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1 Introduction

The health of the human body is constantly exposedthreats by invading
microorganisms. In order to counteract, the body Verious lines of defence. Epithelial
surfaces lining the body present a physical bataantruding pathogens. However, once
this barrier has been overcome, the immune systsrichtake over to prevent replication
and spread of pathogens. Two arms of the immurtersysan be distinguished. The innate
immune system is the first to respond to infectidtsseffector cells are able to recognise
self from non-self and recognise broad classesatiggens. Innate immunity is quick in
action and serves to contain the infection befdrve tore specific adaptive immune
response takes over. The cells of the innate imnsyseem, namely macrophages, mast
cells, dendritic cells, granulocytes and natureki(NK) cells, are recruited to the site of
infection, where they not only engage in direcingiation of the pathogen but also prime
the subsequent adaptive immune response througjeamngresentation and the production
of cytokines and chemokines. Adaptive immunityhert able to eliminate pathogens in a

specific manner and induce an immunological memory.

1.1 NK cells: Historical overview

NK cells were originally discovered in the 1970$1en researchers observed that allogenic
tumour cells were lysed by lymphocytes isolateanfimosts not immunized against these
tumour cells (50,51,68,69,128). Studies conductgidguvirus-infected target cells, also
suggested the presence of cytotoxic lymphocytethénabsence of prior immunisation
(109).

Initially, NK cells were defined in purely functiahterms, as cells being able to lyse
tumour cellsin vitro without the need for prior stimulation. Due to faek of expression
of cell surface markers characteristic of B or mphocytes, they were also called “null
cells” (52). Morphologically, they were describesl laeing “large granular lymphocytes”
(52,133).

After their existence was questioned for quite soime, by the late 1980s their existence
as a unique functional, morphological and immunoypiypical lymphocyte subset was

widely accepted (108). The “missing self hypothepisstulated the idea that NK cells are
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able to recognise aberrant cells by the lack ofresgion of major histocompatibility
complex (MHC) class | cell markers (80).

Currently, NK cells are divided into two main furoetal subsets: cluster of differentiation
(CD)56"™ cells, which are largely responsible for cytotoxefector functions and
CD56" cells, that mainly secrete cytokines (27). HoweveK cells are a
phenotypically heterogeneous group, at least 4&rdifit subsets can be found in

peripheral blood (62).

In the past, the function and exact nature of NKsdeft many questions unanswered,

however they are now considered an integral patte@fmmune system (54).

1.2 The role of NK cells within the immune system

NK cells are lymphocytes belonging to the innatenume system, making up about 5 to 20
% of the lymphocytes within peripheral blood. Thagvelop in the bone marrow from a
common lymphoid progenitor cell, but diverge frother lymphocyte lineages at an early
stage in development (26). Under normal conditidhey are found in peripheral blood,
the spleen, bone marrow and the liver. In resptms@rious inflammatory processes, they
migrate to inflamed tissues, lymph nodes and lyrtiphesues, where they then engage in
various effector functions (92,94). NK cells play ianportant role in innate host defence
against infection and tumours, but also have ingmrimmune regulatory functions
(27,108). Their main effector functions are cytatity (allowing them to kill infected or
aberrant cells) and cytokine secretion. Howeveay thre also able to stimulate other cells

via cell-cell contact (98).

Phenotypically, NK cells are classically characedi by the expression of CD56 (NKH-1)
and CD16 (Fc gamma receptor RIIl {#fRdll] ) and the lack of CD3 (part of the T cell
antigen receptor complex) expression (59,108). Tiye a large granular lymphocyte
(LGL) morphology, owing to numerous granules initlegtoplasm.

Natural killer cells express a number of cytokieeaptors, such as those for interleukin
(IL)-2 and IL-21, for the monocyte-derived cytoksn@monokines) IL-1, IL-10, IL-12, IL-

15, IL-18, for interferon (IFN}/p as well as expressing several chemokine receptors
(27,98). Despite being classified as belongindh®ihnate immune system, NK cells seem
to play an important role in bridging the adapirel innate immune system.
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1.2.1 NK cells and infection
NK cells are among the first cells recruited toveaal site of infection. They play an

important role in host defence against infecti@gpeeially against viruses such as herpes
viruses (7,8) and intracellular pathogens sucheshmania (L.) majo(74). In order to
prevent antigen presentation to T cells, virallfeated cells downregulate the expression
of MHC class | molecules on their cell membraneisTieduced MHC class | expression
activates NK cells to become cytotoxic towards ¢heslls. Cytotoxicity serves to contain
the infection before antigen specific cytotoxic €lls are generated by the adaptive
immune response. IFN-and-3 production in viral infection promotes NHKI @gtotoxicity
towards infected cells. IFM-a pro-inflammatory cytokine produced by NK cedfi<rucial

for infection control before IFN-production is initiated by the adaptive immuneteys
through CD8 T cells (59,98).

