitro and focused on CD6 and CD226.
PHH express CD6 and DNAM-1 (CD226) ligands and they are modulated by immunosuppressive drugs like Calcineurin- and mTOR
inhibitors. Upon co-incubation with allogeneic NK cells, these receptors were down modulated depending on an IFN-α, IL-2 or
IL-12/IL-15-driven microenvironment. Our results suggest that NK cells are able to recognize allogeneic hepatocytes and, thus,
modulation of peripheral NK cells may reflect their involvement in the balance between alloreactivity and tolerance after liver
transplantation.
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NKp30 is an activating receptor on human NK cells, and is thought to play a role in recognition of immature dendritic cells, tumor cells
and virus-infected cells. Several ligand specificities for NKp30 have been reported. In addition to the endogenous ligand BAG6
(formerly BAT3), human NKp30 was recently shown to bind to B7-H6, an Ig superfamily membrane protein with some similarity with
the B7 family. Other ligands have also been described. Because the field remains somewhat unsettled, we have investigated the
NKp30-B7-H6 interaction in two distantly related species; rat and cattle. To establish whether B7-H6 is a physiological ligand for
NKp30 we used cell-cell contact dependent assays with EGFP reporter cells expressing a chimeric receptor consisting of the
extracellular domain of bovine B7-H6 coupled to the intracellular region of mouse CD3ζ. Target cells expressing full-length bovine
NKp30 triggered EGFP expression by B7-H6 reporter cells, indicating that NKp30 and B7-H6 is a physiological receptor/ligand pair in
cattle, and corroborating the previous observations in human. B7-H6 has been suggested to be a tumor-specific marker, facilitating NK
cell killing of malignant cells through NKp30. RT-PCR analysis demonstrated expression of B7-H6 at the mRNA level in several
healthy tissues both in rat and cattle. The results of additional, ongoing experiments will be presented.

Activated NK Cells Are Steeped in their Education
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Natural killer (NK) cells go through a process of education or licensing to become functional. They have to express at least one
inhibitory receptor specific for a self-MHC class I molecule. The B6 mouse strain has the H-2b background with the MHC class I
molecules H-2Bb, H-2Kb and Qa1b. Whereas the former are recognized by the inhibitory receptors (IR) Ly49C and Ly49I, the latter is
the ligand of the IR NKG2A. According to the current paradigm of NK cell education, NK cells expressing Ly49C/I and/or NKG2A are
licensed. They are functional in terms of degranulation, cytotoxicity and cytokine production (IFN-gamma). In contrast, cells without
these receptors are unlicensed and hypo-responsive. A particular case of “impossible” NK cell education is MHC class I deficiency,
where the educating class I molecules are expressed at very low levels (TAP-KO or beta2m-KO mice). In these animals, the IR are
present but their ligands are missing. Consequently, their NK cells are all hypo-responsive.
Functional assays are usually performed with ex vivo isolated splenic NK cells. It has been described that the licensing effect is
preserved but less pronounced after stimulation of NK cells with poly I/C and interleukin (IL) 2, although only the IR Ly49C was studied
in this regard. We repeated these experiments by including NKG2A, stimulated total splenocytes for 5 days with IL2 and then
re-stimulated the cells for 18 hours either with IL2 or a combination of IL12 and IL15, known to efficiently induce IFNgamma
production. On day 6, we stained the cells with anti-CD3, anti-NK1.1, anti-Ly49C/I and anti-NKG2A surface as well as anti-IFNgamma
intracellular antibodies and measured the percentages of IFNgamma+ NK cells in the four subpopulations defined by Ly49C/I and/or
NKG2A expression.
We reproducibly found that the percentages of IFNgamma+ NK cells were highest and equal among NKG2A+ (single licensed) and
Ly49C/I+ NKG2A+ (double licensed) populations, whereas they were significantly lower in the other two subsets, the Ly49C/I+ single
licensed and the Ly49C/I- NKG2A- unlicensed NK cells. Interestingly, similarly activated TAP-KO NK cells produced IFNgamma to the
same extent than their wild-type counterparts, but the percentages were almost identical between the four subsets.
These results (i) suggest that the “education effect” persists even after long-term activation of NK cells, (ii) indicate that most of this
effect relies on the IR NKG2A, and (iii) confirm that it is absent in unlicensed NK cells from MHC class I deficient mice.
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Although NK cells are considered innate, recent studies in mice revealed the existence of a unique lineage of hepatic CD49a+DX5NK cells with adaptive-like features. Development of this NK cell lineage is, in contrast to conventional NK cells, dependent on T-bet
but not Eomes. In this study, we describe the identification of a T-bet+Eomes-CD49a+ NK cell subset readily detectable in the human
liver, but not in afferent or efferent hepatic venous or peripheral blood. Human intrahepatic CD49a+ NK cells express killer cell Ig-like
receptor and NKG2C, indicative of having undergone clonal-like expansion, are CD56bright, and express low levels of CD16, CD57,
and perforin. After stimulation, CD49a+ NK cells express high levels of inflammatory cytokines but degranulate poorly. CD49a+ NK
cells retain their phenotype after expansion in long-term in vitro cultures. These results demonstrate the presence of a likely human
counterpart of mouse intrahepatic NK cells with adaptive-like features.

The Role of Ly49E Expression on Intestinal Intraepithelial Lymphocytes in the
Development and Progression of Inflammatory bowel diseases, Tumor immune
response and Bacterial infection
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The Ly49E NK receptor is a unique inhibitory receptor, presenting with a high degree of conservation among mouse strains and
expression on both NK cells and intraepithelial-localized T cells. Amongst intraepithelial-localized T cells, we show that the Ly49E
receptor is expressed on a high proportion of CD8αα-expressing innate-like intestinal intraepithelial lymphocytes (iIELs), with even
higher expression in the colon as compared to the small intestine. CD8αα-positive iIELs contribute to front-line defense at the mucosal
barrier. Here, we have investigated a potential role for Ly49E expression on iIELs in the context of inflammatory bowel diseases, tumor
immune response, and intestinal bacterial infection. Making use of Ly49E-deficient mice, we show that Ly49E expression on small
intestinal and colonic iIELs does not influence the development or progression of DSS- or TNBS-induced colitis, nor that of TNFΔARE
ileitis. Exploring a role for Ly49E in intestinal tumor immune response, we made use of the azoxymethane-induced colorectal cancer
model and ApcMin/+ transgenic mice. We show that colorectal cancer development is unaltered between Ly49E WT and Ly49E KO
mice, and that ApcMin/+ Ly49E KO mice display with a similar tumor immune response as compared with ApcMin/+ Ly49E WT mice.
Finally, investigating a role for Ly49E expression on iIELs in the context of bacterial infection, we show that Ly49E expression does not
affect the kinetics of Citrobacter rodentium or Salmonella typhimurium infection. In conclusion, although Ly49E is highly expressed on
CD8ααpos iIELs of the colon and small intestine, this NK receptor does not influence the development or progression of inflammatory
bowel diseases, intestinal tumor immune response or intestinal bacterial infection in the models studied.
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New insights into the expression and function of the mouse NKC-encoded
receptor Nkrp1g in the hematopoietic system
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NK cells are innate lymphocytes that recognize and eliminate transformed or infected cells via a broad variety of inhibitory and
activating receptors. C-type lectin-like receptors (CTLR) such as NKG2D are one structural group of immunomodulatory receptors,
primarily expressed on NK cells. They are encoded in the Natural Killer Gene Complex (NKC) in both man and mouse and also
comprise the gene families Nkrp1 and Clec2. Certain members of the Nkrp1 and Clec2 families have been shown to constitute
genetically linked receptor-ligand systems, with their genes intermingled in the NKC.
We previously reported expression of the CTLR Nkrp1g on a subset of intraepithelial lymphocytes (IEL) in the small intestine of mice
that is spatially matched by selective expression of the Nkrp1g-ligand Clr-f (Clec2h) on intestinal epithelial cells (IEC) (Leibelt et al.
2014).
Here, we show an additional expression of Nkrp1g on a rather minor subset of mouse splenic NK cells. The abundance of Nkrp1g
expression among splenic NK cells is strain-dependent and inherent for that particular NK cell population. After activation, Nkrp1g
expression levels are upregulated on the cell surface of NK cells. Of note, Nkrp1g is not only able to ligate Clr-f, but also Clr-g and
Clr-d. As we demonstrate here, Clr-f is found neither on resting nor on activated splenocytes. We propose that Nkrp1g might interact
there instead with its ligand Clr-g (Clec2i/OCILRP2), as Clr-g transcripts are abundantly and specifically detected in hematopoietic
organs and leukocytes. Using our newly generated Clr-g-specific mAb, we show that Clr-g is expressed on B cells, on a subset of
monocytes and dendritic cells and on activated T cells in the spleen. The interaction of Nkrp1g with Clr-g dampens NK cell function as
shown by degranulation and cytolysis. Hence, we postulate that the inhibitory receptor Nkrp1g on activated NK cells may modulate the
crosstalk between various immune cell subsets, particularly in the course of immune responses.

