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How to get to venue (MHH, Buildung J6)
It will be very difficult to get a parking space around the MHH.
Most participants will be accommodated at the GHOTEL which is located close to the venue enabling further discussion and interaction. We organized a shuttle service to transport symposium participants between the hotel and the
meeting venue free of charge.

How to get to the Mensa
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How to get to the MHH
By train (Deutsche Bahn, DB):
Commuter train S6/S7 (going to Celle): get on at the main station; get off at Karl-Wiechert-Allee and change
upstairs to city tram line U 4 (going to Roderbruch).
Commuter train S3 (going to Hildesheim): get on at the main station; get off at Karl-Wiechert-Allee and change
upstairs to city tram line U 4 (going to Roderbruch).
By city tram (Üstra):
Tram line U 4 runs from Garbsen via Kröpcke (not from the main station) in the direction of Roderbruch; the MHH
has its own stop, Medizinische Hochschule.
From the main station: either walk 400 m to the next stop, Kröpke, or take tram line U 1, U 2, or U 8 (Messe) located two levels below the main station. Get off at the second stop, Aegidientorplatz, and change on the same level to
tram line U 4 on the other side of the platform.
By city bus (Üstra):
Bus 123, either from Peiner Strasse (via tram line U 1, U 2, or U 8) or from Buchholz (tram lines U 3 and U 7); get
off at Medizinische Hochschule.
Bus 124, either from Am Brabrinke (via U 1 or U 2) or from Misburg; get off at Misburger Strasse (at the Dental
Clinic).
Bus 127, either from Kantplatz (via U 4 or U 5) or from Lahe (via U 3); get off at Medizinische Hochschule.
Bus 137, either from Kantplatz (via U 4 or U ) or from Spannhagengarten (via U 3 or U 7); get off at Medizinische
Hochschule
Note that these bus connections do not originate from the main station, but must be reached by connecting tram lines.

By car:
From Kassel on the A7: at the Hannover-Süd interchange (Autobahn-Dreieck), take the A37 in the direction of
Hannover. The A37 becomes the "Messeschnellweg" (see below).
From Hamburg on the A7: at the Hannover-Kirchhorst interchange (Autobahn-Kreuz), take the A37 in the direction of Hannover. See further directions below.
From Dortmund or Berlin on the A2: at the Hannover-Buchholz interchange (Autobahn-Kreuz), take the A37 in
the direction of Hannover. See further directions below.
From the A37 (= Messeschnellweg), exit at the Weidetor traffic circle (Weidetorkreisel) onto Karl-Wiechert-Allee
(cf. map below). From here it is a short drive to the MHH.
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We thank the following companies and institutions for supporting the
Natural Killer Cell Symposium 2014!
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Scientific Program

Wednesday, 10.9.2014
12:00

Registration open

13:45-14:00

Welcome address

Heidi Cerwenka / Roland Jacobs

14:00-15:30

Session 1
NK cell development, receptors,
education
Chair: Lutz Walter

14:00 Hugh J.M. Brady (001)
The role of E4BP4/Nfil3 in NK cell development
14:36 Stephen K. Anderson (002)
Characterization of a weakly expressed KIR2DL1 allele uncovers a novel promoter that controls KIR expression
14:49 Arnika K. Wagner (003)
Adaptation of NK cell responsiveness upon altered MHC
class I-dependent inhibitory input: efficient rejection of tumors with a missing self-phenotype and tolerance towards
healthy cells
15:02 Eva M. Putz (004)
A novel non-canonical role of STAT1 in NK cells
15:15 Stephanie Trittel (005)
Activated NKT cells shape NK cell differentiation and education

15:30-16:00

Coffee break

16:00-17:00

Keynote Session
Chair: Chiara Romagnani

17:00-17:45
17:45-18:00

Poster preview I, Chair: Roland Jacobs
General Assembly of the NK cell
group in the German society for
Immunology
Poster Session I (odd numbers)
Get together in the lobby
Fingerfood 18-20h

Ca. 18:00

Miguel López-Botet (006)
Adaptive reconfiguration of the human NK-cell compartment
in response to cytomegalovirus infection
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Thursday, 11.9.2014
9:00-10:30

9:00 Jakob R. Passweg (007)
Clinical aspects of therapeutic NK cell infusion
9:36 Markus Granzin (008)
Automation of clinical grade and highly efficient NK cell
expansion for therapeutic use
9:49 Catharina C. Gross (009)
Impaired immune regulatory function of natural killer (NK)
cells in multiple sclerosis (MS)
10:02 Andreas Schulte-Mecklenbeck (010)
CD56brightCD16-/dim NK cells exhibit enhanced migratory capacity across the blood brain barrier and are the major intrathecal NK cell subset
10:15 Dejene M. Tufa (011)
TNFR2 signaling due to binding of slanDCs’ membranebound TNF-alpha equips natural killer cells with enhanced
functions

Session 2
Clinical aspects of NK cells
Chair: Ulrike Köhl
Sponsored by

10:30-11:00

Coffee break

11:00-12.30

Session 3
NK cells and cancer I
Chair. Elke von Pogge Strandmann

12:30

Lunch Mensa

13:45-15:15

Session 4
NK cells and cancer II
Chair: Heidi Cerwenka

15:15-15:45

Coffee break

11:00 Karl-Johan Malmberg (012)
Harnessing Adaptive NK cells in Cancer Therapy
11:36 Julia Wild (013)
The TNF-family member BAFF is released by NK cells upon
activation and facilitates diminished susceptibility of Chronic Lymphoid Leukemia cells to direct and Rituximab induced
NK reactivity
11:49 Dagmar Gotthardt (014)
Loss of STAT3 in murine NK cells enhances NK celldependent tumor surveillance
12:02 Carla E. Schumacher (015)
The role of OX40 and its ligand in Acute Myeloid Leukemia:
Expression, function and modulation of NK cell antileukemia reactivity
12:15 Sonja Textor (016)
Transcriptional regulation of the NKp30 ligand B7-H6
13:45 Todd A. Fehniger (017)
Utilizing cytokines to optimize NK cell anti-tumor functionality
14:21 Barbara Seliger (018)
MicroRNAs as regulators of the immune surveillance of
tumors
14:34 Moritz Anft (019)
Decreased NK cell mediated immunosurveillance of EDI3
overexpressing cancer cells
14:47 Samuel Körner (020)
Development and preclinical characterization of an Fcoptimized CD133 antibody for improved induction of NK
cell reactivity against solid tumors
15:00 Martha Chekenya (021)
Allogeneic NK cells efficiently kill glioblastoma and prolong
animal survival in a NKG2D and KIR2DS2 dependent mechanism.
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15:45-17:15

Session 5
Effector functions of NK cells
Chair Christine Falk

15:45 Yenan Bryceson (022)
CMV infection drives epigenetic diversification of adaptive
NK cells with altered signaling and effector function
16:21 Maxi Scheiter (023)
S100A4 coordinates granule transport towards the NK cell
immune synapse
16:34 Ali Akhdar (024)
The influence of immunosuppressive drugs on the interaction between NK cells and primary human hepatocytes
(PHH) as in vitro model for solid organ transplantation
16:47 Jing Ni (025)
Macrophages dependent activation of CD4 T cells is required for persistent NK cell function
17:00 Emily M. Mace (026)
Quantification of F-actin filament dynamism by nondiffraction limited STED microscopy

17:15-17:45

Poster preview II, Chair: Roland Jacobs

17:45-19:30

Poster Session II (even numbers)

20:30

Dinner for all registered participants

Friday, 12.9.2014
9:00-10:30

Session 6
NK cells and infection I
Chair: Marcus Altfeld

10:30-11:00

Coffee break

11:00-12:30

Session 7
NK cells and infection II
Chair: Reinhold E. Schmidt

12:30

9:00 Galit Alter (027)
Signatures of NK cell mediated protection in HCV and HBV
infection
9:36 Jerome D. Coudert (028)
NK cell response to MCMV is tuned in cis
9:49 Branka Popović (029)
Differential requirements of activating and inhibitory Ly49
receptors in recognition of MCMV-infected cells
10:02 Paola Kucan (030)
CMV lacking PVR inhibitor demonstrates dramatic attenuation and enhanced susceptibility to innate immune control
10:15 Richard Berry (031)
The Structure of the Cytomegalovirus-Encoded m04 Glycoprotein, a Prototypical Member of the m02 Family of Immunoevasins
11:00 Salim Khakoo (032)

Peptide mediated activation of NK cells
11:36 Grzegorz Terszowski (033)
NK cell response to human cytomegalovirus: Forget about
memory?
11:49 Christian Körner (034)
NK cells expressing self-inhibitory KIR2DL receptors display
reduced ability to inhibit HIV-1 replication in vitro
12:02 Aura Muntasell (035)
Antibody-mediated response of NKG2Cbright NK cells against
human cytomegalovirus
12:15 Lutz Walter (036)
Progression to AIDS in SIV-infected rhesus macaques is
associated with distinct KIR and MHC class I polymorphisms and NK cell dysfunction

Final remarks and departure
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INVITED TALK
The role of E4BP4/Nfil3 in NK cell development

1

Hugh J.M. Brady1
1Department

of Life Sciences, Imperial College London, h.brady@imperial.ac.uk

The transcription factor E4bp4/Nfil3 is critical for NK cell production. We find that E4bp4 expression in Common Lymphoid Progenitor
cells is essential for the formation of NK progenitor cells in bone marrow. E4bp4 acts through a small core of transcription factors,
including Eomes and Id2, each of which can rescue NK cell production in haematopoietic progenitor cells from E4bp4-/- mice. E4bp4
binds to the Eomes and Id2 genes and promotes their transcription. We propose that E4bp4 is required for commitment to the NK cell
lineage. We also find that post-translational modifications have a significant effect on E4bp4 activity and its efficiency in controlling NK
cell production.
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SELECTED SHORT TALK
Characterization of a weakly expressed KIR2DL1 allele uncovers a novel promoter
that controls KIR expression
1

2

2

1

1

3

2

Stephen K. Anderson , Paul W. Wright , Hongchuan Li , Andrew Huehn , Geraldine M. O , Sarah Cooley ,
Jeffrey S. Miller3
1Cancer and Inflammation Program, CCR, NCI, Frederick, MD, USA, 2Leidos Biomedical Research Inc., FNL, Frederick, MD,
USA,3Division of Hematology, Oncology, and Transplantation, University of Minnesota, MN, USA, andersonst@mail.nih.gov

Members of the human KIR class I MHC receptor gene family contain multiple promoters that determine the variegated expression of
KIR on NK cells. In order to identify novel genetic alterations associated with decreased KIR expression, a group of donors was
characterized for KIR gene content, KIR transcripts, and KIR protein expression. An individual with a single copy of the KIR2DL1 gene
but a very low level of gene expression by either FACS or qRT-PCR was identified. A single nucleotide polymorphism (SNP) was
identified that creates a binding site for the inhibitory ZEB1 transcription factor in the distal promoter region approximately 1 kb
upstream from the start of KIR2DL1 translation. Individuals possessing this SNP had a substantial decrease in distal KIR2DL1
transcripts initiating from a novel start site approximately 250 bp upstream of the proximal promoter that correlated with decreased
KIR2DL1 expression. Surprisingly, there was no decrease in transcription from the KIR2DL1 proximal promoter believed to be
responsible for expression of the KIR protein. Reduced activity of the novel distal promoter revealed the existence of alternatively
spliced KIR2DL1 transcripts containing premature termination codons that initiated from the proximal KIR2DL1 promoter. Altogether,
these results indicate that the novel KIR2DL1 distal promoter identified is required for KIR2DL1 expression, and the primary role of the
extensively characterized proximal promoter is to act as a probabilistic switch controlling the frequency of gene activation.
This research was supported in part by the Intramural Research Program of the NIH, National Cancer Institute, Center for Cancer
Research. Funded by NCI Contract HHSN261200800001E.
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SELECTED SHORT TALK
Adaptation of NK cell responsiveness upon altered MHC class I-dependent
inhibitory input: efficient rejection of tumors with a missing self-phenotype and
tolerance towards healthy cells

3

Wagner K Arnika1, Wickström L Stina1, Tallerico Rossana1, Lakshmikanth Tadepally1, Salam Sadia1,
Brauner Hanna1, Höglund Petter1, Carbone Ennio1, Johansson H Maria1, Kärre Klas1
1Department

of Microbiology, Tumor and Cell Biology, Karolinska Institutet, S-17177 Stockholm, Sweden, 2Department of
ClinicalImmunology and Transfusion Medicine, Karolinska Institutet, S-141 86 Stockholm, Sweden, 3Department of
Experimentaland Clinical Medicine, University of “Magna Graecia”, 88199 Catanzaro, Italy, arnika.wagner@ki.se

The ability of NK cells to reject cells lacking self MHC class I depends on an in vivo education process which confers functional
competence to the individual NK cell bearing the critical MHC-I-specific receptor(s). In the mouse, this education process influences
both the frequency of NK subsets as defined by the combination of expressed Ly49 receptors (systemic level), and cellular
responsiveness within each subset (single cell level). Studies by several groups suggest that the functional competence of an
individual NK cell is the result of continuous quantitative and qualitative influence by MHC class I molecules. We studied the situation
where the degree of inhibitory input perceived by educated mature NK cells was changed by transferring mature NK cells to mice with
a different MHC class I phenotype. The rejection capacity against “missing self” target cells was tested in vivo by challenging the mice
with MHC-I- spleen or tumor target cells. We show that NK cells rapidly adapt to an altered MHC class I-dependent inhibitory input in
that the transferred NK cells tolerate spleen target cells that lack a critical MHC class I allele while recognition of the same missing
self-phenotype displayed by malignant cells results in efficient rejection. We show that mature non-educated NK cells that do not
express MHC class I molecules themselves, can increase their capacity to kill MHC class I-deficient cells in vivo after transfer to an
MHC class I-sufficient host. These results demonstrate that mature NK cells adapt rapidly to the inhibitory input received by MHC class
I. Importantly, our results suggest that tuning to tolerate normal cells lacking critical MHC-I ligands still allows NK cells to detect and
efficiently eliminate tumor cells lacking the same ligands. This supports the notion that the outcome of NK cell education is quantitative
and context-dependent at the target cell level, a feature that may be exploited for their use in immunotherapy.
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SELECTED SHORT TALK
A novel non-canonical role of STAT1 in NK cells

4

Eva M. Putz1, Nicole R. Leitner2, Mathias Müller2, Veronika Sexl1
1University

of Veterinary Medicine Vienna, Institute of Pharmacology and Toxicology, Vienna, Austria, 2University of Veterinary
MedicineVienna, Institute of Animal Breeding and Genetics, Vienna, Austria, eva-maria.putz@vetmeduni.ac.at

Natural Killer (NK) cell development and maturation to fully functional effector cells is mediated by a variety of cytokines, which most
prominently activate the Janus Kinase/Signal Transducer and Activator of Transcription (JAK/STAT) pathway. Activated by interferons,
STAT1 transmits crucial signals allowing the proper development and function of NK cells. Loss of STAT1 is associated with reduced
major histocompatibility complex (MHC) expression and severely impaired NK cell maturation and cytotoxicity. Although these defects
are well-described and documented, the mechanism is still not fully understood. We thus aim to determine the molecular role of
STAT1 in NK cells during maturation and the delivery of kiss of death. Immunofluorescence staining of the transcription factor STAT1
showed an unexpected but clear accumulation of STAT1 at the interface between NK and target cells without any evidence for nuclear
translocation. This finding led us to investigate the proteome of STAT1 in murine NK cells. In order to do so we used a
doxycycline-inducible, FLAG-tagged STAT1 expression system in mice lacking endogenous STAT1 (i.e. Stat1ind mice) (Leitner et al.,
2014). Dose-dependent STAT1 re-expression in STAT1-deficient animals leads to rapid restoration of NK cell maturation, which allows
studying the molecular function of STAT1 under physiological conditions. Preliminary data suggest a novel non-canonical role of
STAT1 in NK cells.
Reference:
Leitner, N. R., Lassnig, C., Rom, R., Heider, S., Bago-Horvath, Z., Eferl, R., … Müller, M. (2014). Inducible, dose-adjustable and
time-restricted reconstitution of stat1 deficiency in vivo. PloS One, 9(1), e86608. doi:10.1371/journal.pone.0086608
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SELECTED SHORT TALK
Activated NKT cells shape NK cell differentiation and education
Stephanie Trittel1, Peggy Riese1, Carlos A. Guzman1
1Helmholtz

5

Centre for Infection Research, Braunschweig, Germany, stephanie.trittel@helmholtz-hzi.de

NK cells were until recently thought to be a homogenous and short-lived innate lymphocyte population. However, the recent findings of
a continuous NK cell differentiation process underscore their multifunctional properties and thus their potential as targets for immune
interventions. However, to exploit their full potential, a detailed understanding of the cellular cross talk with other immune cells is
required. Thus, to address this knowledge gap, we assessed the effect of NK- NKT cell crosstalk on crucial NK cell features following
stimulation of NKT cells. The results provide strong evidence for NKT cell induced effects on biologically relevant NK cell features
including functionality, differentiation and education. Thus, we observed NKT cell dependent generation of highly active CD27high NK
cells with improved functionality. Interestingly, in parallel to this effect, we observed that NKT cell activated NK cells, expressing both
the transcription factors Eomes and T-bet, were the main producer of IFNγ. Furthermore, in a mouse cytomegalovirus (mCMV)
infection model we demonstrated that NKT cell stimulation yielded educated NK cells with an enhanced cytotoxic capacity. This was in
turn of critical relevance for the observed anti-viral activity. With the aim to evaluate the impact of the observed NK cell modulation on
long term immune responses, we immunized mice using the model antigen OVA in combination with the pegylated NKT cell agonist
αGalCerMPEG followed by two boost injections. Immune responses analyzed three weeks after immunization revealed memory-like
NK cells in the spleen of immunized mice, which were characterized by a stronger expression of Ly6C and the down regulation of
CD62L expression, as compared to control mice. Thus, our findings reveal new fundamental aspects of the NKT-NK cell axis that
could be applied to manipulate NK cells and subsequent immune responses in clinical settings.
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INVITED TALK
Adaptive reconfiguration of the human NK-cell compartment in response to
cytomegalovirus infection
1

6

Miguel López-Botet

1Immunology / Univ. Pompeu Fabra. Hospital del Mar Medical Research Institute (IMIM), Dorctor Aiguader 88, 08003
BarcelonaSpain, lbotet@imim.es

Human Cytomegalovirus (HCMV) causes a highly prevalent and lifelong infection, with a multifaceted impact in human health. NK cells
play an important role in the immune response to HCMV and the virus has reciprocally developed a variety of immune evasion
strategies. We originally reported that HCMV infection promotes, to a variable degree in healthy individuals, a redistribution of the
NK-cell receptor (NKR) repertoire which persists under steady-state conditions. Its hallmark is an expansion of a mature NK-cell
subset displaying high surface levels of the CD94/NKG2C activating receptor, with additional distinctive phenotypic and functional
features. Such adaptation of host NK cells to HCMV infection, confirmed in different clinical settings, is particularly magnified in
immunocompromised patients and influenced by NKG2C gene copy number. The mechanism(s) underlying the differentiation and
proliferation of NKG2C+ NK cells, the basis for the individual variability in the magnitude of their expansion, and their precise role in
anti-viral defence remain open issues. Moreover, the possibility that the impact of HCMV infection on the NK-cell compartment may
exert a broader influence on the immune system deserves further attention.
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INVITED TALK
Clinical aspects of therapeutic NK cell infusion

7

Jakob Passweg1
1Klinik

für Hämatologie / Universitätsspital Basel, Petersgraben 4, 4031 Basel Switzerland, jakob.passweg@usb.ch
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SELECTED SHORT TALK
AUTOMATION OF CLINICAL GRADE AND HIGHLY EFFICIENT NK CELL
EXPANSION FOR THERAPEUTIC USE.
1