1.2.2 NK cells and tumours
NK cells are probably responsible for the earlynatiation of aberrant cells before they are

able to cause a tumour. Cancerous cells downreguteir MHC class | molecule
expression and upregulate stress-induced cell curfaolecules leading to NK cell
activation, culminating in cytotoxic lysis of thelt In addition, IFNy secretion by NK

cells suppresses tumour growth (138).

1.2.2.1 Clinical correlation: NK cell cancer therap vy
NK cells are potentially useful for the therapyocaincer, because they are not restricted to

recognizing specific antigens expressed by maligoelhs, which are poorly characterised
for most tumours. A variety of approaches selettivaugment NK cell responses to

cancer.
1. Infusion of therapeutic cytokines that act vi& &ells, such as IL-2 (23).

2. Adoptive transfer oéx vivoexpanded autologous adherent or lymphokine aetiviitk
cells (116). The adoptive transfer of natural kiltells is implemented as a therapeutic
approach to renal cell carcinoma (41).

3. Antibodies reactive with NK cells in combinatiaith cytokines such as type I IFN, IL-
2 and IL-12. Combinations of IL-2 or IL-12 with wkimab (a chimeric anti-CD20

monoclonal antibody) in the therapy of non-Hodgg&itymphoma are being investigated

(5,40). IL-2 in combination with Herceptin®, a mahanal antibody against the human
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epidermal growth factor receptor-2 (Her2) has bseown to enhance NK cell activity

towards Her2/neu-positive breast cancer cells (17).

However, although a lot of progress has been madeei field of NK cell cancer therapy,
the systemic administration of cytokines, espegidlll2 and IFN«, is associated with
severe adverse effects as these cytokines lead tmspecific activation of the immune
system (138).

1.3 Effector functions of NK cells

Two main effector functions of NK cells are distinghed: cytotoxicity (mediated
predominantly by CD58" cells) and cytokine secretion (mediated mainlyGiy56™9™
cells) (27). The effector functions of NK cells aegulated by a complex set of activating

and inhibiting receptors, which are discussed taitdanderl.4.

1.3.1 Natural cytotoxicity
NK cells are able to kill cancerous or pathogeerdtdd cells without prior sensitization by

recognizing downregulated MHC class | molecule egpion or stress-induced ligands on
infected or aberrant cells. The cytotoxic Killindg target cells occurs via two distinct
mechanisms, both of which require direct cell-aglhtact and result in apoptosis of the

target cell.

A) Perforin-dependent cytotoxicity: The mechanism predominantly used by NK cells is
perforin-dependent cytotoxicity. Here, upon contacth the target cell, secretory
lysosomes containing perforin (a membrane disrggpiotein) and granzymes (a family of
structurally related serine proteases) and gramulgsmember of the saposin-like protein
family) are secreted by exocytosis into the immagadal synapse formed between the NK
cell and the target cell and induce apoptosis.dfiaerfunctions as an essential enabler of
granzyme mediated apoptosis of the target. Fivierdifit granzymes are expressed in
humans (granzyme A, B, H, K and M). They triggeog@iptic cell death either directly via
the mitochondria, via the activation of cellularspases or via as yet uncharacterised

caspase independent pathways (121).

B) Death receptor pathways. Natural killer cells can also kill target cells anclassical
capase dependent apoptotic pathway. Via interadigiween death receptors on target
cells, such as Fas/CD95, and the correspondingdsgan NK cells, such as Fas ligand,
apoptosis of the target cell is induced. NK cefts @ble to induce Fas expression on cancer
cells by secreting IFN-and then kill these cells in a Fas-dependent nrg(iia).
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Another death receptor pathway mediating natudéhgiinvolves tumour necrosis factor
(TNF)-related apoptosis-inducing ligand (TRAIL), pegssed by natural killer cells.
Binding of TRAIL to death receptor (DR)4 and DR5 tamget cells results in a caspase-
activating signal leading to apoptosis (121,125).