NK cell activation through crosstalk with CD3-stimulated T cells in PBMC cultures
Mostafa Jarahian1, Alexander Rölle1, Luana Guerra1, Frank Momburg1
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Activation of NK cells has mostly been studied for purified NK cell populations yet little is known about the impact of polyclonal T cell
activation on NK cells in mixed cultures of peripheral blood mononuclear cells. We have systematically investigated the effects of
anti-CD3 and anti-CD3/anti-CD28 mediated T cell stimulation on the expression of NK-activating as well as costimulatory and
coinhibitory receptors. We found that T cell activation induced expression levels of e.g., OX40, 4-1BB, TIM3, CD25 and CD95 whereas
NKp46 and CD16 were downmodulated. Most alterations of receptor modulations could be blocked by neutralization of IL-2 but we
also detected a contribution of IL-12, IL-15 and IFN-γ. The induction of costimulatory receptors on NK cells could largely be
reproduced by coculturing purified CD3-activated CD4+ T cells with purified NK cells. Preconditioning of PBMC by low doses of IL-2
enhanced the anti-CD3-induced, indirect NK cell activation with strong upregulation of NKp30, 4-1BB and CD96, but also upregulation
of KIRs and TIM3. TGF-β preconditioning of PBMC that was used to mimick an immunosuppressive tumor environment supported the
expression of CD25, CTLA4, PD1 and HLA-DR by NK cells in the presence of anti-CD3-mediated T cell stimulation. We conclude that
expression levels of both activating and inhibitory receptors on NK cells are influenced by polyclonal T cell activation and, as a major
factor, IL-2 released by helper T cells. The functional consequences for NK cytotoxicity and production of effector cytokines will be
reported.
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Background:
HLA-B57, and its interaction with KIR3DL1, have been shown to play a critical role in determining HIV-1 disease progression.
Infections, including HIV-1, can affect the glycosylation pattern of glycoproteins involved in antiviral immunity, including HLA
glycosylation. A decrease of mannosidase activity can for example increase HLA expression and possibly affect HLA/KIR binding.
Given the importance of glycosylation on different glycoproteins for immune function, and the modulation of glycosylation patterns
occurring during viral infections, we investigated the effect that modulation of HLA-B*57:01 glycosylation had on the HLA-KIR
interaction.
Methods:
721.221 cells were transduced with different HLA class I molecules and treated with different glycosylation inhibitors overnight. HLA
expression was measured with pan-HLA class I antibodies, KIR binding was measured using KIR-Fc fusion constructs. HLA-B*57:01
transduced 721.221 cells were deglycosylated using tunicamycin, and consequences for KIR3DL1 binding was determined using
primary KIR3DL1+ NK cells or Jurkat E6.1 cells transfected with a KIR3DL1-CD3ζ chimera.
Results:
The different glycosylation inhibitors had varying effects on the expression and KIR-Fc binding of different HLAs. Tunicamycin resulted
in the overall maintenance of HLA-B*57:01 expression on 221 cells, but binding of KIR3DL1-FC to 221 cells was severely decreased.
This effect of tunicamycin on KIR3DL1 binding was corroborated by functional data using both Jurkat reporter cells as well as
KIR3DL1+ NK cell clones.
Conclusions:
Our results demonstrate that glycosylation is important for HLA-KIR binding and NK cell activation. Further examinations on the full
extent of the ability of HIV-1 to influence glycosylation of host proteins, and the consequences for immune function, will have to be
performed.

Expression profiling of NK cells at the single-cell level
Olena Zaitseva1, Bryan Downie2, Gabriela Salinas-Riester2, Lutz Walter1
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Analysis of NK cells by RNA sequencing is a relatively new field that is supposed to give insights on NK transcriptional landscape. In
contrast to RNA sequencing on cell population level, single-cell RNA sequencing allows studying of population heterogeneity,
characterization of subpopulations and identification of exact expression levels in each cell, which gives a background for correlation
studies. With a help of microfluidic C1 Single-Cell Auto Prep System from Fluidigm® we established the mRNA sequencing procedure
for primary NK cells enriched from the blood. In the first performed experiment mRNA from 18 cells was sequenced and set of genes
suitable for further analysis was identified. Correlation analysis of such data can be used for co-regulation studies and identification of
regulatory genes involved in such processes as NK development, maturation and licensing.
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Natural killer (NK) cells exert cytotoxic and regulatory functions as a first line of defense against transformed or infected cells. Recent
findings revealed a heterogeneous functionality of differentially mature NK cell subsets and thus highlight their potential as targets for
immune interventions aimed at fine-tuning their functional properties. The implementation of NK cells as intervention targets requires a
comprehensive knowledge about their immunological network, as well as the development of tools to specifically modulate NK cell
features. Invariant natural killer T (iNKT) cells are a key component of this network. The pegylated glycolipid α-galactosylceramide
(αGalCerMPEG), which can activate iNKT cells when presented in the context of CD1d, was investigated for its potential to imprint
crucial NK cell characteristics. Stimulation of iNKT cells by αGalCerMPEG yielded highly functional CD27high NK cells exhibiting
improved functional properties which correlated with an increased mitochondrial membrane potential in NK cells. Educated NK cells
emerged as the main responder subpopulation following iNKT cell activation. In a murine cytomegalovirus infection model, iNKT cell
stimulation resulted in reduced viral loads accompanied by increased frequencies of CD27high NK cells and the generation of highly
functional educated and uneducated NK cells, which were crucial players in viral growth control. In a vaccination setting, iNKT cell
activated NK cells were crucial for the generation of antigen-specific humoral and cellular immune responses. These findings
demonstrate new fundamental aspects of the cross-talk between iNKT and NK cells and provide the rational establishing novel
strategies aimed at modulating NK cells in a clinical context.

α-galactosylceramide and exosome-induced induced iNKT cell activation induces
increased missing self recognition and preferential proliferation of educated NK
cells
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Natural killer (NK) cells are effector cells with important cytotoxic functions in antitumor immunity. Self-licensed NK cells are educated
to recognize and kill cells that have lost their MHC class I (MHC-I) expression, e.g. tumor cells or virus-infected cells. α
galactosylceramide (αGC) is a potent activator of the immune system that leads to strong proliferation of invariant NKT cells and
subsequent activation of other immune cells via cytokines. Alternatively, αGC can be loaded onto exosomes, endogenous
nanovesicles, which then elicit strong NKT cell-induced NK cell proliferation and enhanced innate and adaptive antitumor immunity.
Here, we investigated how αGC-induced NK cell activation affects the balance between self-educated and non-educated NK cells. We
report that both soluble and exosome-bound αGC induces similar NK cell activation with a biased proliferation of educated over
non-educated NK cells. Missing self reactivity towards MHC-I-deficient healthy target cells was increased after treatment with both
soluble and exosome-bound αGC. These data imply that αGC, both soluble and exosome-bound, increases the functional capacity of
self-educated NK cells and might thus be used to enhance NK cell-mediated cytotoxicity against tumors lacking expression of MHC-I
molecules.
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The ability of Natural Killer (NK) cells to kill tumor targets has been extensively studied in various hematological malignancies.
However, NK cell therapy directed against solid tumors is still in early development. Epidermal Growth Factor Receptor (EGFR)
targeted therapies using monoclonal antibodies (mAbs) such as cetuximab and panitumumab are widely used for the treatment of
metastatic colorectal cancer (mCRC). Still, the clinical efficacy of this treatment is hampered by mutations in the RAS gene, allowing
tumors to escape from anti-EGFR mAb therapy. It is well established that NK cells kill tumor cells by natural cytotoxicity and can in
addition be activated upon binding of IgG1 mAbs through Fc receptors (CD16/FcγRIIIa) on their surface, thereby mediating antibody
dependent cellular cytotoxicity (ADCC). In the current study, activated Peripheral Blood NK cells (PBNK) and Cord Blood stem cell
derived NK cells (CBNK) were combined with cetuximab to study their effect on the killing of primary tumors and EGFR+/- cancer cell
lines, including those with RAS mutations. In vitro cytotoxicity experiments using colon cancer primary tumors and cell lines SW480
(EGFR+, RASmut) and COLO320 (EGFR-, RASwt) at a low E:T ratio of 1:1, demonstrated that PBNK and CBNK cells are cytotoxic for
a range of tumor cells, regardless of EGFR or RAS status. CBNK cells exhibit higher cytotoxic effect than PBNK cells on colon cancer
cell lines. Cetuximab enhanced the cytotoxic activity of NK cells on EGFR+ tumor cells (either RASwt or RASmut) in a CD16
dependent manner, whereas it could not increase the killing of EGFR- COLO320. Our study provides a rationale to strengthen NK cell
immunotherapy through a combination with cetuximab mCRC patients.

