
Killer Cell Immunoglobulin-like Receptors (KIR), Licensing 
and Ectosomes in the Regulation of Natural Killer Cell 

Function 

Clinical Implications and Perspectives 

 

 

Inauguraldissertation 

zur 

Erlangung der Würde eines Doktors der Philosophie 

vorgelegt der 

Philosophisch-Naturwissenschaftlichen Fakultät 

der Universität Basel 

von 
 

 

 

 

Laurent Silvan Schmied 

Aus 

Muttenz, Baselland 

 

 

 

 

Basel, 2016 

Originaldokument gespeichert auf dem Dokumentenserver der Universität Basel 
edoc.unibas.ch 

http://edoc.unibas.ch/


Genehmigt von der Philosophisch-Naturwissenschaftlichen Fakultät 

auf Antrag von  

 
- Prof. Dr. med. Ed Palmer 

- Prof. Dr. med. Martin Stern 

- Prof. Dr. med. Giulio Spagnoli  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Basel, den 19.04.2016 
 
 
 
 
 
 
 
 
 
 

Prof. Dr. Jörg Schibler 

Dekan  
 



 

  

1 Summary 

Table of Contents 
Summary .............................................................................................................................................................. 3 

Introduction ........................................................................................................................................................ 6 

Aims ................................................................................................................................................................ 21 

List of Publications & Manuscripts ......................................................................................................... 23 

Project 1 ............................................................................................................................................................. 24 

Abstract ......................................................................................................................................................... 25 

Introduction ................................................................................................................................................ 26 

Patients and methods .............................................................................................................................. 28 

Results ........................................................................................................................................................... 31 

Discussion .................................................................................................................................................... 37 

Aknowledgement ...................................................................................................................................... 40 

References ................................................................................................................................................... 41 

Project 2 ............................................................................................................................................................. 45 

Abstract ......................................................................................................................................................... 46 

Introduction ................................................................................................................................................ 48 

Patients & Methods .................................................................................................................................. 49 

Results ........................................................................................................................................................... 54 

Acknowledgements .................................................................................................................................. 62 

References ................................................................................................................................................... 63 

Project 3 ............................................................................................................................................................. 68 

Abstract ......................................................................................................................................................... 69 

Introduction ................................................................................................................................................ 70 

Patients and materials ............................................................................................................................ 72 

Results ........................................................................................................................................................... 77 

Discussion .................................................................................................................................................... 80 

References ................................................................................................................................................... 82 

Project 4 ............................................................................................................................................................. 85 

Abstract ......................................................................................................................................................... 86 

Introduction ................................................................................................................................................ 87 

Material and Methods ............................................................................................................................. 89 

Results ........................................................................................................................................................... 96 

Discussion .................................................................................................................................................. 102 

References ................................................................................................................................................. 108 



 

  

2 Summary 

Clinical implications and Future perspectives ............................................................................ 114 

Acknowledgements ..................................................................................................................................... 118 

References ...................................................................................................................................................... 119 

 

  



 

  

3 Summary 

Summary  
 

Natural killer (NK) cells represent the largest proportion of innate effector lymphocytes 

and account for 10-15% of total peripheral lymphocytes. In contrast to B- and T- cells, 

NK cell activation does not depend on clonally rearranged and antigen specific surface 

receptors. Instead, NK cells rely on an array of activating and inhibitory germ-line 

encoded receptors. When encountering a target cell, activating and inhibitory signals are 

integrated and a response is formed immediately. Killer cell immunoglobulin-like 

receptors (KIR) are thereby critical for determination of NK cell activation. KIR 

receptors can be either activating or inhibitory in nature. Inhibitory KIR receptors not 

only regulate NK cell function, but are also involved in a developmental process called 

“licensing”. During licensing, NK cells which express an inhibitory KIR capable of 

recognizing HLA develop increased functional competence. Both, inhibition of mature 

NK cells and NK cell licensing are based on the interaction of inhibitory KIR with their 

cognate HLA class I ligands encompassing HLA-C and subsets of HLA-B and HLA-A. NK 

cell “licensing” is still poorly understood and many questions remain open. So far it 

remains elusive if the quantity of HLA expression is a variable in NK cell licensing. We 

took advantage of two recently identified polymorphisms affecting the HLA-C 

expression on the cellular surface rs9264942 and rs67384697. We genotyped 66 

healthy blood donors for these polymorphisms and assessed the quantity of HLA-C 

expression by FACS using an HLA-C specific antibody. In addition, we assessed the 

presence of the inhibitory KIR receptors KIR2DL1and KIR2DL3 and their corresponding 

HLA ligands, being two mutually exclusive groups of HLA-C: HLA-C1 and HLA-C2. In 

subsequent functional analyses, we observed, in agreement with the concept of 

licensing, increased functionality of KIR2DL1+ and KIR2DL3+ NK cells in donors 

expressing the corresponding HLA ligand in a dose dependent manner,. The quantity of 

HLA-C surface expression, however, did not affect the quality of NK cell licensing. 
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A unique opportunity to study NK cell licensing is provided during the first months after 

hematopoietic stem cell transplantation when the NK cell repertoire is rebuilt. Previous 

studies found that leukemia patients receiving hematopoietic stem cell transplantation 

(HSCT) from a haploidentical donor, benefit from a survival advantage if KIR ligands are 

mismatched and NK cell tolerance is irreversibly broken. Recent studies reported 

controversial findings concerning a survival advantage and NK cell mediated graft 

versus leukemia effect (GVL) as a consequence of disturbed NK cell licensing early after 

HSCT, when NK cells are unselectively equipped with functional capacity. Differences in 

allogeneic HSCT protocols were discussed as possible reason for the opposing results. 

We investigated reconstitution of NK cell function and NK cell licensing in 56 patients 

receiving allogeneic (33) or autologous (23) HSCT during the first six months after 

transplantation. We found that NK cell licensing was maintained after both kinds of 

transplantation. However licensing effects were less distinct after allogenic compared to 

autologous HSCT. Additionally, we identified GvHD and pre-transplant ATG 

administration as variables associated with less prominent licensing in recipients of 

allogeneic grafts. 

Whereas research on inhibitory KIR and NK cell licensing has already influenced 

treatment modalities of HSCT, much less is known about activating KIR receptors. 

Ligands to many activating KIR remain unidentified and little is known in which 

diseases activating KIR may play a role. Recent studies in our lab and elsewhere 

described associations between KIR genotypes and relative protection from 

cytomegalovirus (CMV) replication after solid organ transplantation (SOT) and HSCT. 

We prospectively followed a cohort of 649 patients after SOT, assessed the KIR genotype 

and recorded common opportunistic viral infections. Subsequent analyses of our data 

revealed an association of KIR B haplotypes, which encompass many activating KIR, and 

relative protection from varicella zoster virus (VZV) and a tendency for relative 

protection from Epstein-Barr virus (EBV) replication. In subsequent analyses we found 



 

  

5 Summary 

that centromeric rather than telomeric activating KIR protect from VZV. In contrast, we 

detected no association between activating KIR genotype and BK polyomavirus (BKPyV) 

or Herpes simplex (HSV) replication.  

Besides intrinsic factors such as licensing or expression of activating KIR, extrinsic 

factors determine antitumor and antiviral activity of NK cells. Early after HSCT when NK 

cell driven GVL is assumed most effective, prophylactic immunosuppression is given and 

cellular products are administered including erythrocytes (ERY) and platelets (PLT). 

During storage, blood products release ectosomes. PLT ectosomes can reduce monocyte 

and dendritic cell function. Furthermore, they favour differentiation of naïve T-cells into 

T-regulatory cells. However, little is known about their interaction with NK cells. We 

assessed phenotypical and functional changes on NK cells after co-incubation with PLT 

ectosomes  in vitro, and found a reduction of NK cell function and activating surface 

receptors, mediated through TGF-β on PLT ectosomes. 

 

  



 

  

6 Introduction 

Introduction 
 

NK cells 

Natural killer cells represent the largest portion of innate lymphocytes. Depending on 

the maturation stage NK cells are located in in bone marrow, secondary lymphoid 

tissues or in peripheral blood, where they account for 10 to 15% of total lymphocytes.1,2 

In contrast to B- and T-Lymphocytes, NK cells express no clonally rearranged receptors 

and activation is not triggered upon specific antigen recognition. Instead, NK cells have a 

wide array of germline encoded activating and inhibitory receptors at their disposal3. 

The NK cell repertoire consists of thousands of different clones. This variety is based on 

different receptor expression patterns during terminal maturation on the one hand and 

on clonal distribution of activating and inhibitory KIR receptors on the other hand.4 The 

activating NK cell receptors include DNAM1, NKG2C, NKG2D, 2B4, the natural 

cytotoxicity receptors (NCR) (NKp30, NKp44 and NKp46), CD16, which mediates 

antibody dependent cytotoxicity (ADCC), and the activating KIR receptors. This array of 

activating receptors is especially sensitive to detect markers of cellular stress or target 

cell opsonisation with antibodies. Whereas for most activating NK cell receptors 

minimally one ligand is known, for several activating KIR receptors the respective 

ligands remain unknown so far. An overview of activating receptors and corresponding 

ligands is given in Table 1. The principal inhibitory receptors encompass the 

heterodimer NKG2A/CD94, ILT2 (LIR1), KLRG1 and the inhibitory KIR receptors.5,6 

Inhibitory NK cell receptors commonly recognize subsets of HLA class I as cognate 

ligands (Table 1). Apart from engagement of activating receptors, absence or reduction 

of the normally ubiquitously expressed HLA-class I molecules is required for NK cell 

activation. The presence of sufficient HLA-class I on target cells strongly counteracts 

activating signals and constitutes the molecular basis for the “missing self” recognition 

of NK cells. In consequence, target cells are only susceptible to NK cell lysis if they 
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express ligands to activating receptors and at the same time HLA class I expression is 

too low to trigger sufficient signalling through the inhibitory NK cell receptors.7-9  

Downregulation of HLA frequently occurs in viral infection or tumor transformation, 

where loss of HLA is a common strategy to avoid T-cell receptor (TCR) dependent 

recognition of immunogenic peptides to evade the adaptive immune system.10-13 

Individuals with functional or numerical NK cell deficiency accordingly are at increased 

risk for viral infections and malignancies.14 However tumors and viral diseases can 

establish also in individuals with at first normal NK cell function and numbers, using 

different strategies as e.g. the creation of an immunosuppressive microenvironment.15,16  

Once an NK cell encounters a target cell and the activation threshold is reached, it 

immediately displays its cytotoxic effector functions, such as the release of cytotoxic 

granules containing perforin and granzymes or the re-allocation of ligands to death 

receptors such as FasL or TRAIL to the cell surface. In addition, pro-inflammatory 

cytokines including interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α) or 

granulocyte/macrophage colony stimulation factor (GM-CSF) are released, which set in 

motion an inflammatory response and attract further immunological effector cells.17-19  

It was this immediate response of a lymphocyte subset against a cellular target that lead 

to their first description as Natural killer cells 1975 in both mice and humans, since 

target cells were killed “naturally” and without pre-activation.20-22  
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KIR2DL1 HLA-C2: C*02, C*04, C*05, C*06 

KIR2DL2/3 HLA-C1: C*01, C*03, C*07, C*08 Some HLA-C2: C*0501, 
C*0202, C*0401 Some HLA-B: B*4601, B*7301 

KIR2DL4 HLA-G 

KIR2DL5A/B unknown 

KIR3DL1 HLA-B expressing Bw4 epitope Some HLA-A: A*23, A*24, 
A*32 

KIR3DL2 HLA-A: A*03, A*11 

KIR3DL3 unknown 

KIR2DS1 HLA-C2: C*02, C*04, C*05, C*06 

KIR2DS2 HLA-A*11, HLA-C1? 

KIR2DS3 unknown 

KIR2DS4 HLA-C: C*0501, C*1601, C*0202 

KIR2DS5 unknown 

KIR3DS1 unknown 

KLRG1 E/N/P-Cadherin 

ILT2(LIR1) Multiple HLA class I 

NKG2A HLA-E 

NKG2C HLA-E 

NKG2D MICA/B ULBP1-6 

NKp30 B7H6, HCMV-pp65 

Nkp44 Viral hemagglutinin 

NKp46 Viral hemagglutinin 

CD16 Fc portion of IgG 

DNAM1 CD112, CD155 

2B4 CD48 

 

  
Tbl.1 NK cell receptors and ligands. Depicted is a list of the most important NK cell receptors with 
their corresponding ligands. Adapted from Ref no. 5 and 52. 
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KIR – Receptors 

The human KIR receptors are a family of membrane spanning glycoproteins, which are 

critical determinants not only of NK cell activation and tolerance, but also of 

development and education.  KIR receptors are expressed on mature NK cells and some 

T-cell subsets.23,24 The human KIR genes are located along with other genes of the 

immunoglobulin super family on chromosome 19q13.4.25 The KIR gene family 

encompasses 15 highly homologous genes, which have evolved through duplication 

from one common ancestor KIR gene with 3 immunoglobulin-like domains KIR3DX.26 In 

total, 13 different KIR genes are expressed and two pseudogenes have been described: 

2DL1, 2DL2/3, 2DL4, 2DL5A, 2DL5B, 2DS1, 2DS2, 2DS3, 2DS4, 2DS5, 3DL1/S1, 3DL2, 

3DL3, 2DP1 and 3DP1. KIR2DP1 and 3DP1 represent the two pseudogenes, which do 

not code for proteins.27-29 Since the duplication of the KIR2DL5 KIR gene locus 

approximately 1.7 million years ago, a centromeric (KIR2DL5B) and a telomeric 

(KIR2DL5A) locus code for two different KIR2DL5 alleles.30  

All expressed KIR receptors consist of two or three extracellular Immunoglobulin-like 

domains, a stem region, a transmembrane section and a cytoplasmic tail. The number of 

extracellular immunoglobulin-like domains (2D versus 3D) and the length of 

cytoplasmic tails (S for short and L for long) are thereby the fundament to KIR 

nomenclature. The last digit in the KIR nomenclature (1 to 5) indicates the order of 

historical description. 31,32 

KIR receptors can either transduce inhibitory or activating signals. All inhibitory KIR 

receptors share the common feature of a long cytoplasmic tail. The long cytoplasmic 

tails carry two immunoreceptor tyrosine based inhibitory motifs (ITIM), which provide 

inhibitory signal transduction.33-35  Activating KIR receptors on the other hand possess 

short cytoplasmic tails. In contrast to inhibitory KIR, activating KIR signalling depends 

on immunoreceptor tyrosine based activation motifs (ITAM). However, the short 
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cytoplasmic tails of activating KIR do not comprise an ITAM. Instead, activating KIRs 

associate with DAP12 containing an ITAM.36 KIR2DL4 represents the only exception of 

activating KIRs with a unique long cytoplasmic tail, which can transduce inhibitory and 

activating signals.  

For activating signalling KIR2DL4 associates with FcεRI-γ carrying an ITAM and 

inhibitory signals are mediated via one single ITIM on its long cytoplasmic tail (Fig1).37 

Proximal signalling of activating KIR receptors further involves the recruitment of 

tyrosine kinases Syk/ZAP-70 to the ITAM containing DAP12. Further downstream 

signalling resembles activating T-cell receptor signalling in large parts.36,38 

Fig. 1 Structure of killer cell immunoglobulin like receptors (KIR). KIR receptors have either 
two or three extracellular immunoglobulin-like domains (2D versus 3D) and a short of long 
cytoplasmic tail (S for short and L for long) which is reflected in the nomenclature. The last digit in 
the KIR nomenclature (1 to 5) indicates the order of historical description. Inhibitory KIR carry an 
ITIM for inhibitory signalling on their long cytoplasmic tail and activating KIR associate with DAP12 
carrying an ITAM for activating signalling. KIR2DL4 is an exception and carries only one ITIM and 
can also associate with FcεRI-γ for activating signalling. 
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KIR receptors occupy a special position among NK cell receptors. Unlike other inhibitory 

and activating NK cell receptors, the KIR receptor repertoire is highly variable between 

individuals and clonally distributed among mature NK cells.39 Most other NK cell 

receptors are expressed on the majority of NK cells and vary mainly between different 

maturation steps (e.g. CD57) or between activated and resting NK cells (e.g. NKp44).40,41 

Therefore, the influence of KIR receptors on NK cells is privileged for inter- and intra-

individual investigations.  

Individual KIR gene clusters are commonly subdivided into haplotypes A and B, based 

on different KIR gene content. The basic structure of both haplotypes is defined by a 

canonical set of four KIR genes. Whereas KIR3DL3 and KIR3DL2 define the centromeric 

and telomeric end of the KIR gene loci, KIR3DP1 and KIR2DL4 are located in between 

and separate the KIR gene loci into a centromeric and a telomeric group. KIR A 

haplotypes have a fixed KIR gene content and encompass in addition to the four 

framework genes also KIR2DP1, KIR2DL1, KIR2DL3, KIR3DL1, KIR2DS4, with KIR2DS4 

as the single activating KIR. On the other hand KIR B haplotypes distinguish themselves 

through harbouring a varying number of additional, mostly activating KIRs. The KIR B 

haplotype is defined by the presence of one or more of the following KIR genes: 

KIR2DL5, KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5 and KIR3DS1. A KIR B haplotype may 

contain maximally 5 additional activating KIR genes. Based on varying combinations and 

numbers of expressed KIR receptors, dozens of different B-haplotypes have been found 

so far.27,42-47 Further variation originates from telomeric and centromeric recombination 

of KIR A and B haplotypes: While KIR receptors within the telomeric and centromeric 

part are in high linkage disequilibrium, combinations of centromeric KIR A haplotype 

with telomeric KIR B haplotype and centromeric KIR B with telomeric KIR A haplotype 

occur more frequently.48 
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Activating KIR& antiviral immunity 

Only few ligands to activating KIRs have so far been detected and for many activating 

KIR receptors no ligands have yet been found. The identified ligands currently 

encompass exclusively HLA class I molecules: KIR2DS1 recognizes HLA-C2 alleles as 

corresponding ligands and KIR2DS4 specifically binds to subsets of HLA-C1, HLA-C2 and 

HLA-A (Tbl.1). 49-52 Recently HLA-A11 has been identified as ligand to KIR2DS2.53 The 

physiological importance of these interactions remains to be investigated. In addition, 

the HLA molecules identified as activating KIR-ligands may not be exclusive, as previous 

research suggests non-HLA ligands for KIR2DS4, though these remain to be identified.54 

Well characterized ligands for KIR2DS3, KIR2DS5 and KIR3DS1 are so far elusive. 