1

Markus Granzin , Sabine Müller , Volker Huppert
1Miltenyi

1

8

Biotec GmbH, Bergisch Gladbach, Germany, markusgr@miltenyibiotec.de

The use of ex vivo activated Natural Killer (NK) cells to treat cancer patients is a promising strategy in cancer therapy. This implies the
need for GMP compliant methods that provide clinical relevant doses of activated NK cells. Therefore we developed an automated
large scale NK cell cultivation process based on a clinical grade expansion protocol.
To activate and expand NK cells, purified NK cells were triggered with an Epstein-Barr virus-transformed lymphoblastoid cell line
(EBV-LCL) that has been proven to be safe in clinical use. All cultivation steps were done automated in a closed system using the
CliniMACS® Prodigy, an instrument developed for clinical cell processing. The automation included temperature and aeration control,
medium exchange, gentle mixing of the cells and sampling for analysis. NK cells from 10 donors were automatically cultivated for 14
days resulting in 850 fold mean expansion and yielding 1.3x10^9 pure NK cells. Expansion kinetics were comparable to manual
cultivation in T flasks and lead to the same activated NK cell phenotype. Functional tests reveal that automatically expanded NK cells
show in vitro killing of several target cell lines, comparable to manually expanded NK cells. Addition of Rituximab further increased
killing of CD20 positive cell lines, proving expanded NK cells’ ability for antibody dependent cellular cytotoxicity (ADCC). IFNy and
TNFa production upon stimulation with K562 was slightly higher in automatically expanded compared to manually expanded NK cells.
Telomere analysis showed no significant change in the telomere length of expanded NK cells after cultivation, indicating that the
proliferative potential was not impaired even after extensive expansion.
In conclusion, we developed an automated method to produce high numbers of functional, clinical grade NK cells. The process takes
place in a closed system, does not need manual hands on and therefore provides a basis for operator independent, standardized NK
cell processing for therapeutic applications.
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SELECTED SHORT TALK
Impaired immune regulatory function of natural killer (NK) cells in multiple
sclerosis (MS)
1

1

1

1

1

9

Andreas Schulte-Mecklenbeck , Anna Rünzi , Anita Posevitz-Fejfár , Nicholas Schwab , Heinz Wiendl* ,
Catharina C. Gross* *shared authorship1
1Department

of Neurology, University Hospital Münster, Münster, Germany, catharina.gross@ukmuenster.de

Multiple sclerosis (MS) is a chronic inflammatory autoimmune disease of the central nervous system (CNS) and one of the main
reasons for permanent disability in young adults. MS is considered to result from a breakdown in peripheral immune tolerance that is
driven by peripheral activation of myelin-specific effector T cells. While the importance of NK cells in the control of activated T cells has
been well established, it is still unclear whether immune-regulatory functions of NK cells are impaired as part of the disease or immune
modulating MS therapies targeting NK cells among others such as Daclizumab simply boost NK cell immune regulatory function.
To answer this question we investigated 47 therapy naïve MS patients (average age: 34 ± 11 y) with clinically stable disease course
and compared them to healthy volunteers (n = 57, average age: 35 ± 12 y). Multi-color flow cytometry revealed that the proportion of
NK cells, namely the CD56dimCD16+ NK cell subset, was significantly reduced in the periphery of therapy naïve MS patients and
MS-NK cells expressed lower amounts of certain activating NK cell receptors on their cell surface. Moreover, CD56brightCD16-/dim
NK cells showed enhanced activation in MS patients compared to healthy individuals. However, no differences in the content of
cytolytic granules were observed between MS patients and healthy individuals and the cytolytic activity of IL-2 activated NK cells
towards MHC class I deficient target cells was also not impaired in MS. In contrast, the cytolytic activity of IL-2 activated NK cells in
response to autologous antigen-activated MHC class I expressing CD4 T cells was defective in MS patients. Criss/cross experiments
revealed that this defective immune regulatory function is partly due to a CD4 T cell evasion. Finally, ex vivo stimulation of NK cells in
the presence of Daclizumab significantly improved defective immune regulatory function of NK cells. Overall, our data demonstrate
defective immune control of antigen activated T cells by NK cells in MS.
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SELECTED SHORT TALK
CD56brightCD16-/dim NK cells exhibit enhanced migratory capacity across the
blood brain barrier and are the major intrathecal NK cell subset
1

1

2

1

10

Andreas Schulte-Mecklenbeck* , Anna Rünzi* , Tanja Kuhlmann , Tilman Schneider-Hohendorf ,
Sven G. Meuth1, Heinz Wiendl*1, Catharina C. Gross* *shared authorship1
1Department of Neurology, University Hospital Münster, Münster, Germany, 2Department of Neuropathology, University
HospitalMünster, Münster, Germany, andreas.schulte-mecklenbeck@ukmuenster.de

Multiple sclerosis (MS) is a chronic demyelinating inflammatory autoimmune disease of the central nervous system (CNS). The
disease is thought to result from a breakdown in immune tolerance. Effector T cells specific for CNS myelin antigens that have been
primed in the periphery migrate in the CNS where they cause demyelination and axonal loss. While the experimental autoimmune
encephalomyelitis (EAE) model, a rodent model of inflammatory demyelinating disease of the CNS, clearly demonstrated an important
role of NK cells in limiting autoimmune neuroinflammation in this compartment, the role of human CNS-resident NK cells is still poorly
understood.
Immunohistology revealed occurrence of NK cell in active MS lesions in close proximity to T cells. Moreover, granzyme K that is
believed to play an important role in NK cell immune-regulatory function was polarized towards T cells. Cerebrospinal fluid (CSF)
analysis of therapy naïve MS patients (n=40) showed that the majority of intrathecal NK cells are CD56brightCD16-/dim NK cells. Of
note, CD56brightCD16-/dim NK cells were also found in the CSF of healthy individuals (n =24; patients with the suspicion of an
inflammatory CNS disease that turned out to be healthy) suggesting a role of this subset in immune surveillance. To investigate if the
observed differences in the composition of NK cell subsets in the peripheral blood and CSF are due to differences in the migratory
capacity across the blood brain barrier (BBB) and/or CNS milieu transmigration assays were performed using a human BBB model.
We could clearly demonstrate that CD56brightCD16-/dim NK cells exhibit a higher migratory capacity across the BBB than their
CD56dimCD16+ counterparts. Of note the migratory capacity of NK cells was not impaired in MS patients compared to healthy
individuals and mimicking inflammatory conditions in the BBB model resulted in enhanced transmigration. Those data are in
accordance with our CSF data where we observed enhanced total NK cell numbers in the CSF of MS patients. In summary, our data
demonstrate that CD56brightCD16-/dim NK cells exhibit an enhanced migratory capacity and are the major NK cell subset in the CNS
where they seem to play an important role in immune surveillance.

19

SELECTED SHORT TALK
TNFR2 signaling due to binding of slanDCs’ membrane-bound TNF-alpha equips
natural killer cells with enhanced functions
1

1

1

D.M. Tufa , D. Chatterjee , R.E. Schmidt , R. Jacobs

1

11

1Dept.

of Clinical Immunology and Rheumatology, Hannover Medical School, Hannover, Germany,
tufa.dejene@mh-hannover.de

Background
Human blood natural killer (NK) cells are lymphocytes that exert strong cytotoxicity against transformed (virus infected or tumor) cells
and produce different cytokines and chemokines. However, the nature of NK cell function depends on its interaction with other immune
cells. Among immune cells communicating with NK cells are 6-sulfo LacNAc dendritic cells (slanDCs), comprising a major
subpopulation of proinflammatory human blood myeloid DCs. In this project, we have studied the molecular mechanisms by which
slanDCs interact with NK cells in up to 16 hrs of co-culture.
Methods
NK cells and slanDCs were isolated from PBMC by FACS using fluorochrome conjugated monoclonal antibodies against their
respective surface markers CD56 and M-DC8, excluding CD3 expressing cells from both populations. SlanDCs were co-cultured with
autologous NK cells in 1:5 ratio with 1x105 DCs/500l media in the presence or absence of a separating porous membrane. Cytokine
depleted or intact conditioned media (culture supernatant) was used to assess the role of soluble factors. Following co-culture, NK
cells were depleted from slanDCs using anti-slan (M-DC8) microbeads for phenotyping, intracellular staining of cytokines, and to
assess cytotoxic potential against K562 cells. Cytokines were measured from the supernatants using cytometric bead array.
Results
Our in vitro studies demonstrate that lipopolysaccharide (LPS) stimulated slanDCs efficiently enhance activation and function of NK
cells. The expression of CD69, NKp30 and NKp44 were highly up-regulated in NK cells incubated with slanDCs. These NK cells were
also twice and twenty times more cytotoxic and interferon gamma (IFN-gamma) producing, respectively, than cells incubated alone.
Initial crosstalk of the two cells starts after binding of slanDCs’ membrane-bound TNF-alpha(mTNF-alpha) to tumor necrosis factor
receptor 2 (TNFR2) on NK cells. LPS stimulation up-regulates expression of mTNF-alphain slanDCs while NK cells also up-regulate
their surface TNFR2 after co-incubation with slanDCs. Interleukin (IL)-12 secreted by slanDCs plays a pivotal role through
up-regulating surface TNFR2 in NK cells. The TNFR2 signaling in NK cells stimulates activation of transcription factor NF-kB which
initiates the production and release of cytokines. Granulocyte-macrophage colony-stimulating factor (GM-CSF) provided by NK cells is
responsible for enhanced IL-12 secretion in slanDCs. The increased IL-12 then continues to trigger stimulation of NK cells that already
initiated by cell surface molecules.
Conclusion
In summary, our findings revealed a concerted crosstalk between NK cells and slanDCs through cell surface and soluble molecules to
build up efficient immune responses during tumor infiltration or infection.
Supported by SFB 738
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INVITED TALK
Harnessing Adaptive NK cells in Cancer Therapy

12

Karl-Johan Malmberg1
1Center

for Infectious Medicine, Department of Medicine, Karolinska Institutet, Stockholm, Sweden, 2Institute for Cancer
Research,Department of Immunology, Oslo University Hospital, Norway, kalle.malmberg@ki.se