Stress-Induced Expression of Ligands for the Activating NK Cell Receptor
NKG2D:
Crucial and DNA-damage independent role of the Acetyl Transferases CBP and
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The regulation of the inducible expression of NKG2D-ligands on malignant cells are still incompletely understood. A deeper
understanding of the molecular mechanisms that trigger the induction of NKG2D ligands is not only of great fundamental scientific
interest, but also essential for the development of immunotherapeutic approaches aimed at a stable or increased NKG2D-ligand
(NKG2D-L) expression.
Here we show that by far the strongest NKG2D-L upregulation is achieved upon treatment with histone deacetylase (HDAC) inhibitors
(HDACi) in various human and murine cell lines. This was - unlike previously thought - independent of a DNA damage induced
expression and as effective in p53-deficient cells as in syngenic p53-wild type cells. In line, the inhibition of the major DNA-damage
kinases ATM / ATR was not sufficient to abrogate HDACi-dependent NKG2D-L induction.
In contrast, the induction of NKG2D-L was efficiently blocked upon inhibition or CRISP/Cas9-mediated depletion of the acetyl
transferases CBP/p300 or their cofactor BAG6. This correlated with a reduced NK-cell mediated cytotoxicity. Accordingly, ChIP assays
revealed an increased histone acetylation and increased binding of CBP/p300 to NKG2D ligand promoter regions (MICA and MICB) in
response to HDAC inhibition. Moreover enhanced binding of the CBP/p300-binding transcription factor CREB was observed within the
MICA and MICB promoter regions. Mouse studies using a CBP/p300 deficient B cell lymphoma model (Eu-Myc lymphoma) are
ongoing to confirm the role of CBP/p300 for NKG2D-upregulation in vivo.
This study provides strong evidence for a major role of CBP/p300 in orchestrating NKG2D ligand induction and consequently
immunosurveillance of tumors in mice and men. These findings might help to develop novel immunotherapeutic approaches aiming to
reverse immune evasion and thereby equipping the patient’s immune system to fight cancer.
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Induce Protective Antitumor Immunity
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Significant progress has been made over the last decade towards realizing the potential of natural killer (NK) cells for cancer
immunotherapy. NK cells can respond rapidly to transformed and stressed cells, and have the intrinsic potential to extravasate and
reach their targets in almost all body tissues. In addition to donor-derived primary NK cells, also continuously expanding cytotoxic cell
lines such as NK-92 are being considered for adoptive cancer immunotherapy. High cytotoxicity of NK-92 has previously been shown
against malignant cells of hematologic origin in preclinical studies, and general safety of infusion of NK-92 cells has been established
in phase I clinical trials. To enhance their therapeutic utility, here we genetically modified NK-92 cells to express a chimeric antigen
receptor (CAR), consisting of an ErbB2-specific scFv antibody fragment fused via a linker to a composite CD28-CD3 zeta signaling
domain. GMP-compliant protocols for vector production, lentiviral transduction and expansion of a genetically modified NK-92 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,
selective cytotoxicity against ErbB2-expressing but otherwise NK-resistant tumor cells of different origins in vitro, as well as homing to
ErbB2-expressing tumors in vivo. Ongoing work now focuses on the development of these cells for adoptive immunotherapy of
ErbB2-positive glioblastoma. We evaluated the activity of NK-92/5.28.z cells against a panel of glioblastoma cell lines and primary
glioblastoma cultures and demonstrated selective in vitro cell killing that was dependent on the ErbB2 expression by the target cells.
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 in the majority of animals, induction of
endogenous antitumor immunity and long-term protection against tumor rechallenge at distant sites. Our results suggest adoptive
transfer of ErbB2-specific NK-92/5.28.z cells as a promising new immunotherapy approach for ErbB2-positive glioblastoma.

Characterising NK phenotype and function in patients with prostate cancer in
order to improve diagnosis and patient prognosis.
Simon Hood1, Stephanie E. McArdle1, Masood Khan2, Robert C. Rees1, A. Graham Pockley1
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Background: In the UK, the Trans-Rectal ultrasound guided (TRUS) biopsy is typically used to confirm the presence of prostate cancer
in patients with elevated prostate-specific antigen (PSA) levels. However, the detection rate in biopsy naïve patients using the TRUS
biopsy is ~33%. Although the development of the Transperineal Template prostate biopsy (TPTPB), which samples the whole
prostate, has increased the detection rate to ~60%, this requires a surgical procedure, general anaesthetic and can be associated with
a number of side-effects.
Hypothesis: Natural killer (NK) cells play a major role in cancer immunosurveillance, yet tumours employ numerous mechanisms to
avoid protective anti-tumour immunity, including modifying NK cell receptor expression and function. The hypothesis of this study is
that ‘the presence of prostate cancer is reflected by modifications in the phenotype and function of NK cells in the peripheral
circulation.’
Aim of the Study: To compare the phenotype and function of peripheral blood NK cells in patients diagnosed with prostate cancer and
individuals with benign disease, and assess the diagnostic and prognostic potential of this approach.
Approach: Mononuclear cells were isolated from the peripheral blood of patients with elevated PSA levels, in whom the presence of
prostate cancer and benign disease was definitively defined using either TPTPB or TRUS biopsies (85 patients and 13 patients with
advanced disease respectively). Multiple 9-colour antibody panels were used to measure the expression of NK cell activating and
inhibitory receptors (DNAM-1, NKG2D, NKp30, NKp44, NKp46, 2B4 and NKG2A, LAIR-1, CD85j respectively) by flow cytometry.
Results: Although the expression of NKp30, NKp46 and 2B4 on peripheral NK cells were progressively down-regulated as the Gleason
grade of the cancer increased, only the downregulation of NKp30 expression was of statistical significance (P=0.03). However, the
observed changes could not distinguish patients with cancer from those with benign disease.
Conclusion: The heterogeneity in NK cell populations makes it difficult to distinguish the clinical status of individuals on the basis of NK
cell phenotype and we are now utilising advanced computational intelligence approaches to more deeply interrogate these complex
datasets. Furthermore, given preliminary studies indicating that the expression of activating receptors and up-regulation of
co-stimulatory receptors might not accurately predict NK function, we are optimising a previously described method for ‘priming’ NK
cells using a leukemic CTV-1 cell line. This will be used to compare the capacity of primed NK cells from patient groups to kill NK
cell-resistant PC3 cells.
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Natural killer cells (NK) play a stimulating part in the innate immune system and are able to rapidly eliminate transformed, malignant
and virus-infected cells without prior immune sensitization. Thus, they represent a potential therapeutic tool for treatment of high-risk
cancer patients to recognize and eliminate hidden, residual and resistant malignant cells. Donor NK cell-based immunotherapies have
already successfully entered in clinical studies of acute and lymphoblastic leukaemia (AML, ALL), showing to reduce the risk of
leukaemia, but also limitations are observed. Malignant cells can develop tumour immune escape mechanisms, like shedding, down
regulation of ligands and/or down regulation of activating NK cell receptors. To overcome these limitations and to restore the directed
cytotoxicity, NK cells can be retargeted against insensitive leukemic blasts with bispecific antibody peptide constructs (so-called
triplebodies), which improve the killing of various cancer cells. Here, we retarget primary human NK cells against the cell line BV-173
(CD33+CD19+ B cell precursor leukaemia cells) by using the triplebody constructs which could interact with the activating NK receptor
NKG2D and on the target side with two highly-conserved leukemic antigens. NK cytotoxicity against BV-173 was assessed by
no-wash, single platform 10-colour flow cytometry. Preliminary results showed a clearly enhanced NK cell-mediated cytotoxicity by
pre-incubation of effector cells with different concentrations of triplebodies, leading to a higher killing activity of these target cell line.
The cytotoxicity assay was performed for 3 hours with an E/T ratio of 5:1 and 1:1 during the NK cell-expansion with IL-2 (1000 IU/ml)
on day 1, 13 and 21. However, the incubation of NK cells with triplebodies demonstrated a smaller declination on NK viability, due to
the correlation with the higher expression of CD33 at late time points of cell expansion. Contrarily, the incubation of the triplebody with
target cells didn´t show any side effects. Afterwards, possible side effects of triplebodies, such as, CD19+ B cells in the peripheral
blood will be investigated.