KIR2DL4, as the only KIR receptor with a long intracellular tail capable of activating and 

inhibitory signal transduction, is discussed in the section “inhibitory KIR receptors”.37 

Incidence and outcome of several malignant diseases, reproductive failure and viral 

infections were found to be associated with the activating KIR gene content of patients’ 

genomes. Activating KIR genes reduce the susceptibility to pre-B-cell leukemia, the most 

common form of leukemia in western pediatric patients.55 In addition, different 

Fig. 2 Organisation of the human KIR gene locus.  The branches show KIR gene content of KIR A and 
KIR B haplotypes, whereas KIR genes typical for KIR A haplotypes are coloured red and for KIR B 
haplotypes blue. Frame work genes are in grey. From (47) © 2012 The Royal Society 
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allogeneic HSCT scenarios showed reduced leukemia relapse in case the stem cell donor 

genome contains KIR-B haplotype associated activating KIR genes.56-58 Moreover, 

maternal activating KIR receptors (KIR-B haplotype) provide protection from 

preeclampsia.59 A growing number of studies recently started to enlighten the protective 

capacity of activating KIR against different viral infections. Patients infected with human 

immuno deficiency virus (HIV) benefit from a slower progression to AIDS if they carry 

the KIR3DS1 gene and the HLA-B Bw480IIe allele.60 Patients with primary 

immunodeficiencies affecting NK cells suffer from recurrent herpes virus infections.14 

Infection/reactivation of CMV is a common side effect of immunosuppression following 

allogeneic HSCT and SOT.61,62 A correlation between the presence of activating KIR 

receptors in SOT transplant recipients or the stem cell grafts of HSCT and the 

occurrence of CMV replication has been extensively investigated. Two studies 

demonstrated an inverse correlation between CMV infection/reactivation after SOT and 

the number of activating KIR.63,64 Subsequent analyses have mapped the  the responsible 

activating KIR receptors to the telomeric part of the KIR haplotype.65 In addition, a 

greater number of activating KIR genes in the stem cell graft after HSCT was shown to 

reduce CMV infection/reactivation rates.66,67 Whereas NK cells are known to be involved 

in anti-Epstein Barr Virus (EBV) immunity, protective effects of KIR genes are poorly 

investigated. Similar to EBV, NK cells are suspected to be important in anti-Varicella 

Zoster virus immunity but no correlation between VZV and the KIR genes has been done 

yet. However, cellular assays, suggested a binding of KIR2DS1 to the HLA-C subset C2, if 

target cells present EBV peptides.68,69 The clinical course of a Herpes simplex virus 

(HSV) infection was previously shown to be influenced by the receptor-ligand pair 

KIR2DL2 and HLA-C1, whereas activating KIR displayed no influence on course of the 

disease. In kidney transplant patients the frequency of KIR3DS1 was lower in patients 

with BK virus infection.70 A further viral infection influenced by the KIR genome is the 

hepatitis C virus (HCV). A recent study compared HCV positive and negative people and 
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several adverse effects concerning the development of HCV related complications were 

found associated with both inhibitory and activating KIR.71 

 

Inhibitory KIR & licensing 

The main functions of inhibitory KIR receptors comprise recognition of “self” and 

assurance of NK cell tolerance towards healthy tissue through the recognition of HLA 

class I.9,72,73  

The ligands to inhibitory KIR receptors encompass different subsets of HLA class I 

molecules. KIR2DL1 and KIR2DL2/3 recognize two mutually exclusive groups of HLA-C 

alleles as their ligands, HLA-C2 and HLA-C1 respectively. HLA-C molecules can be 

subdivided in two groups according to the amino acids at position 77 and 80. Group 1 

HLA-C share the amino acids serine 77 and asparagine 80, and group 2 asparagine 77 

and lysine 80.42,74 While traditionally the HLA-C ligands to KIR2DL1 and KIR2DL2/3 

were considered as strictly confined by the different amino acids at position 77 and 80, 

recent research has shown that also HLA-C2 molecules can be ligands to KIR2DL2/3.75 

KIR3DL1 receptors recognize HLA-B alleles with the Bw4 epitope. Similar to HLA-C, two 

mutually exclusive groups of HLA-B are discriminated, one expressing the Bw4 epitope 

and the other Bw6. HLA-Bw6 are not known being ligand to KIR receptors. KIR3DL1 

receptors recognize additionally a small number of HLA-A alleles as their ligand, 

including HLA-A: A*23, A*24, A*32.76-78 For KIR3DL2 so far only two HLA–A alleles 

(A*03 and A*11) have been found as corresponding ligands and binding seems 

furthermore peptide dependent.79 KIR2DL4 and KIR3DL3 are the only KIR receptors 

which have only one ITIM. Furthermore KIR2DL4 is the single inhibitory KIR receptor, 

which can also associate with FcεRI-γ for activating signalling, due to a positive charged 

residue in its membrane spanning region.37 KIR2DL4 is not clonally distributed, but the 

single KIR receptor expressed in all NK cells and predominantly in endosomes.27,80,81 
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Previous work found that KIR2DL4 binds HLA G and heparin and heparanated 

proteoglycans.81-83 KIR3DL3 is a poorly investigated KIR, which is hardly expressed on 

NK cells and no ligands have been identified.84  The ligands to KIR2DL5A/B genes have 

not been identified yet, but previous evidence suggests that inhibitory signalling can be 

transduced.85,86  

Inhibitory KIR receptors are not only crucial to save healthy tissue from NK cell 

mediated damage, but they are also important during the educational process referred 

to as “licensing”, when functional competence of NK cells is determined. After 

completion of the licensing process, NK cells expressing an inhibitory KIR for which the 

corresponding HLA is present in the respective person are equipped with more 

functional competence, compared to NK cells which express only KIR for which the 

corresponding HLA-ligand is absent.87-90 In a more premature state of NK cell 

development before NK cell function is fine-tuned during licensing, but when cytotoxic 

effector functions have already developed, NK cell tolerance is assured by NKG2A. 

NKG2A recognizes HLA-E on target cells, which present the leader peptides of classical 

HLA class I molecules. NK cells expressing NKG2A are functionally comparable to fully 

licensed NK cells expressing only inhibitory KIR and no NKG2A.91,92 
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Fig. 3 NK cell licensing. In an educational process called licensing only those NK cells are equipped with 
maximal functional competence, which are able to recognize HLA through their inhibitory KIR receptor. 
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Hematopoietic Stem cell transplantation, NK cell licensing and GVL  

When allogeneic HSCT was established for leukemia treatment more than four decades ago, 

transfer of hematopoietic stem cells initially served to rescue the hematopoietic system 

after high dose chemotherapy or total body irradiation (TBI). Only subsequently it was 

unravelled that donor derived lymphocytes exert GVL and thereby significantly contribute 

to improved outcome of high dose chemotherapy or TBI combined with hematopoietic 

stem cell rescue. Donor derived T-lymphocytes were first identified to exert GVL. However, 

T-cell mediated GVL comes with the risk of GVHD and must be controlled by 

immunosuppressive prophylaxis.93,94 NK cells were only later found to exert antitumor 

immunity but without the risk of causing GVHD. NK cell mediated GVL was initially 

described in a haploidentical HSCT scenario. NK cells are licensed according to donor HLA 

and consequently, NK cell tolerance is permanently broken in NK cells expressing only an 

inhibitory KIR for which the corresponding HLA ligand is absent in the patient. Such a 

constellation favours NK cell driven GVL, whereas no graft derived NK cell mediated GVHD 

has been observed yet.95-99  

After HLA matched allogeneic HSCT, KIR ligands are by definition identical between donor 

and recipient. Recent investigations demonstrated a lower relapse risk also after HLA 

matched HSCT, if one or more KIR ligands are absent in the donor/recipient pair.100,101 A 

possible explanation for this observation is offered by a study which found a temporary 

broken NK cell tolerance during reestablishment of the KIR repertoire in the first months 

after HSCT. Resulting from the non-proper licensing process, all NK cells were equipped 

with enhanced functional competence. In parallel, inhibitory signalling through KIR/HLA 

interaction was not affected.102 However, both functional data of reconstituting NK cell 

function and survival data after allogeneic HLA-matched HSCT are equivocal regarding the 

benefit of missing KIR ligands after allogeneic matched HSCT. Several studies failed to 

confirm a survival advantage of patients lacking KIR ligands after allogeneic HLA matched 
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HSCT and a recent study investigating NK cell function after HSCT found no evidence for a 

temporarily abnormal licensing process.98,103  However, the effect of graft characteristics 

and transplant associated complications such as cellular composition of the graft, GVHD, its 

prophylaxis and treatment, and CMV infection on NK cell licensing remain poorly or not 

investigated.103 A transplantation setting very close to the fully matched transplantation is 

autologous HSCT, where retrospective cohort studies provide evidence for a survival 

advantage of pediatric patients lacking a KIR ligand and no survival advantage in adults. At 

the same time many factors which were previously discussed as being responsible for 

different findings between studies are absent.104,105  

 

 
Fig. 4 NK cell function of licensed and unlicensed NK cells Full PBMC were co-incubated with the HLA 
deficient target cells 721.221 and degranulation and cytokine production was measured. In subsequent 
FACS analysis it was gated on single KIR+NKG2A- licensed (KIR-ligand present in the donor) and 
unlicensed (KIR-ligand absent in the donor) NK cells. 2000 events are shown per FACS plot.   
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Ectosomes & NK cell fuction 

Among the most frequent recipients of PLT transfusions are hemato-oncological 

patients, especially after hematopoietic stem cell transplantation (HSCT).106-109 

Transplant recipients are per se an increased risk of infection and PLT transfusions may 

additionally contribute to the susceptibility to infections, as PLT infusions have been 

previously identified as risk factor for infectious diseases.110-114 In parallel PLTs can be 

involved in cancer growth and metastasis. Since decades increased PLT counts are 

known to correlate with worse outcome in ovarian and other cancer patients. Only 

recently mechanisms were discovered, how PLTs support tumor cells to evade 

immunological consequences.115-117    

Ectosomes released by PLTs exert powerful immunosuppressive effects on different cell 

types of the immune system. PLT-Ecto are subcellular micro vesicles, which are 

continuously shed from the surface membrane as a physiological process of PLT aging. 

They express beside PLT markers such as CD61, high levels of immunomodulatory 

molecules including phosphatidylserine (PS) and TGF-β1. During PLT storage in the 

blood bank, Ecto accumulate and are in large amounts concomitantly infused to patients 

with each PLT transfusion. Previous work has revealed that PLT-Ecto have immuno-

suppressive impact on different cell types of immune system: PLT-Ecto cause a 

reduction of pro-inflammatory cytokine release by macrophages, whereas in parallel 

inducing a release of TGF-β1. In addition, PLT-Ecto disturbed phagocytic activity and 

cytokine release of DCs as well as monocyte-derived DC differentiation118. Recent work 

found, that PLT-Ecto can support differentiation of naïve CD4+ T cells towards 

functional regulatory T cells.119 

Erythrocytes (ERY) are, similar to PLTs, frequently infused to both hematooncological 

patients and patients requiring surgery. Previously it has been shown that the storage 

time of ERY concentrates correlates with increased infection rates.120 In analogy to PLT, 
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ERY continuously shed Ecto during storage. However they express a different set of 

molecules on their surface. While ERY-Ecto also express PS, no TGF-β1 is found on their 

surface. Phosphatidylserine on ERY-Ecto was previously identified responsible for ERY-

Ecto induced inhibition of macrophages.121,122 

Ectosomes are also released from various immune cells within the blood stream and an 

increasingly investigated form of cellular communication under physiological and 

pathophysiological circumstances. Immunomodulatory influence of Ecto released from 

polymorphonuclear (PMN) cells has previously been found for different cell types.123,124 

Recently it has been demonstrated, that PMN-Ecto can change the cytokine profile of NK 

cells and reduce macrophage function, whereas the influence of PLT and ERY ectosomes 

on NK cells remains non-investigated.125 

 

  
Fig. 5 PLT ectosomes Depicted are PLT ectosomes collected from PLT supernatant of stored platelets. 
From (118) Copyright © 2011 by The American Association of Immunologists, Inc 
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Aims 
 

Compared to the lymphocytes of the adaptive immune system, NK cell regulation is still 

poorly understood. The dual function of inhibitory KIR, the equipment of functional 

capacity during the educational process “licensing” and inhibition of mature NK cells, is 

known for more than a decade. How NK cell licensing operates as well as potential 

influence factors remains poorly understood. Further, for several activating receptors 

both cognate ligands and physiological significance remain elusive. 

If the quantity of HLA surface expression is a variable in the licensing process is 

unknown. The previously detected polymorphisms rs9264942 and rs67384697 were 

shown to interfere with HIV progression and to affect the surface expression of HLA-C. 

In the first project we investigated if the quantity of HLA-C surface expression correlates 

with the licensing status.  

In the second project we investigated functional reconstitution of NK cells after HSCT. 

Previous studies presented controversial findings regarding the existence of a temporal 

disturbance of NK cell licensing associated with a survival advantage of transplant 

recipients lacking inhibitory KIR ligands. Here we aimed to elaborate if HSCT per se 

affects NK cell licensing or if allogeneic HSCT related factors are involved and compared 

licensing after both types of transplantation. Subsequently, we aimed to determine 

variables that could be involved by comparing NK cell licensing in subgroups of patients 

receiving allogeneic HSCT. 

Solid organ transplantation is with the exception of syngenic transplantation always 

accompanied by immunosuppressive therapy and provides a unique setting to study 

opportunistic viral infections. In the third project we aimed to investigate the influence 

of the KIR genotype on the incidence of frequently occurring viral infections other than 

CMV, where a protective influence of activating KIR receptors had been described 
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previously. In particular, we asked if replication of VZV, EBV, HSV or BKPyV correlates 

with the presence of KIR B haplotype and if protective KIR are found among telomere or 

centromeric genes. 

After HSCT, NK cells are the first lymphocytes to repopulate peripheral blood and it was 

shown that they can reduce viral infection rates and the probability of disease 

relapse.126,127 The early post-transplant phase is also the time when frequently PLT and 

ERY are infused to counteract low PLT and ERY numbers. Whether PLT- or ERY-Ecto 

interfere with NK cell function is not known, but may be relevant in particular for 

patients, whose therapy includes HSCT. PMN-Ecto can change the cytokine panel release 

of NK cells. If cytotoxic effector functions are affected remains unclear. We aimed to 

evaluate the potential immune-regulatory impact of PLT-, ERY- and PMN-Ecto on NK 

cells.  
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Abstract 
 

Natural killer (NK) cells require interaction of inhibitory surface receptors with human 

leukocyte antigen (HLA) ligands during development to acquire functional competence 

in a process termed “licensing.” The quantity of HLA required for this process is 

unknown. Two polymorphisms affecting HLA-C surface expression (rs9264942 and 

rs67384697) have recently been identified, and shown to influence progression of HIV 

infection. We typed a cohort of healthy donors for the two HLA-C-related 

polymorphisms, KIR2DL1 and KIR2DL3, and their respective HLA-C ligands and 

analyzed how HLA ligands influenced licensing status of killer cell immunoglobulin-like 

receptor (KIR)+ NK cells in terms of degranulation and cytokine production in response 

to HLA-deficient target cells. The presence of respective HLA class I ligands increased 

the function of KIR2DL1+ and KIR2DL3+ NK cells in a dose dependent manner. In 

contrast, neither of the HLA-C-related polymorphisms nor the quantity of cell surface 

HLA-C had any significant effect on NK cell function. Interestingly, HLA-Cw7—an HLA-C 

allele with low surface expression—licensed KIR2DL3+ NK cells more strongly than any 

other KIR2DL3 ligand. The quantity of cell surface HLA-C does not appear to influence 

licensing of NK cells, and the HLA-C related polymorphisms presumably influence HIV 

progression through factors unrelated to NK cell education. 
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Introduction 
 

Natural killer (NK) cells are a subset of lymphocytes involved in the defense against viral 

infection and malignant transformation. Upon target recognition, NK cells synthesize 

and secrete cytokines and lyse target cells without the need for pre-activation (Lanier 

2005). NK cell function is regulated by the integration of signals derived from activating 

and inhibitory receptors. Among inhibitory receptors, killer cell immunoglobulin-like 

receptors (KIR)—which bind to class I human leukocyte antigens (HLA)—play a pivotal 

role in discriminating normal from pathologic tissue (Biassoni et al. 2003). The 

inhibitory signal derived from the KIR/HLA interaction renders NK cells tolerant 

towards autologous tissue, whereas cells lacking HLA class I may trigger an NK cell 

response resulting in target cell lysis. Recent evidence has pointed out that this function 

is acquired during NK cell development in a process termed“licensing”: only NK cells 

expressing inhibitory receptors for self-HLA obtain the functional competence to 

respond to the lack of HLA ligands on a target cell (Anfossi et al. 2006; Kim et al. 2008; 

Yokoyama and Kim 2006). In contrast, NK cells whose inhibitory receptors did not 

interact with their cognate ligands during development remain unlicensed (Brodin and 

Hoglund 2008). A previous study analysing the interaction of the KIR3DL1 receptor with 

its ligand—HLA with the Bw4 motif—showed that NK cells from donors carrying two Bw4 

alleles showed higher levels of licensing compared to NK cells from donors carrying no 

or only one Bw4 allele (Kim et al. 2008). As a further potential variable in the equation, 

HLA antigens are expressed on the cell surface at varying quantities. A single nucleotide 

polymorphism (SNP; rs9264942) located 35 kb upstream of the HLA-C gene—termed 

HLA-C −35—was recently identified to associate with the abundance of cell surface 

HLA-C (Thomas et al. 2009). HLA-C −35 has been demonstrated to be a major factor 

governing viral load and progression of human immunodeficiency virus (HIV) infection. 

“Set point”viral load in untreated patients was lower, and progression of HIV was 
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delayed in patients carrying C alleles—associated with higher amounts of cell surface 

HLA-C—compared to carriers of T alleles (Fellay et al. 2007; Pereyra et al. 2010). 

Following this, a novel single nucleotide deletion polymorphism in the 3′ untranslated 

region (UTR) of HLA-C (rs67384697) has been shown to influence binding of the 

microRNA hsa-miR-148, and thereby associated with HLAC surface expression 

(Kulkarni et al. 2011). Similar to HLAC−35, this single nucleotide polymorphism was 

shown to associate with HIV set point viral loads. As NK cells participate in the control of 

HIV replication (Alter et al. 2011), we hypothesized that the association of HLA-C −35 

and the 3′ UTR HLA-C deletion SNP with HIV progression might be due to a role for the 

quantity of HLA-C in the NK cell licensing process. To address the question 

experimentally, we assessed in a large cohort of healthy donors both HLA-C-related 

polymorphisms and HLA-C surface expression on lymphocytes. We correlated these 

data to the functional competence of NK cells in terms of cytokine production and 

degranulation after exposure to class I negative tumor cells. NK cell function was 

compared in NK cell subsets with or without expression of the inhibitory KIR receptors 

KIR2DL1 and KIR2DL3, which recognize mutually exclusive subsets of HLA-C ligands 

termed C1 and C2 (Winter et al. 1998). The HLA C1 group includes HLA Cw antigens 

carrying asparagine at position 80 (e.g., HLA Cw1, Cw3, Cw7, and Cw8), whereas the 

HLA C2 group includes HLA Cw antigens carrying lysine at position 80 (e.g., HLA Cw2, 

Cw4, Cw5, and Cw6; Winter and Long 1997). 
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Patients and methods 
 

 
Antibodies and flow cytometry 

The following mAbs were used: anti-CD3 Pacific blue (OKT3, eBioscience), anti-CD56 

PE-Cy7 (HCD56, Biolegend), anti-CD107a PE (clone H4A3, BD), anti-IFN-γ PE (clone 

B27, BD), anti-KIR2DL1 FITC (clone 143211, R&D), anti-KIR2DL3 APC (clone 180701, 

R&D), and the pan-HLA-C antibody DT9 (kindly provided by Mary Carrington, National 

Institute of Health, Bethesda, USA) which was used in conjunction with goat anti-mouse 

IgG2b PE (Southern Biotech). To evaluate HLA-C surface expression, we used 

QuantumTM R-PE MESF Kit (Polysciences, Inc., Warrington, USA) according to the 

manufacturer`s instructions. The mean fluorescence intensity of the five bead 

populations was used to calculate a calibration curve by plotting the MFI for each 

population against its known units of molecules of equivalent soluble fluorophores 

(MESF). Staining intensity of DT9 is therefore expressed as MESF units. Samples were 

acquired on a DAKO CyAn ADP nine-colour flow cytometer (Beckman Coulter). For all 

analyses of NK cell subsets, we gated on the CD56+/CD3− subset. For quantification of 

HLA-C expression, we gated on total lymphocytes. Fluorescence-activated cell sorting 

(FACS) plots were analyzed with FlowJo software version 9.2. 

 

CD107a and IFN-γ assay 

Peripheral blood mononuclear cells (PBMCs) from healthy donors were collected under 

an ethical committee-approved protocol, isolated by density gradient centrifugation, 

and cryopreserved. After thawing, cells were cultured overnight in the presence of 150 

U/mL recombinant human IL-2 (Proleukin, Novartis), after which PBMCs (0.5×10e6) 

were mixed with the HLA-deficient 721.221 cell line at a ratio of 5:1 in a final volume of 
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Fig. 1 Increased functional capacity of NK cells expressing 

inhibitory KIR2D receptors. After gating on CD56+/CD3− NK 

cells, CD107a expression induced by co-incubation with 

721.221 tumor cells is compared in NK cells which do or do 

not carry the inhibitory KIR2DL1 receptor. The ratio of 

CD107a expression in KIR2DL1+ and KIR2DL1− NK cells 

(termed“licensing ratio”) quantifies the increase in 

functional competence derived from expression of 

KIR2DL1. IFN-γ production and the receptor KIR2DL3 were 

analyzed in the same fashion  

200 μL in flat-bottom 96-well plates and incubated for 5 h at 37 °C/5 % CO2. NK cell 

response to 721.221 was measured in terms of degranulation (CD107a surface 

expression) and cytokine production (intracellular cytokine staining for IFN-γ; Alter et 

al. 2004). Anti-CD107a PE was added to wells at the beginning of the incubation. For the 

IFN-γ assay, brefeldin A (Golgi Plug, BD Biosciences) was added after 1 h of incubation 

at a concentration of 1:200, after which cells remained incubated for another 4 h. For 

intracellular staining of IFN-γ, cells were permeabilized with Cytofix/Cytoperm (BD) 

and washed with BD Perm/Wash buffer. As positive control, phorbol 12-myristate 13-

acetate, and a calcium ionophore 

(ionomycin) were used. To 

assess the magnitude of licensing 

conferred by KIR2DL1 and 

KIR2DL3, frequencies of IFN-γ+ 

and CD107a+ cells were 

assessed in CD56+/CD3−/KIR+ 

and CD56+/CD3−/KIR− subsets. 

Ratios of IFN-γ+ cells and 

CD107a + cells within KIR+ and 

KIR− NK cells were calculated to 

estimate the alteration in 

functional competence derived 

by the expression of the 

respective KIR receptor (Fig. 1). 

We then compared the effect of 

the presence or absence of HLA 

C1/C2 group ligands, the HLA-C 
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−35 and 3′ UTR HLA-C polymorphisms, and the amount of cell surface HLA-C had on 

these licensing ratios.  

 

Genotyping and quantitative PCR 

The HLA-C −35 SNP was genotyped using a commercial ABI TaqMan allelic 

discrimination kit on the ABI7500 Sequence Detection System according to 

manufacturer's guidelines. The rs67384697 polymorphism located within the 3′ UTR 

was typed by direct sequencing (Kulkarni et al. 2011). Genotyping for HLA-C1/C2 group 

KIR ligands and for the inhibitory KIR2DL1 and KIR2DL3 was performed using 

previously established sequence-specific primer protocols (Alves et al. 2009; Frohn et al. 

1998). HLA-C was typed by applying a reverse sequence-specific oligonucleotide 

method according to the manufacturer’s instructions (One Lambda Inc., Canoga Park, 

CA). 