Understanding the cellular and molecular basis behind the formation of highly diverse NK cell repertoires and their dynamic functional
regulation represent outstanding challenges in immunology. Insights in this area may pave the way for new predictive tools and
improved treatments in cancer and possibly other clinical conditions where NK cells have been implicated, including infectious
diseases, autoimmunity, and disorders of pregnancy. In our laboratory, molecular studies of discrete human NK cell subsets at the
single cell level are combined with an integrative phenotypic and functional cellular profiling of NK cell repertoires at the
population-level. In this talk, I will present our recent efforts to decipher the redundancy of adaptive NK cell responses. Furthermore, I
will discuss the possibility of defining quantitative metrics of NK cell repertoire diversity, which may hold utility as an immunological
biomarker for outcome following immunomodulatory therapies.
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NK cells are cytotoxic lymphocytes that play an important role in the immunosurveillance of leukemia and, due to their ability to
mediate antibody-dependent cellular cytotoxicity (ADCC), substantially contribute to the therapeutic benefit of antitumor antibodies like
Rituximab. Available data indicate that the ability of NK cells to mediate ADCC is compromised in Chronic Lymphoid Leukemia (CLL),
but the underlying mechanisms are still unclear. Recently, we reported that NK cells express and release B cell activating factor
(BAFF), a TNF family member known to facilitate CLL cell survival. Here we extend our data and demonstrate that activation of NK
cells as achieved upon stimulation with cytokines and notably also with Rituximab results in increased release of BAFF (but not its
close relative APRIL) in soluble form, while expression on the cell surface was neither detectable in resting nor in activated state. NK
cell-derived BAFF enhanced the metabolic activity of primary CLL cells and protected CLL cells from chemotherapy-induced cell
death. Moreover, exposure to BAFF profoundly diminished lysis of primary CLL cells by allogeneic and autologous NK cells as well as
Rituximab-mediated ADCC, while NK activation and degranulation remained unaffected. Notably, sensitivity of CLL cells to
chemotherapy as well as NK cell lysis and ADCC could be restored by the anti-BAFF antibody Belimumab (Benlysta®), which is
approved for the treatment of systemic lupus erythematosus. Together, our results offer a functional explanation for the reportedly
compromised ability of NK cells to combat lymphoid as compared to myeloid leukemias as well as their impaired ability to mediate
ADCC upon Rituximab treatment in CLL patients. Furthermore, our findings point to a possible benefit of combinatory approaches
employing Rituximab and Belimumab for immunotherapy of B cell malignancies.
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The members of the STAT family of transcription factors modulate the development and function of NK cells. NK cell-mediated
immune surveillance is particularly important in the body’s defense against hematological malignancies such as leukemia. STAT3
inhibitors are currently being developed, although their potential effects on NK cells are not clear. We have investigated the function of
STAT3 in NK cells with Stat3Δ/ΔNcr1-iCreTg mice, whose NK cells lack STAT3. In the absence of STAT3, NK cells develop normally
and in normal numbers. They have reduced levels of IFN-γ but increased amounts of perforin and granzyme B. We show that the
latter effect overrides the former in various in vivo models of hematological disease, as loss of STAT3 in NK cells enhances tumor
surveillance. The reduced tumor burden is paralleled by increased expression of the activating receptor DNAM-1. Our findings imply
that STAT3 inhibitors will stimulate the cytolytic activity of NK cells against leukemia, thereby providing an additional therapeutic
benefit.
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OX40 and its ligand are members of the TNF/TNF receptor (TNFR) family, which includes various molecules influencing cellular
signaling and function of both tumor and immune effector cells. OX40 is known to promote proliferation and differentiation of activated
T cells, while it inhibits development of regulatory T cells in autoimmune diseases. Here we studied the yet unknown role of OX40 in
acute myeloid leukemia (AML). Substantial surface expression of OX40 was detected on malignant cells of AML patients in 24 of 60
(40%) investigated cases. Expression of OX40 mRNA and protein by leukemic cells was confirmed by analysis of AML cells lines,
which showed substantial OX40 surface levels in 6 of 7 investigated cases. OX40 signaling lead to the release of cytokines like IL-10
and TNF by AML cells which contribute to disease pathophysiology, and stimulated the metabolic activity of the leukemia cells.
Moreover, we found that NK cells, which play an important role in anti-tumor immunity and are, among others, employed for adoptive
transfer in tumor therapy, express OX40 ligand (OX40L) following activation. Triggering OX40L in turn was found to stimulate NK cell
reactivity. Functional analyses with OX40 transfectants and OX40-negative controls confirmed that OX40L signaling promotes NK cell
cytotoxicity and IFN- production. Furthermore, disruption of OX40-OX40L interaction by blocking OX40 F(ab)2 fragments resulted in
reduced cytotoxicity and cytokine production of allogenic NK cells, thereby further confirming the stimulatory effect of OX40L for NK
cell anti-leukemia reactivity when interacting with its AML-expressed counterpart. Our data suggest that OX40 is involved in disease
pathophysiology of AML and identify OX40-OX40L interaction as previously unknown modulator of NK cell immunosurveillance in
AML. As OX40L expression on NK cells enhances their reactivity against leukemic cells, use of OX40L positive NK cells in adoptive
transfer might be a rational strategy in tumor therapy.
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The NKp30 ligand B7-H6 is expressed on tumor cell surfaces and leads to efficient NK cell-mediated tumor cell killing. B7-H6
expression is largely absent from healthy tissues and only subsets of primary tumor samples express B7-H6 in situ. In order to gain a
mechanistic understanding of B7-H6 expression, we investigated the transcriptional regulation of B7-H6 in tumor cells. We cloned
different fragments of the B7-H6 5’ untranslated region (UTR) and located the core promoter fragment by luciferase reporter assays.
Functional transcription factor (TF) binding sites in the core promoter fragment of the B7-H6 gene were identified by site-specific
mutagenesis and chromatin immunoprecipitation. Interestingly, the identified TF binding sites contained binding sites for a family of
proto-oncogenes, which might explain the tumor-specific expression of B7-H6. We demonstrated that siRNA-mediated silencing of
these TFs, led to significant down-regulation of B7-H6 expression, whereas expression of other NK cell ligands was not affected.
Importantly, the co-culture of tumor cells treated with specific siRNAs for these TFs with NK cells resulted in reduced
NKp30-dependent degranulation compared to control siRNA-treated tumor cells. Additionally, positive correlations were found
between mRNA expression of these TFs and B7-H6 in tumor cell lines and certain primary tumor samples. Thus, our results provide
one possible explanation for the heterogeneous B7-H6 expression in tumors in situ and might help to design new approaches for
personalized medicine.
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NK cells are innate lymphoid cells that constitutively express a number of cytokine receptors that may enable NK cell anti-tumor
functionality. Two principles guide cytokine-mediated activation of NK cells: short-term priming and longer-term pre-activation or
‘memory’. Cytokine priming refers to an enhanced capacity of an NK cell to respond to malignant cells during or immediately following
stimulation of a cytokine receptor, and persists only for a short period of time following removal of the activating cytokine. This mode
of cytokine activation, exemplified by IL-2 and IL-15, enhances NK cell anti-tumor effector mechanisms, and if provided chronically
may expand NK cells. Cytokine-induced memory-like NK cells result from pre-activation with a combined cytokine stimulus,
exemplified by IL-12, IL-15, and IL-18. Following a brief overnight pre-activation, NK cells return a baseline resting state, but exhibit
enhanced recall functionality to a number of stimuli including cytokines, activating receptors, and tumor cells. Such enhanced
functionality persists beyond the pre-activation phase, potentially for weeks to months. Both priming and combined pre-activation
approaches are being translated into clinical trials to enhance NK cell responses to cancer.
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Tumors often escape immune surveillance by deficient expression of classical HLA class I antigens. The molecular mechanisms of
these HLA class I abnormalities are diverse and could be mediated by structural alterations or deregulation of components of the HLA
class I antigen processing machinery (APM). While mutations, loss of heterozygosity and deletions are a rare event, a transcriptional
downregulation of HLA class I APM components is frequently found, although a posttranscriptional control of the molecules has also
been described. Since recent evidence suggest that microRNAs (miRs) were involved in the regulation of immune responses, we
determined whether miR expression could be linked to aberrant HLA class I APM components in human tumors. Using in silico
analysis and a miR enrichment technology (miTRAP) a miR targeting the 3’-UTR of TAP1 was identified. Overexpression of this miR
caused a downregulation of TAP1, which was associated with a reduced HLA class I surface expression and an increased NK cell
cytotoxicity.
In addition, the non-classical HLA-G antigen is often aberrantly expressed in human tumors. A discordant HLA-G mRNA and protein
expression in tumor cells also suggested posttranscriptional regulation involving miRs. Previous studies favored members of the
miR-148 family as regulatory elements for the translational control of the HLA-G. Indeed, an inverse expression pattern of miR-148A/B
and miR-152 and HLA-G protein was detected in RCC tumor lesions and RCC cell lines. Using miTRAP a direct interaction between
these three miRs and the 3’-UTR of HLA-G was found in a RCC model system with a discordant HLA-G transcript and protein
expression pattern. Stable transfection of miR-152 expression vector in HLA-G+ JEG-3 cells and HLA-G+ murine NIH3T3
transfectants resulted in a complete HLA-G silencing. This was directly associated with an increased immunogenicity as determined by
restoration of NK cell-mediated lysis. In summary, miRs are involved in the altered expression of immune modulatory molecules
thereby modulating tumor immune surveillance.
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A recent study showed that the glycerophosphodiesterase EDI3 is overexpressed in metastatic endothelial cancer and that high
expression levels are associated with a bad prognosis. EDI3 is an enzyme that takes part in the choline metabolism and produces
choline and glycerol-3-phosphate. However, very little is known about the role of EDI3 in cancer cells. Since the EDI3 expression is
increased in many varieties of aggressive cancer, we speculated that this enzyme may be involved in immunoevasive mechanisms.
Therefore, we studied how EDI3 expression can influence the recognition of tumors by NK cells.
We overexpressed EDI3 in metastasizing HeLa and not metastasizing MCF-7 cancer cell lines. Interestingly, EDI3 expressing tumors
were less susceptible to NK cell-mediated lysis than their control-transfected controls. This demonstrates that high EDI3 expression
can protect tumor cells from NK cell-mediated immunosurveillance. This protective effect of EDI3 was dependent on its enzymatic
activity, as it could be reversed by an EDI3 inhibitor. Upon investigating the basis for the EDI3 effect we found that overexpression of
EDI3 reduces the ability of NK cells to form conjugates with cancer cells. This results in reduced activation of NK cells and decreased
release of their cytotoxic granules towards the cancer cells with higher EDI3 expression. EDI3 may affect NK cell adhesion by altering
of the expression of membrane proteins or the lipid composition of the cell membrane, but the exact mechanism of how EDI3 prevents
the binding and full activation of NK cells remains unclear. Interestingly the protective effect of EDI3 was only seen in cells which were
cultivated subconfluently, suggesting a connection between the cell cycle and the reduced NK cell-mediated killing of EDI3 expressing
tumors. In summary, our data demonstrate a novel mechanism of how tumor cells can escape NK cell-mediated tumorsurveillance.
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CD133 is expressed in various types of solid tumors and predicts an unfavourable clinical outcome. Moreover, CD133 has been
shown to be expressed by cancer stem cells (CSC) and can be used to enrich the CSCs containing population (e.g., Zeppernick et al.,
Nature 2008). Due to their resistance to chemo- and radiation therapy, new immunotherapeutic approaches to specifically target CSC
without harming healthy tissue are of great interest. We here report on the development and preclinical characterization of a
monoclonal antibody (mAb) directed to CD133 containing an engineered Fc part with increased ability to induce ADCC of NK cells, an
important antibody function that largely contributes to the clinical success of antitumor mAb. Two different antibody clones (W6B3 and
293C3) where used to study expression levels of CD133 in different cell lines derived from solid tumors (A172, U87MG, glioblastoma;
CaCo-2, Colo-205, HCT-8, HT-29, SW48, colorectal cancer; MDA-MB-231, MDA-MB-468, BT474, breast cancer; WERI-Rb1,
retinoblastoma). CD133 was expressed to varying extents and recognized in 4 and 5 out of 11 cell lines with W6B3 and 293C3,
respectively. The latter mAb was then chosen for the generation of chimeric mAbs with either a wildtype Fc part (293C3-WT) or a
variant containing amino acid exchanges (S239D/I332E) to enhance its affinity to the Fc receptor CD16 (293C3-SDIE). Binding
specificity of both, 293C3-WT and 293C3-SDIE, was confirmed in analyses with CD133 transfectants and the respective controls. In
cytotoxicity assays, 293C3-WT clearly induced NK cell ADCC against different solid tumor cell lines. The therapeutic effect of the
Fc-optimized mAb 293C3-SDIE markedly exceeded that of its counterpart containing the wild type Fc part. We further performed
colony forming unit assays, which did not reveal any toxicity of 293C3-SDIE at the level of committed hematopoietric progenitor cells.
We envisage that treatment with 293C3-SDIE might constitute a novel immunotherapeutic strategy for treatment of cancer, in
particular due to its ability to preferentially target CSC, which we presently analyze in greater detail.
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Glioblastomas (GBMs) are lethal cancers that are inherently resistant to conventional therapies, thus a continued search for novel and
effective therapies is warranted. Immunotherapy has recently demonstrated unprecedented success against several cancers. Of all
lymphoid cells, natural killer (NK) cells are the most cytotoxic and specialised to recognise and kill tumour or virus infected cells. Post
allogeneic hematopoietic stem cell transplantation for high-risk leukaemia, alloreactive NK cells eliminate leukaemia relapse mediated
through mismatch of NK cells’ inhibitory killer immunoglobulin-like receptors (iKIR) to their cognate human leucocyte antigen (HLA)
ligands on the patients’ cancer cells. Few studies have investigated the potential of NK cell based immunotherapy to treat GBM. Thus,
we investigated whether the iKIR-HLA ligand mismatch might underlie the alloreactivity of NK cells against GBM. We demonstrate that
efficient killing of short-term cultured GBM stem-like cells in vitro depended upon their expression of ligands for NKG2D receptor.
Blocking NKG2D abrogated the NK cells’ killing efficacy. Moreover, donors possessing activating KIR2DS2 immunogenotype provided
greater potency notwithstanding, their iKIR-HLA ligand mismatch. The impact of KIR2DS2 gene was confirmed in human GBM
xenografts in NOD/SCID mice treated with NK cells from donor 3 who possessed KIR2DS2 gene but had no iKIR-HLA ligand
mismatch, or NK cells from donor 4 who had several iKIR-HLA ligand mismatches but lacked KIR2DS2 gene. Both donors’ NK cells
significantly prolonged animal survival after single dose treatment compared to vehicle controls, (Log rank p=0.0005 and p=0.0001;
Donor 4 and 3 respectively) However, donor 3’s NK cells prolonged the median survival by 72 and 46 days compared to vehicle
controls and donor 4’s NK cells. Donor 3’s NK cells diminished tumour proliferation (p=0.02), angiogenesis (p=0.01), and increased
apoptosis compared to controls (p=0.0004) and donor 4 treated tumours (p=0.04). Allogeneic NK cells may represent potent effectors
against GBM mediated by commensurate activating signals through KIR2DS2 and NKG2D-ligand interactions.
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The mechanisms underlying human NK cell phenotypic and functional heterogeneity are unknown. We describe the emergence of
diverse subsets of human NK cells selectively lacking expression of signaling proteins that emerge 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. Intriguingly, genome-wide analyses revealed patterns of DNA methylation that were strikingly similar between
CMV-associated adaptive NK cells and cytotoxic effector CD8+ T cells, but differed from those of conventional NK cells. Functional
interrogation demonstrated altered cytokine responsiveness in adaptive NK cells. 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 diversify in response to viral infection and have distinct functional capabilities
compared to conventional NK cell subsets.
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Natural Killer (NK) cells constitute an essential part of our innate immune system and efficiently eliminate viral infected, as well as
carcinogenic cells. Cell-contact dependent NK cell cytotoxicity thereby requires the consecutive polarization, directed transport and
exocytosis of lytic granules. These processes are orchestrated in parallel to the formation of an NK cell immune synapse (NKIS) and
involve microtubule (MT) and actin-dependent cytoskeletal reorganizations. However, our knowledge about the molecular machinery
establishing the link between granule transport and NKIS formation is fragmentary.
In a previous study, the definition of primary human NK cell subsets by proteomics (Scheiter et al., 2013) also comprises cytotoxic
CD56dim NK cells where we revealed significantly elevated levels of the S100A4 protein (Calvasculin, Metastasin-1). Interestingly,
S100A4 was found to be recruited into the NKIS of cytotoxic NK cells and co-localized dynamically with the F-actin motor Myosin IIA
suggesting its role in granule biology.
Here, we now provide evidence from knock down experiments that S100A4 coordinates the directed transport and polarization of lytic
granules to the NKIS. Granules are released randomly and completely un-directed all over the plasma membrane in S100A4 knock
down NK cells, which accompanies with elevated degranulation rates. Moreover, NKIS formation was found to be disturbed in those
cells. In contrast, S100A4 is not required for granule transport or release in general, indicating its specific contribution to polarization.
In conclusion, this analysis sheds first light on the importance of S100A4, coordinating granule convergence and polarization as
essential steps of IS formation.
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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 primer 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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Current protocols of Natural Killer (NK) cell-based immunotherapy of cancer are hampered by the short-lived, transient effector
function of NK cells. Our previous study investigated the possibility of using NK cells preactivated in vitro with IL-12, IL-15 and IL-18 for
therapy of solid tumors. The transferred NK cells persisted at high cell numbers with potent effector function that required the presence
of CD4+ T cells. To study the cross-talk between IL-12/15/18 preactivated NK cells and CD4+ T cells, we established a co-transfer
system in RAG2-/-gammac-/- mice. We observed improved effector function such as IFN-g production of IL-12/15/18 preactivated NK
cells when CD4+ T cells, but not CD8+ T cells, were co-transferred. More importantly, co-transfer of CD4+ T cells led to a long-term
maintenance of improved NK cell function for more than one month. Macrophages are involved in activation of CD4+ T cells for IL-2
production that is indispensable for the increased function of NK cells induced by CD4+ T cells. Our study provides a better
understanding of the mechanisms of CD4+ T cell-mediated help for the long-term functional competence of NK cells and stimulates
considerations of manipulating CD4+ T cells during NK cell-based immunotherapy.
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Secretion of lytic granules is a critical step in NK cell cytotoxicity and key to NK cell-mediated human host defense to infection and
malignancy. F-actin at the NK cell lytic immunological synapse is present throughout, yet permissive, with clearances formed through
the synergistic activity of actin nucleators and deconstructive proteins. Signaling through activating receptors results in an increase in
number and size of granule-permissive sized clearances as measured by fixed cell microscopy.
Here we use live cell super-resolution STED nanoscopy and quantitative analysis of Lifeact mTurquoise expressing human NK92 cells
to show that both F-actin filaments and the clearances they form are dynamic over time. This dynamism results in dilation and
constriction of granule-permissive sized pores. Activating receptor ligation results in an increase in the velocity and multi-directionality
of F-actin filament formation as measured by cross-correlation analysis of F-actin vector movement. This is accompanied by an
increased density of clearances that form adjacent to regions of high F-actin turnover. Finally, we use dual channel live cell STED to
track lytic granules themselves in relation to these clearances.
The role of F-actin in NK cell lytic granule secretion has been unknown. Using advanced biophysical analysis we show that F-actin at
the synapse acts first as a barrier, then a highly dynamic permissive architecture through which granules are secreted upon activating
receptor ligation. This quantifies for the first time the movement of actin filaments in an immunological synapse and represents a novel
paradigm in immune cell cytotoxicity.
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Over the past decade significant advances have been made in our understanding of host genetic variants that lead to control and
clearance of several viral infections, including HIV and HCV. Interestingly, many of the genetic variants link to host genes involved in
regulating innate immune function, including natural killer (NK) cells. Thus to gain deeper insights into the role of host genetic variation
in tuning NK cell functionality as well as the specific NK cell signatures of protection from infectious diseases, we performed
large-scale immunophenotyping and functional profiling on a cohort of 175 healthy individuals, linked to 75 individuals with HIV
infection, 50 individuals with HCV infection, and 30 individuals with HBV infection. Using multidimensional analysis, we observed
unique multivariate NK cell signatures associated with acute viral infections, with greater proximity among the hepatotropic viruses.
Interestingly, unique acute signatures predicted subjects who went on to clear HBV rapidly (<60 days) or clear HCV infection, pointing
to a role of specific NK cell subsets in antiviral control. Moreover, host-genetic markers linked to enhanced control of HIV and HCV
pointed to a unique role for dampened NK cell activation and/or non-cytolytic mechanisms of NK cell mediated antiviral control,
potentially highlighting the critical need to balance NK cell activation and immunopathology, and to control this double-edged sword.
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Natural Killer (NK) cells are crucial in early resistance to murine cytomegalovirus (MCMV) infection. In B6 mice, the activating Ly49H
receptor recognizes the viral m157 glycoprotein on infected cells. We previously identified a mutant strain (MCMVG1F) whose variant
m157 also binds the inhibitory Ly49C receptor. Here we show that simultaneous binding of m157 to the two receptors hampers
Ly49H-dependent NK cell activation as Ly49C-mediated inhibition destabilizes NK cell conjugation with their targets and prevents the
cytoskeleton reorganization that precedes killing. In B6 mice, as most Ly49H+ NK cells do not co-express Ly49C, the overall NK cell
response remains able to control MCMVm157G1F infection. However, in B6 Ly49C transgenic mice where all NK cells express the
inhibitory receptor, MCMV infection results in altered NK cell activation associated with increased viral replication. Ly49C-mediated
inhibition also regulates Ly49H-independent NK cell activation. Most interestingly, MHC class I regulates Ly49C function through
cis-interactions that mask the receptor and restricts m157 binding. B6 Ly49C Tg, β2m ko mice, whose Ly49C receptors are unmasked
due to MHC class I deficient expression, are highly susceptible to MCMVm157G1F and are unable to control a low-dose infection. Our
study provides novel insights into the mechanisms that regulate NK cell activation during viral infection; it indicates that both the NK
cell repertoire and MHC I molecules control susceptibility vs resistance to viral infections.
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Cytomegaloviruses (CMVs) have dedicated a large portion of their genome towards immune evasion targeting many aspects of the
immune system of their host to avoid detection and ensure their persistence. In order to avoid recognition by CD8+ T cells, CMVs
downregulate MHC I from the cell surface. This, however, renders them sensitive to NK cell recognition via “missing-self” axis. The
importance of NK cells in CMV pathogenesis is perhaps best underscored by the numerous evasion mechanisms developed by CMVs.
NK cell response involves a delicate interplay between signals generated by both activating and inhibitory receptors. We have shown
previously that the ligation of an inhibitory Ly49A NK cell receptor to complex of MHC I and viral protein m04/gp34 leads to a
protection of infected cells from specific lysis, impaired proliferation of NK cells and loss of control of viral titer in mice of H-2d and H-2k
haplotype, all during the first 3 days of infection. In addition, m04 is essential for the recognition of infected cells by several activating
Ly49 receptors (Ly49P, Ly49P1, Ly49D2 and Ly49L), which unlike inhibitory receptors, recognize MHC I/m04 together with additional
viral component. Ultimately, we have narrowed down this viral factor to recently described most abundant transcript (MAT)
encompassing 2 previously annotated viral genes, m168-m169. MAT transcript encodes poorly translated 17 kDa protein of unknown
function and contains binding site for cellular microRNA miR27 in its 3’UTR. To our knowledge MAT is the first transcript described that
contains both coding and non-coding functions. Interestingly neither function of miR27 sponge nor the produced protein are
responsible for recognition by activating Ly49 receptors but 5’UTR. Recently, we have detected additional protein encoded by 5’UTR.
Deletion of MAT transcript from the MCMV genome results in attenuation of the mutant virus in vivo, however the underlying
mechanisms are not completely elucidated due to multiple functions this transcript performs in the infected cells. Altogether, our
current efforts are aimed to define the mechanisms leading to activation of NK cells in the context of the above described results.
These findings also raise the question of how many new viral genes including immune evasion genes are there yet to be discovered.
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Cytomegaloviruses (CMVs) are well known for their ability to regulate the expression of cellular ligands of different immune receptors.
One of them is poliovirus receptor (PVR or CD155), ubiquitously expressed molecule recognized by both activating and inhibitory
immune cell receptors: DNAM-1, CD96 and TIGIT. It has been shown previously that HCMV downmodulates PVR surface expression,
causing its accumulation in the endoplasmic reticulum, and the gene involved has been identified as well (Tomasec et al., 2005). Here
we demonstrate that MCMV downregulates surface PVR protein level while significantly upregulating its transcriptional level, indicating
the active role of MCMV in the control of PVR surface expression. We have also characterised the molecular mechanism of this viral
regulation that includes PVR retention in endoplasmic reticulum rather than its active removal from the surface of infected cells. In
addition, using a panel of MCMV deletion mutants it was possible to attribute this function to a novel MCMV protein within the
predicted m20 gene region that we named m20.1. By testing the effect of Δm20.1 viral mutant we showed that retention phenomenon
is present in various cell lines, including some immune cells. Moreover, the deletion of m20.1 resulted in a dramatic virus attenuation in
vivo. Altogether, our results indicate the important physiological role of PVR in the immune control of viral infection.
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The ability of cytomegaloviruses (CMV) to evade the host’s immune system is dependent on the expression of a wide array of
glycoproteins, many of which interfere with natural killer (NK) cell function. In murine CMV, two large protein families mediate this
immune-evasive function. While it is established that the m145 family members mimic the structure of major histocompatibility complex
(MHC)-I molecules, the structure of the m02 family remains unknown. The most extensively studied m02 family member is m04, a
glycoprotein that escorts newly assembled MHC-I molecules to the cell surface, presumably to avoid missing-self recognition. Here we
report the crystal structure of the m04 ectodomain, thereby providing insight into this large immunoevasin family. m04 adopted a
β-sandwich immunoglobulin variable (Ig-V) like fold, despite sharing very little sequence identity with the Ig-V superfamily. In addition
to the Ig-V core, m04 possesses several unique structural features that included an unusual β-strand topology, a number of extended
loops and a prominent α-helix. The m04 interior was packed by a myriad of hydrophobic residues that form distinct clusters around two
conserved tryptophan residues. This hydrophobic core was well conserved throughout the m02 family, thereby indicating that MCMV
encodes a number of Ig-V like molecules. We show that m04 binds a range of MHC-I molecules with low affinity in a
peptide-independent manner. Accordingly the structure of m04, which represents the first example of an MCMV encoded Ig-V fold,
provides a basis for understanding the structure and function of this enigmatic and large family of immunoevasins.
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The killer-cell immunoglobulin-like receptors (KIR) are a rapidly evolving family of inhibitory and activating receptors with MHC class I
ligands. Immunogenetic studies have shown that specific combinations of KIR and MHC class I can affect the outcome of many
different diseases, including viral infections, pregnancy, cancer and autoimmune disorders. The interaction with MHC class I is
determined by interactions both with the MHC class I heavy chain and also the bound peptide. As the repertoire of peptides bound by
MHC class I changes under pathological conditions we have sought to understand how peptide can influence NK cell reactivity.
We have used a model system of C*0102 expressing TAP deficient cells to investigate this fro KIR2DL2, KIR2DL3 and
KIR2DS2-positive NK cells we. We show that specific peptides can be have as peptide antagonists for NK cells expressing the
inhibitory receptors KIR2DL2 and KIR2DL3, and that NK cells from individuals with different KIR genotypes respond differently to
changes in the peptide content of HLA-C*0102. Thus KIR2DL3-positive NK cells are more sensitive to changes in the peptide content
of MHC class I than KIR2DL2-positive NK cells. This correlates with immunogenetic studies in which KIR2DL3 is protective against
chronic HCV infection. To investigate the direct role of HCV peptides in KIR meditated protection, we have studied C*0102 binding
peptides derived from HCV. We now describe a peptide isolated from HCV that induces binding of KIR2DS2 and activation of
KIR2DS2-positive NK cells. These studies illustrate the complexity of the KIR system in determining the outcome of disease and the
complexity of the mechanisms by which NK cells can be activated by MHC class I.
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Key differences between adaptive and innate immune cells are possession of genetically recombined receptors, and formation of
immunological memory. These distinctions became blurred recently, when it was reported that NK cells demonstrate features of
immunological memory. It has been shown that, in response to cytomegalovirus, mouse NK cells can form a pool of cells with a
distinct phenotype and an increased responsiveness to the re-stimulation; this is an unquestioned feature of the immunological
memory cells. As in mice, human cytomegalovirus (HCMV) can induce phenotypical changes in the NK cell population during infection.
Exposure to the virus stimulates expansion of mature NK cells carrying the activating receptor NKG2C and the carbohydrate epitope
CD57. In analogy to mice, it is hypothesized that the expanded NKG2C+/CD57+ cells could represent an HCMV-induced NK cell
memory population. We addressed whether pre-exposure to the virus influences the specific anti-viral response, and if NKG2C and
CD57 participate in the NK cell response to HCMV.
To this end, we applied an in-vitro model of HCMV infection to induce the specific anti-viral response. We compared the response
(measured by CD107a, INF-γ expression, and target cell depletion) of NK cells purified from CMV-seronegative and seropositive
individuals.
We confirmed previous observations that the CMV infection induces expansion of NKG2C+/CD57+ cells. However, the anti-CMV
response was not influenced by the pre-exposure to the virus or the expansion of NKG2C+/CD57+ NK cells (CD107a+ in seronegative
15.4 ± 1.6%; in seropositive 16.2 ± 1.5; INF-γ+ in seronegative 2.67 ± 0.24%; in seropositive 2.8 ± 0.41%). The level NK cell activation
correlated with CD57 expression (R2=0.34, p=0.003) but not with NKG2C expression (R2=0.04, p=0.37). Antibody blocking of CD57
reduced HCMV-induced NK cell activation of CD57+ cells to the level observed in CD57- NK cells. We also found that, similar to
CD11a, CD57 is recruited during response to the region of interaction with the target cell.
Our comprehensive analysis suggests that the shaping of the NK cell population is not related to the formation of the memory pool.
The CD57 epitope, but not the activating receptor NKG2C, is functionally involved in the anti-CMV response. We postulate that the NK
cell activation can be improved with increased stability of the activating immunological synapse due to the interaction between CD57
and its putative counterpart expressed by HCMV-infected fibroblasts.
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Acquisition and maintenance of NK cell function is mediated by inhibitory Killer-cell immunoglobulin-like receptors (KIR) through the
interaction with HLA class I molecules, a process termed “licensing”. Recently, HLA-C expression levels were shown to be correlated
with protection against multiple outcomes of HIV-1 infection; however the underlying mechanisms are poorly understood. As HLA-C is
the natural ligand for the inhibitory receptors KIR2DL1 and KIR2DL3, this study investigated the role of self-inhibitory KIR2DL
receptors in HIV-1 pathogenesis.
Initially, the phenotypes and functional capacity of NK cells derived from HIV-1(+) and HIV-1(-) individuals were assessed (N=82). NK
cell function was assessed by co-culture of PBMC with MHC class I-devoid 721.221 cells and subsequent measurement of
degranulation (CD107a) and cytokine production (IFN-y, TNF-a). In addition, primary NK cells from 7 HIV-1(-) individuals were used to
test the ability of NK cells to inhibit HIV-1 replication in vitro. Sorted KIR2DL1+ and KIR2DL3+ NK cells were co-cultured with
HIV-1-infected autologous CD4+ T cells for 7 days. Viral RNA was quantified in the collected supernatant.
Self-inhibitory KIR2DL+ NK cells exhibited both enrichment and enhanced function in primary HIV-1 infection, and this was found to be
mediated by KIR2DL1+ and KIR2DL2/3+ NK cells in an HLA-C-dependent manner. In addition, HLA-C-licensed KIR2DL+ NK cells
contributed predominantly to NK cell polyfunction during primary HIV-1 infection as measured by degranulation and cytokine
production. However, NK cells expressing self-inhibitory KIR2DL receptors displayed a reduced ability to inhibit HIV-1 replication in
vitro as compared to bulk NK cells or NK cells lacking self-inhibitory KIR2DL receptors.
This study indicates that expansion of self-inhibitory KIR+ NK cells during primary HIV-1 infection is more widespread than previously
described and provides evidence that HLA-C-mediated licensing of KIR2DL+ NK cells is retained in the early phase of infection.
However, the ability to directly inhibit HIV-1 replication was limited in self-inhibitory KIR2DL-expressing NK cells potentially suggesting
that expansion of self-inhibitory KIR+ NK cells and viral control are separate phenomena or are exerted through indirect pathways.
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Human cytomegalovirus (HCMV) infection promotes to a variable extent a persistent expansion of NKG2C-bright NK-cells, which
display distinctive mature phenotypic and functional features. Among them, NKG2C-bright NK-cell subset lacks NKG2A, contain high
frequencies of KIR2D+, ILT2+ and FcεRγchain- cells as well as elevated levels of cytotoxic molecules (e.g. granzyme B and perforin).
We analysed NKG2C-bright NK-cell responses triggered by antibodies from HCMV+ sera against HCMV-infected MRC-5 fibroblasts.
In contrast to their modest recognition of HCMV-infected targets, specific antibodies in sera from HCMV+ subjects triggered the
degranulation (i.e. CD107a expression) and the production of cytokines (TNFα and IFNγ) of a significant fraction of NKG2C+ NK-cells
at different time-points after infection (12-72 h). Remarkably, a comparable response was detected even when expression of surface
HLA class I (HLA-I) was preserved in cells infected with a HCMV mutant lacking the US2,US3,US6 and US11 genes which encode
proteins targeting HLA-I. As compared to NKG2C- NK-cells, the NKG2C-bright subset was particularly effective secreting TNFα which,
interestingly, was also triggered in response to antibody-opsonized HCMV virions.
A similar pattern of response was observed upon CD16 triggering with an anti-CD20 monoclonal antibody (rituximab) against a B
lymphoblastoid cell line, indicating that NKG2C-bright NK cells appeared particularly suited for cytokine production upon
antibody-mediated activation. Indeed, the presence of NKG2C-bright subset determined the overall magnitude of TNFα and IFNγ
cytokine production by NK–cell samples from HCMV+ individuals in response to antibody-dependent NK-cell activation.
Our data support that the synergistic effect exerted by HCMV-specific IgG with the expanded NKG2C-bright NK-cell subset constitutes
a powerful antiviral mechanism, capable of operating at early stages of the lytic cycle and overcoming immune evasion strategies.
Studies on the contribution of this mechanism to antiviral defence and to the therapeutic effects of antibody-based anti-CMV therapies
are warranted. Moreover, the impact of the HCMV-induced NKG2C-bright NK-cell expansion in the antibody-dependent response to
other pathogens and tumour cells deserves attention
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Killer cell immunoglobulin-like receptors (KIR) essentially regulate the activity of NK cells and are associated with disease outcome of
various human infectious diseases. Genetic variability of both KIR and MHC class I ligands determines resistance to diseases such as
HIV-1 where KIR3DL1/KIR3DS1 in combination with HLA-Bw4 are associated with delayed or non-progression to AIDS. Such
combined genetic factors were hitherto unknown in the rhesus macaque AIDS model of SIV infection. We analysed NK cell function
and genetic associations in a cohort of 52 rhesus macaques experimentally infected with SIVmac and subsequently stratified into high
(HVL) and low (LVL) plasma viral loads at set point (this stratification coincided with fast (HVL) and slow (LVL) disease progression
indicated by the disease course and critical clinical parameters including CD4+ T cell counts). We found significant perturbations of NK
cells and their functional status in simian immunodeficiency virus (SIV)-infected rhesus macaques rapidly progressing to AIDS that are
associated with genetic differences. SIV-infection outcome associated with two inhibitory (KIR3DL02, KIR3DL10) and three activating
KIR genes (KIR3DSW08, KIR3DS02, KIR3DS05). Presence of KIR3DL02 and KIR3DSW08 was associated with LVL outcome,
whereas presence of KIR3DS02 increased HVL risk. Furthermore, we identified epistasis between KIR and MHC class I alleles as the
transcript presence of the correlated genes KIR3DL10 and KIR3DS05 increased HVL risk when Mamu-B*012 transcripts were also
present or when Mamu-A1*001 transcripts were absent. Genetic associations were mirrored by changes in the numbers, the level of
proliferation, and lytic capabilities of NK cells as well as overall survival time and gastro-intestinal tissue (GIT) viral load.