Alterations in functional and immunophenotypic characteristics of NK cells and
their dim and bright subsets in metastatic melanoma patients
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Objectives: Although natural killer (NK) cells have an important anti-tumor role, melanoma cells may affect their effector functions. In
this study we analyzed the expression of various receptors and effector molecules in NK cells and their subsets in metastatic
melanoma (MM) patients compared to healthy controls (HC).
Methods: Peripheral venous blood was obtained from 40 MM patients in clinical stages IV according to American Joint Commitee of
Cancer (AJCC) at the time of diagnosis prior to chemotherapy and 30 HC. Peripheral blood mononuclear cells (PBMC) were analyzed
immediately after isolation. In both HC and MM patients we analyzed NK cell activity by Cr51 assay and the expression of CD107a,
activating NKG2D, NKp46, DNAM-1 and inhibitory CD158a and CD158b KIR receptors, IL-12Rβ1/β2, intracellular IFN-γ, perforin and
STAT-1 in CD3-CD56+ NK cells and cytotoxic CD3-CD56dim+ and immunoregulatory CD3-CD56bright+ subsets, as well as the
percentage of CD14+HLA-DR- myeloid-derived suppressor cells (MDSC) cells in PBMC by Flow cytometry. The transcription level of
DAP10 and SHP-1 signaling molecules was estimated by RT-PCR. The investigated parameters between MM patients and HC were
compared by Mann Whitney U test, while correlation analysis was evaluated by Spearman's correlation.
Results: MM patients compared to HC had impaired NK cell cytotoxicity, decreased expression of CD107a degranulation marker on
CD3-CD56+ NK cells and cytotoxic CD3-CD56dim+ subset and lower IFN-γ production in all NK cell subsets that was followed with
decreased expression of perforin, STAT-1, IL-12Rβ1/β2 on NK cells and both their subsets. Furthermore, the expression of NKG2D
activating receptor and its DAP10 signaling molecule was decreased in MM patients contrary to the expression of inhibitory CD158a
and CD158b receptors and their SHP-1 signaling molecule. In MM patients only, there was positive correlation between decreased
NKG2D receptor expression and impaired cytotoxicity, as well as lower CD107a degranulation marker expression on NK cells. The
lowest expression of NKG2D and NKp46 receptors was shown in MM patients with unfavorable clinical prognosis and outcome that
belong to M1c subclass according to AJCC. Furthermore, increased percentage of immunosuppressive CD14+HLA-DR- MDSC cells
in PBMC was shown in MM patients.
Conclusion: Altered receptors and effector molecules of NK cells and their subsets in MM patients shown in this study could represent
the biomarkers of impaired NK cell effector functions indicating cancer associated immunosuppression that may facilitate tumor
progression. Furthermore, they can be used as parameters for the evaluation of standard or developing immunotherapy in advanced
melanoma patients.
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Natural killer (NK) cells hold promise for adoptive cancer immunotherapy. Like T cells, the antitumor activity of NK cells can be
enhanced by expression of chimeric antigen receptors (CARs) that facilitate selective recognition and killing of malignant cells. CARs
consist of an extracellular single-chain antibody fragment (scFv) for recognition of a cell surface antigen, linked to an intracellular
signaling moiety such as CD3ζ or CD3ζ fused to a costimulatory protein domain. The engagement of CARs on NK cells triggers
antigen-specific lysis of target cells, hence bypassing the need for the activation of endogenous cytotoxicity receptors.
For adoptive immunotherapy, NK cells are usually isolated from peripheral blood and expanded ex vivo with cytokines before infusion
into patients. Experimentally, NK cells have also been derived from hematopoietic stem cells (HSCs) by ex vivo differentiation
following different protocols. CAR NK cells may be generated from CAR gene transduced HSCs following a similar approach. To
explore this strategy, we aim to establish a suitable protocol for ex vivo expansion and subsequent differentiation of CD34+ HSCs into
NK cells. In initial experiments, mobilized human CD34+ HSCs isolated from peripheral blood of healthy donors were cultured ex vivo
in a cytokine mix to allow preferential generation of NK cells. We observed the appearance of CD56+ NK cells starting at day 12 of the
culture period. However, over time these cells were lost with an overall decline in total cell numbers. Ongoing work now focuses on
optimization of the differentiation protocol to enhance survival and increase yield of ex vivo generated NK cells.
To restrict CAR expression to NK cells developing during the differentiation process, in parallel we constructed a lentiviral vector
encoding an ErbB2/HER2-specific CAR under the control of an NK-specific NCR1 promoter. We found lineage-specific activity of the
CAR construct in established human NK cell lines, while no CAR expression was detected in cells of B cell or myeloid origin. This CAR
vector will be transferred into CD34+ HSCs, CAR expression in NK cells and other lineages obtained after ex vivo differentiation will be
analyzed, and resulting CAR-positive cells will be functionally characterized.