1.3.2 Antibody-dependent cellular cytotoxicity (ADC (@3]
While natural cytotoxicity is the mechanism predoamitly used by NK cells in the killing

of target cells, they are also able to destroyscepsonized by immunoglobulin (19)G
antibodies using antibody-dependent cellular cydioity (ADCC). ADCC is mediated
through the FeRllla-receptor complex (CD16). IgG antibodies proed by B cells bind
to the corresponding target with their antigen bigd sites. The free fragment
crystallisable (Fc) of the antibody can then biodhie CD 16 receptor, leading to lysis of
the target cell (103,108).

1.3.3 Cytokine secretion
While cytotoxicity is mainly mediated by CD%B cells, cytokine secretion is mediated

largely by CD58"" natural killer cells, which make up about 10 % MK cells
(27,28,36). Cytokine secretion takes place earlyhan immune response in response to
stimulation by monokines (38). Cytokine secretisnai function of NK cells which can
induce antiviral and inflammatory responses, hadirect suppressive effect on tumour
growth, regulates haematopoietic cell differentiatiand primes immune effector cells
crucial to subsequent antiviral responses. Ct¥86cells have been shown to secrete pro-
inflammatory cytokines such as IFNand TNFg, anti-inflammatory cytokines such as IL-
10 and IL-13, as well as the growth factor granyieenacrophage-colony stimulating
factor (GM-CSF) (28). Early IFN-production by NK cells in the innate immune resgmsn
activates macrophages and other antigen presecgiigybefore production is taken over
by other cell types, such as CDB cells. Other cytokines secreted by NK cells tidel
TNF-a and IL-5 (30,82).

Chemokines, such as macrophage inflammatory pro(®MiP)-1lo. and p and the
chemokine “regulated upon activation, normal T ealbressed and secreted” (RANTES)
are also secreted by NK cells. These chemokinesratayit other effector cells during the
immune response and also appear to play an importée in NK cell responses to
infected and neoplastic cells (11,32,37,106).
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1.4 Regulation of NK cell effector function: inhibi tory and
activating receptors

NK cell effector functions are controlled througdtetinteraction of multiple inhibiting and
activating cell surface receptors on NK cells ahnelirt ligands found on target cells and
other cells of the immune system. These receptei@anl to different families; however,

the same structural family of receptors can corttaith activating and inhibiting members.

1.4.1 Inhibitory NK cell receptors recognising MHC class | molecules
The “missing self” hypothesis, formulated by Ljungg and Karre in 1990, postulated that

cells failing to express MHC class | molecules vhace expressed by almost all nucleated
cells of the body would become susceptible torigllby NK cells (80). Thus, rather than
recognizing a target cell as foreign, it is recegdi as non-self. Indeed, tumour cells and
virally infected cells, which have decreased MHE&ssl| expression, become susceptible to
killing by NK cells (65).

NK cells express numerous receptors recognizingynpatphic epitopes of MHC
molecules. The Kkiller-cell immunoglobulin-like rgater (KIR) family comprises 15
members with both activating and inhibiting propst recognizing human leukocyte
antigen (HLA)-A, HLA-B and HLA-C proteins. Inhibity KIR include KIR2DL and
KIR3DL (65,72,93). They block NK activation via pein tyrosine phosphatases that bind
immunoreceptor tyrosine-based inhibitory motivegINl)s. CD94-NKG2A is another
receptor involved in HLA recognition (76). Leukoeyimmunoglobulin-like receptor
(LIR)-1, which engages almost all MHC class | males and also binds UL18, a human

cytomegalovirus class | homolog (24), also inhiblts cell function.

1.4.2 Inhibitory receptors not recognising MHC clas s | molecules
Besides MHC class | molecular receptors, NK cdlie axpress a variety of receptors that

recognise cellular ligands other than MHC classolaoules. These include the killer-cell
lectin-like receptor G1 (KLRG1) (29), the carcindayonic-antigen-related cell-adhesion
molecule 1 (CEACAM1) (86) and Sialic-acid-bindingnmunoglobulin-like lectins

(Siglec)-7 and 9 (97,144). 2B4 (CD244) which bir@®48, may function either as an

inhibiting or activating receptor (15).