45

POSTER - CLINICAL ASPECTS OF NK CELLS
CLINICAL SCALE TCRα/β-CD19 DEPLETION FOLLOWED BY CD56 ENRICHMENT
– A NEW STRATEGY FOR NK CELL SEPARATION
1

1

1

1

1

100

Stephanie Soltenborn , Markus Granzin , Maria Delso Vallejo , Florian Siegismund , Julia Dzionek ,
Volker Huppert1
1Miltenyi

Biotec GmbH, Bergisch Gladbach, Germany, markusgr@miltenyibiotec.de

Depletion strategies to remove T and B cells from allogeneic hematopoietic stem cell grafts are used to avoid unwanted alloreactivity
after transplantation while remaining effectors like NK cells can improve the engraftment, reduce alloreactivity and kill persisting cancer
cells. In this context, TCRα/β-CD19 depletion has been shown to be beneficial over CD3-CD19 depletion, since remaining non
alloreactive TCRγδ T cells also contribute to a faster immune reconstitution. Therefore we designed a fully automated, clinically
applicable process for TCRα/β-CD19 depletion.
Depletion of TCRα/β-CD19 was developed based on magnetic cell separation (MACS) using the CliniMACS® Prodigy instrument.
Sample preparation, washing steps, cell labeling and separation were done fully automated. Leukapheresis products of 10 donors
were used and resulted in a highly efficient log Depletion of TCRα/β-cells (mean 4,3) and B cells (mean 2,8) and 80% yield of target
cells (yield NK = 81%, TCRγδ = 74%, CD34 = 86%) Since purified NK cells can also be used for cell therapy, we tested further NK cell
enrichment by automated CD56 separation after TCRα/β-CD19 depletion as a clinical NK cell separation strategy. NK cells could be
further enriched from 12-35% after TCRα/β-CD19 depletion to 76-92% with a yield of 47-57% after additional CD56 enrichment.
Remaining non NK cells were mainly CD56+CD3+ TCRγδ NK-like T cells (5,3±4,7%) and CD14+ Monocytes (12,4±8,8%).
In summary, we present here a TCRα/β-CD19 depletion process and all steps from the starting material to the final cell product are
done fully automated, representing a new tool to improve stem cell transplantation. Furthermore, combined automated TCRα/β-CD19
and CD56 enrichment using the CliniMACS Prodigy instrument is a novel strategy to separate NK cells for clinical use.
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X-linked lymphoproliferative disease 1 (XLP1) is a rare congenital immunodeficiency caused by mutations in SH2D1A (Xq25) encoding
the SAP adaptor molecule. With defective/dysfunctional SAP, 2B4 receptor, upon ligand (CD48) engagement, delivers inhibitory
signals, impairing the function of NK cells. This causes the selective inability to control EBV infections and the occurrence of B cell
lymphomas. We deeply investigated 2B4 function in XLP1 NK cells, for diagnostic purposes and for a better understanding of the
interaction with activating pathways. We propose a rapid assay of 2B4 function to be combined to the intracellular SAP expression in
peripheral blood lymphocytes, with the aim at covering a wider spectrum of mutations. Analyzing a cohort of patients with twelve
different mutations SAP screening was not exhaustive in a patient with R55L mutation, which resulted in levels of SAP comparable to
healthy donors. In this case, the suspect of XLP1 was raised by the functional analysis that clearly demonstrated the inhibitory role of
2B4. We also show that in NK cells 2B4 inhibits the ITAM-dependent signaling pathways, which include not only the Natural
cytotoxicity receptors (NCR) and CD16 but also the activating killer Ig-like receptors (aKIR). In contrast, 2B4 dysfunction did not affect
the activity of DNAM-1 and NKG2D triggering receptors. This resulted in a differential capability of XLP1 NK cells to perform effector
functions against CD48+ target cells. Inhibitory 2B4 affected both cytotoxicity and IFN-γ production against B-EBV and lymphoma B
cells devoid of NKG2D and DNAM-1 ligands. These functions were restored upon disruption of the 2B4/CD48 interactions. However,
the preferential usage of NKG2D and DNAM-1 activating pathways allowed XLP1 NK cells to kill lymphomas that expressed sufficient
amounts of the specific ligands.
This study sheds new light on the XLP1 immunological defect and on the crosstalk of inhibitory 2B4 with triggering NK receptors.
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In acute myeloid leukemia (AML) residual leukemic (stem) cells that escape initial chemotherapy are considered a major source of
relapse. Clinical trials have used IL-2 for AML patients with the aim to reduce relapse rates by eliminating residual leukemic cells
through activation of NK and T cells. Nevertheless, monotherapy with IL-2 has led to disappointing results. However, recent clinical
trials have shown that co-administration of IL-2 and histamine dihydrochloride (HDC) provides maintenance of remission in AML
patients. Histamine suppresses formation of reactive oxygen species (ROS), thereby protecting NK and T cells from ROS-induced
dysfunction and apoptosis. In addition, IL-2 is considered to maintain the anti-leukemic activity of NK cells. However, the direct effect
of this treatment on NK cells has not yet been studied in detail.
We analyzed the immunophenotype and function of NK cells in a cohort of AML patients (n=8) treated with HDC+IL-2. After having
achieved complete remission after induction chemotherapy, patients were treated with recombinant IL-2+HDC and blood was drawn
before and during treatment. To study the functionality of NK cells, a new technology developed by Miltenyi allowing fast one step
isolation of NK cells from whole human blood was used.
We found, that after one week of treatment with IL-2+HDC, NK cells increase in number in peripheral blood. Interestingly, we observed
a specific increment of CD56bright NK cells in all treated patients, attaining up to 60% of the NK cell population. The cytotoxic activity
of these cells, as determined by NK cell degranulation and target cell lysis using the cell line K562, showed a significant increase in
comparison to cells obtained before treatment. This was also associated with an increase in expression of the activation markers
NKp46 and NKp44. Furthermore, we observed a significant increase of CD56 expression, whereas CD16 did not change. Finally, the
in vitro activation of NK cells with IL-2 was similarly associated with increased expression of CD56 without altered CD16 levels
suggesting a specific effect of IL-2 on CD56 and thus a reliable indicator of in vivo responses of NK cells to IL-2 therapy.
In conclusion, treatment with HDC+IL-2 is followed by a striking increase in CD56bright NK cells. These expanded NK cells exhibit an
activated phenotype with enhanced potential to kill leukemic cells. We propose that the maintenance of remission in AML patients
treated with HDC+IL-2 might be, at least in part, the result of improved NK cell functionality.
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Background and Aim: IFNα-induced expression of TRAIL on NK cells in chronic hepatitis C correlates with HCV-RNA decline during
IFNα-based therapy. The SNP rs12979860 close to IL28B gene has been identified to be the most important factor in determining
treatment response. The aim of our study was to investigate the role of the IL28B genotype in type-I-interferon-dependent regulation of
NK cell functions in patients with chronic hepatitis C.
Patients and Methods: NK cells from patients with chronic hepatitis C (cHC) and healthy controls were studied after IFNα-stimulation in
vitro. Expression of TRAIL, CD107a and intracellular cytokines were analyzed after co-culturing with Huh-7.5 cells. Moreover,
phosphorylation of STAT-1 and STAT-4 were detected by flow cytometry. The IL28B SNP rs12979860 was determined by melting
curve analysis.
Results: NK cells of patients with cHC showed a marked polarization towards cytotoxicity, further enhanced in response to IFNα
stimulation with significantly higher TRAIL and CD107a upregulation but lower IFNγ and TNFα production. cHC patients carrying
IL28B-TT genotype displayed a cytotoxic phenotype and showed increased frequency of IFNγ+ and TNF+ NK cells in comparison to
patients with IL28B-CC. In contrast, cytokine production but not TRAIL expression was higher in healthy subjects carrying the
IL28B-CC allele compared to their cHC counterparts. To assess a mechanism underlying the effector functions of NK cells
phosphorylation of STAT1 and STAT4 were analyzed. In cHC patients with IL28B-TT genotype a shift in the pSTAT1 /pSTAT4 ratio
towards more pSTAT1 over pSTAT4 was observed at baseline and further enhanced upon IFNα-treatment.
Conclusions: Our data showed that NK cell function was reshaped in cHC patients towards a cytotoxic phenotype. Interferon-α
treatment significantly increased activity of NK cells in cHC patients carring the IL28B-TT genotype which might have an impact on the
severity of the liver disease. Moreover, higher cytokine production of NK cells in healthy individuals carrying the IL28B-CC genotype
may reflect better early effector functions supporting spontaneous HCV clearance in acute hepatitis C.
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Introduction: Here we report from an ongoing phase I/II study of HLA-haploidentical NK cell therapy to patients with high-risk
myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML). The preparative regimen consisted of intermediate doses of
Cyklophosphamide (Cy), Fludarabin (Flu) and titrated doses of total lymphoid irradiation (TLI). The trial design excluded systemic IL-2
treatment to avoid expansion of regulatory T cells.
Patients : The first 12 patients were treated with Cy/Flu and an escalating dose of TLI, followed by infusion of short-term (16hours) IL-2
activated NK cells. Three patients received daily cyclosporine A after the conditioning. Nine patients had high risk MDS or MDS-AML
and three had relapsed primary AML.
Results : The treatment was well tolerated and no severe non-infectious toxicity has been noted in the patients. Seven of the patients
had positive microchimerism, with NK cells of donor origin detectable by RT-PCR at day 7, but none of the patients reached the
primary endpoint (>100 donor NK cells/ul at day 14). Nevertheless, all patients displayed reduced hematological tumor burden 1
month after therapy. Interestingly, three patients achieved complete remission that lasted at least 3 months and two of these have
proceeded to allogeneic stem cell transplantation (SCT). Two additional patients with high risk MDS reduced their blast counts
sufficiently to become eligible for and proceed to SCT. Four patients died from progressive disease and three patients with minor
response and progressive disease died in infections within three months of therapy.
Discussion : Although the long-term efficacy needs to be evaluated, the results suggest that a combined regimen with mild
conditioning followed by NK cell therapy may induce remission in patients with chemo-refractory disease and provide a bridge to
allogeneic stem cell transplantation. Notably, the clinical responses were observed despite a minimal in vivo NK cell expansion and
was independent on KIR-ligand mismatch.

Harnessing NK cells to target blood cancer: Design and efficacy of novel
trispecific immunoligands
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Recent clinical and experimental data provide evidence for NK cell-mediated immune surveillance of haematological tumors as well as
insights into synergistic activation of NK cells. Based on these data, we aim to develop a novel immunotherapeutic approach to
harness NK cells against leukemia cells.
Our approach is to design bi- and tri-specific recombinant proteins (immunoligands) in different formats to link both tumor and NK cells
(Vyas et al., TRENDS MOL MED, 2014). We could demonstrate that these immunoligands bind simultaneously to tumor cells and NK
cells resulting in NK cell-mediated killing of target cells while bypassing immune-escape mechanisms of cancer. One specific design of
a trispecific immunoligand aims to improve the specificity and thus includes two arms of antibody single chains specifically recognizing
leukemia-related antigens (CD19 and CD33 expressed on pro-B ALL cells) and a third arm activating NK cells through ULBP2, a
ligand for the activating receptor NKG2D. Acute lymphoblastic leukemia (ALL) is a fast growing cancer of blood and bone marrow.
Despite significant success in the treatment of childhood ALL with event-free survival reaching 85%, the 5-year survival for the pro-B
ALL subgroup is still around 30%, and there is a high medical need for novel targeted therapeutic approaches for these patients.
A second design of a trispecific immunoligand that is develooped to enhance the efficacy of NK cell actvation includes a single chain
(anti-CD19 scFv) recognizing a tumor antigen expressed on CLL cells and two arms, which engage different NK cell receptors
(CD16+NKG2D and NKp30+NKG2D). The receptors are engaged via their cognate ligands (ULBP2 for NKG2D and BAG6 for NKp30)
or through an activating single chain (specific for CD16) and fused to each other through short gylcine-serine linkers.
Currently available mAbs are only partially efficient in CLL and new agents that are more specific and effective are needed. Initial data
with a bispecific counterpart (ULBP2-CD19) of the trispecific design revealed an enhanced NK cell-dependent lysis of CLL cell lines
and primary CLL cells. However, a significant fraction of CLL cells remained resistant against NK cells even in the presence of the
immunoligand. Based on the evidence that specific activating receptors on NK cells can synergize to enhance NK cell effector
functions, we hypothesize that these trispecific immunoligands will be more efficient to induce NK cell-dependent killing of CLL cells.
These novel immunoligands are under production and will be evaluated in vitro and in vivo.
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Comparison of frequencies and function of Natural Killer cells between donors
and patients referred for allogeneic hematopoietic stem cell transplantation.
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Natural Killer (NK) cells constitute a minor subset of normal lymphocytes that initiate innate responses toward tumor and virus-infected
cells. The present study compared NK cells frequency, functional activation and inhibitory receptor expression (NKG2A and KIR)
among donors and patients listed for hematopoietic stem cell transplantion for treatment of onco-hematological diseases. Nine
donor-patient pairs HLA-matched siblings assisted at the Center of Hematology and Hemotherapy of the University of Campinas were
included in the study. Onco-hematological diseases included 4 myeloid leukemia,1 lymphoid leukemia, 2 non-Hodgkin and 1 Hodgkin
leukemia, 1 myeloma. PBMC were isolated from blood by gradient centrifugation and cryopreserved in liquid nitrogen until usage. The
functional activation of NK cells was evaluated by the expression of CD107a molecule. Thus, resting or overnight IL-2 stimulated
PBMC were coincubated with K562 tumor cells at a 1:1 ratio with a final volume of 200µl for 2h (37oC, 5% CO2). After incubation, the
cells were labeled with the fluorochrome- conjugated monoclonal antibodies anti-KIR2DL1, anti-KIR2DL2/3, anti-KIR3DL1,
anti-CD107a, anti-CD56, anti-NKG2A, anti-CD3 and anti-NKG2A, and analyzed by flow cytometry. In our results, the patients
presented a lower quantity of NK cells when compared to donors (p=0,01). Although NK cells from donors and patients increased
activation after stimulation with IL-2 compared to the resting cells, this increase was only significantly different on the donor group
(p=0,02). Furthermore, the NKG2AposKIRneg NK cells was the most responsive population to the IL-2 stimulation and, again, this
increase was only significantly different on the donor group (p=0,02).
Regarding the expression of inhibitory receptors, the population of NKG2Aneg NK cells were higher than the NKG2Apos (donor group
p = 0.003; patients non significant). The frequencies of NK cells expressing 0, 1, 2 and 3 KIRs did not differ between patients and
donors.