 

Statistics 

Functional and phenotypic NK cell-related characteristics were compared with 

nonparametric tests (Mann–Whitney U and Kruskal–Wallis). Correlations were assessed 

by calculating Spearman’s rank correlation coefficient. Factors affecting NK cell 

function were analyzed in a multivariable fashion using generalized linear models. All p 

values are two-sided and were considered significant if ≤0.05. 
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Fig. 2 Degranulation and cytokine production of KIR2DL1+ and 

KIR2DL3 NK+ cells in relation to the number of KIR ligands. 

CD107a and IFN expression are evaluated in NK cells derived 

from 66 donors after co-incubation with the HLA-deficient 

721.221 cell line. CD107a expression and IFN-γ production of 

KIR2DL1+ NK cells significantly increase with growing numbers of 

C2 ligands (a and b). CD107a expression and IFN-γ production of 

KIR2DL3+ NK cells significantly increase with growing number of 

C1 ligands (c and d)  

Results 
 

Function of KIR2DL1+ and KIR2DL3+ NK cells is regulated by the number of HLA-C KIR 

ligands 

Phenotypic and functional characteristics of 66 healthy donors were analyzed. At the 

HLA-C locus, 20 donors (30 %) were homozygous for C1 (C1C1), 15 donors were 

homozygous for C2 (C2C2), and the remaining 31 donors were heterozygous (C1C2). All 

donors in this study carried and expressed the KIR2DL1 gene, and eight donors were 

negative for KIR2DL3 and were excluded from the analyses focusing on this receptor.  

 

Analysis of NK cell 

function in correlation 

with KIR ligand status 

confirmed and extended 

previously published data 

on the functional 

consequence of co-

expression of the 

inhibitory KIR3DL1 with 

its ligand, HLA with the 

Bw4 motif (Kimet al. 

2008). Both cytokine 

production and 

degranulation significantly 

increased in NK cells 

carrying inhibitory KIR2D 

with HLA-C specificity if 
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Fig. 3 Correlation of degranulation and cytokine production of 

KIR2DL1 and KIR2DL3 NK subsets with the HLA-C −35 

polymorphism. The HLA-C −35 genotype does not significantly 

influence NK licensing of KIR2DL1+ and KIR2DL3+ NK cells as 

assessed by CD107a expression and IFN-γ production after 

exposure to the HLA class I-negative cell line 721.221 

the corresponding ligand was present (Fig. 2). KIR2DL1-positive NK cells produced 

more cytokine and degranulated at higher frequency in donors carrying one or two 

copies of the KIR2DL1 ligand HLA group C2 (Fig. 2a,b). In contrast, NK cells expressing 

KIR2DL3 were most functional in donors carrying the C1 group ligand for this receptor 

(Fig. 2c, d).  

 

HLA-C-related polymorphisms and quantity of HLA-C do not correlate with NK cell 

function 

At the HLA-C −35 SNP 

locus, 12 donors (18 %) 

carried two C alleles (CC), 

22 donors (33 %) carried 

two T alleles (TT), and the 

remaining 32 donors (49 

%) were heterozygous 

(CT). In univariate analysis, 

no difference in CD107a 

expression and IFN-γ 

production of KIR2DL1+ 

and KIR2DL3+ NK cell 

subsets were detected 

between CC, CT, or TT 

donors (Fig. 3).  

 

We next evaluated HLA-C surface expression with the pan-HLA-C antibody DT9 on 

lymphoid cells by FACS. In agreement with published data (Thomas et al. 2009), we 

found a significant correlation between HLA-C −35 polymorphism and HLA-C surface 
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expression (Fig. 4a). As expected, correlation of HLA-C surface expression with the 3′ 

UTR SNP showed a trend towards higher surface HLA-C for carriers of the deleted 

variant; however, this correlation did not reach the level of statistical significance (Fig. 

4b). As the quantity of surface HLA-C might affect the licensing process independently 

from the HLA-C −35 and 3′UTR SNP status, we next correlated NK cell licensing ratios 

to surface HLA-C quantity. Neither licensing ratios of CD107a degranulation nor IFN-γ 

cytokine production was significantly correlated to DT9 expression (r2 0.001, p00.77 for 

CD107a, Fig. 4c; r200.01, p00.24 for IFN-γ, Fig. 4d).  

 

 

Finally, we used multivariable generalized linear models to account for potential 

confounding between variables influencing licensing status. Table 1 shows the results of 

the analysis accounting for number of HLA-C ligands, HLA-C quantity (DT9 expression), 

and the HLA-C-related polymorphisms. The only variable significantly influencing NK 

cell licensing by KIR2DL1 and KIR2DL3 was the number of HLA-C ligands, whereas both 

 Table1 Multivariate analysis if factors influencing licensing of KIR2D expressing NK cells  

 CD107a  IFN-γ 

 Effect size 95% CI p 
value 

 Effect size 95% CI p value 

Number of HLA-C ligands +0.14 +0.05 to  +0.23 0.002  +0.17 +0.08 to 
+0.26 <0.001 

HLA-C (increase per  
10’000 MESF)  -0.002 -0.02 to +0.02 0.85  -0.01 -0.04 to +0.01 0.26 

HLA-C -35        

TT 0.00 - -  0.00 - - 

CT -0.01 -0.15 to +0.14 0.95  -0.07 -0.22 to +0.08 0.37 

CC -0.03 -0.22 to +0.17 0.78  -0.04 -0.24 to +0.17 0.71 

3´UTR SNP        

Non-del/non-del 0.00 - -  0.00 - - 

Non-del/del +0.01 -0.01 to +0.19 0.95  -0.03 -0.37 to +0.25 0.70 

Del/del +0.07 -0.22 to +0.17 0.40  -0.06 -0.21 to +0.15 0.77 
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HLA-C-related polymorphisms and HLA-C quantity failed to significantly impact NK cell 

licensing.  

 

HLA-Cw7 strongly licenses KIR2DL3+ NK cells despite being expressed at low quantities 

at the cell surface  

A previous study by Corrah et al. investigating the relationship between HLA-C −35 and 

cell surface HLA-C described low surface expression of HLA-Cw7, but failed to replicate 

a correlation of HLA-C −35 status with surface HLA-C regarding alleles other than Cw7 

(Corrah et al. 2011). We therefore performed HLA-C typing on our cohort, which 

revealed that 20 donors (30 %) carried one Cw7 allele, and an additional 3 donors (5 %) 

carried two HLA-Cw7 alleles (in all cases either Cw*0701 or Cw*0702, which are both in 

linkage disequilibrium with HLA-C −35T).  
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Fig. 4 Correlation of HLA-C expression HLA-C −35 genotype and NK cell function. The HLA-C −35 

genotype influences the expression of HLA-C as detected by the DT9 antibody in flow cytometry 

(panel a). A trend towards higher expression of HLA-C is detected for patients carrying the deletetion 

variant in the 3’UTR of HLA-C (panel b). In contrast, no significant correlation was detected between 

CD107a licensing ratios (panel c) and IFN-γ licensing ratios (panel d), respectively, and surface 

expression of HLA-C  

Correlation of Cw7 status with cell surface HLA-C quantity showed a dose-dependent 

reduction of HLA C quantity with increasing number of HLA-Cw7 alleles (Fig. 5a), thus 

confirming the data by Corrah et al.. Also in agreement with this study, we found that 

after exclusion of donors carrying HLA-Cw7 alleles, the HLA-C −35 status no longer 

significantly affected the HLA-C cell surface expression (median MESF 78590, 77797, 

and 74665, for CC, CT, and TT donors, respectively, p=0.65).  

Despite being expressed at low quantity, HLA-Cw7 proved to strongly license KIR2DL3+ 

NK cells (Fig. 5b, c). With an average increase per Cw7 ligand in the KIR2DL3 licensing 

ratios of +0.17 for CD107a and +0.19 for IFN-γ (p00.02 and <0.001), Cw7 licensed 

KIR2DL3 more strongly than other frequently expressed group C1 ligands: Cw1 

+0.12/+0.07; Cw3 +0.08/+0.10, Cw8 0.09/+0.12 (for CD107a and IFN-γ, respectively). 
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Fig. 5 Correlation of HLA-Cw7 status and cell surface HLA-C quantity and NK cell function. HLA-C surface expression—as 

measured with the pan-HLA-C antibody DT9—progressively decreases in donors carrying 0, 1, or 2 HLA-Cw7 alleles (a). 

Despite low surface expression, HLC-Cw7 strongly licenses KIR2DL3+ NK cells as assessed by CD107a and IFN-γ  

production (b and c) 

The strongest KIR2DL1-licensing ligand was HLA-Cw5 (+0.24/+0.22 for CD107a and 

IFN-γ, respectively).  
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Discussion 
 

In the present study, we addressed a potential impact of the surface expression quantity 

of HLA-C on NK cell licensing. We chose to study licensing by KIR2DL1 and KIR2DL3 

because these receptors have defined and mutually exclusive ligands and because 

antibodies to both receptors are available which do not cross-react with the respective 

counterpart activating KIR. In agreement with previous studies (Anfossi et al. 2006), we 

show that the HLA-C-specific inhibitory receptors KIR2DL1 and KIR2DL3 confer 

increased functional capacity to NK cells in donors that carry the respective KIR ligands. 

Both IFN-γ production and degranulation dose-dependently increased with the number 

of KIR ligands in NKcells expressing KIR2DL1 and KIR2DL3. No statistically significant 

effect on NKcell licensing could be attributed to the HLA-C −35, the 3′ UTR HLA-C 

polymorphism, or the amount of cell surface HLA-C. One possible explanation for the 

failure of cell surface HLA to influence the licensing process is that the threshold 

quantity required for NK cell licensing lies below the level of even low-expressing 

alleles. Recent studies have estimated the number of HLA-C molecules necessary to 

inhibit NK cell activation via interaction with KIR2DL1 receptor. These analyses have 

suggested that inhibition increases with growing number of HLA-C molecules with a 

saturation threshold at approximately 20,000 molecules/cell, above which inhibition 

reaches a plateau (Almeida et al. 2011). It is conceivable that a similar threshold exists 

for the KIR/HLA interaction during the licensing process, and that even low-expressing 

alleles are expressed at quantities above this threshold. In agreement with previous data 

(Thomas et al. 2009), we found a significant correlation of HLA-C −35with the amount of 

HLA-C as measured by flow cytometry. Another recently published study only partially 

confirmed the association of HLA-C −35 with cell surface HLA-C. Corrah et al. showed in 

their analysis of 25 HIV-infected patients that the correlation of HLA-C −35 with cell 

surface HLA-C quantity was exclusively due to the linkage disequilibrium of HLA-Cw7 
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with HLA-C −35T (Corrah et al. 2011). In our population of healthy donors, we confirm 

that Cw7 shows significantly lower surface expression than non-Cw7 alleles, but 

unexpectedly found that HLA-Cw7 more strongly licenses KIR2DL3+ NK cells than any 

other C1 group ligand. These data are in agreement with the notion that allelic 

polymorphism within HLA-C rather than quantity of cell surface expression influences 

the NK cell licensing process. An issue that remains unresolved by this study is how 

homozygosity for class I KIR ligands increases licensing (Elliott and Yokoyama 2011). 

KIR ligand homozygosity is expected to increase the number of HLA molecules 

expressed on a cell, but the data shown here suggest that the resulting increased effector 

capacity might not be due to an increase in quantity of KIR ligands alone. Interestingly, 

many studies in humans have shown that homozygous presence of KIR ligands is 

necessary to see licensing effects (Khakoo et al. 2004; Kim et al. 2008), whereas in 

mouse models heterozygous for the major histocompatibility complex (MHC)-I ligand 

for a given Ly49 receptor, licensing could be documented (Jonsson et al. 2010). So far, it 

remains open whether licensing in humans and in mice is differentially regulated 

regarding the requirement of MHC-I ligand zygosity. In conclusion, we found no 

evidence that the HLA-C related polymorphisms or quantity of cell surface HLA-C 

regulates the NK cell licensing process. Regarding the association of HLA-C −35 and of 

the 3′ UTR SNP with the course of HIV infection, our data do not support a role of NK 

cell licensing in the improved disease control of carriers of HLA-C −35 C alleles or 3′ 

UTR deletion variants. However, a major limitation of this study lies in the facts that 

experiments were carried out with NK cells derived from healthy donors rather than 

HIV patients. Chronic HIV infection leads to profound changes in NK cell phenotype and 

function (Mavilio et al. 2003), which might also affect the licensing process. Alternative 

explanations to be investigated in the future include an association of HLA-C −35 and of 

3′ UTR deletion variants with HLA-C alleles endowed with increased function 
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regarding their interaction with CD8+ T cells, or associations that are completely 

independent from HLA-C surface expression. 
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Abstract  
 

Background 

NK cells mediate graft-versus-leukemia effects (GVL) after mismatched allogeneic 

haematopoietic stem cell transplantation (HSCT) when NK cell tolerance is permanently 

broken in case of KIR ligand mismatch. The existence of GVL induced by temporarily broken 

NK cell tolerance early after fully HLA/KIR ligand matched HSCT is controversial. 

Methods 

NK cell function was assessed in 56 patients receiving HSCT (23 autologous and 33 

allogeneic) before and one, two, three, and six months after HSCT. Function was measured 

as degranulation (CD107a expression) and IFN-γ production after exposure to the HLA-

deficient cell-line 721.221.  

Results 

We found that a licensing effect on NK cell function is maintained after both autologous and 

allogeneic HSCT. However, unlicensed NK cells (expressing non-self KIR; NKG2A-) are 

equipped with more functional competence and are more similar to licensed NK cells 

(expressing self KIR; NKG2A-) after allogeneic transplantation than after autologous HSCT 

(p<0.05 in interaction analyses of autologous versus allogeneic patients for all post-

transplant timepoints). In contrast, KIR-/NKG2A-, KIR-/NKG2A+ and self-KIR+/NKG2A- NK 

cells showed comparable function after the two types of transplantation. Further, our data 

suggest that conditioning with ATG and the development of GvHD influence the licensing 

effect on NK cell function.  
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Conclusions 

NK cell function is predicted by the presence of KIR-ligands after HSCT. Nevertheless, 

unlicensed NK cells are equipped with higher functional capacity after allogeneic than 

autologous HSCT, which corresponds to previous studies showing a survival advantage in 

patients lacking KIR ligands after allogeneic transplantation.   
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Introduction 
 

In patients with hematologic malignancies treated by allogeneic HSCT, the reconstituting 

donor immune system plays an important role in eradicating residual disease. While 

transplant immunology has traditionally focused on T-lymphocytes as effectors of both 

graft-versus-leukemia (GVL) and graft-versus-host disease (GvHD), more recent research 

indicates that natural killer (NK) cells can also exert powerful antitumor immunity after 

allogeneic transplantation without causing GvHD (1-5). 

NK cell regulation depends on germ-line encoded activating and inhibitory receptors, 

including inhibitory Killer cell immunoglobulin-like Receptors (KIR). Inhibitory KIR bind to 

ubiquitously expressed Human Leukocyte Antigen (HLA) class I molecules, providing the 

main mechanism of NK cell tolerance. The interaction between inhibitory KIR and HLA is also 

important during NK cell development: In a process termed ‘licensing’, NK cells expressing 

inhibitory KIR acquire full functional competence through interaction of their inhibitory KIR 

with cognate HLA ligands (6,7).  

NK cell driven graft-versus-leukemia effects were first demonstrated after haploidentical 

HSCT. In case of a KIR ligand mismatch between donor and patient, NK cells are licensed 

according to donor HLA and tolerance is permanently broken (4,8-10). More recent studies 

demonstrated a reduced relapse incidence also after fully HLA- and therefore KIR ligand-

matched transplantation, in case the donor recipient pair lacks one or more KIR ligands 

(11,12). A recent study investigating the reconstitution of NK cell function after allogeneic 

HSCT offered a possible explanation for this observation, by showing that NK cell tolerance 

may be temporarily disturbed in the first months after HSCT. As a consequence, NK cells 

were unselectively equipped with functional capacity, whereas inhibition of NK cells through 

KIR/HLA interaction remained intact (13). However, several confirmatory studies have failed 
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to replicate either the survival advantage or the aberrant NK cell function during the early 

post-transplant period.  A number of possible explanations for contradicting results between 

studies have been discussed, as e.g. the impact of GvHD, its treatment or prophylaxis as well 

as the graft quality (amount of T-cell depletion), which vary between centers (9,14,15). Most 

of these factors have not been taken into consideration when investigating licensing in 

reconstituting NK cells after HSCST.   

In parallel, retrospective cohort studies in pediatric patients provide evidence for a survival 

advantage after autologous HSCT for leukaemia or neuroblastoma, if patients lack a KIR 

ligand (16,17). Autologous HSCT provides a unique setting to study reconstitution of NK cell 

licensing, as many of the factors potentially affecting NK cell function after allogeneic HSCT 

such as pharmacological immunosuppression and graft-versus-host disease are absent. We 

therefore aimed to compare functional reconstitution of NK cells in two cohorts of patients 

treated with autologous or allogeneic HSCT.  

 

Patients & Methods 
 

Patients 

Fifty-six patients were included in this study, 23 recipients of autologous HSCT and 33 

patients treated with allogeneic HSCT. Blood was drawn from participants before, and at 

one, two, three and six months after HSCT. Underlying diagnoses, conditioning regimens and 

GvHD prophylaxis are summarized along with demographic characteristics in Table 1. Data 

on GvHD occurrence and CMV replication were prospectively collected. Written informed 

consent was obtained from all study participants and the study was approved by the local 

institutional review board (EKBB 317/10). 
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Table 1: Patient characteristics  

Type of transplantation 
 

autologous 
(n=23) 

allogeneic 
(n=33) 

Diagnosis, n (%) 
- Acute leukemia  
- Lymphoproliferative disease 
- Myeloproliferative neoplasm 
- Plasma cell disorder  

 
 1 (4.3)  
 7 (30.4)  
 - 
 15 (65.2) 
 

 
 24 (72.7)  
 5 (15.2) 
 3 (9.1)  
 1 (3.0) 

Origin of stem cells, n (%)  
- PBSC (n,%) 
- BM (n,%) 

 
 23 (100)  
 -  

 
 32 (97.0)  
 1 (3.0)  

Conditioning, n (%)  
- Melphalan  
- Cyclophosphamide, TBI  
- Cyclophosphamide, Busulfan  
- BEAM 
- BEAM, Fludarabine, TBI 
 

 
 15 (65.2)  
 - 
 1 (4.3) 
 7 (30.4) 
 - 

 
 -  
 11 (33.3) 
 17 (51.5) 
 - 
 5 (15.2) 
 

ATG, n (%)  
- Yes  
- No  

 
 -  
 23(100)  

 
 21 (63.6)  
 12 (36.4)  

GvHD prophylaxis, n (%)  
- CyA, MTX 
- CyA, MMF 
- Sirolimus, MMF 

 
 -  
 -  
 - 
 

 
 28 (84.8)  
 4 (12.1)  
 1 (3.0) 

Recipient donor sex, n (%) 
- M/M (n,%) 
- M/F (n,%) 
- F/F (n,%) 
- F/M (n,%) 
 

 
 14 (60.9) 
 -  
 9 (39.1) 
 - 

 
 11 (33.3)  
 4 (12.1)  
 10 (30.3) 
 8 (24.2) 
 

CMV serology, n (%)   
- D-/R-  
- D-/R+ 
- D+/R- 
- D+/R+ 
 

 
 8 (34.8)  
 - 
 - 
 15 (65.2)  

 
 14 (42.4)  
 9 (27.3)  
 5 (15.1) 
 5 (15.1) 
 

Age recipient, median (range) 
- Donor (n,%) 
- Recipient (n,%) 

 
 -  
 62.3 (28 - 69)  

 
 35.4 (20 – 61)  
 48.1 (27 – 63)  

KIR ligands, n (%)  
- Missing HLA-C1 
- Missing HLA-C2 
- Missing HLA-Bw4 

 
 5 (21.7) 
 6 (26.1) 
 8 (34.8) 

 
 4 (12.1) 
 16 (48.5)  
 11 (33.3) 

PBSC: Peripheral blood stem cells, BM: Bone marrow, ATG: Antithymocyte globulin, GvHD: Graft-versus-
host disease, CyA: Cyclosporin A, MTX: Methotrexate, MMF: Mycophenolate mofetil, CMV: Cytomegalovirus 
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Assessment on NK cell function  

NK cell degranulation and cytokine production was assessed as previously described (18). 

Briefly, full PBMCs were thawed and cultured over-night (16h) in full medium (RPMI 

supplemented with 10% fetal calf serum and penicillin/streptomycin) in a humidified 

incubator at 37°C in 5% CO2. Thereafter PBMCs were washed and stimulated by co-

incubation with the HLA-deficient target cell line 721.221 in an effector to target ratio of 5:1 

(PBMC: 721.221) in the presence of anti-CD107a-PE mAb (clone H4A3; Becton Dickinson) for 

staining. After 1h, Brefeldin A (BD Bioscience) was added and after 6 h the cells were 

harvested for FACS analysis. 