Gene expression profiling indicates an increased expression of the activating NK
receptors NKG2D and DNAM-1 and their ligands during murine acute graft versus
host disease
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NKG2D and DNAM-1 are activating NK receptors on NK and CD8+ T cells. They control cytotoxicity and interferon-γ production by NK
cells and serve as co-stimulatory molecules on CD8+ T cells. In mice NKG2D binds to the stress-inducible ligands including RAE-1,
H60, and MULT-1. The DNAM-1 ligands CD112 and CD155 can be up-regulated in several pathological conditions. Blockade or
deficiency of either DNAM-1 or NKG2D in donor cells, has been shown to reduce the intensity of acute graft versus host disease
(aGvHD) in mice. We recently described that a polymorphism in the human NKG2D ligand MICA has a major impact on the risk of
aGvHD after allogeneic hematopoietic stem cell transplantation (HSCT) by modulating NKG2D signaling.
We used a mouse model of aGvHD, in which bone marrow and T cells were transplanted from C57BL/6 mice to irradiated Balb/c mice
(n=17). The mice had clinical GvHD scores of 5.5±1 on a 10-point scale when sacrificed. Gene expression profiles were determined in
tissues affected by aGvHD, i.e, liver, lung, skin, spleen, small and large intestine on day 6 post-transplant by qPCR and compared to
healthy controls (n=15). U-tests were performed and the P-values were corrected for multiple comparisons, by the Bonferroni
procedure.
We observed an upregulation of Klrk1, encoding NKG2D, in liver (fold change 2.32; P=0.02), lung (2.14; P=0.025), skin (5.47;
P<0.0025), small (4.29; P<0.0025) and large intestine (3.12; P<0.0025) suggesting an infiltration of GvHD-affected tissues by
NKG2D-expressing lymphocytes. Similarly Ulbp, encoding MULT-1, was significantly upregulated in liver (4.45; P<0.0025) and lung
(1.87; P=0.005). H60 expression was increased in the liver (5.99; P<0.0025), skin (2.94; P=0.01) and large intestine (3.46; P=0.005).
Rae1 mRNA, in contrast, was significantly down-regulated in the small (0.09; P=0.0025) and large intestine (0.1; P<0.0025). Dnam-1
expression was also found to be significantly higher in liver (4.06; P<0.0025), skin (10.54; P<0.0025), small (10.79; P=0.002) and large
intestine (4.89; P<0.0025). The genes Pvrl2 and Pvr, encoding the ligands CD112 and CD155, were both up-regulated in the small
intestine (2.83; P=0.0025 and 3.38; P=0.0175), whereas in the liver only CD112 was significantly up-regulated (2.32; P<0.0025). A
comparison to mice transplanted with bone marrow only (n=3) suggested that both pre-conditioning and aGvHD contributed to these
alterations of gene expression.
The NKG2D and DNAM-1 ligands showed variable expression patterns in tissues affected by aGvHD. Conditioning regiments, which
lead to less induction of these ligands might ameliorate the risk of aGVHD after HSCT.
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Engagement of the activating natural killer group 2 member D receptor (NKG2D) on NK cells with its ligands (NKG2DLs) major
histocompatibility complex class I related-A and -B (MICA/B) and UL-16 binding proteins (ULBPs1-6) confers innate immunity to
infected an malignantly transformed cells. However, soluble NKG2DLs released from these cells can inhibit NKG2D-dependent NK cell
cytotoxicity as demonstrated by inverse correlation of NKG2DL levels in the plasma of patients suffering from neuroblastoma, cervical
carcinoma, leukemia, or head and neck squamous cell carcinoma (HNSCC) with NK cell cytotoxicity. However, in these studies, the
diagnostic and prognostic potential of plasma levels of individual soluble NKG2DLs was limited due to patients’ heterogeneity.
In the current study, we found significantly elevated plasma levels of sMICA, sMICB, sULBP1, sULBP2 and sULBP3 with a peak
maximum in the pre-metastatic stage III in 44 patients suffering from HNSCC. In in vitro killing assays, NKG2D-dependent cytotoxicity
of primary NK cells was inhibited in the presence of patients’ plasma containing high levels of soluble NKG2DLs. Interestingly,
inhibition of NKG2D-dependent cytotoxicity was most pronounced with patients’ plasma containing high levels of NKG2DLs and
TGFβ-1. Importantly, NK cell cytotoxicity was restored after specific depletion of NKG2DLs. Consequently, plasma depletion of soluble
NKG2DLs prior to cell-based therapies could significantly boost anti-tumor efficacy of autologous, adoptively transferred, and
allogeneic immune cells after haploidentical stem cell transplantation. Therefore, we have developed an adsorption apheresis
approach based on a bioreactive surface. As proof-of-concept, a monoclonal antibody against sMICA covalently coupled to a
sepharose matrix showed a depletion efficiency of 97 % for sMICA from human plasma. In a second approach, we have developed a
pan-specific bioreactive surface using the ectodomain of the human NKG2D receptor for simultaneous depletion of all soluble
NKG2DLs. In vitro depletion experiments demonstrated quantitative depletion of sMICA, sMICB and sULBPs from human plasma.
Ongoing experiments aim at a pre-clinical in vivo validation of the adsorption apheresis device with different functionalization in a
rhesus macaque model. First results showed stable plasma levels of administered sMICA in rhesus macaques, which allow for the
adsorption apheresis.
Taken together, our data suggest that the cumulative plasma level of all soluble NKG2DLs and TGFβ-1 is indicative for the extend of
NKG2D-dependent tumor immune escape and determines a time point at which malignant cells critically benefit from bypassing
NKG2D-based immunosurveillance and that depletion of all soluble NKG2DLs from patients’ plasma might be crucial for a clinical
intervention strategy.
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The MHC class I chain-related molecule A (MICA) is a ligand for the activating natural killer (NK) cell receptor NKG2D. A
polymorphism causing a valine to methionine exchange at amino acid position 129 of MICA affects binding avidity to NKG2D and has
been associated with a number of autoimmune diseases and cancers. Recently, we have demonstrated that the high avidity isoform
MICA-129Met triggers stronger cytotoxicity and more interferon-γ release by NK cells and leads to an earlier co-stimulatory activation
of CD8+ T cells than the MICA-129Val isoform. On the other hand, MICA-129Met variants induce also a rapid down-regulation of
NKG2D, which limits the functional effects elicited by NKG2D engagement. It is known that some tumors can escape
NKG2D-mediated immune surveillance by proteolytic shedding of MICA. Therefore, we investigated whether the MICA-129Met/Val
dimorphism affects plasma membrane expression (pmMICA) and shedding of MICA.
Expression of pmMICA was higher in a panel of tumor (n=16, P=0.0699) and melanoma cell lines (n=13, P=0.0429) carrying the
MICA-129Val/Val genotype compared to cell lines carrying one or two MICA-129Met alleles. MICA-129Val homozygous melanoma cell
lines released more soluble MICA (sMICA) by shedding (P=0.0015). MICA-129Met or MICA-129Val isoforms differing only in this
amino acid were expressed in the MICA-negative melanoma cell line Malme and clones with similar pmMICA expression intensity
were selected. The MICA-129Met clones released more sMICA (P=0.0006) and a higher proportion of the MICA-129Met than the
MICA-129Val variant was retained in intracellular compartments (P=0.0199). The MICA-129Met clones also expressed more MICA
mRNA (P=0.0047). The latter phenotype was also observed in mouse L cells transfected with the MICA expression constructs
(P=0.0212).
In conclusion, the MICA-129Met/Val dimorphism affects the expression density of MICA on the plasma membrane. A larger proportion
of the MICA-129Met isoform was retained intracellularly. If expressed at the cell surface, the MICA-129Met isoform was more
susceptible to shedding. Both processes appear to limit the cell surface expression of MICA-129Met variants that have a high binding
avidity to NKG2D and induce a fast and strong NKG2D signaling, which is, however, not sustained due to a rapid NKG2D
down-regulation.
S.M., D.S., and A. I. contributed equally to this study.
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Upon DNA damage and excessive proliferation, cells up-regulate stress-induced ligands in order to be recognized and annihilated by
immune cells. A family of 8 MHC-like proteins called MICA, MICB and ULBP 1-6 play thereby a major role: They are recognized by a
powerful activating receptor named NKG2D that is present on various immune cells, primarily NK cells.
The mechanisms controlling the expression of the NKG2D ligands are not completely understood and since immune evasion is one of
the key events early in carcinogenesis, mechanisms to suppress surface expression of ligands for NKG2D must exist in tumor cells. In
this study, we report about the influence of the oncogenic RNA binding protein IMP3 on stress-induced ligands expression and
function. We demonstrate that IMP3 is a regulator of stress-induced ligand expression as we show that IMP3 directly binds to the
3’untranslated region of ULBP2 mRNAs and indirectly influences MICB expression. Thereby, we identified the first protein-based
mechanism that acts on a ULBP family member. We identified the IMP3 binding site in the 3’ UTRs of ULBP2 and we show that the
knockdown of IMP3 leads to increased expression of NKG2D ligands on the cell surface and that this affects NK cell functionality in an
NKG2D-dependent manner.
Our findings shed a new light on the mechanism of action of the powerful oncogene IMP3 as we show that it facilitates immune
evasion and might thereby contribute in tumor formation.
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Background: Natural killer (NK) cells are a lymphocyte subset with well-documented cytotoxic activity against cancer cells. Evidence of
NK antitumor effect led researchers to focus on the development of immunotherapies aimed at augmenting NK recruitment and