MECHANICAL PROCESSING OF TISSUE SUPPRESSES NK CYTOTOXCICITY OF
RESIDENT LEUKOCYTES THROUGH THE RELEASE OF HUMORAL FACTORS
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We previously reported that marginating-pulmonary (MP) cells, leukocytes which reside within and adhere to the lung capillaries, are
unique in persistently containing activated NK cells and in exhibiting high lyses capacity against various autologous "NK-resistant"
target cells. Here we attempted to delineate the relative significance of MP-NK cells within the entire lung NK cytotoxic ability. Thus,
we compared the cytotoxicity of MP-NK cells, collected by forced lungs perfusion, to cytotoxicity of the entire lung cell population
following mechanical mincing of the lungs tissue. Whereas MP-leukocytes exhibited profound cytotoxicity (50%-80%), the entire lungs
cell population displayed minimal levels (up to 20%), although containing equivalent number of NK cells (CD161++), suggesting that
some processes induced by lung mincing suppress NK cytotoxicity. Indeed, washing of this preparation, or Ficoll-Paque-based
enrichment and washing, increased lysis capacity, but only slightly. Moreover, co-incubating MP-NK cells with supernatant harvested
from minced lungs tissue or with IL-10 and TGF-β markedly reduced MP-NK cytotoxicity in a dose and time dependent manner. The
supernatant of minced lungs contained high levels of IL-10, IL-6, and IL-1-beta. These compounds, as well as TGF-beta and PGE2,
suppressed MP-NK cytotoxicity in vitro. Similar findings were observed following mincing of liver tissue.
Overall, these findings indicate that the procedure of tissue mincing entails a release of certain NK-suppressing factors, which are
currently targeted in our on-going studies, factors that may distort ex-vivo findings from processed tissue.
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Characterization of ex vivo expanded canine non-B, non-T NK lymphocytes and
comparison with CD3+CD5dim cytotoxic large granular lymphocytes
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Previous reports describing the phenotypic features of canine NK cells produced inconsistent results. So, canine NK cells are defined
as non-B and non-T large granular lymphocytes. However, there have been a few reports demonstrate the scientific evidences that
canine NK cells share phenotypic characteristic of T lymphocytes. We also reported previously that the ex vivo expanded canine
cytotoxic large granular lymphocytes (CLGLs) exhibiting morphologic, genetic, and functional characteristics of NK cells expressed
CD3 and CD5dim on their surface, and the results strongly suggested that the selectively expanded CLGLs represent a population of
NK cells. In the present study, we selectively expanded non-B and non-T large granular lymphocytes ex vivo from the PBMCs of
healthy dogs, and the expanded cells showed NK cell activities. We compared the morphologic, phenotypic, genetic, and functional
characteristics of non-B and non-T NK cells with those of expanded CD3+CD5dim CLGLs. The results of long-term culture of
CD3+CD5dim cells after isolation from PBMCs suggested that the no-B, non-T NK lymphocytes would be originated from CLGLs.

Safety of Recombinant Canine IL-15 Administration and Its In vivo Effects on the
Generation and Functions of NK cells in Dogs
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Interleukin 15 (IL-15) is a member of the gamma chain-dependent type 1 cytokines and known to play a multifaceted role in the
development and control of the immune system, affecting a wide range of target cell population, including NK cells. Despite a growing
interest in the use of IL-15 as an immunotherapeutic agent, there are limited data on the safety and biologic effects of IL-15 in dogs to
guide its use in clinic. In this study, we generated recombinant canine IL-15 (rcIL-15) and examined the safety as well as effect on the
generation of NK cells in vivo. We constructed an E.coli-based expression system for rcIL-15 and purified this cytokine using affinity
chromatography. Following the removal of lipopolysaccharide (LPS) and change of buffer, we daily intravenously injected rcIL-15 in
doses of 20 ug/kg/day for 8 days and monitored for clinical toxicity and side effect for 32 days. There are no side effects during and
after administration of rcIL-15. Daily intravenous administration of rcIL-15 resulted in remarkable increase of the NK cells in the
peripheral blood. Transient lymphopenia precedes NK cell expansion in the peripheral blood. NK cells expanded from PBMCs of
rcIL-15-injected dog showed higher cytolytic activity against CTAC cells. These results show that rcIL-15 promotes in vivo generation
and ex vivo expansion of NK cells and the use of purified IL-15 is safe in dog.

50

POSTER - EFFECTOR FUNCTIONS OF NK CELLS
DIFFERENTIAL EFFECTS OF LIPOPOLYSACCHARIDE ON NK CELL
SUBPOPULATIONS
1

Elena I Kovalenko , Leonid M Kanevskiy
1Shemyakin-Ovchinnikov

1

110

Institute of Bioorganic Chemistry, Moscow, Russia , kovalenelen@gmail.com

INTRODUCTION. NK cells play a regulatory role in sepsis. We have shown recently that lipopolysaccharides (LPS) may directly
activate NK cells in the presence of IL-2 resulting in an increase in IFN-γ production and changes of NK cell cytotoxic activity despite
TLR4 expression was detected in NK cells only intracellularly. In this study we demonstrate selective effects of LPS on certain NK cell
subpopulations.
METHODS. NK cells were collected from peripheral blood of healthy donors by Miltenyi Biotec magnetic separation.
CD3/CD14/CD19-negative, CD56-positive phenotype of the NK cells was confirmed by multicolor flow cytometry.
CD56brightCD57neg, CD56dimCD57neg, CD56dimCD57dim and CD56dimCD57bright NK cell subpopulations were then isolated by
fluorescence-activated cell sorting. The cells were incubated in the presence of IL-2 (500 U/ml) and LPS (5 ug/ml) for 18 h. IFN-γ
content in culture supernatants was analyzed by ELISA. NK cell cytolytic potential was assessed with a LAMP1-based degranulation
assay.
RESULTS. Isolated NK cells subpopulations differed in IFN-γ production and cytotoxicity: the maximal levels of IFN-γ production were
detected in CD56brightCD57neg or CD56dimCD57neg NK cells; the maximal cytotoxic activities in different donors were registered in
CD56brightCD57neg, CD56dimCD57neg or CD56dimCD57dim subpopulations. LPS in combination with IL-2 was shown to increase
IFN-γ production in CD56brightCD57neg and CD56dimCD57neg cells but not in CD56dimCD57dim and CD56dimCD57bright
subpopulations. In most experiments LPS did not influence IFN-γ production in CD56dimCD57dim and CD56dimCD57bright cells
whereas the significant negative LPS effect was shown in CD56dimCD57neg subpopulation in one experiment. In the same time, in
different donors LPS affected differently on NK cell cytotoxic activity in CD57neg NK cells. Both positive and negative effects of LPS
on NK cell degranulation were registered. No LPS influence on NK cell cytotoxicity was revealed in CD56dimCD57dim and
CD56dimCD57bright subpopulations.
CONCLUSIONS. LPS modulate functional activity of the less mature NK cells. The results imply existence of various mechanisms of
the LPS action. Different LPS effects may be connected with differences of initial functional status of NK cells between individuals.
This work is supported by RFBR (grants 13-04-02041 and 14-04-01842).

NK cell-activating exosomes: Role of BAG6
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Natural killer (NK) cells are part of the innate immune system and a major component of the antitumor immune response. Their
dysfunction has been reported for haematological malignancies, including chronic lymphocytic leukemia (CLL). In our previous work,
we identified extracellular vesicles as important regulators directing NK cell activity. Recently, the communication via extracellular
vesicles, e.g. exosomes, emerged as an important mechanism that regulates the intercellular communication. Exosomes are released
by tumour cells and normal healthy cells and permit the transfer of proteins and RNAs among malignant and non-malignant cells to
alter the function and the phenotype of the recipient cell.
At present, the basic mechanisms that regulate the formation of exosomes, the sorting of cargo molecules in/on exosomes and their
subsequent release are far from being understood. Our data suggest that BAG6, a multifunctional protein involved in NK cell activation
via engagement of the activating receptor NKp30, which also acts as an intracellular chaperone, may influence these critical
processes. To approach this finding in detail, we analyzed exosomes derived from wildtype, BAG6-knock out and
BAG6-overexpressing 293 cells to compare their protein content by proteomics in response to cellular stress (heat shock). First data
indicate that - as expected - BAG6 was enriched in wildtype and BAG6-transfected cells, together with BAG6-binding partners such as
SGTA/SGT1 and HSP70 or factors known to be regulated through BAG6 (MHCI proteins). Interestingly, NF-AT and chaperones
involved in the innate immune response and inflammasome formation were also identified to be increased. This suggests that the
cellular BAG6 level influences the exosomal protein composition resulting in an enhanced expression of positive immune regulatory
factors. In line, NK cell cytotoxicity is triggered through exosomes obtained from BAG6 overexpressing and wildtype cells, but not
through BAG6-deficient cells. The uptake of exosomes and the transfer of functional molecules to NK cells will be studied in detail.
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Induced pluripotent stem (iPS) cells hold great promise in regenerative medicine as they have the potential to differentiate into any
specialized cell type and retain unlimited self-renewal capacity in vitro. These features make them a useful tool for drug discovery,
disease studies and patient specific cell transplantation therapies. The use of iPS-derived lymphocytes for adoptive cell transfer
therapies is appealing as it provides an indefinite cell source and a platform for genetically modified cells. Natural killer (NK) cell-based
therapies have shown promising results in the treatment of haematological malignancies. Large numbers of anti-tumour NK cells are
however required for clinical efficacy. The unlimited derivation of functional NK cells from human iPS cells could overcome the current
obstacle of insufficient NK cell numbers for cellular anti-cancer immunotherapy.
In this study, we have used a two-stage culture system to efficiently differentiate human embryonic stem (hES) and hiPS cells into NK
cells. First, haematopoietic stem cells (HSCs) were derived by co-culture with murine OP9 stromal cells. The CD34-expressing fraction
was enriched with magnetic activated cell sorting (MACS). The efficiency with which 3 patient specific hiPS cell lines differentiated into
HSC was comparable with that observed with the H1 hESC line with an average of 5x105 CD34+ cells isolated from 3x106 pluripotent
stem cells. Colony forming unit (CFU) assay showed that our pluripotent stem cell derived CD34+ cells had multi-lineage differentiation
potential though there was a preference for myeloid differentiation when compared with umbilical cord blood (UCB)-CD34+ cells. In
step 2, the HSC were co-cultured with murine EL08.1D2 feeder cells and cytokines for 5 weeks to generate NK cells. The expression
of NK cell-specific surface markers was monitored weekly and showed up-regulation of CD56 from week 3 onwards, increasing to up
to 100% in week 5.
In summary, our data suggest that NK cells can be derived from human pluripotent stem cells and could provide an alternative cell
source for cancer immunotherapies. Furthermore, this protocol provides a platform for genetic modifications to enhance effector
functions as well as an in vitro model to study early human haematopoiesis and NK cell development.
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The natural cytotoxicity receptor NKp30 of natural killer (NK) cells is a key-player for immunosurveillance of tumor cells. The molecular
details of the interaction between NKp30 and its two known cellular ligands BAG-6 and B7-H6 are poorly characterized. However, it is
obvious that a better understanding of receptor-ligand interactions within the immunological synapse between NK cells and their target
cells is crucial for the development of new NK cell-based anti-cancer therapies. Therefore, we investigated the parameters, which
impact on ligand recognition by NKp30. Our results show, that the stalk domain of NKp30 is important for efficient binding, with respect
to its length and amino acid composition. We could show that all three predicted consensus motifs (N42AS, N68GT, N121GT) in the
NKp30 ectodomain are N-linked glycosylated. Mutational analyses and ligand binding studies with the cellular NKp30 ligand B7-H6
revealed that upon deletion of glycosylation site N42, B7-H6 binding is abolished, whereas the other glycosylation sites had little
impact. This was supported by results from intracellular signaling of full-length NKp30 in a CD3ζ-chain reporter system (Hartmann et
al., J. Biol. Chem., 2012). 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. Based on soluble ectodomain
proteins of NKp30 purified from insect cells after heterologous expression, we could show that the stalk domain of NKp30 mediates
receptor oligomerization (Herrmann et al., J. Biol. Chem., 2012). Based on these results, we propose that receptor up-regulation on
NK cells in response to e.g. Il-2 shifts the equilibrium towards NKp30 oligomerization, thereby boosting ligand recognition, receptor
signaling and cytotoxicity.
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More than direct cytotoxicity: increased natural killer cell differentiation promotes
antileukemic activity of 5-aza-cytidine
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Originally developed as direct cytostatic drug, 5-aza-cytidine (5-AzaC) furthermore induces depletion of maintenance DNA
methyltransferase 1 (Dnmt1). Demethylation induced expression of e.g. previously silenced tumor suppressor genes leads to
beneficial effects in the treatment of adult acute myeloid leukemia and the myelodysplastic syndrome. The expression of killer
immunglobulin-like (KIR) receptors, which play an important role in self-/non-self-discrimination of natural killer (NK) cells, is also
regulated by promoter methylation. Given that the existing in vitro data has been obtained by the analysis of mature NK cells of
healthy volunteers, we developed a humanized xenotransplantation model in NOD SCID IL2Rγc-/- (huNSG) mice to study the effect of
a 5-AzaC exposure on developing NK cells. These mice predominantly harbor immature KIR negative NK cells, thus ideally
resembling human NK cell ontogeny of patients post hematopoietic stem cell transplantation (HSCT).To prevent for direct cytotoxic
effects and to enable epigenetic DNA modulation of precursor cells, we applied a low-dose and long-term 5-AzaC treatment regime
(0.025mg/mouse/dose i.p., twice a week for a total of 4 weeks). Interestingly, analysis of bone marrow-residing NK cell subsets in
huNSG mice demonstrated that 5-AzaC treated mice harbored distinctly higher numbers of both immature (CD34+CD117+ and
CD34-CD117lowCD94-) NK cell precursors and mature (CD34-CD117-CD94+NKp46+ and CD34-CD117-CD94-NKp46+) NK cell
subsets. In contrast to our expectations, 5-AzaC therapy did not result in the up-regulation of inhibitory KIR protein expression as
detected by flow-cytometry. Interestingly, 5-AzaC exposed huNSG exhibited distinctly higher Graft versus Leukemia effects upon
injection of a primary pediatric B cell precursor leukemia sample, indicating that the anti-tumor properties of KIR- NK cells have
probably earlier been underestimated. So far, the effectiveness of 5-AzaC has been attributed to the induction of HLA class I
expression and cancer testis antigens on pre-malignant cell clones. Based on our results, we here propose that 5-AzaC therapy might
in addition promote NK cell differentiation which – presumably together with an altered dendritic cell activation status and a fine-tuned
NK cell-promoting cytokine milieu – ultimately results in improved NK function. Collectively, our data indicate that it is worth discussing
whether the indication for a 5-AzaC “bridging” therapy performed in MDS or AML patients should be extended to patients in the early
post-transplantation period irrespective of the underlying malignancy.

Identification and characterization of transcription factors with potential
importance for modulation of NK cell differentiation and function
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Ex vivo differentiation systems of human NK cells from CD34+ hematopoietic stem cells are important for the generation of NK cells
for adjuvant immunotherapy of cancer and can be used to study in detail human NK cell differentiation. We have used a recently
established stroma cell-free defined culture system to analyze ex vivo differentiation of human NK cells from cord blood-derived
CD34+ stem cells by flow cytometry, gene expression profiling, realtime RT-PCR and cytotoxicity assays (1,2). First, the sequential
expression of genes for NK receptors, other surface markers characteristic of NK cells and cytotoxic molecules was established. The
data showed that ex vivo differentiated NK cells express a range of genes characteristic for peripheral and cord blood CD56bright and
CD56dim NK cells. Despite some distinct phenotypic characteristic, cytolytic gene expression as well as cytotoxicity of the ex vivo NK
cells were close to CD56dim NK cells from blood. The use of a low concentration of IL12 during ex vivo differentiation led to a further
maturation and significantly improved functions of the NK cells as shown by an increase of KIR and CD16 expression as well as
augmented antibody-dependent cellular cytotoxicity. This further maturation was accompanied by a downmodulation of expression of
the transcription factors GATA-3 and TOX, whereas ID3 was upregulated. In consecutive detailed expression analyses of additional
transcription factors up- and downregulated during the ex vivo differentiation process, several factors not yet implicated in NK cell
differentiation were identified to have a potential role in differentiation and maturation of NK cells. In more detail, a transcription factor
of the Zn-finger family was found, in comparison to other hematopoietic lineages, to be selectively expressed in human NK cells. Two
other factors displayed reciprocal expression in the less mature CD56bright NK subset and the mature CD56dim NK cells,
respectively.
Taken together, these results suggest that the defined transcription factors are novel candidates potentially determining important
steps in NK lineage specification and the maturation of human NK cells via the preferentially cytokine secreting CD56bright subset to
the fully cytotoxic CD56dim NK cells. We further propose that modulation of expression of these factors could be used for the
generation of ex vivo NK cells with improved properties for potential therapeutic approaches.
(1) Lehmann et al., Stem Cells Develop. 21, 2926 (2012)
(2) Lehmann et al., PLoS ONE 9: e87131 (2014)
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HLA-DR expression in NK cells stimulated with soluble IL-2 and (or)
membrane-bound IL-21.
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A proportion of human NK cells express HLA-DR on the surface. Stimulation of NK cell population with IL-2 results in proliferation of
HLA-DR-positive NK cells. Recently K562 cells modified with membrane-bound IL-21(mbIL-21) were shown to induce the intensive
proliferation of NK cells in cultures. This work was aimed at characterization of HLA-DR-positive NK cells and NK cell clone repertoire
under stimulation with IL-2 and(or) mbIL-21-K562.
NK cells were cultured for 12days with or without IL-2(100 U/ml) and irradiated mbIL-21-K562 cells as feeder cells and were analyzed
for 12days. NK cell clones were obtained by limiting dilutions of NK cell suspension under the same stimulatory conditions and were
analyzed for 6weeks.
On the average amount of HLA-DR+ cells in NK cell population in peripheral blood varies between 1-5%. More than a half of the
HLA-DR+ NK cells demonstrated CD56bright phenotype. Both IL-2 and mbIL-21-mediated stimulation resulted in increasing HLA-DR
expression in NK cells. Combination of these cytokines led to the maximal expression in bulk NK cells(up to75% of HLA-DR-positive
cells). Stimulation of NK cells with combination of IL-2 and mbIL-21 caused the intensive proliferation of CD56brightHLA-DR+CD57–
cells and a decrease of CD57+NK cell proportion. The growth of HLA-DR+ expression was provided by both propagation of HLA-DR+
cells and an increase of HLA-DR expression cell surface levels. Moreover, stimulation of HLA-DR-negative NK cells isolated by cell
sorting technique by IL-2 in combination with mbIL-21 resulted in appearance of remarkable HLA-DR expression in these cells.
Most of NK clones obtained under stimulation with combination of IL-2 and mbIL-21 display CD56+CD3–CD56brightphenotype. All the
clones were HLA-DR+ and the cell expression level was significantly higher than in bulk NK cells. Clones had high levels of
CD16,NKG2D,CD11 on the surface; all of them express CD7,CD69. Several clones were positive for NKG2C or ILT-2. For
HLA-DR-positive NK cells isolated by cell sorting the efficiency of clone production was12.5 times higher than for the HLA-DR-negative
NK cells. At the same time, in the absence of IL-2 clones had a low expression HLA-DR and proliferated poorly.
Thus, mbIL-21 plays the leader role in the induction of HLA-DR expression in NK cells. Stimulation with combination IL-2 and mbIL-21
has advantage for surviving HLA-DR-positive NK cells and for producing long-living NK cell clones. Further characterization of
functional activity of HLA-DR-positive NK cells might be useful for selection of NK cells optimal for immune therapy.
This work was supported by RFBR(grant №14-04-01842).