 

FACS analysis and antibody staining 

Full PBMC were washed twice after the functional assay and then labelled using the 

following monoclonal antibodies: anti-CD3 APC-eFluor780 (clone SK7, eBioscience); anti-

CD14 APC-eFluor780 (clone 61D3, eBioscience); anti-CD19 APC-eFluor780 (clone HIB19, 

eBioscience); anti-CD56 PE-C7 (clone HCD56, Biolegend); anti KIR2DL1-FITC (clone 143211; 

R&D systems); anti-KIR2DL2/DL3-PerCP (clone DX27; Miltenyi Biotec); anti-KIR3DL1-Biotin 

(clone DX9; Biolegend); anti-NKG2A-APC (clone Z199; Beckman Coulter). After staining with 

antibodies against surface molecules, cells were washed twice, and co-incubated for 30 

minutes at 4°C in staining buffer containing Streptavidin BV-570 (Biolegend). Thereafter, 

cells were fixed (Fixation Buffer, Biolegend) and permeabilized (Permeabilization Buffer, 

Biolegend) for subsequent intracellular staining with anti-IFN-γ Violet 450 (clone B27, Becton 

Dickinson) for 30 minutes at room temperature. Afterwards, cells were again washed twice 

and analysed on a nine-color flow cytometer (CyAn ADP, Beckman Coulter, Pasadena, CA). 

For analysis of FACS data, FlowJo v. 9.4.11 (Tree Star, Ashland, OR) was used.  
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KIR-ligand status & PCR 

In patients receiving unrelated donor allogeneic HSCT, the ligand status to KIR2DL1, 

KIR2DL2/3 and KIR3DL1 was derived from high-resolution HLA-typing of the recipient. In 

patients receiving allogeneic sibling or autologous grafts, ligands to KIR2DL1, KIR2DL2/3 and 

KIR3DL1 were identified by direct DNA typing for HLA-Cw group 1/2 polymorphisms, 

whereas Bw4 ligand status was deduced from low-resolution HLA typing (19,20). NK cells 

exclusively expressing one inhibitory KIR receptor and no NKG2A are henceforward called 

self-KIR (S-KIR) NK cells, if the corresponding HLA ligand is present and non-self KIR (NS-KIR) 

NK cells, if the corresponding HLA-ligand is missing. KIR2DL2/3 positive NK cells were not 

considered in the analysis due to recent findings suggesting that besides HLA-C1 also several 

HLA molecules belonging to the HLA-C2 subset can be a ligand to KIR2DL2/3, as well as due 

to lack of commercial antibodies discriminating these inhibitory receptors from the 

activating KIR2DS2 (21,22). If in a patient both HLA-ligands to KIR2DL1 and KIR3DL1 were 

present or absent, the assessed functional values were averaged. 

 

Statistical analysis 

Patient characteristics are provided as numbers and percent, or as median and range. All 

CD107a and IFN-γ values obtained from stimulated NK cells were corrected for background 

activation, which was measured in unstimulated NK cells. Student’s T-test and generalized 

linear models (GLM) incorporating a patient identification variable to adjust for inter-

individual variation in NK cell function were used to compare CD107a and IFN-γ values in 

licensed and unlicensed NK cells at different timepoints. An interaction term was added to 

GLM to assess potential differences in licensing between patients in the autologous and 

allogeneic cohorts in respective analyses. P-values are two sided and values p≤0.05 were 
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considered statistically significant. All analyses were performed using SPSS v.21 (IBM Corp, 

Armonk, NY).  
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Figure 1 Functional reconstitution of S-KIR and NS-KIR NK cells after autologous and allogeneic HSCT. 

Side by side comparison of degranulation (CD107a) and cytokine production (IFN-γ) between S-KIR or NS-

KIR NK-cells after autologous and allogeneic HSCT. Depicted are mean and SE. 

 

Results 
 

First, we investigated if functional separation of S-KIR and NS-KIR expressing NK cells is 

maintained after both allogeneic and autologous HSCT. Comparative analysis between S-KIR 

and NS-KIR NK cells revealed consistent differences in degranulation and IFN-y production in 

response to co-incubation with HLA deficient target cells across all post-transplant 

timepoints, with licensed NK cells showing greater degranulation and cytokine production 

than un-licensed NK cells (Fig. 1A&B and Table 2). In parallel, however, we observed that the 

functional difference between licensed and unlicensed NK cells is more distinct after 

autologous than allogeneic HSCT (difference in licensing effect for CD107a: 4.5-8.2% and 

IFN-γ: 9.1-18.9%, p<0.05 for all timepoints, Fig.1A&B and Table 2).   
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Little variation was observed between the different post-transplant timepoints: on average, 

degranulation and cytokine production of unlicensed NK cells amounted to between 15-36% 

(CD107a) and 16-28% (IFN-y) of the respective readouts obtained in licensed NK cells after 

autologous transplantation, and to 46-61% (CD107a) and 55-61% (IFN-γ) of licensed NK cells 

after allogeneic HSCT (Fig. 2A and 2B). These data differ from a previous report showing a 

temporary increase in NK cell function of NS-KIR NK cells after allogenic matched HSCT, 

which is restored six months after transplantation (13). 

Table 2: Evolution of licensing impact during post-transplant period  

PBSC: Peripheral blood stem cells, BM: Bone marrow, ATG: Antithymocyte globulin, GvHD: Graft-versus-
host disease, CyA: Cyclosporin A, MTX: Methotrexate, MMF: Mycophenolate mofetil, CMV: Cytomegalovirus 

 

We next asked if besides NS-KIR NK cells further NK cell subsets exhibit functional 

differences between autologous and allogeneic HSCT. In particular, we investigated if the 

function of NKG2A+KIR- and NKG2A-KIR- NK cells is different after allogeneic and autologous 

HSCT at any timepoint. In contrast to HLA-KIR dependent licensing, we found here no 

significant differences between autologous and allogeneic transplanted patients, neither in 

CD107a expression nor IFN-γ production (Fig. 3).  

 

Subsequently, we investigated if secondary effects or treatments, specifically related to 

allogeneic HSCT, may be responsible for the increased functionality of unlicensed NK cells. 

  Auto CI 
p-

value 
Allo CI 

p-
value 

Auto 
vs allo 

CI 
p-

value 

1mo CD107a 8.2 5.2 – 11.2 < 0.01 3.7 2.0 – 5.5 < 0.01 4.5 1.1 - 7.8 0.01 

 IFN-γ 16.4 9.1 – 23.7 < 0.01 7.3 2.7 – 12.0 < 0.01 9.1 0.6 – 17.6 0.04 
2mo CD107a 10.2* * * 4.6 2.1 – 7.1 < 0.01 * * * 

 IFN-γ 25.9 13.4 – 38.4 < 0.01 6.4 3.5 – 9.4 < 0.01 18.9 9.1 – 28.7 < 0.01 
3mo CD107a 9.9 4.9 – 14.9 < 0.01 2.5 0.7 – 4.3 < 0.01 7.4 2.5 - 12.3 < 0.01 

 IFN-γ 15.0 7.5 – 22.5 < 0.01 5.2 3.4 – 7.0 < 0.01 9.2 3.2 – 15.2 < 0.01 
6mo CD107a 11.8 10.3 – 13.2 < 0.01 3.6 2.0 – 5.2 < 0.01 8.2 5.2 – 11.1 < 0.01 

 IFN-γ 13.5 11.6 – 15.4 < 0.01 2.9 1.3 – 4.4 < 0.01 10.6 6.8 – 14.4 < 0.01 
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Figure 2 NK cell function as ratio of S-KIR and NS-KIR NK cells. Comparison of the licensing effect after 

allogeneic and autologous transplantation. The ratio indicates how much function NS-KIR NK cells exhibit 

taking S-KIR NK cells as reference. Depicted are mean and SE. 

 

 

First, we explored if CMV replication has an influence on the licensing process, as it was 

previously shown that CMV replication can interfere with NK cell maturation as well as 

functionality (23,24). CMV replication was detected in twelve allogeneic HSCT patients 

(36.4%) during the first six months after transplantation. Thereby functional differences 

between licensed and unlicensed NK cells remained comparably distinct in patients with 

CMV replication (CD107a: 7.9±1.8% vs 3.6±1.0%; IFN-y: 12.5±2.9% vs 7.6±2.0%) and without 

CMV replication (CD107a: 15.4±1.2% vs 9.5±0.9%; IFN-y: 16.6±1.8% vs 9.9±1.1%) (Fig.4A&B). 
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Figure 3 Functional reconstitution of NKG2A+KIR- and NKG2A-KIR- NK cells after autologous and 

allogenic HSCT. Comparison of degranulation (CD107a) and cytokine production (IFN-γ) between 

NKG2A+KIR- and NKG2A-KIR- NK cells after autologous and allogeneic HSCT. Depicted are mean and SE. 

 

Next, we investigated if the occurrence of acute graft versus host disease (aGvHD) or its 

treatment interfere with NK cell licensing. In twenty-two recipients of allografts (66.7%) no 

or grade I aGvHD developed, and in eleven patients (33.3%) grade II-IV aGvHD was 

diagnosed and treated with systemic corticosteroids. While patients with no or grade I GvHD 

exhibited a clear functional difference of S-KIR and NS-KIR (CD107a: 13.7±1.3% vs 7.1±0.8%, 

p<0.01; IFN-y: 19.1±2.0% vs 9.2±1.0%, p<0.01), the functional difference between S-KIR and 

NS-KIR expressing NK cells is smaller in patients who developed GvHD grade II-IV (CD107a: 

13.4±1.8% vs 10.5±2.4%, p=0.40; IFN-y: 8.9±1.1% vs 6.8±3.7%, p=0.48) (Fig. 4C&D). 
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Finally, we assessed if pre-transplant ATG administration modulates NK cell licensing. It has 

previously been described that ATG remains for weeks in the patient serum and may exert 

cytotoxic effects on NK cells (25-27). When grouping recipients of allogeneic grafts into 

those whose conditioning did or did not include ATG, our data revealed that patients 

receiving ATG display more pronounced functional differences between licensed and 

unlicensed NK cells (CD107a: 14.9±1.5% vs 6.7±1.0%, p<0.01; IFN-y: 18.4±2.2% vs 8.9±1,5% 

p<0.01), than patients whose conditioning did not include ATG (CD107a: 11.3±1.0% vs 

8.7±1.0%, p=0.16; IFN-y: 11.2±1.3% vs 9.4±1.1%, p=0.64) (Fig. 4E&F). The incidence of acute 

GvHD (grade II-IV) was similar in patients with and without ATG conditioning (30% in both 

groups).   
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Discussion 
 

In this prospective study, we performed longitudinal analyses of the reconstituting NK cell 

function at a single cell level in 23 and 33 recipients of autologous and allogeneic HSCT. We 

aimed to investigate if NK cells with potential GVL function emerge as a consequence of 

irregularities of the licensing process after allogeneic and autologous transplantation.   

 

We found that after both types of transplantation, the functional difference between 

licensed (S-KIR) and unlicensed (NS-KIR) NK cells is maintained. This is in line with previously 

published work (14). Further, we observed no dynamic changes in NK cell function between 

different timepoints assessed during six months of follow up. In particular, we found no 

temporary increase of NK cell function, neither in NS-KIR NK cells nor in any other subset. 

This stands in some contrast to a previous study finding a transient increase in NK cell 

function after allogeneic stem cell transplantation (13). Interestingly, however, both 

degranulation (CD107a) and cytokine production (IFN-γ) of NS-KIR NK cells appears roughly 

two fold higher after allogeneic HSCT compared to NS-KIR NK cells after autologous 

transplantation during the whole six months of follow up (Fig. 1). In contrast, all other NK 

cell subsets investigated (S-KIR+, NKG2A+/KIR- and NKG2A-/KIR- NK cells) show comparable 

functionality after autologous and allogeneic HSCT, suggesting that the increase in NK cell 

function after allogeneic HSCT is specific to NK cells expressing NS KIR. An enhanced 

functional competence of NS-KIR NK cells might allow for an antitumor effect driven by NS-

KIR NK cells after allogeneic transplantation. This finding supports and may moreover 

explain the survival benefit documented for patients after HLA-matched allogeneic HSCT 

with lacking KIR ligands (7,11,13). Investigations in pediatric patients have shown a similar 

missing ligand effect after autologous transplantation, whereas in adult patients no such 
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effect was found (15,16). No missing ligand effect in adult patients after HSCT is in 

agreement with the pronounced NK cell licensing, we observed after autologous HSCT at all 

timepoints. Whether NK cell licensing works different after HSCT in pediatric patients 

remains to be investigated.  

 

Subsequently we asked if characteristics that differentiate allogeneic from autologous HSCT 

may explain the different post-transplant NK cell licensing. In particular, we elaborated the 

influence of pre-transplant ATG, GvHD with its treatment and CMV replication as a common 

opportunistic infection and result of GvHD prophylaxis. Replication of CMV has recently 

been shown to interfere with phenotypical and functional NK cell reconstitution after HSCT 

(23,24,28). Nevertheless, we found no evidence in the present study for a CMV related 

alteration of the licensing process. Further, we found no increased NK cell function after 

allogeneic HSCT in case of CMV replication as it has been reported before (23). 
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Figure 4 Impact of CMV, GvHD and pre-transplant ATG on NK cell licensing.  

Figure 4A&B Post-transplant function of allogeneic transplant recipients grouped by CMV replication 

status. S-KIR and NS-KIR CD107 and IFN-γ response to target cell stimulation are compared in both 

subgroups. Figure 4C&D Post-transplant functional data of allogeneic transplant recipients grouped by 

GvHD. S-KIR and NS-KIR CD107 and IFN-γ response to target cell stimulation are compared in both 

subgroups. Figure 4E&F Post-transplant functional data of allogeneic transplant recipients grouped upon  

                

          

 

 

 

 

 

While so far several studies have reported protective influence of NK cells against GvHD in 

mice and humans, little is known regarding a potential effect of GvHD or its treatment on NK 

cell function (29-31). In the present study we found GvHD to be associated with reduced 

functional differences between S-KIR and NS-KIR NK cells. During GvHD serum-levels of 

several pro- and anti-inflammatory cytokines reach exceptionally high levels and local 

concentrations may be even higher (32,33). In parallel previous studies show that pre-
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stimulation with cytokines can reduce the differential response of licensed and unlicensed 

NK cells in both mice and humans (7,34). Finally we also assessed the impact of pre-

transplant ATG on NK cell licensing. We found, that patients which had received conditioning 

containing ATG, showed more pronounced licensing effects than patients not treated with 

ATG. The reason for this difference remains unclear.  

 

In summary, we found that single KIR positive NK cells after HSCT are equipped with 

functional capacity according to commonly acknowledged licensing concepts. However, our 

data suggest that the licensing effect is less distinct after allogeneic transplantation when 

compared to autologous HSCT, or in other words, that the licensing mechanism assuring 

tolerance of unlicensed NK cells might be disrupted after allogeneic HSCT. In direct 

comparison, the functional competence of NS-KIR NK cells is higher in allogeneic transplant 

patients. Consequently, the latter may profit from increased function of NS-KIR expressing 

NK cells, possibly representing the cellular correlate of studies finding survival benefits of 

patients with NS-KIR NK cells after HSCT. By analyzing subgroups of allogeneic transplant 

patients, we found ATG treatment associated with more, and GvHD associated with less 

distinct NK cell licensing, whereas CMV replication appeared to have no effect. 
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Abstract  
 

Background 

Natural killer cell function is regulated by inhibitory and activating killer cell 

immunoglobulin-like receptors (KIR). Previous studies have documented associations of 

KIR genotype with the risk of cytomegalovirus (CMV) replication after solid organ 

transplantation (SOT).  

Methods 

In this study of 649 solid organ transplant recipients followed prospectively for 

infectious disease events within the Swiss Transplant Cohort Study, we were interested 

to see if KIR genotype associated with virus infections other than CMV.  

Result 

We found that KIR B haplotypes (which have previously been linked to protection from 

CMV replication) were associated with protection from varicella zoster (VZV) infection 

(hazard ratio 0.43, 95% confidence interval 0.21-0.91, p=0.03). No significant 

associations were detected regarding the risk of herpes simplex, Epstein-Barr Virus or 

BK polyomavirus infections.  

Conclusion 

In conclusion, these data provide evidence that the relative protection of KIR haplotype 

B from viral replication after SOT may extend beyond CMV to other herpes viruses such 

as VZV and possibly EBV.   
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Introduction 
 

Natural killer cells are important in the early response against many pathogens 

including viruses. In contrast to B- and T-lymphocytes they do not express rearranged 

surface receptors. Instead, diversity in the NK cell repertoire is a function of expression 

of varied combinations of inhibitory and activating surface receptors. It has been shown 

recently that thousands of different NK cell phenotypes exist within the polyclonal pool 

of healthy donor NK cells (1).  

Among the most polymorphic NK cell receptors are killer-cell immunoglobulin-like 

receptors (KIR). KIR can be either activating or inhibitory in nature, depending on the 

structure of their intracellular tail containing an immunoreceptor tyrosine-based 

inhibitory or activating motif (ITIM/ITAM) (2). Inhibitory KIR mediate NK cell tolerance 

by binding to self-HLA class I molecules. By contrast, the ligands and physiological 

relevance of activating KIRs are only poorly understood; binding to HLA class I has only 

been documented for KIR2DS1, KIR2DS2, and KIR2DS4 (3-5).  KIR genes segregate as 

haplotypes, which are classified as “A” if they contain a canonical set of six inhibitory 

receptors and one single activating KIR gene (KIR2DS4), whereas the remaining 

haplotypes, which may contain up to 5 additional activating receptors, are collectively 

classified as “B”. In Caucasians, A and B haplotypes are found at similar frequencies. 

Recipient B haplotype and high numbers of activating KIR genes have been linked with 

protection from cytomegalovirus replication after solid organ transplantation in a 

number of studies (6, 7). More recently, several studies have suggested that KIR genes 

may also associate with the risk for other viral infections such as hepatitis C (8), herpes 

simplex (9), BK polyomavirus (BKPyV) (10), and influenza (11). For Epstein-Barr and 

varicella zoster virus, two further members of the human herpes virus family, evidence 

for involvement of NK cells in disease control recently emerged, but no possible 

correlation with KIR genotype has been investigated yet (12, 13). For several of the 
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above-mentioned viruses, different receptors were shown to be involved in the innate 

immune response (14-16). At the same time, all these receptors are present in every 

individual. In contrast, KIR receptors vary in number and composition between 

individuals. A possible influence of single KIR receptors might therefore operate as a 

prognostic marker. As virus infection/replication is a frequent complication of 

immunosuppression after solid organ transplantation, we were interested to analyze the 

correlation of KIR genotype and virus replication after solid organ transplantation 

(SOT).  

We made use of the Swiss Transplant Cohort Study, a large prospective multicenter 

effort collecting data and bio samples on all solid organ transplants performed in 

Switzerland (17), to address whether recipient KIR genotype associates with the risk of 

viral infections in recipients of solid organ transplantation.  
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Patients and materials 
 

Patients 

Six hundred and forty-nine patients undergoing single solid organ transplantation at six 

transplant centers in Switzerland between May 2008 and December 2010 were 

combined in this analysis (Inselspital Bern, n=99; Centre Hospitalier Universitaire 

Vaudois, n=102; Hôpitaux Universitaires de Genève, n=95; Kantonsspital St. Gallen, 

n=15; Universitätsspital Basel, n=106; Universitätsspital Zürich, n=232).  Induction and 

maintenance immunosuppressive regimens in patients grouped by KIR haplotype are 

summarized in Table 1 along with demographic characteristics. 

Data on transplant characteristics and transplant outcome including infectious 

complications were prospectively collected and retrieved using an electronic database 

(17). Written informed consent was obtained from all study participants and the study 

was approved by the institutional review boards in all centers. 

 

KIR genotyping 

KIR genotyping was performed using a reverse sequence-specific oligonucleotide 

method (OneLambda, Canoga Park, CA) according to the manufacturer’s instructions 

(7), these results were in part reconfirmed by qPCR(18). KIR genotypes were grouped 

into AA if they contained only the canonical group A haplotype genes (KIR2DL1, 

KIR2DL3, KIR2DL4, KIR3DL1, KIR3DL2, KIR3DL3, and KIR2DS4). Any genotype 

containing additional KIR genes is referred to as a BX, as it contains at least one group B 

haplotype (19). BX patients were further subdivided into imputed BB haplotypes based 

on the absence of the A haplotype genes KIR2DL3, KIR2DL1 and KIR3DL1. Finally, 

genotypes were dichotomized into telomeric and centromeric A and B haplotype motifs 

according to published algorithms (20).  
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Table 1: Patient characteristics  

 

MMF = mycophenolate mofetil;  
mTOR = mammalian target of rapamycin inhibitor (i.e. sirolimus or everolimus) 

 

KIR haplotype AA 
(n=176) 

BX 
(n=473) 

p-value 

Patient age at transplantation 
– Median (Range) 

 
 50 (1-75) 

 
  50 (0-79) 

 
0.91 

Gender (n, %) 
– Male 
– Female 

 
 116 (66) 
 60 (34) 

 
 309 (65) 
 164 (35) 

 
0.89 

Center (n, %) 
– Basel 
– Bern 
– Geneva 
– Lausanne 
– St. Gallen 
– Zürich 

 
 23 (13) 
 29 (17) 
 28 (16) 
 36 (21) 
 4 (2) 
 56 (32) 

 
 83 (18) 
 70 (15) 
 67 (14) 
 66 (14) 
 11 (2) 
 176 (37) 

 
0.26 

Nr of HLA-A/B/DR-mismatches (n, %) 
– 0-2 
– 3-4 
– 5-6 
– missing 

 
 13 (7) 
 53 (30) 
 94 (53) 
 16 (9) 

 
 47 (10) 
 150 (32) 
 208 (44) 
 68 (14) 

 
0.10 

Antibody induction (n, %) 
– Anti-CD25 MAb 
– ATG 
– none 

 
 104 (59) 
 32 (18) 
 40 (23) 

 
 282 (60) 
 87 (18) 
 62 (13) 

 
0.98 

Maintenance immunosuppression (n, %) 
– Tacrolimus  
– Cyclosporine 
– Prednisone 
– MMF 
– mTOR 

 
 120 (68)
 65 (37) 
 161 (92)
 163 (93) 
 22 (13) 

 
 317 (67)
 176 (37) 
 425 (90)
 437 (92) 
 62 (13) 

 
0.78 
0.95 
0.53 
0.92 
0.84 

Antiviral prophylaxis (n, %) 
– Ganciclovir/Valgancyclovir 
– Acyclovir/Valacyclovir 

 
  68 (39) 
 23 (13) 

 
 179 (38) 
 36 (8) 

 
0.85 
0.03 

Organ Transplant (n, %) 
– Heart  
– Kidney 
– Liver 
– Lung 

 
 23 (31)
 78 (27) 
 50 (27)
 25 (26) 

 
 51 (69)
 213 (73) 
 138 (73)
 71 (74) 

 
0.88 
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Diagnosis of viral infections 

Recipients of kidney transplants were screened for BKPyV replication by quantitative 

polymerase chain reaction (qPCR) in blood and urine at minimum once every three 

months in the first year after transplantation. Additionally, BKPyV replication was 

assessed by qPCR when clinically indicated. Patients receiving organ transplants other 

than kidney were not regularly screened for BKPyV. EBV screening guidelines differ 

between the involved study centers. In 121 patients, EBV replication was assessed six 

and twelve months after transplantation. The remaining patients were tested for EBV 

based on clinical suspicion. In both cases EBV replication was detected by qPCR from the 

blood. Infection with HSV was diagnosed clinically and confirmed by qPCR only 

exceptionally in single cases. Infection with Varicella Zoster was clinically diagnosed in 

totally 28 patients. Of these, diagnosis was reassessed and confirmed by qPCR in 17 

patients. The serological status for EBV, HSV and VZV of donors and recipients prior to 

transplantation is indicated in Table 2. 