infiltration into tumor and their anti-cancer functions. However one of the main limitations of NK cell therapy is cell dissemination
throughout the organism resulting in incomplete tumor infiltration. To solve this problem, we propose to use iron oxide
superparamagnetic nanoparticles to increase NK cell delivery into the tumour.
The aim of this study was to examine the optimal concentration, incubation and toxicity of dimercaptosuccinic acid (DMSA)-coated
Fe3O4 magnetic nanoparticles on the NK92MI cell line (ATCC_CRL2408).
Material and methods: We used NK92MI cells cultured in SCGM medium (CellGenix GmbH) with 1% P/S and 12.5% AB human serum
(INVITROGEN), incubated with DMSA magnetic nanoparticles (kindly provided by ICMM-Instituto de Ciencias Materiales de Madrid
and CNB-Centro Nacional de Biotechnología, Madrid, Spain) at different concentration (0, 12.5; 25; 50 and 100 mcg Fe/ml) 24 hours,
and maintained at 37ºC, 5% CO2. To evaluate the presence and localization of nanoparticles in NK cells we used confocal microscopy
and Pearls’ staining. NK cell metabolic activity was assessed with Prestoblue cell viability reagent (A13261, Invitrogen) after 18 and
24 hours incubation with nanoparticles. NK cell cytotoxicity was evaluated with europium-TDA assay using K562 cell line as target.
NK92MI cell line recruitment by aplication of an external magnetic field (300 teslas) was determined in a migration chamber using
fluorescence microscopy.
Results: Our study showed that the different concentrations of DMSA magnetic nanoparticles did not affect the metabolic activity in the
NK92MI cell line. DMSA magnetic nanoparticles did not enter NK92MI cells; we observed nanoparticles on the cell surface.
Nanoparticle-loaded NK92MI cells could nonetheless be mobilized by an external magnetic field. The NK92MI cell cytotoxicity activity
was maintained at different concentrations of DMSA magnetic nanoparticles.
Conclusions: The loading of NK cells with DMSA magnetic nanoparticles is a new approach to improve cell delivery to the tumor.
Although DMSA magnetic nanoparticles are not internalized by NK cells, their presence on the cell surface is sufficient to allow cell
movement in presence of a magnetic field. Nanoparticle-treated NK cells maintain their metabolic and cytotoxic activity. In the future
we will study the efficacy of nanoparticle-loaded NK cell therapy in in vivo xenograft solid tumor models.
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Natural killer (NK) cells are critical for the immunological control of haematological malignancies such as acute myeloid leukemia and
myelodysplastic syndrome. In contrast, the role of NK cells in acute lymphoblastic leukemia (ALL) is still unclear. In order to extend our
knowledge concerning the interaction of NK cells with leukemic ligands in childhood B-ALL, we employed an antibody panel for
specific detection of pan HLA-class I (A, B, and C), Bw4, Bw6, HLA-C and HLA-E in peripheral blood mononuclear cells (PBMC) of 31
children with B-ALL. On the one hand, overall levels of HLA class I surface expression (pan HLA) and overall expression levels of
HLA-B allotypes carrying the Bw4 or Bw6 epitopes were comparable in patients and healthy controls. On the other hand, strong and
consistent downregulation of HLA-C and HLA-E surface expression was observed in B-ALL patients. This downregulation was
restricted to the CD19+CD45- leukemic subset and could not be observed in residual healthy B cells of the patients. Analysis of flow
cytometrically enriched cells by real-time PCR revealed that mRNA levels for C1 and C2-bearing HLA-C alleles as well as for HLA-E
were significantly lower in CD34+ leukemic blasts than in the residual non-leukemic B cells. Nonetheless, CD107 mobilization of
short-term stimulated NK cells from healthy donors remained low even on NK cell subsets expressing a single inhibitory KIR for C2
(KIR2DL1), C1 (KIR2DL1), or HLA-E (NKG2A). Further experiments analyzing the functional state of patient NK cells will hopefully
help to clarify the underlying mechanism behind the specific and seemingly paradoxical downregulation of HLA-C- and -E-encoded
ligands in childhood B-ALL.
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Hematopoietic stem cell transplantation (HSCT) is the management of choice for patients with refractory malignancies. A significant
number of the HSCT patients develop side effects such as a- GVHD or relapse. Recently, a large body of controversial data has been
accumulated on the contribution of natural killer (NK) cells to graft-versus-malignancy (GVL) effects following HSCT, particularly in the
HLA-identical setting. Therefore, we initiated this study to evaluate the influence of natural cytotoxicity receptors (NCR), killer inhibitory
receptors (KIR) and HLA genotypes in the long- term follow up of HSCT in a cohort of 87 Saudi patients with different hematological
malignancies and their living related donors. PBMCs and genomic DNA were collected. Their DNA was typed using Sequence Specific
Primers (SSP) technique for the presence of all the 16 KIR genes and HLA by SBT. NCR were identified by flow cytometry. Relapse
was observed in 38% of which 85% died. 47% of the total patients encountered GVDH. Failure to achieve remission was associated
with over expression of the inhibitory receptor NKG2Aand down regulation of NK46. Alternatively, the presence of activating KIR in the
donor repertoire promoted adverse immune reactivity, whereas the presence of the inhibitory KIR in the patients promoted immune
tolerance and favorable transplant outcome. Alternatively, donors with B haplotypes and higher incidence of HLA-C2 homozygote
confer significant survival benefits to the patients. Finally, this is the first study of it type, predicting the outcome of bone marrow
transplantation based on NCR, KIR and HLA genotyped
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The role of different immune cell populations in context of the flu disease is an important topic of ongoing research. Recent
publications revealed different results regarding the impact of natural killer (NK) cells on the outcome of influenza A infections in
murine models. To study the role of NK cells, we depleted this population by using different antibodies (α-asialo, αNK1.1 and αCD122)
and used two different NKp46 (Ncr1) mutant mouse strains. After infection with different influenza A viruses (H1N1, H3N2, H7N7) we
monitored body weight loss and survival. Most notably, we observed an ambivalent role of NK cells. E.g. in mice infected with the virus
causing higher pathogenicity (PR8F) that usually succumb to the infection, the depletion had a positive effect with slower body weight
loss and higher survival rates. In contrast, the depletion of NK cells after infection with PR8M, the variant with lower virulence and
100% survival lead to increased susceptibility and decreased survival. In conclusion, a beneficial or adverse role of NK cells in fighting
influenza A infections depends on the subtype and virulence of the virus.
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Both NK cells and HLA/KIR interactions have been shown to play an important role in the control, clearance and progression of
hepatitis C. Here we aimed at elucidating the effects of viral peptides derived from HCV on HLA stabilization, changes in KIR binding
and primary NK cell function.
TAP-deficient 722.221 cells stably transfected with HLA-C*03:04 were used to screen 200 overlapping peptides, covering the NS3 and
core protein of HCV genotype 1, for their ability to bind and stabilize HLA-C*03:04. Binding of KIR2DL3 to the HLA-peptide complex
was assessed using a KIR2DL3-IgG fusion construct. Primary NK cells were isolated from healthy donors to investigate the effects of
identified peptides on KIR2DL3+ NK cell function.
We identified thirty-one peptides that were able to stabilize HLA-C*03:04. Of those only one 9mer peptide (YIPLVGAPL) resulted in
significant higher KIR2DL3 binding to HLA-C*03:04+ 722.221 cells and suppression of primary KIR2DL3+ NK cell function.
Interestingly this sequence, derived from the core protein at position 136-144, exhibited a high frequency of mutations in other HCV
genotypes. These genotype-specific peptides showed lower HLA-C*03:04 stabilization, decreased binding of the inhibitory KIR2DL3
and an impaired ability to inhibit the function of KIR2DL3+ NK cells.
Taken together we show that a viral peptide derived from the core protein of HCV genotype 1 binding to HLA-C*03:04 results in a
sequence-dependent engagement of the inhibitory NK cell receptor KIR2DL3 and subsequent inhibition of NK cell function. These
data furthermore show that sequence variations within HCV can modulate NK cell function, providing potential pathways for viral
escape.
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In humans, human cytomegalovirus (HCMV) infection selectively expanded NKG2Chi natural killer (NK) cells. This NK cell subset
displays distinctive phenotypic and functional features has been speculated that they function as ‘memory-like’ NK cells in human.
However, the role of viral gene(s) in the proliferation of NKG2Chi NK cells is totally unexplored. A better understanding of the
mechanisms underlying the HCMV drives NK cells proliferation may lead to new NK-based therapeutic interventions against infectious
agents.
We firstly established an efficient NK cell proliferation assay by using purified NK cells and HCMV infected cells. We found that the
proliferation of NKG2Chi cells is HCMV strains dependent. To identify which viral gene(s) contributes to the proliferation of NKG2Chi
NK cells, we constructed an HCMV bacterial artificial chromosome (BAC) with complete unique short (US) genes, which are important
for immune cell activities. Thereafter, by using interesting genes deletion mutants, we systematically investigated the HCMV genes
might be involved in NKG2Chi NK cell proliferation in the background of HCMV infection.