Analysis of KIR repertoires on human T cells identifies expression of KIR3DL2 on
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While the expression of KIR on NK cells was intensively studied, only limited information is available about the expression and
functional relevance of KIR and NKG2A on T cells. Here, the repertoire of inhibitory HLA class I-specific receptors was systematically
analyzed in T cell subsets by multicolor flow cytometry. In contrast to NK cells, no adaptation of KIR frequencies in the presence of the
specific HLA-ligand (KIR2DL1-C2, KIR2DL3-C1, KIR3DL1-Bw4) could be detected. However, the presence of cognate KIR ligands led
to a significant decrease in the expression level of the respective KIR similar to what was previously seen in NK cells. The most
abundant receptor on CD4 T cells was KIR3DL2. Stimulation with the KIR3DL2 ligand CpG ODN led to rapid downregulation of
KIR3DL2 similar to previous observations in NK cells. In contrast to previous findings in KIR+ CD8 T cells, CD4 T cells exhibited a
naïve or central memory-like T cell phenotype with low or no expression of classical NK cell receptors such as CD56 and CD16 or
cytotoxic molecules such as granzyme B and perforin. Analysis of cord blood revealed that in many cases KIR3DL2 and NKG2A were
the only HLA class I-specific inhibitory receptors on naïve CD4 T cells. Notably, KIR3DL2 was also found on CD4 T cells in thymus,
suggesting that KIR3DL2 is already expressed during development of naïve CD4 T cells. Unexpectedly, preliminary analysis of
transcriptional programs suggests that KIR+ CD4 T cells express various receptors with known function in innate immunity.
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Natural killer cells and antitumor immunity after hematopoietic stem cell
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Recognition and elimination of tumor cells by donor-derived lymphocytes is responsible for the curative effects of allogeneic
hematopoietic stem cell transplantation (HSCT). Transplant immunology has traditionally focused on T-cells as the main effectors of
both graft-versus-tumor and graft-versus-host reactions. Recent research has indicated that natural killer (NK) cells may also exert
powerful antitumor immunity after allogeneic transplantation. NK cell driven graft versus tumor effects became evident for the first time
in a haploidentical HSCT scenario when NK cell tolerance is permanently broken if patient HLA class I antigens are incompatible with
the donor KIR repertoire. Recent evidence indicated that NK cell tolerance may also be temporarily disturbed during reestablishment
of KIR repertoire in the first months after transplantation in case of HLA/KIR compatibility. Graft-versus-tumor effects were
demonstrated by reduced relapse risk in both situations. However, studies analyzing reconstituting NK cells after HLA/KIR compatible
allogenic HSCT demonsted diverse functional capacity and no such investigations after autologous HSCT have been done yet.
We investigated 70 patients suffering from malignant tumors of the lymphohematopoietic system whose therapy included allogeneic or
autologous HSCT after myeloablative conditioning. NK cell function and phenotype were assessed before, and 1, 2, 3, and 6 months
after HSCT. Functionality and licensing status of NK cells was explored by multi-color flowcytometry in functional assays using the
HLA-deficient target cell line 721.221 as stimulus, and INF- production and CD107a expression as readouts.
Natural killer cells lacking cognate HLA-ligands showed lower degranulation and cytokine production at all time points after both kinds
of HSCT. Our preliminary data show that the capacity for degranulation and cytokine production reconstitutes in an increasing manner
over the whole six months of follow up after both kinds of transplantation. NK cell licensing is maintained at all times after HSCT.
Therefore, there is no clear evidence for a temporary disturbance of licensing in terms of the appearance of NK cells unselectively
equipped with functional competence, neither after allogeneic nor autologous HSCT. This contradicts in part what was previously
published. This stands in contradiction with previously published work from other groups. However the follow-up and the analysis of
our cohort are not complete yet. In addition our phenotypical analysis confirmed hierarchical reconstitution of single iKIR positive NK
cells after allogeneic HSCT. We show a similar pattern of reconstitution after allogeneic and autologous HSCT with occurrence of
single positive KIR2DL2/3+ before KIR3DL1+ before KIR2DL1+ NK cells.

The level of Ets-1 expression determines human NK versus type I/III ILC
differentiation.
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INTRODUCTION: Innate lymphoid cells (ILCs), including natural killer (NK) cells and type I, II and III ILCs, do not express rearranged
antigen receptors. NK cells play an important function in anti-tumor and anti-viral responses, whereas ILCs have regulatory functions
in innate immunity and in tissue-(re)modeling.
Ets-1 belongs to the Ets family of transcription factors and is important in murine NK cell biology as Ets-1-deficient mice show severely
reduced NK cell numbers and residual NK cells display a decreased functionality. No data regarding the function of Ets-1 in the
development of the recently described ILCs is available.
The aim of this study was to determine the role of Ets-1 in human NK and ILC development.
METHODS: Human CD34+ hematopoietic stem cells were lentivirally transduced with the full-length Ets-1 p51 variant, with the
dominant-negative variant Ets-1 p27, lacking the DNA-binding fraction, or with an empty control vector. Two days after transduction,
CD34+CD38lowLin-eGFP+ precursor cells were sorted and cocultured with inactivated EL08-1D2 stromal cells in the presence of 20
ng/ml SCF and interleukin-7, and 10 ng/ml Flt3L and interleukin-15. Cultures were evaluated at day 7, 10, 14 and 21 for the presence
of NK cells and ILCs.
RESULTS: Overexpression of Ets-1 p51 in human hematopoietic precursor cells leads to an increased development of interleukin-1
receptor I+ ILCs, including both type I and type III ILCs. Since the necessary NOTCH signal is missing in our culture system, no
CRTH2+ type II ILCs could be detected. As a consequence of the more effective ILC generation, mature CD94+ NK cells are reduced
in Ets-1 p51 overexpressing cultures. On the other hand, when sufficient Ets-1 signaling is missing, induced by overexpression of the
dominant-negative Ets-1 p27 variant, both type I and type III ILCs as well as NK cell numbers are reduced. Analysis of T-bet, Eomes
and RORγt transcription factor expression confirmed the true ILC/NK cell nature of the cultured cells. Functional assays will be
performed in the near future.
CONCLUSION: Our data suggest that the level of Ets-1 signal in human hematopoietic precursor cells guides the choice to become
NK cells versus type I or III ILCs. High Ets-1 presence induces the preferential development to the ILC lineage at the expense of
conventional NK cell formation. On the other hand, when Ets-1 function is interrupted, both ILC and NK cell development is impaired.
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NK cells are large granular lymphocytes that form a first line of defense against tumor and pathogen-infected cells. The fact that they
do not require prior sensitization for target cell lysis, as opposed to T cells, turns NK cells into attractive agents for cancer therapy.
Successful therapy however, depends on large amounts of NK cells. These innate immune cells can be generated from HSCs, but the
transcriptional mechanisms regulating human HSC differentiation into NK cells remain largely undefined. The transcription factors TOX
and ID2 demonstrated an involvement in murine NK cell development, with knockout mice having decreased numbers of immature
and mature NK cells in bone marrow and spleen, as well as altered cytotoxicity capabilities. We therefore overexpressed TOX and ID2
separately in cord blood-derived HSCs to investigate their role in human NK cell development. We show that overexpression of TOX
had a negative effect on the absolute cell numbers of all in vitro developing NK cell stages, except for mature CD16+ stage 5 cells
(CD117+/- CD94+). Expression of the activating receptors NKG2D, NKp30 and NKp46 was also increased, while inhibitory KIR
expression was decreased. Functional experiments subsequently revealed that these TOX-overexpressing cells demonstrated an
increased expression of CD107a after stimulation with K562 target cells, indicating an increased capacity for target cell lysis. They also
had a lowered capacity to produce INF-γ and TNF-α. ID2 overexpression, on the other hand, did not affect absolute NK cell numbers
during the first 3 weeks of culture. In the final week however, there was a higher absolute number of NK cells due to an increased
amount of mature CD16- stage 4 NK cells. Besides an increased expression of NKp30, the expression of inhibitory KIR was also
increased on these cells. Finally, ID2 overexpression leads to an increased capacity to produce INF-γ and TNF-α, a characteristic of
immunoregulatory stage 4 NK cells.

Diversity of Killer immunoglobulin-like receptors (KIR) the human leukocyte
antigen HLA-Cw in Saudi population
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Natural Killer (NK) cells equipped with different types of receptors, by which the function of NK cells is regulated. Killer
Immunoglobulin-like Receptors (KIRs) is one of these receptors that inhibit or activate the NK cells killing activity. Killer
immunoglobulin-like receptors (KIR) exhibit extensive diversity and it has been observed that populations with different genetic
backgrounds can differ in KIR profile. In our study, we investigated the KIR complex and the human leukocyte antigen HLA-Cw in
Saudi population. The KIR and HLA-Cw genotyping were performed using the polymerase chain reaction Sequence specific primers
(PCR-SSP) technique.
Apart from the framework genes (KIR2DL4, 3DL2, 3DL3 and 3DP1) present in all the individuals, the lowest and highest frequency of
activating genes were KIR3DS1 and KIR2DS4 respectively. Whereas the lowest and highest frequency of inhibitory genes were
KIR2DL5 and (KIR2DL1, KIR3DL1) respectively.
The expression frequency of HLA C2Lys80+2DL1 was 66%, HLA C1Asn80+2DL2/3 was 37.7%, 2DS2+HLA C1Asn80 was 52% and
2DS1+HLA C2Lys80 was 28.3%. Of the individuals in the study, 20.8% expressed only KIR2DL1 without HLA Cw, 1.9% expressed
only KIR2DS1 without HLA CwLys80 and 17.1 % expressed only KIR2DS2 without HLA CwAsn80.
In conclusion, the expres¬sion of inhibitory genes in the presence of their ligands is higher than the expression of activating genes in
the presence of their ligands. However, more samples are required to be analyzed to confirm the obtained results.
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Both mature KIR+ and immature KIR- NK cells control pediatric acute B cell
precursor leukemia in NOD.Cg-Prkdcscid IL2rgtmWjl/Sz (NSG) mice.
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Therapeutic natural killer (NK) cell-mediated alloreactivity towards acute myeloid leukemia (AML) has largely been attributed to
mismatches between killer immunoglobulin-like receptors (KIRs) on NK cells and their ligands, HLA class I molecules, on target cells.
While adult acute B cell precursor leukemia (BCP-ALL) appears to be relatively resistant to NK cell-mediated lysis, recent data indicate
that pediatric BCP-ALL might yet be a target of alloreactive NK cells. To systematically study NK cell-mediated graft versus leukemia
effects towards pediatric BCP-ALL, we established a donor-patient-specific xenotransplantation model in immune-permissive
NOD.Cg-Prkdcscid IL2rgtmWjl/Sz (NSG) mice. In parallel to haplo-identical transplantations of affected children we used either
parental NK cells for adoptive transfer experiments or parental stem cells for humanization of NSG mice. Upon secondary injection of
patient-specific blasts, we demonstrate that NK cells indeed exert a considerable alloreactivity towards pediatric BCP-ALL in vivo.
KIR-KIRL mismatch constellations hereby promoted the alloreactivity of cytokine-matured NK cells by enhancing the ability of KIR+ NK
cells for degranulation, cytokine synthesis and the exertion of cytotoxicity. To our surprise, a substantial anti-leukemic activity was
displayed not only by mature KIR+ but also by immature KIR- NK cells arising early post transplantation in humanized NSG mice.
Therapeutically, a low-dose and long-term treatment of huNSG mice with the DNA-demethylating agent 5-Aza-cytidine distinctly
enhanced the anti-tumor response, interestingly without inducing common inhibitory KIR expression but rather by promoting the
differentiation of various NK cell subsets. Collectively, our data indicate that the future design of innovative therapy protocols should
consider further exploitation of NK cell-mediated immune-responses for poor prognosis pediatric BCP-ALL patients.

The diversity of KIR genes and the impact of donor-patient KIR/HLA genotypes on
the outcome of HLA-identical allogeneic hematopoietic stem cell transplantation
on patients with hematological malignancies.
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It has been proposed that the absence of the HLA class I expression in patients, a respective ligand for KIR inhibitor receptors present
in the donor cells could be used as a prognostic factor for the outcome of hematopoietic stem cell transplants between donor/recipient
HLA identical. Thus, the aim of this study was to evaluate possible effects of the haplotype KIR and HLA genes on the clinical course
of transplantation HLA-matched, related and not depleted of T lymphocytes, particularly in chronic and acute graft versus host disease
(GVHD), relapse, overall survival and event-free survival. The prospective study was conducted at the Center of Hematology and
Hemotherapy of the University of Campinas (Unicamp). It was included in this study 50 patients with their donors, whose transplant
was between 2008 and 2012. The HLA genotyping was performed by polymerase chain reaction with specific sequence primers
(PCR-SSOP Luminex ®). Most donors (78%) presented KIR haplotype B, while 22% presented KIR haplotype A. Of the patients who
received the donor haplotype A, 90% developed GVHD, acute or chronic, compared with those who received the haplotype B (58%).
There was no significant difference in relapse among patients who received the haplotype A or B (27% vs 23%). There was no
significant difference in the development of GVHD and relapse for homozygous patients (C1C1 or C2C2) and heterozygous (C1C2)
and not even for those with the presence or absence HLA-Bw4. In addition, overall survival was not different for the groups of patients
studied. However, there was a strong correlation between the group of patients heterozygous for HLA-C (C1C2) and the incidence of
acute GVHD and relapse. The event free survival was higher in heterozygous patients who did not develop acute GVHD (p<0,0001).
In our study, the results showed that for the heterozygous group (C1C2), the majority of patients did not develop acute GVHD and
showed higher event free survival, suggesting a possible protective effect for this group. The same results were not significant for
HLA-Bw4 and groups of KIR haplotypes.
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Generation of tumor-specific NK cells by differentiation of CAR-gene transduced
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Natural killer (NK) cells hold great 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 the 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 generated from hematopoietic stem cells (HSCs) by ex vivo differentiation
following different protocols. To explore the generation of CAR NK cells from CAR gene transduced HSCs, here we aim to establish a
system for continuous ex vivo differentiation of NK cells from human HSCs transduced with a lentiviral CAR vector controlled by an
NK-specific promoter. This strategy should allow easy generation of tumor-specific NK cells in therapeutically relevant numbers.
Currently, we are developing and optimizing a protocol for transduction of HSCs and their differentiation to CAR NK cells employing an
ErbB2/HER2-specific CAR as a clinically relevant model. The resulting ex vivo generated CAR NK cells will be functionally
characterized for CAR-expression, and its contribution to antitumoral activity towards antigen-expressing target cells. CAR-encoding
lentiviral vectors for gene transfer to HSCs have been generated, and the lineage-specific activity of these CAR constructs in human
cell lines of different hematopoietic origin is ongoing. Subsequently, the principles established during ex vivo differentiation of CAR NK
cells will be employed for in vivo CAR NK differentiation utilizing murine model systems.

The role of Ly49E expression on intestinal intraepithelial lymphocytes in intestinal
tumor immune response
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The Ly49E receptor is a highly conserved and unique member of the natural killer (NK) receptor family. Structurally, Ly49E has both
an ITIM domain and a positive residue in the transmembranar region, associated with inhibitory and activating receptors, respectively.
Moreover, whereas most Ly49 receptors have major histocompatibility (MHC) class-I ligands, Ly49E is triggered by the non-MHC
class-I molecule urokinase plasminogen activator (uPA). Furthermore, Ly49E has a unique expression pattern, presenting with
expression on both NK cells and intraepithelial-localised T cells. Amongst intraepithelial-localised T cells, the Ly49E receptor is
abundantly expressed on CD8αα-expressing innate-like intestinal intraepithelial lymphocytes (iIELs), which contribute to front-line
defense at the mucosal barrier. However, the function of Ly49E expression on iIELs is unknown. Here, we investigated a role for
Ly49E expression on iIELs in tumor immune response. Making use of Ly49E-deficient mice, we characterized tumor appearance, load
and infiltration in two models, namely ApcMin/+ -mediated intestinal cancer and azoxymethane-mediated colorectal cancer. Our data
suggests that Ly49E expression on iIELs does not influence ApcMin/+ -mediated intestinal cancer and azoxymethane-mediated
colorectal cancer induction or progression.
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Depletion of soluble NKG2D ligands to overcome tumor-immune-escape from
NKG2D-dependent NK cell cytotoxicity
1

1

2

3

4

5

126

Sandra Weil , Ariane Giannattasio , Ulrike Köhl , Lutz Walter , Volker Huppert , Alexander Steinle ,
Joachim Koch1
1Georg-Speyer-Haus,

Institute for Tumorbiology and Experimental Therapy, Frankfurt am Main, Germany, 2Institute of Cellular
Therapeutics,IFB-Tx, Hannover Medical School, Hannover, Germany, 3German Primate Center, Department of Primate
Genetics,Göttingen, Germany, 4Miltenyi Biotec GmbH, Bergisch Gladbach, Germany, 5Institute of Molecular Medicine,
Goethe-University,Frankfurt am Main, Germany, s.weil@gsh.uni-frankfurt.de

NKG2D-dependent killing of tumor cells by NK cells occurs after binding of NKG2D to its cellular ligands MICA/B or the ULBPs.
However, soluble NKG2D ligands (sNKG2DLs), which can be proteolytically shed from the plasma membrane of tumor cells,
compromise NKG2D-dependent NK cell cytotoxicity and thus promote tumor escape from immunosurveillance. In head and neck
squamous cell carcinoma, cervical carcinoma and neuroblastoma patients, elevated levels of sMICA in patients` serum correlated
significantly with diminished NK cell cytotoxicity.
Since clinical results suggest a major role of sNKG2DLs in inhibiting NK cell surveillance of tumor cells, the therapeutic depletion of
these ligands from patients` serum prior to cell-based therapies could significantly boost anti-tumor immune responses and improve
the clinical benefit for the patients.
In order to deplete sNKG2DLs, we have developed an ex vivo apheresis approach based on a bioreactive surface. As a first step, a
monoclonal antibody against sMICA was covalently coupled to a bead-based surface. Depletion experiments showed that different
sMICA allelic variants were captured and removed with an efficiency of 97 % from human serum of 20 donors as shown by ELISA.
We and others have shown that depending on the tumor entity and presumably even patient-dependent not only sMICA, but also other
sNKG2DLs play a critical role in NKG2D downregulation and subsequently impaired NK cell cytotoxicity. Thus, the depletion of all
sNKG2DLs might be a crucial step for a clinical intervention strategy. For this purpose, we have developed a pan-specific bioreactive
surface using the ectodomain of the human NKG2D receptor. We therefore generated recombinant NKG2D variants (rNKG2D) in
different expression systems. Binding affinities for the ligands MICA, MICB and the ULBPs were analyzed by ELISA and FACS. In
initial depletion experiments, all of the sNKG2DLs could be efficiently removed from human serum by the rNKG2D.
As a proof of concept, ongoing experiments aim at an in vivo validation of the apheresis device in a rhesus macaque model.