 

 

Statistical analysis 

Patient characteristics were compared by Mann-Whitney U test or Pearson’s chi square 

test, where appropriate. The cumulative incidence of viral infection/replication events 

(+/- standard error) was estimated using death and graft loss as competing risks. 

Patients were grouped into those carrying two KIR A haplotypes (AA) versus those 

carrying one or two KIR B haplotypes (BX). Only the first episode of infection with each 

pathogen was considered in each patient. Cox regression was used for multivariable 

analyses, adjusting for induction immunosuppression, number of HLA-mismatches 

(HLA-A/B/DR), graft-rejection and respective therapy, type of organ transplanted, for 

recipient pre-transplant serology, and antiviral prophylaxis (val-/ganciclovir and val-
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/acyclovir) in the case of herpes virus infections. All statistical analyses were performed 

with SPSS v.21. (IBM Corp, Armonk, NY).  
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Table 2: Infection status patients and donors 

 

KIR Haplotype 

 

AA 
(n=176) 

BX 
(n=473) 

p-value 

EBV serology (n,%) 
- D-/R- 
- D-/R+ 
- D+/R- 
- D+/R+ 
- missing 

 

 
 2 (1) 
 7 (4) 
 11 (6) 
 145 (82) 
 11 (6) 
 

 
 5 (1) 
 26 (6) 
 29 (6) 
 387 (82) 
 26 (6) 

 
0.95 

HSV serology (n,%) 
- D-/R- 
- D-/R+ 
- D+/R- 
- D+/R+ 
- missing 

 

 
 3 (2) 
 14 (8) 
 12 (7) 
 50 (28) 
 97 (55) 
 

 
 16 (3) 
 19 (4) 
 35 (7) 
 150 (32) 
 253 (54) 

 
0.22 

VZV serology (n,%) 
- D-/R- 
- D-/R+ 
- D+/R- 
- D+/R+ 
- missing 

 

 
 3 (2) 
 10 (6) 
 3 (2) 
 77 (44) 
 83 (47) 
 

 
 2 (0) 
 24 (5) 
 14 (3) 
 198 (42) 
 235 (50) 

 
0.33 
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FIGURE 1. Cumulative incidence of varicella zoster (VZV), EBV, HSV, and BKPyV. Solid lines represent 

patients homozygous for the KIR-A haplotype (AA), whereas dashed lines represent patients carrying 1 or 2 KIR B 

haplotypes (BX). P value derived from Gray test. 
 

 

Results 
 

The following numbers of infectious episodes were recorded in this cohort: 

cytomegalovirus 289, Epstein Barr virus (EBV) 98, herpes simplex (HSV) 69, BK virus 

(BKV) 63, rhinovirus 32, hepatitis C virus 29, varicella zoster virus (VZV) 28, influenza 

virus 20, respiratory syncytial virus 16. Since viral infections of the respiratory tract are 

frequent, and only in a minority of cases identification of the pathogen responsible is 

attempted, we excluded rhinovirus, influenza virus, and respiratory syncytial virus from 

the analysis. Cytomegalovirus and hepatitis C virus were also excluded, since the effect 

of KIR genotype on virus replication/infection has been described previously in 

previous studies (6-8).  

 

 

Analysis of the cumulative incidences of viral infections revealed that presence of a KIR-

BX haplotype in the patient provided relative protection from VZV replication. The two-
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year cumulative incidence of VZV infection was significantly lower in KIR-BX haplotype 

patients (3 ± 1%) compared to AA individuals (7 ± 2%, p=0.02, Figure 1). A trend 

towards lower rates of EBV replication was also observed (two-year CI 9 ± 1% versus 13 

± 3%), however, this difference did not reach the level of statistical significance (p=0.12, 

Figure 1). For the remaining viruses, no effect of KIR haplotype was observed: HSV 9 ± 

1% versus 11 ± 2% (p=0.45); and BKPyV 15 ± 2% versus 15 ± 4% (p=0.75, Figure 1) for 

BX and AA haplotype patients, respectively. 

 

To further address the correlation of 

KIR haplotype and protection from 

VZV, we grouped patients by imputed 

haplotypes (AA versus AB versus BB), 

and by centromeric and telomeric KIR 

A and B motifs. This analysis revealed 

that protection from VZV reactivation 

was related to centromeric (p=0.05) 

rather than telomeric (p=0.44) KIR B 

motifs (Figure 2, upper and middle 

panel). Furthermore, we found that 

one haplotype B was associated with 

relative protection from VZV 

reactivation, as rates in AB and in BB 

patients were comparable (6 ± 2% 

versus 7± 3%, respectively, Figure 2, 

lower panel).  Finally, multivariable 

analysis confirmed a statistically 

significant protective effect of KIR BX 

FIGURE 2. Cumulative incidence of VZV events in 

patients grouped by telomeric and centromeric 

KIR-B haplotype content (upper and middle 

panel) and by imputed haplotypes (lower panel). 

For the upper and middle panels, solid lines 

represent patients homozygous for the KIR-A 

haplotype (AA), whereas dashed lines represent 

patients carrying 1 or 2 KIR B haplotypes (BX). P 

value derived from Gray test. 
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status regarding post-transplant VZV infection (hazard rate versus AA haplotype: 0.43, 

95% confidence interval 0.21-0.91, p=0.03). Similarly, the risk for EBV replication after 

adjustment for covariates was reduced still without reaching the level of statistical 

significance (HR 0.68, 95% CI=0.41-1.12, p=0.13).  
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Discussion 
 

In this study, we report that patients carrying KIR B haplotypes benefit from relative 

protection regarding VZV reactivation during the first two years after SOT. This effect 

appeared to be specifically linked to VZV as no effect was seen on HSV and BKV 

replication. EBV replication was less frequent among carriers of B haplotypes, but this 

difference did not reach statistical significance, presumably in part due to the low rate of 

events for this type of complication. It is therefore notable that the data presented here 

suggest susceptibility to activating KIRs for one or possibly two further members of the 

herpes virus family besides CMV. To further disclose which activating KIRs may be 

involved in immunological control of VZV, we divided activating KIRs in relation to 

KIR2DS4 as previously described in centromeric and telomeric genes (20). These 

analyses illustrate that centromeric rather than telomeric KIR loci are associated with 

protection from VZV, reducing the number of potential candidate loci mainly to three: 

the inhibitory KIR2DL2 and the activating receptors KIR2DS2 and KIR2DS3. KIR2DS3 is 

an unlikely candidate, as the most prevalent alleles are not expressed on the cell surface. 

Unfortunately, further genotype/phenotype correlations will add little to discriminate 

between the effect of these two genes, as they are in almost perfect linkage 

disequilibrium (21). Another limitation of this study derives from the fact that diagnosis 

of viral replication was based on clinical suspicion for some of the viruses analyzed, 

implying that subclinical replication may have been missed in some instances. 

 

Our findings stand in line with previous work exploring the physiological relevance of 

activating KIR. Several recent studies have described a protective effect of activating 

KIRs against CMV replication in different settings of immunosuppression (6, 7). After 

SOT or hematopoietic stem cell transplantation (HSCT), when the adaptive immune 

system is pharmacologically suppressed, patients with a higher number of (haplotype B) 
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activating KIR genes experience relative protection from CMV replication (22, 23). 

Further clinical conditions associated with KIR B haplotypes are reduced relapse rates 

in AML patients after allogeneic HSCT (if KIR B genes are present in the donor); and a 

reduced risk of preeclampsia in women carrying activating KIR genes (24, 25). These 

associations indicate that activating KIR receptors might recognize patterns on wide 

range of different potential target cells. We therefore explored the possibility that KIR 

haplotype associates with the susceptibility to other opportunistic infections in patients 

under pharmacological immunosuppression. Apart from CMV and hepatitis C (6-8), 

limited knowledge regarding potential roles for KIR and NK cells in antiviral immunity 

exists. No effect of KIR haplotype was seen regarding replication of HSV and BKPyV, 

which stands somewhat in contradiction to previous studies partly done in healthy 

donors (9, 10). However this may reflect the different role for NK cells in patients with 

compromised adaptive immunity and the sites of reactivation. In summary, we find that 

telomeric B-haplotype KIR genes are associated with protection from VZV reactivation 

after SOT. If confirmed, these data may have an impact on VZV prophylaxis in these 

patients. 
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Abstract 
 

Platelet (PLT) transfusions are potentially life-saving for individuals with low PLT 

numbers. However, previous work revealed that PLT transfusions are associated with 

increased infection risks. During storage, PLT intended for transfusion, continuously 

shed ectosomes (Ecto) from their surface, expressing immunomodulatory molecules like 

phosphatidylserine or TGF-β1. Recently, PLT-Ecto have been shown to reduce pro-

inflammatory cytokine release by macrophages, and to favor the differentiation of naïve 

T cells towards regulatory T cells. Whether PLT-Ecto modify NK cells remains unclear. 

We exposed both purified NK cells and full peripheral blood mononuclear cells (PBMC) 

from healthy blood donors to PLT-Ecto. We found a reduced expression of several 

activating surface receptors (NKG2D, NKp30 and DNAM-1) and decreased NK cell 

function as measured by CD107a expression and IFN-γ production. Pre-treatment of 

PLT-Ecto with anti-TGF-β1 (aTGF-β1) neutralizing Ab restored surface receptor 

expression and NK cell function. We further observed a TGF-β1 mediated upregulation 

of miR-183, which in turn reduced DAP12, an important protein for stabilization and 

downstream signaling of several activating NK cell receptors. Again these effects could 

be partially antagonized when PLT-Ecto were pre-incubated with aTGF-β1 Ab. 

Erythrocyte Ecto (ERY-Ecto) did not affect the expression of NK cell activating receptors 

nor NK cell function. Interestingly, polymorphonuclear Ecto (PMN-Ecto) induced the 

secretion of TGF-β1 by NK cells, which in an auto-/paracrine manner suppressed them. 

In sum, our study showed that PLT-Ecto could inhibit NK cell effector function in a TGF-

β1-dependent manner, suggesting that recipients of PLT transfusions may experience 

reduced NK cell function. 
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Introduction 
 

Transfusion of platelets (PLT) is a potentially lifesaving therapy for patients with low 

PLT count after substantial loss of blood due to severe trauma or extensive surgery. In 

addition, PLT transfusion is indispensable in patients with congenital PLT disorders, 

disturbed haematopoiesis, or after myeloablative chemotherapy preceding 

haematopoietical stem cell transplantation (1-3). Many of these conditions are 

accompanied by an increased risk of infection related to trauma itself or neutropenia (4-

7). However, PLT transfusion per se may induce immunosuppression as suggested by an 

increased susceptibility for infections as well as evidence for tumor growth after 

transfusion (8-11). While high PLT numbers have been associated with worse outcome 

in ovarian and other cancer patients more than 40 years ago, recently mechanisms were 

unraveled how PLT protect cancer cells from recognition and elimination through the 

immune system (12, 13). Possible effectors of the immunosuppressive side effects of 

PLT infusion are the large amounts of PLT-Ectosomes (PLT-Ecto) that are released 

during storage and transfused concomitantly with PLTs (14, 15). We have previously 

shown that PLT-Ecto have the ability to modulate functional properties of macrophages 

and dendritic cells through their phosphatidylserine (PS) expression (16). They induced 

the release of TGF-β1 and decreased the production of pro-inflammatory molecules by 

macrophages. Further, they reduced the phagocytic activity and cytokine release of 

monocyte derived dendritic cells. They interfered with dendritic cells’ differentiation as 

well. Recent evidence shows that PLT-Ecto have the potential to differentiate naïve CD4+ 

T into functional regulatory T cells (17). Analog to PLT infusions, erythrocytes (ERY) are 

frequently infused after surgery or to hemato-oncological patients. Prior studies report 

that ERY infusions are associated with increased infection risk, which correlates with 

ERY storage time (18). Like PLT, ERY release Ecto during storage, which express PS but 

no TGF-β1. ERY-Ecto showed capacities to down-modulate macrophage activity through 
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PS expression, but not through TGF-β1 release (19). Upon activation, PMN release Ecto 

that can reach comparable concentrations to those found at site of inflammation. These 

PMN-Ecto are immunosuppressive; their effects are mainly mediated through PS that 

induces the release of TGF-β1 and the decrease of pro-inflammatory molecules, a 

phenotype comparable to that of PLT-Ecto (20). Little is known about possible 

interactions between Ecto and NK cells, except for the recent observations made by 

Pliyev et al., who have shown that PMN-Ecto can change the cytokine profile of NK cells 

(21). The main aim of the present study was to define whether PLT-Ecto alter NK cell 

function. 
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Material and Methods 
 

Monoclonal Ab staining and FACS analysis 

For flow cytometric analysis we used the following mouse anti human mAbs according 

to manufacturer’s instruction: anti-CD3-APC-780 (clone SK7, eBioscience); anti-CD14-

APC-780 (clone 61D3, eBioscience); anti-CD19-APC-780 (clone HIB19, eBioscience); 

anti-CD56-PE/Cy7 (clone HCD56, Biolegend); anti-CD107a-PE (clone H4A3, BD 

Bioscience); anti-CD226(DNAM-1)-PE (clone DX11, Becton Dickinson); anti-

CD314(NKG2D)-PE (clone 1D11, Biolegend); anti-CD335(NKp46)-PE (clone 9E2, 

Biolegend); anti-CD337(NKp30)-PE (clone P30-15, Biolegend); anti-IFN-γ Violet 450 

(clone B27, Becton Dickinson) and anti-DAP12-PE (clone H10E12F4, Beckman Coulter). 

After staining, cells were analyzed by a nine-color flow cytometer (CyAn ADP, Beckman 

Coulter, Pasadena, CA). For analysis of the FACS data FlowJo v. 9.4.11 (Tree Star, 

Ashland, OR) was used. Phenotypic characterization of NK cells was performed on 

enriched NK cells. NK cell enrichment was ascertained by gating on CD3-CD14-CD19-

CD56+ cells. Functionality of NK cells was assessed in full PBMC and enriched NK cells, 

defining NK cells as CD3-CD14-CD19-CD56+ population.  

 

Preparation of PLT-Ecto 

PLT-concentrates were obtained by apheresis as described previously (16); briefly, 

donor blood was processed by a cell separator equipped with an in-line centrifuge for 

PLT separation (Blood Transfusion Center Beider Basel). Subsequently PLT were 

transferred to a collection bag and the remaining blood components are reinfused to the 

blood donor. Concentrated PLT were stored at room temperature (RT) for maximally 5 

days. In order to clear remaining cells several sequential centrifugation steps at RT were 

performed. For removal of high-density cells (ERY and leukocytes), the PLT-concentrate 
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was centrifuged for 15 min at 300 x g and for another 15 minutes at 500 x g. Thereafter 

PLT were pelleted by centrifugation of the suspension for 20 min at 800 x g. Residual 

PLT and low-density debris were removed by a further centrifugation step of 20 min at 

3000 x g. Supernatants (SN) were subdivided in aliquots and preserved at -80°C. For 

concentration of PLT-Ecto, the SN containing PLT-Ecto were centrifuged for 1 h at 

200’000 x g at RT. Before use the pellet was washed by centrifugation at the same speed 

and time in 0.9% NaCl. 

 

Preparation of PMN-Ecto 

PMN were obtained from fresh buffy coats of healthy blood donors, as previously 

described (22). Briefly, all manipulations were performed at 4°C. First fresh buffy coats 

were diluted 1/1 (v/v) with 2 mM PBS-EDTA, gently mixed with 0.25 v 4% Dextran 

T500 and stored for 30 min for ERY sedimentation. The supernatant containing the 

leucocytes was removed and centrifuged for 10 min at 200 x g. The pellet was re-

suspended in 9 ml ultrapure water for 1 min in order to lyse remaining ERY. 

Subsequently 3 ml 0.6 M KCl and 40 ml 0.15 M NaCl were added to restore isotonicity. 

Thereafter cells were spun 10 min at 350 x g and re-suspended in 20 ml of 2 mM PBS-

EDTA. The cell suspension was carefully layered over 20 ml Ficoll-Hypaque and again 

centrifuged for 30 min at 350 x g. The PMN-rich pellet was washed twice in 2 mM PBS-

EDTA. To stimulate PMN, they (107 cells/ml) were diluted 1/1 (v/v) in warm (37°C) 

RPMI 1640 (Life Technologies, Basel, Switzerland) and fMLP (Sigma Chemical Co.) was 

added to a concentration of 1 μM followed by an incubation for 20 min at 37°C. 

Subsequently PMN were pelleted by centrifugation (4000 x g for 15 min at 4°C), the 

PMN-Ecto in the SN were concentrated using Centriprep centrifugal filter devices 

(10’000 m.w. cut-off, Millipore, MA, USA). Aliquots were prepared and stored at −80°C. 

Before use PMN-Ecto were centrifuged for 45 min at 160’000 x g at 4°C and 
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resuspended in 0.9% NaCl. 

 

Preparation of ERY-Ecto 

Whole blood was drawn from healthy donors and ERY were obtained and stored as 

previously described (19). Briefly, 450 ml of whole blood was collected and stored in 

plastic bags (triplicate bag system with an integrated whole blood filter Leucoflex Sang 

Total 1, Macopharma, Tourcoing, France) containing 63 ml citrate phosphate dextrose. 

Filtration took place within 3 h after the blood was collected. After centrifugation for 10 

min at 1500 x g, 20°C and separation of packed leuko-depleted ERY (LD-E) from plasma, 

LD-E were transferred to satellite bags containing 100 ml saline adenine-glucose-

mannitol. LD-E were stored 25 days before tests. SN were separated through 

centrifugation of packed LD-E for 10 min at 1000 x g, 4°C. This step was repeated to 

clear residual ERY. Subsequently ERY-Ecto were concentrated using Centriprep 

centrifugal filter devices (10’000 m.w. cutoff, Millipore, MA, USA) and aliquots were 

stored at −80°C. Before use SN were centrifuged for 1 h at 160’000 x g at 4°C and re-

suspended in 0.9% NaCl. 

 

Membrane labeling 

PLT-Ecto and NK cells were incubated with Dylight amine-reactive dye 633 and 488, 

respectively, for 30 min at RT. Labeled PLT-Ecto were separated from the remaining 

unbound dye by ultracentrifugation (45 min, 200’000 x g at RT) and washed with 0.9% 

NaCl. Labeled NK cells were washed by centrifugation (300 x g) 2 times with NaCl before 

use. 
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Live-cell microscopy 

Labeled NK cells were incubated on 4-chambered #1.0 Borosilicate Coverglass System 

(Lab-Tek, Nunc, Thermo Fischer Scientific) with medium alone or fluorescently labeled 

PLT-Ecto, and time-lapse microscopy was performed. 

 

Confocal microscopy 

Confocal images were acquired on an Axiovert confocal laser-scanning microscope (LSM 

710) from Zeiss AG (Feldbach, Switzerland) using a 40x oil-immersed objective (Carl 

Zeiss). For the duration of a given experiment, settings on the microscope were kept 

constant for all samples, including exposures, pinhole size (2 μm) and photomultiplier 

tube gain. Images were exported as JPEG files. 

 

Effects of Ecto on NK cells within PBMC 

PBMC were freshly isolated from healthy donors using a density gradient medium 

(Lymphoprep, Fresenius Kabi Norge AS). For culturing and functional assays RPMI 1640 

medium supplemented with 10% heat inactivated FCS, L-Glutamine and 

penicillin/streptomycin was used. Full PBMC were incubated for 16-20 h at 37°C in 5% 

CO2 in absence or presence of the indicated concentrations of PLT-Ecto or PMN-Ecto. 