Optimization of KIR2DS1 reporter cell assay to identify HIV-peptide specific
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NK cells are able to recognize and kill HIV-1 infected cells though activating and inhibitory receptors including Killer Immunoglobulin
Receptor (KIR). Recent studies demonstrated that distinct subsets of KIR-expressing NK cells can be protective in HIV-1 pathogenesis
when associated with their specific HLA-ligands. In this study we aimed to better understand how the HLA-ligands can modulate the
KIR binding and thus influence NK cell function. We focused on HIV-peptides presented by HLA-C*06:02 and their influence on
binding of KIR2DS1.
We established and optimized a reporter assay to detect activation of KIR2DS1 transfected Jurkat cells in response to stimulation with
peptide pulsed 721.221.TAP1ko cells transfected with HLA-C*06:02 molecules. We first generated a TAP1 knock-out cell line
expressing the HLA-C*06:02 receptor. This cell line was used to screen a panel of 222 overlapping p24 Gag peptides for
HLA-stabilization. We identified 2 novel p24 derived HIV peptides, which share the same motif and stabilized the expression of
HLA-C*06:02. Furthermore, we designed a b2m knock-out Jurkat cell line stably expressing chimeric KIR2DS1-CD3ζ reporter
constructs. Using this newly generated Jurkat-b2mko-KIR2DS1 reporter cell line we were able to show that the identified peptides can
modulate the binding of KIR2DS1 to the HLA peptide complex.
This method was successfully used to identify novel HLA/HIV-peptide complexes as a ligand for KIR2DS1 and can be extended to any
type of HLA and KIR receptor. It will provide new insights to better understand the mechanisms of interaction between KIR and their
HLA-ligand and how it can affect HIV-1 pathogenesis.
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Background and Aims: Accumulating evidence has shown NK cells are potent regulators of adaptive immunity. A partially
TRAIL-mediated deletion of HBV specific T cells by NK cells has been documented (Peppa JEM 2013). In this study, we further
explored the role of NKG2D-dependent interactions between NK cells and T cells in chronic hepatitis B (CHB).
Methods: We evaluated peripheral blood from CHB patients and healthy individuals. Intrahepatic lymphocytes isolated from liver tissue
of biopsies (CHB) or resections (controls) or from transplant perfusate of deceased donor livers were also examined. A
MICA-transfected B lymphoblast cell line, C1R MICA, was used to assess NK cell activation and cytotoxicity. Global, activated and
HBV specific T cells from the circulation and liver were stained with NKG2D-L mAb. NK cell isolation kit and NKG2D-blocking mAb
were used for functional experiments.
Results: Our results showed NKG2D ligands are upregulated on T cells in CHB, particularly in patients with liver inflammation and on
the intrahepatic and HBV specific fraction. In line with the preferential NKG2D-L expression, HBV specific CD4 T cells could be
recovered from active hepatitis patients following NKG2D pathway blockade or NK cell depletion. We also demonstrated the
bi-directional interactions of NKG2D-L expressing cells can drive NK cell activation and cytotoxicity in vitro and directly ex vivo. The
findings of NKG2D dependent cross-talk support the link between highly activated NK cells and exhausted anti-viral T cells in chronic
HBV infection.
Conclusions: Our study implies that upregulated NKG2D-Ls on T cells drive activation and cytotoxicity of NK cells, promoting
HBV-specific T cell deletion. Thus NKG2D-dependent CD4 T cell/NK cell interactions may support innate immunity at the expense of
the adaptive arm in CHB.
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Natural killer T (NKT) cells represent a subset of immune cells that share characteristics of innate and adaptive immunity. Invariant
NKT cells recognize glycolipid antigens such as α galactosylceramide (αGalCer) presented by the non classical MHC molecule CD1d.
Decreased NKT cell frequencies have been reported in chronically HCV infected patients, however, contradicting reports exist. We
therefore aimed to comparatively study NKT cell frequencies and function in people with chronic and spontaneously resolved HCV
infection.
CD1d-restricted NKT (CD1d NKT) cells of chronically HCV infected people who inject drugs (PWID) (n=28) and PWID with resolved
HCV infection (n=33) were analyzed by flow cytometry utilizing a CD1d-tetramer complexed with αGalCer.
CD1d NKT cell frequencies did not differ between PWID with resolved HCV infection and PWID with chronic HCV infection.
Expression of the NK cell receptors NKG2A, NKG2C, NKG2D and KIR2DL3 on CD1d NKT cells, previously described to be
differentially regulated on NK cells in HCV infection, was also not significantly different between groups. Interestingly, CD1d NKT cells
of chronically infected PWID showed significantly higher expression of the activation marker CD38. Despite this activated phenotype in
PWID with chronic HCV infection CD1d NKT cells expressed high levels of CD127 and CD161 and predominantly lacked CD57
irrespective of the infection status. Moreover, no difference in expression of the exhaustion markers PD-1 and BTLA could be
observed between groups. Treatment of PBMCs with αGalCer induced robust CD1d NKT cell expansion in both groups associated
with upregulation of CD38 and downregulation of CD127. Independent of HCV status, CD1d NKT cells produced similar levels of IFNγ,
IL 2, TNFα, IL-4 and CD107a.
Our data indicate that chronic HCV infection in PWID is associated with increased expression of the activation marker CD38 on CD1d
NKT cells, however, this activated phenotype was not associated with differential functionality or altered expression of other NK cell
receptors or T cell differentiation markers.
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Hypoxia impairs anti-viral activity of natural killer (NK) cells in hepatitis C virus
infection
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Background: Natural killer (NK) cells have been shown to effectively block HCV replication in an IFN-gamma dependent fashion. All
these studies, however, analysed NK cell functions exclusively under atmospheric oxygen conditions despite the fact that the liver
microenvironment is hypoxic. Here, we studied the effects of low oxygen tension on anti-viral and anti-fibrotic NK cell activity.
Methods: Peripheral (n=28) and intrahepatic (n=6) NK cells from HCV(+) patients as well as circulating NK cells from healthy donors
(n=14) were studied with respect to anti-viral activity via coculturing with HuH7 replicon cells. Hypoxic conditions (5% and 1% O2)
were obtained in a modular incubator chamber.
Results: Anti-viral activity of resting NK cells from healthy controls was not affected by hypoxia. However, hypoxia significantly reduced
the response of healthy NK cells to cytokine stimulation. In contrast to healthy controls, we observed resting and cytokine activated
peripheral NK cells from HCV patients to display a significantly decreased anti-viral activity when cultured at 5% or 1% oxygen,
suggesting HCV NK cells to be very sensitive to hypoxia. These findings could be confirmed when intrahepatic NK cells were tested.
Further experiments indicated that impaired IFN-gamma production as well as downregulation of the NK cell receptors NKp46 and
NKG2D might be involved in hypoxia-induced dysregulation of anti-viral NK cell activity. Moreover, when cultured under hypoxic
conditions, NK cells from HCV patients displayed a significantly lower increase in mRNA expression of the glycolytic genes PDK1,
PFKFBP3, and TPI1 than healthy NK cells, indicating an impaired shift to a glycolytic mode for generation of energy.
Conclusions: Our results demonstrate that anti-viral function of NK cells from HCV(+) patients is critically affected by a hypoxic
microenvironment and, therefore, indicate that in order to obtain an accurate understanding of intrahepatic NK cell anti-HCV activity,
the laboratory modelling should take into account the liver specific levels of oxygen.