Kinase-inactive Tyk2 mediates NK cell-dependent tumour surveillance and CD8+
T cell crosstalk to NK cells
Agnieszka Witalisz1, Michaela Prchal-Murphy 1,2, Karoline Bednarik1, Katrin Meissl1, Veronika Sexl2,
Birgit Strobl1, Mathias Müller 1,3

127

1Institute

of Animal Breeding and Genetics, University of Veterinary Medicine Vienna, 2Institute of Pharmacology and
Toxicology,University of Veterinary Medicine Vienna, 3Biomodels Austria, University of Veterinary Medicine Vienna ,
agnieszka.witalisz@vetmeduni.ac.at

Tyrosine kinase 2 (Tyk2) is a member of the Janus kinase family and has a prominent role in signal transduction in the immune
response. Tyk2 deficiency in mice leads to impaired tumour immunosurveillance due to a strongly decreased cytotoxic capacity of NK
cells and T cells. Using newly generated gene-targeted mice expressing kinase-inactive Tyk2 (Tyk2K923E) we have reported that
Tyk2 kinase activity is essential for type I interferon responses and antiviral activity in vivo. With respect to tumour surveillance, we
have observed that Tyk2 kinase activity is indispensable for cytolytic T cell (CTL) activity. In contrast, Tyk2K923E NK cells showed
partially restored target cell killing in vitro, and an intermediate maturation phenotype between wild-type and Tyk2-/- splenic NK cells.
Consistently, Tyk2K923E but not Tyk2-/- mice were able to efficiently control an NK cell-targeted tumour cell line (RMA-S) after
subcutaneous transplantation. Surprisingly, a similar outcome was observed when a T cell-targeted tumour cell line (MC38) was
transplanted, suggesting that NK cells can compensate for the loss of CTL activity in Tyk2K923E mice. Indeed, depletion of NK1.1+
cells resulted in increased tumour growth in Tyk2K923E but not wild-type or Tyk2-/- mice. Furthermore, tumour infiltrating NK cells
were more abundant in Tyk2K923E than in wild-type and Tyk2-/- mice. Nevertheless, depletion experiments showed that also CD8+
cells are required for the control of MC38 tumour growth in Tyk2K923E mice, despite the impaired cytotoxicity of CD8+ T cells.
Preliminary data suggest a role of CD8+ T cells for the secretion of chemotactic factors attracting NK cells to the tumour site. We are
currently testing this hypothesis by T cell adoptive transfer experiments and subcutaneous MC38 transplantation into Rag2-/- mice.
The work is funded by the Austrian Science Fund FWF grant SFB F28.
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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. Glioblastoma (GBM) is the most common and aggressive intracranial malignant tumor in humans.
Standard therapy for GBM includes maximal safe surgical resection, radiotherapy and chemotherapy with temozolomide. However,
recurrence of GBM is very frequent, and the median survival of glioblastoma patients is only 12 to 15 months. 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 level of ErbB2 expression by the target cells and the time of their exposure to the NK cells.
Antigen specificity and selective cytotoxicity of NK-92/5.28.z cells were retained in vivo, resulting in antitumoral activity against
subcutaneous and orthotopic glioblastoma xenografts in NSG mice. Our results suggest adoptive transfer of ErbB2-specific
NK-92/5.28.z cells as a promising new immunotherapy approach for ErbB2-positive glioblastoma.

A dual-targeting approach with chimeric antigen receptor expressing NK cells for
adoptive immunotherapy of glioblastoma
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Glioblastoma (GB) is the most common primary malignant brain tumor and is currently incurable. Epidermal growth factor receptor
(EGFR) and its mutant EGFRvIII are overexpressed in a large proportion of GB tumors and contribute to malignant transformation and
aggressiveness. However, strategies to interfere with EGFR/EGFRvIII signaling or vaccination approaches against EGFRvIII showed
only limited clinical success. Adoptive transfer of ex vivo activated lymphocytes such as natural killer (NK) cells may represent a
promising alternative immunotherapeutic approach. NK cells can respond rapidly to transformed and stressed cells, and have the
intrinsic potential to reach their targets in almost all body tissues. In addition to primary NK cells, also continuously expanding cytotoxic
cell lines such as NK-92 are being considered for adoptive cancer immunotherapy, and general safety of infusion of NK-92 cells has
been established in phase I clinical trials.
The therapeutic utility of NK-92 cells can be further enhanced by genetic modification with chimeric antigen receptors (CARs), which
recognize antigens differentially expressed on the surface of tumor cells. To target NK-92 cells towards GB, we developed optimized
CARs that employ scFv antibody fragments either recognizing epitopes restricted to EGFR or ERGFRvIII, or an epitope common to
both target receptors. For signaling these CARs carry a composite CD28-CD3 zeta domain. Upon lentiviral transduction of NK-92
cells, single cell clones were derived and characterized for CAR expression. Functional analysis in vitro revealed high and specific
cytotoxicity of CAR-expressing NK-92 cells towards EGFR and/or EGFRvIII expressing established and primary glioblastoma cells that
were resistant to unmodified parental NK-92. Ongoing work now aims at the evaluation of in vivo antitumoral activity of retargeted
NK-92 cells in orthotopic glioblastoma xenograft models in NOD/SCID common gamma chain knockout (NSG) mice.
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NKG2D/NKG2D-ligand dependent tumor immune escape from surveillance by
natural killer cells
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The activating receptor NKG2D on NK cells of the innate immune system is important for immunosurveillance of tumor cells. Human
NKG2D recognizes different structurally related ligands (NKG2DLs) on the target cell, including the MHC class I chain-related protein
A (MICA), MICB, and several UL16-binding proteins (ULBPs). Importantly, overexpression of NKG2DLs is found on the plasma
membrane of tumor cells from various cytological origins, thus enabling recognition by immune effector cells. By contrast, as part of an
immune escape mechanism, matrix metalloproteinase- (MMP) and ADAM-dependent proteolytic cleavage leads to the release of
soluble ectodomains of these NKG2DLs. Based on clinical data, high levels of NKG2DLs in the plasma of patients suffering from
cancer entities such as neuroblastoma (NB), head and neck squamous cell carcinoma (HNSCC), multiple myeloma and cervical
carcinoma (CC) were correlated with impaired NKG2D-dependent cytotoxicity of NK cells and T cell subsets.
In order to study NKG2D/NKG2DL-dependent tumor immune escape under in vivo-like conditions, we developed a 3D tumor spheroid
model system, which allows the screening of different parameters in parallel. These multicellular tumor spheroids possess a complex
network of cell-cell contacts as well as pH, oxygen, metabolic and proliferative gradients analogous to the conditions found in poorly
vascularized and avascular regions of solid tumors and micrometastases. Tumor spheroids are therefore a powerful tool to investigate
immune cell infiltration and immune surveillance in a 3D context.
We characterized tumor spheroids grown from HNSCC and CC cells for NKG2D ligand expression and for their sNKG2DL shedding
kinetics. Based on killing assays with solid tumor spheroids, we could show that different sNKG2DL led to downregulation of NKG2D
on primary NK cells resulting in impaired NK cell cytotoxicity and resistance of tumor spheroids to NK cell killing. Moreover, infiltration
analysis of tumor spheroids revealed that NK cells accumulated at the outside of the tumor spheroids under inhibitory conditions. By
contrast, in the absence of NKG2DLs, killing of tumor spheroids grown from HNSCC and CC cells occurred within several hours and
was accompanied by infiltration of activated NK cells. Interestingly, NK cell infiltration was not restricted to a particular subpopulation of
NK cells (CD3-CD16+CD56dim or CD3-CD16-CD56bright), as indicated by comparable infiltration rates of sorted subpopulations of
primary NK cells. Based on our data, we provide a first estimate of the required tumor mass to account for sNKG2D levels in the
plasma of NB, HNSCC, and CC patients to inhibit of NK cell cytotoxicity.

Downregulation of effector cell populations after cyclophosphamide treatment
can be reverted by subsequent 5-azacytidine administration in murine tumour
models
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Cyclophosphamide (CY) is a widely used antineoplastic drug, DNA alkylating agent, employed alone or in combination with other
products. Besides its direct cytotoxic effect as an alkylating agent, cyclophosphamide was reported to modulate both adaptive and
innate immunity. Our previous experiments showed its curative effect on one hand, and myeloid-derived suppressor cells (MDSC)
accumulation in the spleens of mice after intraperitoneal administration of a cyclophosphamide derivative CBM-4A therapeutic dose
(150 mg/kg) on the other hand. 5-azacytidine (5AC) is a chemotherapeutic agent displaying antitumor effects. We have previously
reported that 5AC was efficient when used for treatment of both early growing and established murine HPV-associated TC-1 and
TC-1/A9 tumours, and also for TRAMP-C2 tumours (adenocarcinoma mouse prostate model). Besides the direct antitumour activity,
5AC can also influence tumour cell interactions with the immune system by its effects on immunocytes.
In this study, we examined the modulatory effects of CY and 5AC treatment on selected effector cell subpopulations. During the
growth of tumour inocula, the increase of activated NK cells (CD 69-positive) in the spleens of tumour-bearing animals was found. CY
therapy led to the suppression of activated NK 1.1-positive cells, but subsequent 5AC therapy resulted in their significant increase.
Beside the effect on the NK 1.1-positive cells, peritumoral treatment with 5AC led also to the decrease of MDSC numbers and to
recovery of the percentage of CD8- and CD4-positive cells. Our findings indicate that 5AC can rearrange the percentage of important
effector cell subpopulations accumulating in the spleens of tumour-bearing animals during tumour growth and CY chemotherapy,
which can be beneficial for the outcome of cancer therapy.
Grant support: Czech Science Foundation No. 14-10100S.
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The signal transducer and activator of transcription 1 (STAT1) acts as a transcription factor in the JAK/STAT signalling pathway.
STAT1 is centrally involved in regulating different cellular processes, such as cell growth and the defence against microbial infections.
STAT1 also plays a crucial role in tumourigenesis. STAT1 deficient mice are more susceptible to spontaneous, genetically and
carcinogen-induced tumour development. Mechanistically, STAT1 has been shown to act tumour cell intrinsically and extrinsically by
modulating cell growth/apoptosis and facilitating tumour immune surveillance. NK cells are a central component of the anti-tumour
immunity. STAT1 is important for both NK cell maturation and cytotoxicity.
Two isoforms of STAT1 are generated by alternative splicing: the full-length STAT1α and the C-terminally truncated STAT1β. It was
previously believed that STAT1β is transcriptionally inactive and a dominant negative regulator of STAT1α. Recently we generated
STAT1 isoform specific knockin mice that express either the STAT1α (Stat1α/α) or the STAT1β isoform (Stat1β/β). Surprisingly, we
found that STAT1β is transcriptionally active and does not inhibit STAT1α in IFNγ-dependent innate immunity against infections.
In this study we investigated the roles of the STAT1 isoforms in NK cells and in anti-tumour immunity. We found a decrease in mature
NK cells in Stat1β/β compared to Stat1α/α and wild-type cells. However, the maturation defect was not as pronounced as in Stat1-/cells. Stat1α/α NK cells showed increased cytotoxicity in vitro, which correlated with an increased anti-tumour activity against
subcutaneously injected RMA-S cells. In contrast, Stat1β/β NK cells showed cytotoxicity comparable to wild-type cells in vitro but failed
to efficiently limit tumour growth in vivo. Taken together our data point towards a requirement for STAT1α for full NK cell function and
an inhibitory role of STAT1β on NK cell cytotoxicity and tumour immunosurveillance.

The work is funded by the Austrian Science Fund FWF grant SFB F28.

Optimization of cytokine activation by addition of IL-21 enhances antitumor
impact of adoptive NK cell therapeutic protocols against rhabdomyosarcoma
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Rhabdomyosarcoma in metastastatic or advanced stages are extremely difficult to treat as they are aggressively spreading and prone
to relapse. Conventional therapeutic concepts including chemo- or radiotherapy not only often fail, but also come together with
undesirable side effects. Therefore, we aim to develop and optimize cell based immunotherapeutic approaches. Within the last
decades, natural killer cells (NK cells) demonstrated high cytotoxic potency against different malignancies. Recent clinical trials
comparing the adoptive transfer of unstimulated versus IL-2 stimulated NK cells in context of haploidentical stem cell transplantation
showed promising results for treatment of hematologic malignancies as well as advanced stage neuroblastoma.
In this project, we compare different cytokine stimulation protocols for NK cell expansion improving their proliferation rate and viability
following adoptive transfer as well as their cytotoxic potential directed against solid metastatic disease, specifically
rhabdomyosarcoma.
In different in vitro proliferation and killing assays IL-2/-15/-21 stimulated NK cells not only show significantly increased expansion and
viability, but also enhanced cytotoxicity against a broad range of malignant cells compared to NK cells treated with only one of these
cytokines. Additionally, in vivo bioluminescence and –fluorescence imaging provides deep insights in the antitumoral capacity of
cytokine expanded and activated NK cells in a murine NSG xenograft model of advanced stage metastatic rhabdomysarcoma.
Furthermore, our study addresses the molecular mechanisms underlying the synergistic effect of IL-2, IL-15 and IL-21 on NK cell
signaling. Therefore, our data shed light on the immune regulation of NK cells and lead to better understanding and further
improvement of NK cell therapeutic protocols for clinical use.
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The ability of Natural Killer (NK) cells to recognize and kill tumour targets have been explored in various haematological conditions.
However, NK cell therapies directed against solid tumors is still in its infancy. Epidermal growth factor receptor (EGFR) targeted
therapies using monoclonal antibodies (mAbs) such as Cetuximab (Cet) and Panitumumab (Pan) are widely used for the treatment of
colorectal cancer and head and neck squamous cell carcinoma. The clinical efficacy of this approach has been hampered by several
factors, including activating mutations in RAS. It is well established that NK cells can be activated upon binding of anti-EGFR mAbs
through Fc receptors (FcR) and subsequently mediate effective antibody dependent cellular cytotoxicity (ADCC) against the tumour.
However, low infiltration rates of effector NK cells in solid tumours generally results in ineffective ADCC. Adoptive NK cell
immunotherapy could help to overcome this problem. Therefore Glycostem Therapeutics has developed a cytokine based in vitro
culture protocol to expand and differentiate cytolytic NK cells from umbilical cord blood (UCB) hematopoietic stem cells. In the current
setting we aim to combine this approach with anti-EGFR mAbs to increase killing of EGFR+ tumours, including those with RAS
mutations. In vitro 4h cytotoxicity experiments on colon cancer cell lines, using an E:T ratio of 1:1, show that Glycostem’s NK cells kill
both RAS mutant (SW480, 32.8%, n=5) and wild type (COL320, 33.2%, n=5) tumor cells irrespective of their EGFR expression levels.
Furthermore, the target cell killing was higher using Glycostem’s NK cells compared to activated NK cells from peripheral blood
(PBNK). Cet showed more potent anti-tumour activity compared to Pan on RAS wild type cells when used alone or in combination with
NK cells. Donor variability in ADCC was linked to differences in FcɣRIIIa (CD16a) sequences with a 158V/V homozygous donor
showing better response than 158V/F heterozygous PBNK donors. Overall our studies provide a clear rationale to further develop
Glycostem’s NK cell platform in combination with Cet in patients with EGFR+ solid tumours.

Enhanced migration of NK cells into breast cancer cells by CXCR6/CXCL16
signaling
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Purpose; Combining radiation and natural killer (NK) cell-based therapy are required for effective migration of exogenous NK cells to
target cancer cells. Little study has been reported regarding the migration pattern of NK cells, especially after radiation treatment for
cancer. We investigates whether irradiation modulate the expression of chemokines on cancer cells and migration of natural killer (NK)
cells to irradiated tumor cells.
Materials and Methods; The expression of chemokine receptors (CXCR3, CXCR4, and CXCR6) on interleukin 2 (IL-2)/IL-15-activated
NK cells and their ligands (CXCL11, CXCL12, and CXCL16) in human breast cancer cell lines (MCF7, SKBR3 and MDA-MB231)
irradiated with Cesium-137 gamma-ray at various radiation doses was assessed by flow cytometry and reverse
transcription-polymerase chain reaction, respectively. The supernatant was collected 72hr after irradiation for migration assays.
Chemotaxis assays were performed using 5 µm Transwell filters for NK cells.
Results; CXCR6, CXCR3, and, to a very low extent, CXCR4 were detected on activated NK cells. The CXCR6 ligand CXCL16 was
expressed and increased in a dose-dependent manner, reaching maximum levels at dose of 6–12 Gy in all analyzed cancer cell lines,
whereas the CXCR3 ligand CXCL11 was not expressed by any of them. Migration of expanded NK cells in response to various
concentrations of CXCL16 was significantly increased in dose-dependent manner (R2=0.91, P<0.0001) The radiation dose-dependent
increase in migration capacity of expanded NK cells to irradiated cancer cells was observed in SKBR3 (p< 0.0001) cells but was not
observed in MCF7 (p=0.819) or MDA-MB231 (p=0.065) cells.
Conclusion; Our data indicate that irradiation may modulate expression of chemokine on cancer cell and migration of activated NK
cells to irradiated breast cancer cells. Future studies will exam whether CXCR6/CXCL16 signaling is involved with migration of NK
cells after radiation for cancer cells.
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Background: Interleukin-21 (IL-21) can enhance the effector function of natural killer (NK) cells, but also limits their proliferation, when
continuously combined with IL-2/IL-15. Paradoxically, membrane-bound (mb)-IL-21 has been shown to improve human NK cell
proliferation, when cultured with IL-2/mb-IL-15. To clarify the role of IL-21, we investigated the effect of the timing of IL-21 addition to
NK cell culture. Methods: IL-2/IL-15-activated NK cells were additionally treated with IL-21 according to the following schedules; 1)
control (without IL-21); 2) first week (Day 0 to Day 7); 3) intermittent (the first 3 days of each week for 7 weeks); 4) after 1 week (Day 8
to Day 14); and 5) continuous (Day 0 to Day 49). The expression of NK receptors, granzyme B, perforin, CD107a, IFN-, telomere
length, and NK cell death were measured by flow cytometry. Results: Compared with the “control” (2004.2-fold; n = 10 healthy donors)
and “intermittent” groups (2063.9-fold), a strong proliferative response of the NK cells on day 42 was identified in the “first week” group
(3743.8-fold) (P < 0.05). NK cells treated with IL-21 in the “first week” group showed similar cytotoxicity to control cells. On day 28,
there was a significant increase in cytotoxicity of “first week” NK cells that received IL-21 treatment for an additional 2 days compared
with the “first week” NK cells (P< 0.05). Conclusions: These data suggest that controlling temporal exposure of IL-21 during NK cell
proliferation can be a critical consideration to improve the yields and cytotoxicity of NK cells.

KIR and cytokine genes in susceptibility to or protection against diffuse large
B-cell lymphoma
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Diffuse large B-cell lymphoma (DLBCL) is the most prevalent subtype of malignant non-Hodgkin lymphoma. The DLBCL has no clearly
defined etiology and pathogenesis, but its development seems to be related to ineffective immune responses due to frequent
association of lymphoma with immunosuppression. Genetic factors involved in the development and progression of the disease are
not well understood. The aim of this study was to evaluate the influence of KIR genes, HLA ligands and cytokine polymorphisms in the
susceptibility or resistance to the development of DLBCL, as well as influence in the clinical course os disease. To this end, we
selected 112 patients with DLBCL and 222 bone marrow donors as control group. The typing of KIR genes and HLA ligands were
performed by PCR-SSO and typing of cytokine genes was performed by PCR-SSP technique. Statistical analyzes were performed by
the statistical package " R " version 3.0.2 for Windows program. P values < 0.05 were considered significant. The distribution of KIR
genes in both groups showed a lower frequency of the KIR2DL2 gene in patients compared to controls (45.5% vs 58.1% P=0.036),
this association was significant also in combination KIR2DL2 with C1 (33.0% vs 45.9%, P=0.026. Regarding the clinical course of the
disease, HLA-Bw4 and HLA-Bw4 80I ligands were more frequent in patients with more advanced stages of the disease (64.7% vs
40.9%, P=0.020 and 44.1% vs 25 0%, P=0.046, respectively). Regarding the cytokine genes, IFN -gamma-874/A genotype:A/A was
positively associated with DLBCL, it was more frequently in patients than in controls (50.9% vs 27.9%, P=0.001). On other hand
genotypes: IFNG -874 /T:A, IL10-819/C:C and IL10 -592 /C:C were less frequent in patients than in controls (P=0.001, P=0.025,
P=0.025 respectively). Moreover, the genotype IL-1082/G:G was related to increased progression-free survival. The results suggest
that the KIR genes, HLA ligands and cytokine genes may have a role in the protection, susceptibility and clinical course of DLBCL and
need to be further investigated mainly in large cohorts.
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Multiple functional abnormalities of various effector cells and dysregulated involvement in the immune systems have been poorly
addressed in the development, progression, and relapse of head and neck squamous cell carcinoma (HNSCC). Therefore, the
distribution of distinct NK cell subpopulations, the NKG2D-dependent cytotoxicity and tumour immune escape mechanisms (TIEMs) in
55 HNSCC patients with initial diagnosis and recurrent tumour relapse were assessed. Our study revealed a significant decrease in
regulatory NK cell subpopulations and highly increased sMICA and TGF-beta1 levels in patients’ blood. The functional assays applied
clearly demonstrate a negative impact of patients’ increased sMICA and TGF-beta1 levels on the NKG2D-dependent cytotoxicity of
IL-2-activated NK cells and, in numerous cases, on the viability of these effector cells during lysis of HNSCC cells. Impaired
NKG2D-mediated cytotoxicity was accompanied by reduced expression of NKG2D and an enhanced caspase 3 activity in patient
plasma-treated NK cells. In contrast, plasma samples of healthy controls containing low sMICA concentrations preserved the NK cell
killing activity. High sMICA levels correlated significantly with staging, tumour size and grading in the overall patients with significant
rise of sMICA and TGF-beta1 levels from initial diagnosis to relapse as shown in seven follow-up patients. Moreover, markedly lower
IFN-gamma, IL-2 and IL-12p70 and higher IL-10 levels in patients’ blood were found, developing in-vivo environments which abolish
an effective anti-tumour response. These first results about effector cell dysfunctions in HNSCC patients might provide the basis for
the development of adaptive lymphocyte-based immunotherapies in those patients.
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The role of NK cells in solid organ transplantation remains controversial. CD16, which is normally found on almost all CD56dim NK
cells, is down-regulated in kidney transplanted patients. Our aim is to investigate whether this reflects the activation status and to
provide an insight into NK cell signaling and function under immunosuppression. PBMCs of healthy donors were incubated with
medium containing either a calcineurin-inhibitor (CNI), a mTOR-inhibitor (mTORi), Mycophenolic acid or control solvent, then
stimulated by PMA/Ionomycin or left untreated for 6 or 24h and analyzed by flow cytometry for CD16, IFN-ƴand NFATc1 expression.
CD16 surface expression was significantly reduced after stimulation in all donors. IS influenced this down modulation in two different
ways: in some donors, IS did not change this activation-induced reduction, while in others CNI but not the other inhibitors were able to
prevent CD16 down-regulation after 6h of stimulation. The inhibitors alone had no effect on CD16 surface expression. CNI diminished
IFN-ƴ induction while the other inhibitors had only little effect. Regarding the role of the calcineurin-NFAT pathway in NK cells, we
observed an increase of total NFATc1 protein after stimulation in T, B and NK cells of all donors, which was blocked by CNI. However,
extent and kinetics of this NFATc1 regulation differed between donors. From these findings we conclude that NFATc1 plays an
important role not only in T cell but also in NK cell physiology. Furthermore, surface expression of CD16 and IFN-ƴ induction are
regulated independently of each other and CNI and mTORi differ in their impact on both parameters.