When stated PLT-Ecto were pre-incubated for 30 min with neutralizing Ab to TGF-β1 

(aTGF-β1) at a concentration of 1 μg/ml (purified monoclonal mouse IgG1, clone 9016, 

R&D System) or 1 μg/ml isotype control (purified mouse IgG1, InvivoGen). Additionally 

aTGF-β1was added to the culture of PBMC directly with PMN-Ecto when indicated, at 

the respective concentration. 
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Effects of Ecto on enriched NK cells 

NK cells were purified from whole blood by negative selection (RosetteSep, NK cell 

enrichment cocktail, catalog no. 15025/15065, Stemcell). NK cells were cultured for 16-

20 h at 37°C in 5% CO2 in absence or presence of the indicated concentrations of PLT 

Ecto or PMN-Ecto. 

When stated PLT-Ecto were preincubated for 30 min with aTGF-β1 at a concentration of 

1 mg/ml (purified monoclonal mouse IgG1, clone 9016, R&D System) or 1 mg/ml 

isotype control (purified mouse IgG1, InvivoGen). Additionally, when indicated aTGF-β1 

was added to the culture of PBMC directly with PMN-Ecto at the respective 

concentration. 

 

Staining and flow cytometric analysis of Ecto 

Flow-cytometric analysis of PLT-Ecto TGF-β1 expression was performed using a 

FACSCalibur flow cytometer (BD Biosciences). In total 30’000 events per sample were 

acquired and analyzed using CellQuest software (BD Biosciences). Both, PLT-Ecto and 

TruCount beads were identified by size, as assessed by the logarithmic amplification of 

the respective forward scatter (FSC) and side scatter (SSC) signals. PLT-Ecto were 

localized within R2 and TruCount beads in R1. 

 

Functional NK cell assays 

NK cell function was investigated as previously described (23). Briefly, for functional 

analysis, full PBMC or enriched NK cells were co-incubated (37°C in 5% CO2) with the 

cell line 721.221 in an effector to target ratio 5:1 (PBMC:721.221) or 1:2 (NKc:721.221) 

respectively in the presence of anti-CD107a mAb (clone H4A3; Becton Dickinson). After 
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1 h of co-incubation, Brefeldin A (BD Bioscience) was added, and after 6 h the cells were 

harvested. Thereafter, the cells were stained at 4°C for surface antigens, fixed (Fixation 

Buffer, Biolegend), permeabilized (Permeabilization Buffer, Biolegend) and 

subsequently stained for IFN-γ. 

 

TGF-β1 ELISA 

Supernatants of PBMC and purified NK cells exposed or not to PLT-, PMN- and ERY-Ecto 

were collected and spun for 10 min at 1000 x g at 4°C to remove cell debris. The SN was 

then assessed in the ELISA duo-set kit for human TGF-β1 (R&D Systems). The assay was 

performed according to the manufacturer protocol. 

 

Quantitative real-time RT-PCR 

NK cells were lysed in Qiazol (QIAGEN), and total RNA including microRNAs was 

extracted using miRNeasy Mini Kit (QIAGEN) according to the manufacturer's 

instructions. The isolated RNAs were quantified with Nanodrop (Epoch, BioTek 

Instruments Inc., Switzerland). Expression of miR-183, and the endogenous controls U6 

snRNA, RNU44 and RNU6B was assessed using TaqMan miRNA assays (Applied 

Biosystems) by real-time RT-PCR. RNA was converted to cDNA using TaqMan MicroRNA 

Reverse Transcription Kit (Applied Biosystems), and a pre-amplification step was 

performed using TaqMan PreAmp Master Mix (Applied Biosystems). The data were 

normalized to U6 snRNA (Applied Biosystems), and are shown as relative fold change. 

Results were similar when data were normalized to RNU44 or RNU6B. 
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Statistics 

For comparative analysis of differently treated NK cells or PBMC paired two tailed t tests 

were performed. For calculating the statistics GraphPad Prism (version 6. GraphPad 

Software, San Diego California USA) was used. 
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Figure 1: Interactions between PLT-Ecto and NK cells 

PLT-Ecto proteins were labeled with DyLight Amine-Reactive Dye 633 (red), and NK cells with DyLight 

Amine-Reactive Dye 488 (green). Subsequently they were then co-incubated, and followed by time-lapse 

confocal microscopy for 18 h. Representative images of NK cells alone (no ecto) and NK cells (0.5 x106 

cells/ml) + PLT-Ecto (15 μg/ml) are shown. (a) Contact between NK cells and PLT-Ecto was followed up for 

18 h and different time points are shown (20 min, 1, 2, 4 and 18 h). (b) Fixed contact between the same NK 

cells and PLT-Ecto showed interactions for up to 12 h. 

 

 

Results 
 

PLT-Ecto interaction with NK cells 

In order to analyze whether PLT-Ecto physically interact with NK cells, we first labeled 

their surface proteins with two different amine-reactive dyes, and subsequently co-

incubated them for 18 h. Using time-lapse confocal microscopy, we detected after 20 

min of co-culture, short-time contacts (lasting from seconds to few minutes) between 

PLT-Ecto and NK cells (Fig 1a).   
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Interestingly, starting from 6 h, longer contact periods for up to 12 h could be observed 

(Fig 1b).  

 

PLT-Ecto modulated NK cell surface receptor expression 

We therefore investigated the effects of PLT-Ecto (30μg/ml) on NK cell surface 

receptors that mediate activating signals such as NKG2D, a member of the C lectin-like 

family, NKp30 and NKp46, members of immunoglobulin superfamily, and the DNAX 

accessory molecule-1 (DNAM-1). Their surface expressions were analyzed by flow 

cytometry after an overnight co-incubation of NK cells with PLT-Ecto (Fig 2a). This 

exposure induced a significant downregulation of NKG2D, NKp30 and DNAM-1, but not 

NKp46 (Fig 2a-b). As previously known, PLT-Ecto express TGF-β1 (Fig 2c) (17). 

Downregulation of NK cell surface receptors expression could partially be rescued by 

adding 1 μg/ml aTGF-β1 Ab (Fig 2b). 

 

PLT-Ecto inhibited NK cell function 

Since PLT-Ecto down-modulated surface receptor expression, we analyzed whether NK 

cell function would be impaired. Purified NK cells were pre-incubated overnight with 

different concentrations of PLT-Ecto. They were then washed and subsequently co-

incubated with target cells for 6 h. The degranulation marker CD107a and the 

intracellular pro-inflammatory cytokine IFN-γ were measured by flow cytometry as NK 

cell activation markers. Already with 10 μg/ml PLT-Ecto, we observed a significant 

decrease in NK cell function represented by a loss of 18±4% CD107a and 32±7 % IFN-γ 

expressions (Fig 3a). This phenomenon was dose dependent, and was most evident 

upon exposure of NK cells to 30 μg/ml PLT-Ecto. Next, we evaluated the suppressive 

activity of PLT-Ecto on NK cells within PBMC, consider
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Figure 2: NK cell surface receptors expression after incubation with PLT-Ecto 

(a) NK cell expression of NKG2D, NKp30, DNAM-1 and NKp46 after PLT-Ecto (30 μg/ml) overnight co-

incubation was analyzed by flow cytometry. Representative flow cytometric histograms of NK cells surface 

receptors expression is represented by open lines in black is in absence of PLT-Ecto, in red after overnight 

co-incubation with PLT-Ecto. Filled histogram represents staining with isotype control Ab. (b) NK cell 

expression of NKG2D, NKp30, DNAM-1 and NKp46 after co-incubation with PLT-Ecto or PLT-Ecto 

pretreated with aTGF-β1 Ab. The mean fluorescence intensity (MFI) from 6 independent experiments is 

shown (*p≤0.05; **p≤0.01; ns: not-significant). (c) Representative flow cytometric dot plot of PLT-Ecto. 

The region R2 represents FSC/SSC light scatter gate of PLT-Ecto. The region R1 represents the known 

density TruCount beads. On the right, PLT-Ecto expression of TGF-β1 is represented by filled histogram. 

Open line represents staining with isotype control Ab. 

 
ing that the presence of other white blood cells might modify the effect of PLT-Ecto on 

NK cells. However, PLT-Ecto had similar effects on functional markers of NK cells’ 

activation in whole PBMC as assessed by membrane and intracellular expression of 

CD107a and IFN-γ respectively (Fig 3b). As for purified NK cells, this phenomenon was 

dose dependent and a maximum inhibitory effect was induced upon exposure to 30 
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Figure 3: PLT-Ecto suppress NK cell function 

After overnight exposure to 1, 10 or 30 μg/ml PLT-Ecto, NK cells were washed and co-incubated with 

target cells (Trgt). Surface staining for CD107a and intracellular staining for IFN-γ were analyzed by 

FACS. The results were normalized to 100% normal function. Results show mean and SEM of 6 

independent experiments. Significance: *p≤0.05, **p≤0.01. (a) Effects of PLT-Ecto on purified NK cells. 

(b) Effects of PLT-Ecto on NK cells in full PBMC. (c) NK cell functions when incubated with PLT-Ecto, that 

were pretreated with aTGF-β1 (0.1, 1, 10 μg/ml) or isotype control (10 μg/ml) Abs. (p≤0.01 for all aTGF-

β1 Ab concentrations.) 

 

μg/ml PLT-Ecto. 

PLT-Ecto-derived TGF-β1 played a role in NK cell suppression 

PLT-Ecto were pre-incubated with different concentrations of aTGF-β1 Ab (0.1, 1, 10 

μg/ml) or a control Ab (10 μg/ml), added to NK cells for 20 h before functional 

evaluation. The addition of aTGF-β1 Ab reversed the inhibitory effect of PLT-Ecto on the 

NK cell activity (CD107a and IFN-γ expression) in a dose dependent manner (Fig 3c), 

indicating that PLT-Ecto derived TGF-β1 played the major role in NK cell suppression. 
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Figure 4: NK cell surface receptors expression after 

incubation with PMN-Ecto 

NK cells’ expression of NKG2D, NKp30 receptors were analyzed 

alone, after PMN-Ecto or PMN-Ecto + aTGF-β1 Ab co-

incubations. MFI from 6 independent experiments is shown. 

Significance: *p≤0.05, **p≤0.01. 

 

PMN-Ecto modulated NK cells 

PMN-Ecto and ERY-Ecto do not express TGF-β1, however they are known to have 

similar down-modulating activities on macrophages as PLT-Ecto do. Therefore, we 

investigated whether they would 

affect NK cells by pathways other 

than TGF-β1. ERY-Ecto did not 

modify NK cell function using the 

same assays for surface receptors 

and cytotoxic functions (not 

shown). Intriguingly, PMN-Ecto 

modified NK cell function. Co-

incubation of NK cells with 30 

μg/ml PMN–Ecto significantly 

decreased NKG2D and NKp30 

expression (Fig 4), but not NKp46 

and DNAM-1 (not shown). The 

expression of NKG2D, NKp30 could be restored in presence of aTGF-β1 Ab. 

Interestingly, PMN-Ecto affected cytotoxic functions of NK cells in a dose dependent 

manner (Fig 5a). aTGF-β1 Ab could reverse these effects as well (Fig 5b). Suppressive 

effects of PMN-Ecto were also shown on NK cells within PBMC (Fig 5c). We previously 

have shown that PMN-Ecto have the capacity to induce TGF-β1 release by macrophages, 

and Ghio et al, have demonstrated that NK cells secrete TGF-β1 (20, 24). Therefore, we 

analyzed whether PMN-Ecto would modify NK cell TGF-β1 secretion. Indeed, incubation 

with PMN-Ecto increased significantly the release of TGF-β1 by NK cells (Fig 6).   
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Figure 5: PMN-Ecto suppress NK cell function 

After overnight exposure to 1, 10 or 30 μg/ml PMN-

Ecto, NK cells were washed and co-incubated with 

target cells (Trgt). Surface staining for CD107a and 

intracellular staining for IFN-γ were analyzed by FACS. 

The mean and SEM of 6 independent experiments are 

shown; *p≤0.05, **p≤0.01. (a) Effects of PMN-Ecto on 

purified NK cells. (b) NK cells co-incubated with target 

cells alone, with 30 μg/ml PMN-Ecto or with PMN-Ecto 

+ aTGF-β1 Ab. (c) Effects of PMN-Ecto on NK cells in 

full PBMC. 

 

PLT- and PMN-Ecto modified miR-183 and DAP12 

TGF-β1 has the potential to induce miR-183 expression in NK cells, which in turn 

decreases DAP12 (a stimulatory signaling adaptor molecule) suppressing thereby NK 

cells. Thus, we analyzed whether exposure to PLT- or PMN-Ecto would affect miR-183 

expression in NK cells. We 

found that both of PLT- and 

PMN-Ecto increased miR-183 

expression up to 10 fold in 

NK cells (Fig 7a-b). This 

increase was accompanied by 

a significant decrease in 

DAP12 surface expression 

(PLT-Ecto: p≤0.01 and PMN-

Ecto: p≤0.01) (Fig 7c-d). NK 

cells co-incubated with 

recombinant TGF-β1 as 

control showed a drop in 

DAP12 expression. 

Preincubation of PLT-Ecto 

or PMN-Ecto with aTGF-β1 

Ab restored partially the NK 

cell DAP12 expression (Fig 

7c-d), suggesting that TGF-

β1 is in part responsible for 

reducing the DAP12 

pathway. 
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Figure 4: NK cell surface 

receptors expression after 

incubation with PMN-Ecto 

NK cells’ expression of NKG2D, NKp30 

receptors were analyzed alone, after 

PMN-Ecto or PMN-Ecto + aTGF-β1 Ab 

co-incubations. MFI from 6 

independent experiments is shown. 

Significance: *p≤0.05, **p≤0.01. 

 

Discussion 
 

In the present study, we assessed the immunomodulatory influence of PLT-Ecto on NK 

cells. Indeed we found that PLT-Ecto suppressed NK cell function, and reduced surface 

expression of activating NK cell receptors as well DAP12. TGF-β1 expressed by PLT-Ecto 

was mainly responsible for these effects. In parallel, we observed that NK cells 

themselves produced more TGF-β1 when exposed to PMN-Ecto leading to similar effects 

to those observed with PLT-Ecto. 

 

PLT-Ecto bound to NK cells with increasing 

strength over hours in vitro, but we found no 

evidence for their ingestion. This is different from 

macrophages, which phagocyte Ecto (16). Thus, for 

NK cells the signaling from PLT-Ecto probably 

occurs mainly via ectosomal surface molecules, 

although we cannot exclude the possibility that 

some molecules are released by Ecto and taken up 

by NK cells. PLT-Ecto released during aging tend to 

assemble into aggregates, which corresponds to 

their in vivo hemostatic function (25), and would 

explain the confocal microscopic images, which 

often showed such aggregates. It might well be that 

this enhanced the signaling towards NK cells.  

 

Once NK cells have bound PLT-Ecto, there were evident changes on the expression of 

surface proteins involved in functional activities, i.e. indicating a down-modulation of 



 

  

103 Project 4 

NK cells. However, it is worth indicating that not all markers of activations were reduced 

in a similar way. This suggests that there was a specific modulation of NK cells by PLT-

Ecto. Co-incubation of purified NK cells with PLT-Ecto reduced their IFN-γ production 

and CD107 surface expression upon encountering target cells.  

 

The likelihood of a direct contact between PLT-Ecto and NK cells in vivo might well be 

low considering the number of NK cells in blood. Thus, we repeated the same 

experiments using PBMC rather than purified NK cells. The results were similar. Indirect 

effects were very likely to have occurred as well. More specifically, it is known that other 

cells including monocytes/macrophages and T cells are modified by PLT-Ecto and may 

release mediators capable of influencing NK cells. One of the major mediators released 

immediately upon binding of Ecto to macrophages is TGF-β1. As reported by Kopp et al., 

TGF-β1 released in a soluble form by PLT activated by thrombin inhibits NK cell 

functions, and reduces the expression of NKG2D as well (26). In addition, Castriconi et 

al. have showed that TGF-β1 downregulates the surface expression of NKp30 and 

NKG2D but not that of NKp46, corresponding to our observation of no change in NKp46 

expression (27). The similarities between the two observations suggest that TGF-β1, 

known to be expressed at the surface of PLT-Ecto, is involved in the inhibition of NK 

cells. This was confirmed using specific TGF-β1 Abs. Interestingly, the 

immunomodulatory capacity of PLT-Ecto appeared to be comparable to that of 

microvesicles derived from AML blasts, which have been previously shown to exert 

powerful immunosuppressive influence on NK cells, also by the expression of 

membrane-associated TGF-β1 (28). In addition, Wilson et al. showed that co-incubation 

of human ovarian cancer cell line with NK cells produced similar phenotypical and 

functional NK cell modifications to those we observed by exposing NK cells to PLT-Ecto. 

These changes were also mediated by TGF-β1 (29). In our subsequent analysis, we 
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showed that we could reverse downregulation of activating receptors NKp30, NKG2D 

and DNAM-1 and NK cell function when pre-incubating PLT-Ecto with aTGF-β1 Ab. 
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Figure 7: PLT-Ecto and PMN-Ecto modulate NK cell miR-183 and DAP12 expressions 

Real time RT-PCR analysis of miR-183 in NK cells exposed to (a) PLT-Ecto and (b) PMN-Ecto. The 

results given are normalized to U6 and shown as relative fold changes. The mean and SEM of 5 

independent experiments are shown. The surface receptor expression of DAP12 on NK cells was 

analyzed by flow cytometry (c) after co-incubation with PLT-Ecto or PLT-Ecto pretreated with aTGF-

β1 Ab, and (d) after co-incubation with PMN-Ecto or PMN-Ecto with aTGF-β1 Ab. MFI from 6 

independent experiments. The right column of each graph shows the inhibitory effect of rTGF-β1 (10 

ng/ml) on DAP12 expression as control. Significance: *p≤0.05, **p≤0.01. 

 

 

 

Recent findings showed that TGF-β1 leads to transcriptional changes in NK cells that 

induce the downregulation of DNAX accessory protein 12 kDa (DAP12) by inducing 

miR-183 (30). DAP12 is crucial for the stabilization and signal transduction of a vast 

amount of activating surface receptors. Among those are NKG2C, NKp44 and all 

activating KIR receptors (31-36). Here, we showed that TGF-β1 on the surface of PLT-

Ecto was able to upregulate miR-183, which in turn downregulated DAP12, thus 
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reducing the receptors required for NK cell function. These observations do however 

not exclude other mediators from playing a role in the down-modulation of NK cells, 

such as Prostaglandin D2, which is abundantly produced by PLT, and inhibits NK cell 

cytotoxic function (37). 

 

Interestingly, other Ecto, here PMN-Ecto, had many similar effects, which were mediated 

by TGF-β1 as well. Of note, TGF-β1 is not expressed by PMN and their Ecto. NK cells 

produce and release some TGF-β1, a release that was enhanced by PMN-Ecto so that an 

autocrine mechanism may well have been responsible for the downregulation of NK 

cells. Indeed, preliminary results showed that the activation of NK cells was reduced 

when the cells were exposed to aTGF-β1 Ab (data not shown). Evidently, other 

molecules may participate in the inhibition of NK cells. One of the major contenders 

would be PS, which is highly expressed by all Ecto (of PLT, PMN and ERY). The absence 

of a modulation of NK cells by ERY-Ecto would exclude PS involvement. Interestingly, 

Ghio et al. have shown that NK cells from ERY transfused patients, had a decreased 

killing activity at day 3 compared to before the transfusion. This downregulation was 

found to be associated with the length of ERY storage period. These effects were related 

to the presence of TGF-β1 in the ERY SN (24). In our in vitro experiments, ERY-Ecto 

derived from ERY concentrates did not affect NK cell surface receptor nor function since 

they were washed before being added onto NK cells. Thus, there was no TGF-β1 in our 

experimental conditions. The effect observed by Ghio et al. could be explained by an 

unknown source of TGF-β1 in the SN of stored ERY. 

 

The results presented here are all in vitro, and we have no evidence that a similar 

inhibitory activity occurs in vivo in humans. Probably this effect is limited in vivo in 

most cases by the dilution of PLT-Ecto. However, at the time of allogeneic stem cell 
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transplantation, PLT are transfused often in large amounts exactly at the time when the 

transplanted patients mostly need NK cell activity to prevent post-transplant viral 

infections, and to exert an anti-tumoral effect (38-40). To transfuse less PLT-Ecto can be 

achieved by transfusing very fresh PLT (the release of Ecto increases with storage time) 

and reducing PLT transfusion. However, the complexity of the management of such 

patients should not be ignored; indeed PLT transfusion might have positive effects due 

to other properties not studied here (not only on preventing bleeding). Despite this, it 

might be of interest to study NK cell functions after massive PLT transfusions. 
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Clinical implications and Future perspectives 
 

From description to the first clinical use 

After the initial discovery of NK cells in 1975, the antitumor potential of NK cells was 

quickly uncovered and many in-vitro studies revealed antitumor activity against various 

different tumor cells and cell lines with low levels of HLA class I molecules on their 

surface. In consequence, exploiting NK cell driven anti-tumor effects was a long term 

goal from the beginning of NK cell research. For decades, evidence for clinical relevance 

of NK cell mediated antitumor effects increased, but no clinical application was found to 

exploit NK cell antitumor activity in humans. 20-22,128-130 It was only in 1999, when 

patients receiving haploidentical allogeneic HSCT were found to benefit from increased 

survival, if the HLA ligands to inhibitory KIR are mismatched and NK cell tolerance is 

permanently broken.95 Subsequently, donor selection criteria in haploidentical HSCT 

were adjusted accordingly and HLA-ligand mismatch became a recommended donor 

selection criterion. Whether a similar survival advantage also exists after matched HSCT, 

in case the donor/recipient pair lack one or more KIR-ligands is still discussed 

controversially.96,100,102,103 In the present work we found that unlicensed NK cells 

exhibited more functional competence after matched allogeneic HSCT compared to 

autologous HSCT as result of less distinct NK cell licensing after allogenic HSCT. Further, 

we unravelled that reduced functional differences between licensed and unlicensed NK 

cells are associated with GVHD and/or lacking ATG administration. How NK cell 

licensing can be modified may be not only of prognostic value but further contribute to 

improve the understanding of the NK cell licensing process.  