1.4.3 Activating receptors
Activating receptors expressed by natural killetlscéenclude the natural cytotoxicity

receptors (NCR), NKG2D and a variety of co-receptéyctivation of NK cells via these
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receptors leads to the reorganisation and relefsg/totoxic granules as well as the
transcription of cytokine genes. Cytotoxicity is dieed largely via natural cytotoxicity
receptors. The surface density of NCR on NK ceiteally correlates to their cytotoxic
activity against target cells (120). NKp46, NKp3Kp44 are highly specific to NK cells
(91). NKp44 is selectively expressed by activatdd tells. NCR are coupled to the
intracellular signal transduction via immunoreceptgrosine-based activation motif

(ITAM)-bearing polypeptides.

Co-receptors support the function of NCR: the 2Bd &ITB-A receptor, which can be
either activating or inhibiting associate with CD48glycosyl-phosphatidyl inositol and
NTB-A respectively (15,35). Other co-receptors uad NKp80 and CD59 (85,137). NK
receptors that cannot clearly be defined as coptece or as receptors include NKG2D
and DNAX accessory molecule (DNAM)-1 (CD 226). NKIB2s a receptor for stress-
inducible MHC class | chain related antigen (MIGAd MICB or ULBP proteins (a group
of altered MHC-I-complexes). DNAM-1 binds to thelipwirus receptor (PVR) (CD155)

and to Nectin-2 (CD112) (12).

1.5 Induction of NK cell effector functions by cyto kines

The effector functions of NK cells can be increabgda variety of cytokines, the most
well-characterized being IL-2 and type | IFN. IL@& product of T cells) has been shown to
induce IFNy secretion by NK cells (4) as well as augmentiniyirz cytotoxicity towards
target cells (49). Virus-induced type | IFNs havusoabeen shown to increase NK cell
cytotoxicity (110).

1.6 NK cell lines
Work with natural killer cells is often hindered ltye fact that natural killer cells are
relatively scarce in peripheral blood and that eliginly purified preparations still contain

cells from other lineages. This has led to the higaraent of natural killer clones (108).

Two natural Killer cell lines that were used inststudy are the NKL cell line and the NK-
92 cell line. The NKL cell line was derived fromettblood of a patient with CD3
CD16'CD56 large granular lymphocyte (LGL) leukaemia. Morpgitally, NKL cells
resemble normal activated NK cells. They mediatié &KDCC and natural killing. NKL
cells are dependent on the presence of IL-2 foraswed growth (107). The NK-92 cell

line was established from the blood of a patienthwapidly progressive non-Hodgkin’s
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lymphoma. NK-92 cells, which are CD%BD3CD16, also effectively mediate natural
killing. Like NKL cells, growth of NK-92 cells isependent on IL-2 (44).

1.7 Neutrophil granulocytes

Polymorphonuclear neutrophil granulocytes (PMNg, leukocytes belonging to the innate
immune system. Being the most abundant populatiazells within the immune system,
they play a critical role in host defence agairetous pathogens including bacteria, fungi
and protozoa.

Like NK cells, PMN develop in the bone marrow. Hoee unlike NK cells which
originate from a lymphoid progenitor cell, PMN deg from the myeloid cell lineage.
During their development, which takes about two ksedghey pass through a series of
distinct morphological stages, starting from theefoplast, which is followed by the
promyeloblast, myelocyte and the metamyelocytes fnogenitor cell then gives rise to
the basophil, eosinophil and neutrophil granulogytbe latter making up the majority of
the polymorphonuclear leukocytes (63). The matumymorphonuclear neutrophil
granulocyte takes its name from its morphologicalharacteristically lobulated nucleus

and its cytoplasmic granules, which can be stamédboth acidic and basic dyes.

The bone marrow produces about1feutrophil granulocytes per day; production can
increase to about ¥per day in response to inflammation or infectirom the bone
marrow, PMN are then released into the blood stré&arserve as sentinels for foreign
matter, including microorganisms. The life spancwtulating PMN is very short, after
about 6-8 hours they undergo spontaneous apof®isApoptosis leads to a variety of
characteristic cell changes including shrinkagetloé cell, condensation of nuclear
chromatin and loss of the multilobed shape of tbeleus (95,111). Phosphatidylserine
appears on the on the surface of apoptotic PMN pyoaess called membrane flip-flop

(56). This aids their clearance by macrophages.