Transcriptional Responses of IL-15 Primed Human Peripheral NK Cells and
Interactions with Hypoxia
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Introduction: Interleukin 15 (IL-15) promotes NK cell development, survival, homeostasis, and acquisition of effector functions
(priming). The latter include secretion of cytokines and cytotoxicity against infected and transformed cells. NK cells thus operate in low
oxygen environments.
Objectives: To detect changes in microRNA and mRNA expression levels in NK cells primed in vitro by IL-15 under normoxia and
hypoxia.
Materials & Methods: We used TaqMan array and microarray based global transcriptome profiling to analyze expression of microRNA
and mRNA, respectively. Untouched peripheral CD56+/CD3- NK cells from healthy donors were cultured at ambient oxygen
(normoxia) or 1% oxygen (hypoxia) for 22 hours with IL-15 or vehicle present during the last 6 hours. Total RNA was prepared from
cells stored in RNAlater and was subjected to DNase treatment and quality control (Bioanalyzer RNA integrity number >8). Culture
supernatants were assayed for changes in various cytokines using the MAGPIX multiplexing platform.
Results: After two rounds of RT-PCR screening, we found 4 microRNAs that were upregulated by IL-15 in addition to a positive
control, miR-27a-5p. The only change provoked by hypoxia was, not surprisingly, an increase in miR-210-3p, a well-known mediator of
hypoxia responses. Notably, we did not detect any IL-15-hypoxia interaction at the microRNA level. Contrarily, microarray results
suggest that IL-15 and hypoxia cooperate in metabolic adaptation to oxygen shortage. IL-15 induced increases of CC chemokines
CCL3 (MIP-1α), CCL4 (MIP-1ß), CCL5 (RANTES) in culture supernatants were synergistically augmented through hypoxia.
Conclusion: Hypoxia selectively upregulates miR-210-3p in peripheral NK cells and does not modify microRNA regulation by IL-15. We
identified 4 microRNAs upregulated by IL-15, two of which were not reported previously (Liu et al. (2002) Immunol. Lett. 143:208).
Adaptive changes on the mRNA level to hypoxic conditions are augmented by IL-15 priming, suggesting that reduction in oxygen
supply is associated with priming in vivo, e.g., during homing to lymph nodes or sites of inflammation. A concurrent boost in CC
chemokine secretion by NK cells under these conditions may support further lymphocyte infiltration.
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Plasmodium berghei infection and control of hepatic parasite development
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Natural killer (NK) cells have different roles in the host response against Plasmodium-induced malaria depending on the stage of
infection. Liver NK cells have a protective role during the initial hepatic stage of infection by production of the TH1-type cytokines IFN-γ
and TNF-α. In the subsequent erythrocytic stage of infection, NK cells also induce protection through Th1-type cytokines but, in
addition, may also promote development of cerebral malaria via CXCR3-induction on CD8+ T cells resulting in migration of these cells
to the brain. We have recently shown that the regulatory Ly49E NK receptor is expressed on liver NK cells in particular. The main
objective of this study was therefore to examine the role of Ly49E expression in the immune response upon Plasmodium berghei
ANKA infection, for which we compared wild type (WT) to Ly49E knockout (KO) mice. We show that the parasitemia was higher at the
early stage, i.e. at days 6-7 of Plasmodium berghei ANKA infection in Ly49E KO mice, which correlated with lower induction of CD69,
IFN-γ and TNF-α in DX5- liver NK cells at day 5 post-infection. At later stages, these differences faded. There was also no difference
in the kinetics and the percentage of cerebral malaria development and in lymphocyte CXCR3 expression in WT versus Ly49E KO
mice. Collectively, we show that the immune response against Plasmodium berghei ANKA infection is not drastically affected in Ly49E
KO mice. Although NK cells play a crucial role in Plasmodium infection and Ly49E is highly expressed on liver NK cells, the Ly49E NK
receptor only has a temporarily role in the immune control of this parasite.

Optimized multi-color flow cytometry of fine-needle aspirate biopsies for studies
of the immunological milieu in human peripheral tissues
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Multi-color flow cytometry represents an important tool for characterization of human immune cell phenotype and function, including
NK cells, most often applied to studies of peripheral blood samples. However, in many human disease conditions, such as acute and
chronic infections and during tumor development, the immunological milieu of peripheral tissues would be the preferred site to
investigate. Ultra-sound guided fine-needle aspiration biopsy (FNAB) sampling represents a minimally invasive technique allowing
access to human tissues, such as solid tumors, lymph nodes, liver, and thyroid tissue, as well as permitting longitudinal sampling
before and after clinical interventions. However, challenges still exist with the investigation of small numbers of cells. Here, we present
a method to circumvent sample-handling issues that allows for sample batching and deferred analysis of FNAB samples i.e. controlling
for fixation and freezing/thawing effects. Furthermore, we demonstrate, using FNABs of human liver, how 16-color flow cytometry, and
simultaneous usage of up to 20 antibodies and 22 parameters, can be optimized and applied to investigate the phenotypic complexity
of human myeloid and lymphoid cellular subsets from a limited sample source of less than 50.000 cells. Finally, we provide an in-depth
analysis of natural killer cells, selectively enriched in the human liver, using FNAB sampling of patients with chronic liver disease
including hepatitis C. In summary, we report on a reliable method for analysis of small numbers of cells acquired from tissue using a
minimally invasive method and demonstrate that FNAB represents a valuable tool for studies of the immunological milieu in human
peripheral organs.
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Purpose: Aspergillus (A.) fumigatus is an opportunistic fungal mold inducing invasive aspergillosis (IA) in immunocompromised
patients mostly suffering from haematological malignancies or undergoing allogeneic hematopoietic stem cell transplantation. The
investigation of the innate immune response directed against A. fumigatus is of urgent need due to the very poor clinical outcome.
Natural killer (NK) cell recruitment by chemokines is a fundamental host defense mechanism during IA in neutropenic mice. Recently,
we demonstrated that IFNγ release by NK cells induces fungal damage. Nevertheless, the exact mechanism of this interaction is still
unknown and therefore, we further characterized the recognition of A.fumigatus by NK cells.
Methods: NK cells were isolated from PBMCs of healthy donors and pre-stimulated with Pro-Leukine overnight. Afterwards, NK cells
were either stimulated with A. fumigatus germtubes (MOI 0.5), or with IL15 and Pro-Leukine (positive control) or left untreated for 3h,
6h, 9h and 12h respectively, followed by expression analyses of activating receptors by flow cytometry and RT-qPCR. Different
pretreatments of NK cells and stimulation with different targets (K562, LPS, inactivated Candida (C.) albicans and inactivated A.
fumigatus germtubes) were used as control stimuli.
Results: Co-cultivation of NK cells with live A. fumigatus germtubes induced a significant upregulation of the activation markers CD69
and CD137. However, only slight changes of the activating receptors NKp30, NKG2D, DNAM-1 and NTB-A expressions were
detectable. Interestingly, a time-dependent downregulation of the NK cell characterization marker CD56 was observed on the NK cell
surface but not on the gene expression level. The reduction of CD56 on the cell surface was not induced by apoptosis. Furthermore,
stimulation of NK cells with K562, inactivated C. albicans and inactivated A. fumigatus did not change the expression of CD56 on the
cell surface. In addition, we observed that only direct contact to live A. fumigatus induces downregulation of CD56.
Conclusion: NK cell activation and a time-dependent downregulation of CD56 on the cell surface were induced by the direct contact to
live A. fumigatus. Since there were no changes detectable on the CD56 gene expression level, we suggest that CD56 might play a
role in the recognition of live A. fumigatus. New insights of CD56 function during A. fumigatus infection will be provided by experiments
blocking CD56 and monitoring the localization of A. fumigatus and binding to CD56. These experiments will give a better
understanding of A. fumigatus recognition by NK cells and the induction of NK cell activation.

Proteome analyses of CD56neg human NK cells
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The definition of functionally distinct natural killer (NK) cell subsets is of growing importance to understand the interface between
innate and adaptive immunity. As part of the innate immunity they are critical for limiting viral infections through lysis of virus-infected
cells but also modulate adaptive immune responses in a subset-specific manner.
Human CD56neg NK cells significantly increase at the expense of CD56dim NK cells in humans, chronically infected with HCV and
HIV. 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. Human CD56neg NK cells were demonstrated to be functionally
impaired with respect to anti-viral activity, degranulation capacity, cytokine production (TNF-alpha and IFN-gamma), in comparison to
the major NK subsets of cytolytic CD56dim and immune regulatory CD56bright NK cells. Nevertheless, a systematic characterization
of their functional repertoire is missing and required to conclude about their role in chronic viral infections.
We previously presented a comparative analysis of the proteomes of primary human CD56bright, CD56dimCD57- and
CD56dimCD57+ NK cells, which revealed distinct subset-specific protein signatures and quantitative data for over 3000 proteins
(Scheiter et al. MCP 2013). In this project we are now investigating the whole proteomes and surface markers of ex vivo isolated
human CD56neg, CD56dim and CD56bright NK cell subsets from healthy individuals comparatively. In particular, we are interested to
identify proteins, which are indicative for the activation and differentiation status of those NK cell subsets in viral chronicity.
Furthermore, we are interested in mechanisms of cytotoxicity of CD56neg NK cells. Proteome data on NK cell subset-specific protein
regulation and donor variations are presented and discussed.
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Human Cytomegalovirus (HCMV) infection shapes the human NK-cell repertoire and in a proportion of HCMV-seropositive individuals,
it is associated with the expansion of a terminally differentiated NK-cell subset expressing the activating receptor CD94/NKG2C. The
population exhibits vast effector functions including robust interferon-γ (IFN-γ) secretion. Here we show that expanded CD94/NKG2C+
NK-cells undergo a global epigenetic remodeling, in particular of the IFNG 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 helper type 1
(Th1) cells. The imprinting of this specific DNA methylation pattern and the increased accessibility of the CNS 1 represents a
mechanism underlying the potent IFN-γ production displayed by CD94/NKG2C+ NK-cells upon sole engagement of CD94/NKG2C.

Analysis of virus-specific NK cell responses by implementation of a flow-based
killing assay
1

2

1

146

Glòria Martrus , Stéphanie Jost , Marcus Altfeld
1Heinrich-Pette-Institut,

Leibniz Institute for Experimental Virology, Hamburg, 2The Ragon Institute of MGH, MIT and Harvard,
Boston,gloria.martrus@hpi.uni-hamburg.edu

Introduction: NK cells have been classified traditionally as the effector cells of the innate immune system. However, recent studies in
mice have described the existence of hapten- and virus-specific memory mediated by NK cells and thereby have questioned this
classification. While the data obtained in mice is fascinating, it remains unknown whether memory NK cells exist in humans and
whether these responses can be generated by vaccinations. The main objective of this research is to set-up a protocol allowing the
identification of virus-specific NK cells in humans.
Materials & Methods: PBMCs from healthy donors were obtained by Ficoll-gradient purification. Autologous NK cells and B cells were
isolated and cultured overnight using negative selection. After an overnight culture, four B cell aliquots were pulsed for 2 hours with
four different peptide pools (CMV, EBV, INF, CEF), respectively, or left un-pulsed as control. Then, to be able to trace individually
pulsed B cells in a flow cytometry assay, all the B cell aliquots were labelled with different concentrations and combinations of
Cell-trace CFSE and Violet and were mixed in one tube. Activated NK cells were co-cultured with pulsed and labelled-B cells at a ratio
of 10:1 (NK:B) overnight. To quantify the basal cell death, a tube containing B cells alone was kept. Cells were stained with specific
antibodies to identify B and NK cells and analyzed by multi-parameter flow cytometry on a BD LSR Fortessa.
Results: In presence of NK cells, alterations in the percentage of CFSE and Cell violet tracer positive B cells were measured in the
flow cytometry assay to calculate the amount of specific B cell death caused by NK cells. As a control, B cells stained with the cell
tracers were cultured in absence of NK cells to define a baseline killing. In total, NK cell responses from 6 subjects were analyzed. NK
cells from two EBV-seropositive donors presented a robust EBV antigen-specific cytotoxicity (19.8%-82.3% specific killing of
EBV-pulsed B cells) when related to the un-pulsed B cells killing (p<0.05). Moreover, those two donors also exhibited a specific NK
cell cytotoxicity against CMV-pulsed B cells (7%-43%).
Conclusion: We optimized and implemented a flow-based NK cell killing assay to identify NK cell cytotoxicity activity against
autologous viral antigen pulsed-B cells. Further work will focus on the phenotypic and functional characterization of these
antigen-specific human NK cell populations.
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Virus-infected cells need to be controlled or killed as fast as possible. The recruitment of natural killer (NK) cells to the site of infection
might be a critical factor for rapid control of viral infections. However, it remains unclear how efficiently single NK cells can detect,
contact and kill virus-infected cells in vivo. Here, we use 2-photon microscopy together with newly generated murine cytomegalovirus
(MCMV) reporter viruses to record the behavior of individual Ncr1-GFP NK cells during attack on mCherry-expressing virus-infected
cells in mice. One day following infection with MCMV strains expressing the virus protein m157, a well-described highly activating
ligand for mouse Ly49H+ NK cells, we observed rapid accumulation of NK cells and control of local infection, reflecting the expected
rapid “innate wave” of killing activity. In contrast, following infection with m157-deficient virus strains, we discovered a “delayed wave”
of perforin-dependent NK cell-mediated killing activity around 30 hours after infection. This “delayed killing wave” was unexpected,
since the C57BL/6 mouse has previously been thought to be fully susceptible to m157-deficient MCMV strains. Furthermore,
comparing MCMV-strains proficient or deficient for the viral repressors of antigen presentation, m06 and m152 that trigger
MHCI-down-regulation, we found that “self” MHC class I expression does not prevent NK cell-mediated killing in neither the early nor
the late killing wave. Interestingly, 2 days after low dose infection, triggering of NK cell recruitment to sites of local virus spread was
only observed in situations where more than one virus-infected cell was present at newly forming “plaques” of virus spread. These
findings indicate that single virus-infected cells cannot be rapidly killed by NK cells and that strong local inflammatory stimuli provided
the accumulation of infected cells is required for NK cell recruitment. Taken together, real time single cell quantification of
virus-infected cells and NK cells in vivo might provide answers to fundamental questions about NK cell killing mechanisms.

Comparison of NK cell subsets and FcR-deficient NK cells between cord and
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Background: It has been reported that FcRγ-deficient natural killer (NK) cells (g¯NK cells)are associated with
cytomegalovirus(CMV)infection. Since the seroprevalence of CMV is high in the Korean population, we hypothesizedthat the Korean
population has a high frequency of g¯NK cells, and that the high frequency of g¯NK cells altersboth the NKand lymphocyte subsets.
Methods:g¯NK cellswere identified base on FcεRIγ and CD247 (TCRζ, CD3ζ) expressionin cord blood (CB) and adult blood (AB) using
flow cytometry, and lymphocyte and NK subsets were identified by the expression of CD56 and CD16. The expression of NKG2C and
CD57 in CB and AB were also assessed.
Results:Of the 24 AB samples collected 95.8% (23/24) were CMVIgG+/IgM-, while 100% of the13 healthy CB were CMV IgG+/IgM-.
All 23 CMV seropositive ABsamples containedg¯NK cells, while the majority of the CB samples (12/13) did not containg¯NK cells.
Regardless of NKG2C co-expression, CD57+ NK cells were detected in all 19 AB samples,but they were not detected in the 15 CB
samples. Interestingly the proportion of CD57-NKG2C+ cells in CB was significantly higher than in AB(p=0.000).CB contained a higher
percentage of T cells and lower percentages of B and NK cells than AB. Among NK cell subsets, the proportion of CD56-CD16+ cells
was increased markedly in CB compared to AB.
Conclusion:Our data suggest thatg¯NK cells are presentata higher frequency inthe blood of adultspreviously infected with CMV than in
CMV-naive CB. Moreover the presenceof g¯NK cells significantly influencedother lymphocyte subsets.Although the importance ofg¯NK
cellsfollowinghuman CMV infectionremains to be determined, our data suggest that the intensified switch tog¯NK cellsgreatly
modifiesthe immunological makeup of the CMV endemic population.
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Introduction: Myelofibrosis (MF) is a clonal bone marrow stem cell disorder resulting in severe fibrosis. Ruxolitinib is the first JAK1/2
inhibitor approved for treatment of MF and induces a substantial improvement of symptoms, QoL and splenomegaly which is linked to
reduced inflammatory cytokines. Recently, an increased rate of infections of patients with ruxolitinib was observed. As natural killer
(NK) cells are innate immune effector cells recognizing and killing malignant or virus-infected cells, the aim of this project was to define
the impact of JAK1/2 inhibition on NK cell activation in vitro and in vivo in MF patients.
Methods: Blood was taken from MF patients (n=28) treated with or without ruxolitinib and from healthy control persons (n=19) to
analyze NK cell frequency and function. For in vitro experiments NK cells were exposed to increasing concentrations of ruxolitinib. NK
cell function was analyzed for degranulation, killing assay and synapse formation against K562. Expression of granzyme B and
perforin as well as classical NK cell receptors, such as KIR, NKG2A, NKG2D, and NKp46 was analyzed. Signaling events were
analyzed by phospho-flow technology to evaluate changes of cytokine-dependent cascades.
Results: Our results provide first evidence that ruxolitinib profoundly affects NK cells in vitro and in vivo. NK frequency and function as
well as the absolute NK cell number is dramatically reduced in patients with myelofibrosis treated with ruxolitinib when compared to
MF patients without ruxolitinib exposure or to healthy controls. The in vivo observation is underscored by our in vitro findings that
ruxolitinib dramatically affects cytokine-induced NK cell proliferation, cytokine production and killing activity. Notably, the in vitro
inhibitory effects of ruxolitinib are fully reversible after wash-out. In contrast to cytokine-mediated NK cell activation, stimulation via the
NK receptor NKp46 is not affected by JAK inhibition. Phospho-flow analyses revealed that cytokine-induced signaling, such as
phosphorylation of STAT5 and S6 are dose-dependently reduced by ruxolitinib.
Conclusions: We here provide first evidence that ruxolitinib exerts substantial effects on the NK cell compartment in MF patients. Our
data may help to better understand the increased rate of severe infections. Finally, our data complement recent reports on
ruxolitinib-induced immune dysfunction and support the idea that ruxolitinib is a potent anti-inflammatory compound.

71