After clinically relevant NK cell driven GvL effects were shown after haploidentical 

inhibitory KIR ligand mismatched HSCT, exploration of adoptive NK cell transfer as 

antitumor therapy was intensified. Initial studies intended to ameliorate NK cell 

function and proliferation through cytokines including type I interferons, IL-2, IL-12, IL-
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15 and IL-18.131-133 Clinical improvement after direct administration of IL-2 to patients 

and ex vivo activation of autologous NK cells with IL-2 was limited. However these first 

studies showed that the procedure per se was safe.133,134 Adoptive NK cell transfer from 

allogeneic source with and without in vitro expansion resulted in more clinical impact 

than autologous NK cell therapy. In contrast to autologous NK cells, allogeneic NK cells 

emerge in an environment free from potential tumor induced immunosuppression. 

Furthermore haploidentical donor selection comes with the possibility of KIR ligand 

mismatch and consequently increased antitumor reactivity. Apart from hematological 

malignancies, also solid tumors as e.g. melanoma and renal cell carcinoma become a 

target of NK cell therapy.135-137 A precise understanding of the NK cell licensing process, 

when NK cell functional competence is determined could constitute the basis for future 

modulation of NK cell function during ex vivo expansion. In this regard, both our present 

findings concerning the varying licensing capacity between different HLA-ligands and 

the licensing irregularities we found after allogeneic HSCT may be fundament for 

studies aiming to manipulate NK cell licensing during NK cell maturation. Once the 

molecular basis of NK cell licensing has been unravelled, new possibilities for NK cell 

manipulation may arise. 

 

While, as aforementioned, donor selection according to inhibitory KIR receptors is 

broadly accepted, activating KIR receptors are not considered during donor selection, 

neither for HSCT nor for adoptive NK cell transfer. Recent findings suggest though that 

activating KIR receptors are involved in leukemia cell recognition.57 In parallel, several 

recent studies found evidence for activating KIR gene dependent protection from viral 

infections including our own study, where we present evidence for relative protection of 

centromeric KIR from varicella zoster reactivation/infection after SOT. Considering 

activating KIR in donor selection for allogeneic HSCT and adoptive NK cell transfer may 
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improve NK cell mediated anti-tumor effects on the one hand and reduce the risk of 

reactivation/infection with opportunistic viral infections. Furthermore, the activating 

KIR receptor profile may be considered to establish a patient specific risk profile for 

opportunistic infections during immunosuppression of different cause. Activating KIR 

based donor selection criteria may be added in future stem cell donor search algorithms. 

Moreover, identification of activating KIR ligands and their respective antiviral 

specificity may allow for adoptive antiviral NK cell therapies during immune 

suppression, as currently CMV specific T-cells are expanded and infused after HSCT. 

Despite preventive CMV specific T-cell therapy successfully reduced CMV 

infection/reactivation, and no GVHD has been observed, T-cell infusion comes with 

potential risks, while direct NK mediated GVHD has not been documented. An exception 

is a recent study where adoptive transfer of extensively activated NK cells contributed 

to GVHD possibly augmenting T-cell mediated GVHD.138-140 Besides increasing NK cell 

response against specific targets, NK cell expansion may also serve the single purpose to 

provide sufficient numbers of effector lymphocytes while target identification is left for 

monoclonal antibodies. NK cells efficiently mediate antibody dependent cytotoxicity.141 

Furthermore bispecific killer cell engager (BIKE) and tri-specific killer cell engager 

(TRIKE) may in the future increase NK cell therapies.142-144 

With the recently approved monoclonal antibodies (mAb) targeting the programmed 

cell death protein 1 (PD-1) (nivolumab and pembrolizumab) and cytotoxic T-

lymphocyte-associated protein 4 (CTLA-4) (ipilimumab) two new classes of checkpoint 

inhibitors for effector T-cells have become available for clinical application. CTLA-4 is a 

negative regulatory receptor limiting T-cell activation. PD-1 is upregulated after T-cell 

stimulation and transduces an inhibitory signal upon ligation. Both show impressive 

clinical benefit e.g. in melanoma therapy and are currently tested in additional 

malignant diseases and in combination therapies.145-148 Analogous efforts are currently 

undertaken to augment NK cell driven anti tumor effects. Based on the survival 
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advantage that comes with a broken NK cell tolerance after inhibitory KIR ligand 

mismatched haploidentical HSCT, lirilumab was developed. Lirilumab is a blocking 

antibody targeting inhibitory KIR receptors breaking NK cell tolerance for the time the 

inhibitory KIR receptors are blocked. In phase I trials, patient safety and persistent KIR 

blocking has been assessed and phase II trials are currently ongoing. A similar approach 

represents the development of a blocking antibody against the inhibitory NKG2A, which 

currently is assessed in a phase I/II study.149-151 

In a complex therapy such as the HSCT, interactions of the involved therapies and 

interventions must not be underestimated. In order to optimize NK cell driven 

antitumor and antiviral immunity, it is of vital interest to understand treatment-related 

side effects on NK cell function. It was previously shown that immunosuppressive drugs 

frequently applied after HSCT or SOT supress NK cell function.152 Besides 

immunosuppression, transfusion of cellular blood components is a cornerstone of 

successful post-transplant management. Foremost PLTs and ERYs are transfused in 

large amounts in the first months after HSCT, when the newly engrafting bone marrow 

cannot yet sustain sufficient cell numbers.108,109 It was previously described that PLTs 

can reduce NK cell function or that elevated PLT numbers are accompanied by increased 

tumor growth.116,117 We found in in vitro experiments that PLT not only directly interact 

with NK cells, but PLT ectosomes, which extensively accumulate during storage and are 

co-infused with each PLT transfusion, constitute a novel mechanism of PLT derived 

suppression of NK cell function. In parallel we found no effect of ERY ectosomes on NK 

cells.  

There are currently many different strategies ameliorated to increase clinical benefits of 

NK cell-based therapies and after all a combination of different approaches may be the 

way to go. 



 

  

118 Acknowledgements 

Acknowledgements 
 

First and foremost I would like to thank Martin Stern for providing me the opportunity 
to accomplish my PhD thesis in his laboratory. He was an excellent mentor and always 
encouraged an open-minded approach to research questions. I enjoyed our excellent 
scientific discussions and I feel privileged having been one of only two PhD students of 
Martin.  

I would also like to express my gratitude to the members of my PhD committee Prof. 
Antonius Rolink and Prof. Giulio Spagnoli for interesting discussions, valuable advice 
and input. 

Hojjatollah Nozad Charoudeh was my first supervising post doc. Even though our 
common time in the laboratory didn`t exceed three months we worked closely together 
and he introduced me to various laboratory techniques.   

I really enjoyed the intense scientific discussions with Greg Terszowski, which helped 
me several times to narrow down the core of a problem and to find a solution. 

Asensio Gonzalez provided with his wide range of scientific experience resourceful 
solutions to many questions I encountered during my PhD. 

Karol Czaja was for three years my fellow PhD student in our Lab. I would like to thank 
him for many interesting scientific and non-scientific discussions. 

Lukas Christen was a master student of biology in our lab from 2014-2015 and we had 
many interesting discussions. 

Karin Schmitter was in our laboratory right from the first day up to my last. She 
introduced me to the lab and helped me later especially with the HLA- and KIR-
genotyping of my samples. 

Many thanks go also to Toni Krebs, Emmanuel Traunecker from the flow facility for 
excellent support. I would also like to thank Philippe Demougin and Robert Ivanek for 
their support. 

Many thanks go also to my wife Constanze and our wonderful children Julia, Lionel and 
Maurice. 

Finally I would like to thank my parents Heinz and Esther Schmied who never hesitated 
to support me in any possible way one could think of.  

 

 
  



 

  

119 References 

References  
 
1. Cooper MA, Fehniger TA, Caligiuri MA. The biology of human natural killer-cell 
subsets. Trends Immunol. 2001;22(11):633-640. 
2. Timonen T, Saksela E. Isolation of human NK cells by density gradient 
centrifugation. J Immunol Methods. 1980;36(3-4):285-291. 
3. Biassoni R, Cantoni C, Pende D, et al. Human natural killer cell receptors and co-
receptors. Immunol Rev. 2001;181:203-214. 
4. Horowitz A, Strauss-Albee DM, Leipold M, et al. Genetic and environmental 
determinants of human NK cell diversity revealed by mass cytometry. Sci Transl Med. 
2013;5(208):208ra145. 
5. Bryceson YT, March ME, Ljunggren HG, Long EO. Activation, coactivation, and 
costimulation of resting human natural killer cells. Immunol Rev. 2006;214:73-91. 
6. Vivier E, Raulet DH, Moretta A, et al. Innate or adaptive immunity? The example 
of natural killer cells. Science. 2011;331(6013):44-49. 
7. Vivier E, Nunes JA, Vely F. Natural killer cell signaling pathways. Science. 
2004;306(5701):1517-1519. 
8. Caligiuri MA. Human natural killer cells. Blood. 2008;112(3):461-469. 
9. Ljunggren HG, Karre K. In search of the 'missing self': MHC molecules and NK cell 
recognition. Immunol Today. 1990;11(7):237-244. 
10. Masucci MG, Torsteindottir S, Colombani J, Brautbar C, Klein E, Klein G. Down-
regulation of class I HLA antigens and of the Epstein-Barr virus-encoded latent 
membrane protein in Burkitt lymphoma lines. Proc Natl Acad Sci U S A. 
1987;84(13):4567-4571. 
11. Ahn K, Angulo A, Ghazal P, Peterson PA, Yang Y, Fruh K. Human cytomegalovirus 
inhibits antigen presentation by a sequential multistep process. Proc Natl Acad Sci U S A. 
1996;93(20):10990-10995. 
12. Collins KL, Chen BK, Kalams SA, Walker BD, Baltimore D. HIV-1 Nef protein 
protects infected primary cells against killing by cytotoxic T lymphocytes. Nature. 
1998;391(6665):397-401. 
13. Hicklin DJ, Marincola FM, Ferrone S. HLA class I antigen downregulation in 
human cancers: T-cell immunotherapy revives an old story. Mol Med Today. 
1999;5(4):178-186. 
14. Orange JS. Natural killer cell deficiency. J Allergy Clin Immunol. 2013;132(3):515-
525; quiz 526. 
15. Cremer I, Fridman WH, Sautes-Fridman C. Tumor microenvironment in NSCLC 
suppresses NK cells function. Oncoimmunology. 2012;1(2):244-246. 
16. Kiraz Y, Baran Y, Nalbant A. T cells in tumor microenvironment. Tumour Biol. 
2015. 
17. Zamai L, Ahmad M, Bennett IM, Azzoni L, Alnemri ES, Perussia B. Natural killer 
(NK) cell-mediated cytotoxicity: differential use of TRAIL and Fas ligand by immature 
and mature primary human NK cells. J Exp Med. 1998;188(12):2375-2380. 
18. Trapani JA, Davis J, Sutton VR, Smyth MJ. Proapoptotic functions of cytotoxic 
lymphocyte granule constituents in vitro and in vivo. Curr Opin Immunol. 
2000;12(3):323-329. 
19. Smyth MJ, Cretney E, Kelly JM, et al. Activation of NK cell cytotoxicity. Mol 
Immunol. 2005;42(4):501-510. 
20. Kiessling R, Klein E, Wigzell H. "Natural" killer cells in the mouse. I. Cytotoxic 
cells with specificity for mouse Moloney leukemia cells. Specificity and distribution 
according to genotype. Eur J Immunol. 1975;5(2):112-117. 
21. Jondal M, Pross H. Surface markers on human b and t lymphocytes. VI. 
Cytotoxicity against cell lines as a functional marker for lymphocyte subpopulations. Int 
J Cancer. 1975;15(4):596-605. 



 

  

120 References 

22. Pross HF, Jondal M. Cytotoxic lymphocytes from normal donors. A functional 
marker of human non-T lymphocytes. Clin Exp Immunol. 1975;21(2):226-235. 
23. Ferrini S, Cambiaggi A, Meazza R, et al. T cell clones expressing the natural killer 
cell-related p58 receptor molecule display heterogeneity in phenotypic properties and 
p58 function. Eur J Immunol. 1994;24(10):2294-2298. 
24. Uhrberg M, Valiante NM, Young NT, Lanier LL, Phillips JH, Parham P. The 
repertoire of killer cell Ig-like receptor and CD94:NKG2A receptors in T cells: clones 
sharing identical alpha beta TCR rearrangement express highly diverse killer cell Ig-like 
receptor patterns. J Immunol. 2001;166(6):3923-3932. 
25. Suto Y, Maenaka K, Yabe T, et al. Chromosomal localization of the human natural 
killer cell class I receptor family genes to 19q13.4 by fluorescence in situ hybridization. 
Genomics. 1996;35(1):270-272. 
26. Guethlein LA, Older Aguilar AM, Abi-Rached L, Parham P. Evolution of killer cell 
Ig-like receptor (KIR) genes: definition of an orangutan KIR haplotype reveals expansion 
of lineage III KIR associated with the emergence of MHC-C. J Immunol. 2007;179(1):491-
504. 
27. Uhrberg M, Valiante NM, Shum BP, et al. Human diversity in killer cell inhibitory 
receptor genes. Immunity. 1997;7(6):753-763. 
28. Wilson MJ, Torkar M, Haude A, et al. Plasticity in the organization and sequences 
of human KIR/ILT gene families. Proc Natl Acad Sci U S A. 2000;97(9):4778-4783. 
29. Parham P. Immunogenetics of killer cell immunoglobulin-like receptors. Mol 
Immunol. 2005;42(4):459-462. 
30. Pyo CW, Guethlein LA, Vu Q, et al. Different patterns of evolution in the 
centromeric and telomeric regions of group A and B haplotypes of the human killer cell 
Ig-like receptor locus. PLoS One. 2010;5(12):e15115. 
31. Marsh SG, Parham P, Dupont B, et al. Killer-cell immunoglobulin-like receptor 
(KIR) nomenclature report, 2002. Hum Immunol. 2003;64(6):648-654. 
32. Campbell KS, Purdy AK. Structure/function of human killer cell immunoglobulin-
like receptors: lessons from polymorphisms, evolution, crystal structures and 
mutations. Immunology. 2011;132(3):315-325. 
33. Burshtyn DN, Scharenberg AM, Wagtmann N, et al. Recruitment of tyrosine 
phosphatase HCP by the killer cell inhibitor receptor. Immunity. 1996;4(1):77-85. 
34. Burshtyn DN, Lam AS, Weston M, Gupta N, Warmerdam PA, Long EO. Conserved 
residues amino-terminal of cytoplasmic tyrosines contribute to the SHP-1-mediated 
inhibitory function of killer cell Ig-like receptors. J Immunol. 1999;162(2):897-902. 
35. Long EO. Negative signaling by inhibitory receptors: the NK cell paradigm. 
Immunol Rev. 2008;224:70-84. 
36. Lanier LL, Corliss BC, Wu J, Leong C, Phillips JH. Immunoreceptor DAP12 bearing 
a tyrosine-based activation motif is involved in activating NK cells. Nature. 
1998;391(6668):703-707. 
37. Kikuchi-Maki A, Catina TL, Campbell KS. Cutting edge: KIR2DL4 transduces 
signals into human NK cells through association with the Fc receptor gamma protein. J 
Immunol. 2005;174(7):3859-3863. 
38. Chan AC, van Oers NS, Tran A, et al. Differential expression of ZAP-70 and Syk 
protein tyrosine kinases, and the role of this family of protein tyrosine kinases in TCR 
signaling. J Immunol. 1994;152(10):4758-4766. 
39. Ciccone E, Pende D, Viale O, et al. Evidence of a natural killer (NK) cell repertoire 
for (allo) antigen recognition: definition of five distinct NK-determined allospecificities 
in humans. J Exp Med. 1992;175(3):709-718. 
40. Vitale M, Bottino C, Sivori S, et al. NKp44, a novel triggering surface molecule 
specifically expressed by activated natural killer cells, is involved in non-major 
histocompatibility complex-restricted tumor cell lysis. J Exp Med. 1998;187(12):2065-
2072. 



 

  

121 References 

41. Lopez-Verges S, Milush JM, Pandey S, et al. CD57 defines a functionally distinct 
population of mature NK cells in the human CD56dimCD16+ NK-cell subset. Blood. 
2010;116(19):3865-3874. 
42. Biassoni R, Falco M, Cambiaggi A, et al. Amino acid substitutions can influence 
the natural killer (NK)-mediated recognition of HLA-C molecules. Role of serine-77 and 
lysine-80 in the target cell protection from lysis mediated by "group 2" or "group 1" NK 
clones. J Exp Med. 1995;182(2):605-609. 
43. Witt CS, Dewing C, Sayer DC, Uhrberg M, Parham P, Christiansen FT. Population 
frequencies and putative haplotypes of the killer cell immunoglobulin-like receptor 
sequences and evidence for recombination. Transplantation. 1999;68(11):1784-1789. 
44. Martin AM, Freitas EM, Witt CS, Christiansen FT. The genomic organization and 
evolution of the natural killer immunoglobulin-like receptor (KIR) gene cluster. 
Immunogenetics. 2000;51(4-5):268-280. 
45. Hsu KC, Liu XR, Selvakumar A, Mickelson E, O'Reilly RJ, Dupont B. Killer Ig-like 
receptor haplotype analysis by gene content: evidence for genomic diversity with a 
minimum of six basic framework haplotypes, each with multiple subsets. J Immunol. 
2002;169(9):5118-5129. 
46. Uhrberg M, Parham P, Wernet P. Definition of gene content for nine common 
group B haplotypes of the Caucasoid population: KIR haplotypes contain between seven 
and eleven KIR genes. Immunogenetics. 2002;54(4):221-229. 
47. Parham P, Norman PJ, Abi-Rached L, Guethlein LA. Human-specific evolution of 
killer cell immunoglobulin-like receptor recognition of major histocompatibility 
complex class I molecules. Philos Trans R Soc Lond B Biol Sci. 2012;367(1590):800-811. 
48. Hsu KC, Chida S, Geraghty DE, Dupont B. The killer cell immunoglobulin-like 
receptor (KIR) genomic region: gene-order, haplotypes and allelic polymorphism. 
Immunol Rev. 2002;190:40-52. 
49. Biassoni R, Pessino A, Malaspina A, et al. Role of amino acid position 70 in the 
binding affinity of p50.1 and p58.1 receptors for HLA-Cw4 molecules. Eur J Immunol. 
1997;27(12):3095-3099. 
50. Stewart CA, Laugier-Anfossi F, Vely F, et al. Recognition of peptide-MHC class I 
complexes by activating killer immunoglobulin-like receptors. Proc Natl Acad Sci U S A. 
2005;102(37):13224-13229. 
51. Graef T, Moesta AK, Norman PJ, et al. KIR2DS4 is a product of gene conversion 
with KIR3DL2 that introduced specificity for HLA-A*11 while diminishing avidity for 
HLA-C. J Exp Med. 2009;206(11):2557-2572. 
52. Thielens A, Vivier E, Romagne F. NK cell MHC class I specific receptors (KIR): 
from biology to clinical intervention. Curr Opin Immunol. 2012;24(2):239-245. 
53. Liu J, Xiao Z, Ko HL, Shen M, Ren EC. Activating killer cell immunoglobulin-like 
receptor 2DS2 binds to HLA-A*11. Proc Natl Acad Sci U S A. 2014;111(7):2662-2667. 
54. Katz G, Gazit R, Arnon TI, et al. MHC class I-independent recognition of NK-
activating receptor KIR2DS4. J Immunol. 2004;173(3):1819-1825. 
55. Almalte Z, Samarani S, Iannello A, et al. Novel associations between activating 
killer-cell immunoglobulin-like receptor genes and childhood leukemia. Blood. 
2011;118(5):1323-1328. 
56. Stringaris K, Adams S, Uribe M, et al. Donor KIR Genes 2DL5A, 2DS1 and 3DS1 
are associated with a reduced rate of leukemia relapse after HLA-identical sibling stem 
cell transplantation for acute myeloid leukemia but not other hematologic malignancies. 
Biol Blood Marrow Transplant. 2010;16(9):1257-1264. 
57. Venstrom JM, Pittari G, Gooley TA, et al. HLA-C-dependent prevention of 
leukemia relapse by donor activating KIR2DS1. N Engl J Med. 2012;367(9):805-816. 
58. Cooley S, Trachtenberg E, Bergemann TL, et al. Donors with group B KIR 
haplotypes improve relapse-free survival after unrelated hematopoietic cell 
transplantation for acute myelogenous leukemia. Blood. 2009;113(3):726-732. 