CD39 expression on Natural Killer cells during HIV infection correlates with
disease progression and abrogates ATP-mediated inhibition of effector functions
Patrick Dierks1, Johanna Eberhard1, Gloria Martrus2, Sebastian Lunemann2, Julian Schulze Zur Wiesch1
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PetteInstitute - Leibniz Institute for Experimental Virology, Virus Immunology Unit, pdierks@pdierks.de

Functional NK cell responses have been shown to be relevant during the coordinated immune response against chronic viral infections
like HIV. NK cell activation is not regulated by a dominant receptor as in B or T cells, but is the result of a balance of various signals
recognized by C type lectin-like and Killer-cell immunoglobulin-like receptors.
The ectonucleotidases CD39 and CD73 are known for its ability to degrade pro-inflammatory extracellular ATP to anti-inflammatory
Adenosine. This ability has been shown to affect immune cell regulation in an autocrine and paracrine manner. Recently,
dysregulations of this purinergic pathway have been shown to affect Treg and CD8 T cell responses during HIV.
As ATP and Adenosine are known to regulate NK cell responses, the aim of this study is to reveal the expression pattern of CD39 on
NK cells and its functional consequences during HIV infection. Therefore, we analyzed PBMC samples derived from a cohort of
HIV-infected treatment-naïve (n=30), treated (n=20), HIV/HCV-coinfected (n=10) patients and compared them to healthy controls
(n=20) via multicolor FACS.
We found significantly increased amounts of CD39-positive NK cells in HIV compared to healthy controls, with the highest levels in
treatment-naïve individuals. The expression level of CD39 on NK cells correlated with disease progression parameters like CD4 count
(inverse correlation, R²=0.62, p=0.0001) and CD8 T cell activation (R²=0.29, p=0.01). The levels of CD73 remained unaltered.
Furthermore, we detected a differentiation-associated skewing of CD39 expression on NK cells with high levels on immature NKG2A+
CD56bright NK cells compared to mature KIR+CD57+ CD56dim NK cells in all groups. We confirmed the assumption that
CD39-positive NK cells are able to degrade ATP in contrast to CD39-negative NK cells by a Luciferase-based ATP detection assay.
Additionally, we observed that levels of functional CD39 on NK cells are highly inducible by activation with cytokines like IL2 and/or
IL12. Functionally, we observed a higher proliferative capacity and higher production of IFNgamma in the CD39-positive NK cell
compartment after stimulation. Furthermore, we inhibited proliferative NK cell responses and IFNgamma production by adding different
amounts of ATP. Consequently, we found that CD39-positive NK cells were significantly less sensitive to ATP-mediated inhibition of
effector functions.
We provide first evidence that NK cells express high amounts of CD39 during HIV infection. This expression seems to be
differentiation-associated and influences NK cell functions under presence of pro-inflammatory ATP, which may have consequences
for NK responses and course of HIV infection.
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Dissecting human NK cell-mediated immune responses in Hepatitis C Virus
infection
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Infections with Hepatitis C Virus (HCV) can lead to chronic disease resulting in chronic liver inflammation, tissue damage and liver
failure. The host immune response, involving innate and adaptive components, plays a critical role in both virus control and disease
progression. Strong epidemiological data highlight a key role for NK cells during spontaneous clearance of HCV infection and
response to treatment. The mechanisms of how NK cells recognise and are activated by virus-infected cells and the resulting anti-viral
mechanisms are still a topic of ongoing research.
To address these question, we established HCV-Replicon systems, using the well-described subgenomic Replicon JFH1 in host cell
lines; the hepatoblastoma line Huh6, a cell line capable of supporting the full HCV viral life cycle, the hepatic progenitor cell line
HepaRG and the widely used Huh7.5 Replicon system. To control for effects of the electroporation and selection process we also
established “cured” cell lines, which were treated with drugs and were confirmed to be free from viral RNA.
Similar expression of NK cell ligands for the main activating and inhibitory receptors was detected in the Replicon cell lines compared
to control cell lines. However, after co-culture of Replicon Huh6 cells with peripheral blood mononuclear cells (PBMCs), NK cells from
Replicon-carrying Huh6 co-cultures showed an activated phenotype, as indicated by upregulation of different markers including CD25,
CD57, OX40 and downregulation of CD16 compared to parental or cured Huh6 cells. Furthermore, NK cells from the PBMC Huh6-sgJFH1 co-cultures showed significantly higher levels of IFN-gamma production without restimulation and after IL-12/15
restimulation. These findings suggest that the activation of NK cells might not result from direct cell-to-cell contact with
Replicon-carrying hepatoma cells but rather from other cell types within those cultures. Indeed, after depletion of CD14+ cells from
the PBCMs in these co-cultures, upregulation of the activation markers and enhanced IFN-gamma production could be abrogated.
Our results extend existing literature that NK cells in HCV cell culture systems are mainly activated via indirect mechanisms rather
than by direct contact with virus or virus infected cells. Future studies will investigate the underlying mechanism of CD14+ cell
activation and their cross-talk with NK cells in our Replicon cell lines and also in full-length HCV RNA systems.

Charaterization of liver-resident and liver-homing NK cells in infectious and
non-infectious liver inflammation
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Natural Killer (NK) cells constitute a larger proportion of the intrahepatic lymphocyte (IHL) compartment. They have been shown to
play an important role in the clearance and control of hepatotropic infections, but have also implicated in the immunpathogensis of liver
disease. Prior studies have primarily focused on NK cells from the peripheral blood; this was mainly due to the sample availability.
In this study we compare NK cells from matched blood and liver samples. We investigate the differences in baseline characteristics as
well as the differential effects of infectious (HCV) or non-infectious liver inflammation (PSC or alcohol related).
In general we observed an increased frequency of CD56bright NK cells as well as an overall lower maturation state of the CD56dim
NK cells (lower expression of CD57 and KIRs) in the IHL compartment. Furthermore NK cells in the liver showed higher levels of
activation (CD69). In accordance with other studies we find CD49a+ NK cells almost exclusively in the liver when compared to the
blood, CD49a has be described as a marker for tissue-residency. PCA analysis revealed distinct patterns of NK cell phenotypes when
comparing different inflammatory liver pathologies of infectious and non-infectious origins.
Taken together, we show that liver NK cells have a distinct phenotype when compared to matched peripheral blood samples, and that
infectious and non-infectious causes of liver inflammation imprint unique NK cell-phenotype signatures.
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Analysis of human natural killer cell repertoires during development in a human
cytomegalovirus-infected stem cell niche.
1

1

2

1

1

3

158

Ricarda Ising , Xiaoyi Zhao , Albert Zimmermann , Katharina Raba , Angela Manser , Özer Degistirici ,
Gesine Kögler1, Hartmut Hengel4, Roland Meisel3, Jörg Timm2, Markus Uhrberg1
1Institute for Transplantation Diagnostics and Cell Therapeutics, University Hospital Düsseldorf, Germany, 2Institute of Virology,
UniversityHospital Düsseldorf, Germany, 3Children’s Hospital, University Hospital Düsseldorf, Germany, 4Institute of Virology,
UniversityHospital Freiburg, Germany, ricarda_ising@t-online.de

Natural killer (NK) cells mediate innate immune responses against virus-infected cells and they are particularly important to keep
human cytomegalovirus (HCMV) infections under control. HCMV is a widespread β-herpes virus that establishes lifelong persistence.
In healthy individuals an infection is usually asymptomatic, but it represents a major complication in hematopoietic stem cell
transplantation and other immune-compromised settings. Recent studies revealed that the composition of the NK cell receptor
repertoire is altered by systemic virus infection. Individuals with HCMV often show increased NKG2C expression and enhanced
amounts of HLA-C-recognizing cognate KIR on a characteristic effector/memory-type of NK cells. In this study, we were interested in
the role of HCMV infection during NK cell differentiation, which is so far poorly understood. To this end, we established an in vitro
model employing hematopoietic stem and progenitor cells (HSPC) from cord blood that were co-cultivated on human mesenchymal
stem cells (MSC) infected with the HCMV strain AD169 and subsequently differentiated towards mature NK cells. Co-culture with
HCMV-infected MSC as stem cell niche led to significantly accelerated NK cell differentiation, characterized by a high percentage of
NKG2A+ NK cells at early time points and in certain cases moderate NKG2C expansions. Interestingly, in replating experiments an
HCMV-infected environment was primarily important during the first week of differentiation, which was sufficient to cause considerable
alterations in the NK cell repertoire of the emerging mature NK cells during weeks 2-4. The presented co-culture system seems to
provide a useful platform to study virus-induced interference with NK cell differentiation.
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