 

  

122 References 

59. Hiby SE, Apps R, Sharkey AM, et al. Maternal activating KIRs protect against 
human reproductive failure mediated by fetal HLA-C2. J Clin Invest. 2010;120(11):4102-
4110. 
60. Martin MP, Gao X, Lee JH, et al. Epistatic interaction between KIR3DS1 and HLA-
B delays the progression to AIDS. Nat Genet. 2002;31(4):429-434. 
61. Clark DA, Emery VC, Griffiths PD. Cytomegalovirus, human herpesvirus-6, and 
human herpesvirus-7 in hematological patients. Semin Hematol. 2003;40(2):154-162. 
62. Fishman JA. Infection in solid-organ transplant recipients. N Engl J Med. 
2007;357(25):2601-2614. 
63. Stern M, Elsasser H, Honger G, Steiger J, Schaub S, Hess C. The number of 
activating KIR genes inversely correlates with the rate of CMV infection/reactivation in 
kidney transplant recipients. Am J Transplant. 2008;8(6):1312-1317. 
64. Hadaya K, de Rham C, Bandelier C, et al. Natural killer cell receptor repertoire 
and their ligands, and the risk of CMV infection after kidney transplantation. Am J 
Transplant. 2008;8(12):2674-2683. 
65. Stern M, Hadaya K, Honger G, et al. Telomeric rather than centromeric activating 
KIR genes protect from cytomegalovirus infection after kidney transplantation. Am J 
Transplant. 2011;11(6):1302-1307. 
66. Cook M, Briggs D, Craddock C, et al. Donor KIR genotype has a major influence on 
the rate of cytomegalovirus reactivation following T-cell replete stem cell 
transplantation. Blood. 2006;107(3):1230-1232. 
67. Chen C, Busson M, Rocha V, et al. Activating KIR genes are associated with CMV 
reactivation and survival after non-T-cell depleted HLA-identical sibling bone marrow 
transplantation for malignant disorders. Bone Marrow Transplant. 2006;38(6):437-444. 
68. Sivori S, Carlomagno S, Falco M, Romeo E, Moretta L, Moretta A. Natural killer 
cells expressing the KIR2DS1-activating receptor efficiently kill T-cell blasts and 
dendritic cells: implications in haploidentical HSCT. Blood. 2011;117(16):4284-4292. 
69. Chijioke O, Muller A, Feederle R, et al. Human natural killer cells prevent 
infectious mononucleosis features by targeting lytic Epstein-Barr virus infection. Cell 
Rep. 2013;5(6):1489-1498. 
70. Trydzenskaya H, Juerchott K, Lachmann N, et al. The genetic predisposition of 
natural killer cell to BK virus-associated nephropathy in renal transplant patients. 
Kidney Int. 2013;84(2):359-365. 
71. De Re V, Caggiari L, De Zorzi M, et al. Genetic diversity of the KIR/HLA system 
and susceptibility to hepatitis C virus-related diseases. PLoS One. 2015;10(2):e0117420. 
72. Cambiaggi A, Verthuy C, Naquet P, et al. Natural killer cell acceptance of H-2 
mismatch bone marrow grafts in transgenic mice expressing HLA-Cw3 specific killer cell 
inhibitory receptor. Proc Natl Acad Sci U S A. 1997;94(15):8088-8092. 
73. Ciccone E, Pende D, Vitale M, et al. Self class I molecules protect normal cells 
from lysis mediated by autologous natural killer cells. Eur J Immunol. 1994;24(4):1003-
1006. 
74. Winter CC, Long EO. A single amino acid in the p58 killer cell inhibitory receptor 
controls the ability of natural killer cells to discriminate between the two groups of HLA-
C allotypes. J Immunol. 1997;158(9):4026-4028. 
75. David G, Djaoud Z, Willem C, et al. Large spectrum of HLA-C recognition by killer 
Ig-like receptor (KIR)2DL2 and KIR2DL3 and restricted C1 SPECIFICITY of KIR2DS2: 
dominant impact of KIR2DL2/KIR2DS2 on KIR2D NK cell repertoire formation. J 
Immunol. 2013;191(9):4778-4788. 
76. Litwin V, Gumperz J, Parham P, Phillips JH, Lanier LL. NKB1: a natural killer cell 
receptor involved in the recognition of polymorphic HLA-B molecules. J Exp Med. 
1994;180(2):537-543. 
77. Gumperz JE, Litwin V, Phillips JH, Lanier LL, Parham P. The Bw4 public epitope 
of HLA-B molecules confers reactivity with natural killer cell clones that express NKB1, a 
putative HLA receptor. J Exp Med. 1995;181(3):1133-1144. 



 

  

123 References 

78. Stern M, Ruggeri L, Capanni M, Mancusi A, Velardi A. Human leukocyte antigens 
A23, A24, and A32 but not A25 are ligands for KIR3DL1. Blood. 2008;112(3):708-710. 
79. Hansasuta P, Dong T, Thananchai H, et al. Recognition of HLA-A3 and HLA-A11 
by KIR3DL2 is peptide-specific. Eur J Immunol. 2004;34(6):1673-1679. 
80. Valiante NM, Uhrberg M, Shilling HG, et al. Functionally and structurally distinct 
NK cell receptor repertoires in the peripheral blood of two human donors. Immunity. 
1997;7(6):739-751. 
81. Rajagopalan S, Bryceson YT, Kuppusamy SP, et al. Activation of NK cells by an 
endocytosed receptor for soluble HLA-G. PLoS Biol. 2006;4(1):e9. 
82. Rajagopalan S, Long EO. A human histocompatibility leukocyte antigen (HLA)-G-
specific receptor expressed on all natural killer cells. J Exp Med. 1999;189(7):1093-
1100. 
83. Brusilovsky M, Cordoba M, Rosental B, et al. Genome-wide siRNA screen reveals 
a new cellular partner of NK cell receptor KIR2DL4: heparan sulfate directly modulates 
KIR2DL4-mediated responses. J Immunol. 2013;191(10):5256-5267. 
84. Long EO, Barber DF, Burshtyn DN, et al. Inhibition of natural killer cell activation 
signals by killer cell immunoglobulin-like receptors (CD158). Immunol Rev. 
2001;181:223-233. 
85. Estefania E, Flores R, Gomez-Lozano N, Aguilar H, Lopez-Botet M, Vilches C. 
Human KIR2DL5 is an inhibitory receptor expressed on the surface of NK and T 
lymphocyte subsets. J Immunol. 2007;178(7):4402-4410. 
86. Yusa S, Catina TL, Campbell KS. KIR2DL5 can inhibit human NK cell activation 
via recruitment of Src homology region 2-containing protein tyrosine phosphatase-2 
(SHP-2). J Immunol. 2004;172(12):7385-7392. 
87. Anfossi N, Andre P, Guia S, et al. Human NK cell education by inhibitory 
receptors for MHC class I. Immunity. 2006;25(2):331-342. 
88. Yokoyama WM, Kim S. Licensing of natural killer cells by self-major 
histocompatibility complex class I. Immunol Rev. 2006;214:143-154. 
89. Kim S, Sunwoo JB, Yang L, et al. HLA alleles determine differences in human 
natural killer cell responsiveness and potency. Proc Natl Acad Sci U S A. 
2008;105(8):3053-3058. 
90. Brodin P, Hoglund P. Beyond licensing and disarming: a quantitative view on 
NK-cell education. Eur J Immunol. 2008;38(11):2934-2937. 
91. Braud VM, Allan DS, O'Callaghan CA, et al. HLA-E binds to natural killer cell 
receptors CD94/NKG2A, B and C. Nature. 1998;391(6669):795-799. 
92. Bjorkstrom NK, Riese P, Heuts F, et al. Expression patterns of NKG2A, KIR, and 
CD57 define a process of CD56dim NK-cell differentiation uncoupled from NK-cell 
education. Blood. 2010;116(19):3853-3864. 
93. Weiden PL, Flournoy N, Thomas ED, et al. Antileukemic effect of graft-versus-
host disease in human recipients of allogeneic-marrow grafts. N Engl J Med. 
1979;300(19):1068-1073. 
94. Stern M, de Wreede LC, Brand R, et al. Sensitivity of hematological malignancies 
to graft-versus-host effects: an EBMT megafile analysis. Leukemia. 2014;28(11):2235-
2240. 
95. Ruggeri L, Capanni M, Casucci M, et al. Role of natural killer cell alloreactivity in 
HLA-mismatched hematopoietic stem cell transplantation. Blood. 1999;94(1):333-339. 
96. Ruggeri L, Capanni M, Urbani E, et al. Effectiveness of donor natural killer cell 
alloreactivity in mismatched hematopoietic transplants. Science. 2002;295(5562):2097-
2100. 
97. Leung W, Iyengar R, Triplett B, et al. Comparison of killer Ig-like receptor 
genotyping and phenotyping for selection of allogeneic blood stem cell donors. J 
Immunol. 2005;174(10):6540-6545. 



 

  

124 References 

98. Ruggeri L, Mancusi A, Capanni M, et al. Donor natural killer cell allorecognition 
of missing self in haploidentical hematopoietic transplantation for acute myeloid 
leukemia: challenging its predictive value. Blood. 2007;110(1):433-440. 
99. Haas P, Loiseau P, Tamouza R, et al. NK-cell education is shaped by donor HLA 
genotype after unrelated allogeneic hematopoietic stem cell transplantation. Blood. 
2011;117(3):1021-1029. 
100. Hsu KC, Keever-Taylor CA, Wilton A, et al. Improved outcome in HLA-identical 
sibling hematopoietic stem-cell transplantation for acute myelogenous leukemia 
predicted by KIR and HLA genotypes. Blood. 2005;105(12):4878-4884. 
101. Miller JS, Cooley S, Parham P, et al. Missing KIR ligands are associated with less 
relapse and increased graft-versus-host disease (GVHD) following unrelated donor 
allogeneic HCT. Blood. 2007;109(11):5058-5061. 
102. Yu J, Venstrom JM, Liu XR, et al. Breaking tolerance to self, circulating natural 
killer cells expressing inhibitory KIR for non-self HLA exhibit effector function after T 
cell-depleted allogeneic hematopoietic cell transplantation. Blood. 2009;113(16):3875-
3884. 
103. Bjorklund AT, Schaffer M, Fauriat C, et al. NK cells expressing inhibitory KIR for 
non-self-ligands remain tolerant in HLA-matched sibling stem cell transplantation. 
Blood. 2010;115(13):2686-2694. 
104. Leung W, Handgretinger R, Iyengar R, Turner V, Holladay MS, Hale GA. Inhibitory 
KIR-HLA receptor-ligand mismatch in autologous haematopoietic stem cell 
transplantation for solid tumour and lymphoma. Br J Cancer. 2007;97(4):539-542. 
105. Stern M, Paulussen M, Rischewski J, Tichelli A, Gratwohl A. Missing ligand model 
in autologous stem cell transplantation. Br J Cancer. 2008;98(4):852-853; author reply 
854. 
106. Greeno E, McCullough J, Weisdorf D. Platelet utilization and the transfusion 
trigger: a prospective analysis. Transfusion. 2007;47(2):201-205. 
107. Cameron B, Rock G, Olberg B, Neurath D. Evaluation of platelet transfusion 
triggers in a tertiary-care hospital. Transfusion. 2007;47(2):206-211. 
108. Aapro M. An update on twenty years of anemia management with 
erythropoiesis-stimulating agents in nephrology and oncology/hematology. Oncologist. 
2009;14 Suppl 1:1-5. 
109. Estcourt L, Stanworth S, Doree C, et al. Prophylactic platelet transfusion for 
prevention of bleeding in patients with haematological disorders after chemotherapy 
and stem cell transplantation. Cochrane Database Syst Rev. 2012;5:CD004269. 
110. Maeda Y, Teshima T, Yamada M, et al. Monitoring of human herpesviruses after 
allogeneic peripheral blood stem cell transplantation and bone marrow transplantation. 
Br J Haematol. 1999;105(1):295-302. 
111. Yahav D, Gafter-Gvili A, Muchtar E, et al. Antiviral prophylaxis in haematological 
patients: systematic review and meta-analysis. Eur J Cancer. 2009;45(18):3131-3148. 
112. Inaba K, Branco BC, Rhee P, et al. Impact of the duration of platelet storage in 
critically ill trauma patients. J Trauma. 2011;71(6):1766-1773; discussion 1773-1764. 
113. Magill SS, Edwards JR, Bamberg W, et al. Multistate point-prevalence survey of 
health care-associated infections. N Engl J Med. 2014;370(13):1198-1208. 
114. Havens JM, Olufajo OA, Cooper ZR, Haider AH, Shah AA, Salim A. Defining Rates 
and Risk Factors for Readmissions Following Emergency General Surgery. JAMA Surg. 
2015:1-7. 
115. Gasic GJ, Gasic TB, Stewart CC. Antimetastatic effects associated with platelet 
reduction. Proc Natl Acad Sci U S A. 1968;61(1):46-52. 
116. Nieswandt B, Hafner M, Echtenacher B, Mannel DN. Lysis of tumor cells by 
natural killer cells in mice is impeded by platelets. Cancer Res. 1999;59(6):1295-1300. 
117. Kopp HG, Placke T, Salih HR. Platelet-derived transforming growth factor-beta 
down-regulates NKG2D thereby inhibiting natural killer cell antitumor reactivity. Cancer 
Res. 2009;69(19):7775-7783. 



 

  

125 References 

118. Sadallah S, Eken C, Martin PJ, Schifferli JA. Microparticles (ectosomes) shed by 
stored human platelets downregulate macrophages and modify the development of 
dendritic cells. J Immunol. 2011;186(11):6543-6552. 
119. Sadallah S, Amicarella F, Eken C, Iezzi G, Schifferli JA. Ectosomes released by 
platelets induce differentiation of CD4+T cells into T regulatory cells. Thromb Haemost. 
2014;112(6):1219-1229. 
120. Koch CG, Li L, Sessler DI, et al. Duration of red-cell storage and complications 
after cardiac surgery. N Engl J Med. 2008;358(12):1229-1239. 
121. Vamvakas EC. Possible mechanisms of allogeneic blood transfusion-associated 
postoperative infection. Transfus Med Rev. 2002;16(2):144-160. 
122. Sadallah S, Eken C, Schifferli JA. Erythrocyte-derived ectosomes have 
immunosuppressive properties. J Leukoc Biol. 2008;84(5):1316-1325. 
123. Mesri M, Altieri DC. Endothelial cell activation by leukocyte microparticles. J 
Immunol. 1998;161(8):4382-4387. 
124. Hess C, Sadallah S, Hefti A, Landmann R, Schifferli JA. Ectosomes released by 
human neutrophils are specialized functional units. J Immunol. 1999;163(8):4564-4573. 
125. Pliyev BK, Kalintseva MV, Abdulaeva SV, Yarygin KN, Savchenko VG. Neutrophil 
microparticles modulate cytokine production by natural killer cells. Cytokine. 
2014;65(2):126-129. 
126. Hercend T, Takvorian T, Nowill A, et al. Characterization of natural killer cells 
with antileukemia activity following allogeneic bone marrow transplantation. Blood. 
1986;67(3):722-728. 
127. Triplett BM, Horwitz EM, Iyengar R, et al. Effects of activating NK cell receptor 
expression and NK cell reconstitution on the outcomes of unrelated donor 
hematopoietic cell transplantation for hematologic malignancies. Leukemia. 
2009;23(7):1278-1287. 
128. Pavie-Fischer J, Kourilsky FM, Picard F, Banzet P, Puissant A. Cytotoxicity of 
lymphocytes from healthy subjects and from melanoma patients against cultured 
melanoma cells. Clin Exp Immunol. 1975;21(3):430-441. 
129. Eremin O, Ashby J, Stephens JP. Human natural cytotoxicity in the blood and 
lymphoid organs of healthy donors and patients with malignant disease. Int J Cancer. 
1978;21(1):35-41. 
130. Jondal M, Spine C, Targan S. Human spontaneous killer cells selective for 
tumour-derived target cells. Nature. 1978;272(5648):62-64. 
131. Farag SS, Caligiuri MA. Cytokine modulation of the innate immune system in the 
treatment of leukemia and lymphoma. Adv Pharmacol. 2004;51:295-318. 
132. Smyth MJ, Cretney E, Kershaw MH, Hayakawa Y. Cytokines in cancer immunity 
and immunotherapy. Immunol Rev. 2004;202:275-293. 
133. Becknell B, Caligiuri MA. Interleukin-2, interleukin-15, and their roles in human 
natural killer cells. Adv Immunol. 2005;86:209-239. 
134. Rosenberg SA. Interleukin-2 and the development of immunotherapy for the 
treatment of patients with cancer. Cancer J Sci Am. 2000;6 Suppl 1:S2-7. 
135. Miller JS, Soignier Y, Panoskaltsis-Mortari A, et al. Successful adoptive transfer 
and in vivo expansion of human haploidentical NK cells in patients with cancer. Blood. 
2005;105(8):3051-3057. 
136. Ruggeri L, Mancusi A, Perruccio K, Burchielli E, Martelli MF, Velardi A. Natural 
killer cell alloreactivity for leukemia therapy. J Immunother. 2005;28(3):175-182. 
137. Dahlberg CI, Sarhan D, Chrobok M, Duru AD, Alici E. Natural Killer Cell-Based 
Therapies Targeting Cancer: Possible Strategies to Gain and Sustain Anti-Tumor 
Activity. Front Immunol. 2015;6:605. 
138. Leen AM, Myers GD, Sili U, et al. Monoculture-derived T lymphocytes specific for 
multiple viruses expand and produce clinically relevant effects in immunocompromised 
individuals. Nat Med. 2006;12(10):1160-1166. 



 

  

126 References 

139. Peggs KS, Thomson K, Samuel E, et al. Directly selected cytomegalovirus-reactive 
donor T cells confer rapid and safe systemic reconstitution of virus-specific immunity 
following stem cell transplantation. Clin Infect Dis. 2011;52(1):49-57. 
140. Shah NN, Baird K, Delbrook CP, et al. Acute GVHD in patients receiving IL-15/4-
1BBL activated NK cells following T-cell-depleted stem cell transplantation. Blood. 
2015;125(5):784-792. 
141. Wang W, Erbe AK, Hank JA, Morris ZS, Sondel PM. NK Cell-Mediated Antibody-
Dependent Cellular Cytotoxicity in Cancer Immunotherapy. Front Immunol. 2015;6:368. 
142. Gleason MK, Verneris MR, Todhunter DA, et al. Bispecific and trispecific killer 
cell engagers directly activate human NK cells through CD16 signaling and induce 
cytotoxicity and cytokine production. Mol Cancer Ther. 2012;11(12):2674-2684. 
143. Vallera DA, Zhang B, Gleason MK, et al. Heterodimeric bispecific single-chain 
variable-fragment antibodies against EpCAM and CD16 induce effective antibody-
dependent cellular cytotoxicity against human carcinoma cells. Cancer Biother 
Radiopharm. 2013;28(4):274-282. 
144. Wiernik A, Foley B, Zhang B, et al. Targeting natural killer cells to acute myeloid 
leukemia in vitro with a CD16 x 33 bispecific killer cell engager and ADAM17 inhibition. 
Clin Cancer Res. 2013;19(14):3844-3855. 
145. Rudd CE, Taylor A, Schneider H. CD28 and CTLA-4 coreceptor expression and 
signal transduction. Immunol Rev. 2009;229(1):12-26. 
146. Hodi FS, O'Day SJ, McDermott DF, et al. Improved survival with ipilimumab in 
patients with metastatic melanoma. N Engl J Med. 2010;363(8):711-723. 
147. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands in tolerance and 
immunity. Annu Rev Immunol. 2008;26:677-704. 
148. Ugurel S, Rohmel J, Ascierto PA, et al. Survival of patients with advanced 
metastatic melanoma: The impact of novel therapies. Eur J Cancer. 2015;53:125-134. 
149. Benson DM, Jr., Hofmeister CC, Padmanabhan S, et al. A phase 1 trial of the anti-
KIR antibody IPH2101 in patients with relapsed/refractory multiple myeloma. Blood. 
2012;120(22):4324-4333. 
150. Chester C, Fritsch K, Kohrt HE. Natural Killer Cell Immunomodulation: Targeting 
Activating, Inhibitory, and Co-stimulatory Receptor Signaling for Cancer 
Immunotherapy. Front Immunol. 2015;6:601. 
151. Vey N, Bourhis JH, Boissel N, et al. A phase 1 trial of the anti-inhibitory KIR mAb 
IPH2101 for AML in complete remission. Blood. 2012;120(22):4317-4323. 
152. Hoffmann U, Neudorfl C, Daemen K, et al. NK Cells of Kidney Transplant 
Recipients Display an Activated Phenotype that Is Influenced by Immunosuppression 
and Pathological Staging. PLoS One. 2015;10(7):e0132484. 

 


	Title
	Thesis
	Summary
	Introduction
	Aims
	List of Publications & Manuscripts
	Project 1
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	Aknowledgement
	References

	Project 2
	Abstract
	Introduction
	Patients & Methods
	Results
	Discussion
	Acknowledgements
	References

	Project 3
	Abstract
	Introduction
	Patients and materials
	Results
	Discussion
	References

	Project 4
	Abstract
	Introduction
	Material and Methods
	Results
	Discussion
	References
	Clinical implications and Future perspectives

	Acknowledgements
	References