1.7.1 PMN in inflammation
In response to inflammation, PMN leave the bloagash to enter the infected tissues

following a chemotactic gradient, with IL-8 beingetmajor chemokine involved (57). The
subsequent extravasation takes place in differgss First, through the expression of
adhesion molecules on PMN and the endotheliumditine inside of blood vessels, PMN
bind reversibly and “roll” along the endotheliumhé next step involves tight binding to

the vascular endothelial surface. After diapediésizugh the wall of the blood vessels, the
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neutrophil granulocyte can then migrate to the fe inflammation following a
chemotactic gradient (59,140).

In an inflammatory environment, the life span of RN prolonged. Cytokines produced
in response to inflammation, including IL-1, IL-ZNF-a, IL-15, granulocyte-colony-
stimulating factor (G-CSF) and GM-CSF, are abledétay the apoptosis of PMN (3).
Several intracellular bacterial pathogens have beparted to delay apoptosis of PMN in
order to overcome host defence (42). Infection wlith protozoan parasite major has
also been shown to inhibit their apoptosis (2).

PMN are able to identify microorganisms throughirth@attern recognition receptors
(PRR)s. These receptors, to which the group of-lii@l receptors (TLR)s belongs,
recognise common pathogen-associated molecularerpstt (PAMP)s (129,143).
Neutrophil granulocytes are then able to perforeirtmain effector function: uptake and
destruction of the pathogen: phagocytosis. Aftéerimalisation of the microorganism, a
vesicle, known as a phagosome forms around it.efgellfed microorganism can then be
killed by two different mechanisms, one being naidative and the other oxidative. In
the first pathway, the phagosome fuses with lys@symvhich are preformed granules
containing enzymes and proteins, to form the phasgsiome in which killing of the
pathogen then takes place (53). The other, oxigatiechanism employed, is known as
oxidative burst. Here, under a burst of oxygen oom#ion, superoxide and a range of
other reactive oxygen species such as hypochloemics and hydrogen peroxide are
generated by a nicotinamide dinucleotide phospfld&DPH) oxidase complex. These
reactive oxidant species are able to kill the itggpathogen (47).

1.7.2 Cytokine secretion by PMN
Besides phagocytosis, which is a well-establisheattion of PMN, more recent research

has addressed the ability of PMN to act as immurduiadory cells through the secretion
of chemokines and various pro- and anti-inflammatytokines. In this way, they are able
to communicate with other cells of the innate imegystem, among others NK cells, as

well as forming a bridge between the adaptive andte immune system (20).

Through chemokine secretion of, for example, matage inflammatory protein (MIP)ed

and MIP-B, PMN are able to recruit other cells such as mgiescand T and B
lymphocyte subpopulations to the site of inflammati(20,66,67). More PMN can be
recruited to a site of inflammation by the releadelL-8, a key chemokine for PMN

recruitment (6).
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Pro-inflammatory cytokines secreted by PMN inclutéF-o and IL-1, which are also
important priming agents for PMN (31,78). IklN-a potent activator of natural killer cells,
has also been shown to be produced by PMN (118).

Anti-inflammatory cytokines secreted by PMN inclub@F{} and IL-1 receptor antagonist
(IL-1ra) (46,88).

Through the secretion of various cytokines, PMN leaa the adaptive immunity towards
either a T helper 1 (Thl) or T helper 2 (Th2) reme IL-4, which is crucial in the
development of a Th2 response, has been showndtwiesl in and secreted by PMN (14).
Thl responses can be mediated via the secretidin1ip70 (with the subunits p40 and
p30) (22). IL-12 has been shown to increase jFproduction by both T and NK cells
(134). In an autocrine loop, it has also been shimahPMN themselves are able to secrete
IFN-y upon stimulation by IL-12 (34). This secreted If¥Ns then able to stimulate
macrophages and prime adaptive immunity towardslarésponse (55).

1.8 Interaction of NK cells and PMN with other cell s of the
Immune system

1.8.1 Interaction between NK cells and other immune cells
NK cells have been shown to reciprocally commumeicaith cells of both the innate and

the adaptive immune system. This reciprocal infbgeis mediated by cytokine secretion
as well as by cell-cell contacts. The most relevatdractions to this study are outlined

below.

1.8.1.1 Contact-dependent cross-talk between NK cel Is and other immune cells
NK cells are able to receive stimulatory signalsend them to other leukocytes such as

dendritic cells (DC)s, B and T cells via cell-celbntacts. Co-stimulatory ligands like
CD40L and OX40L expressed on NK cells provide donslatory signals to B and T cells
(9,145). Cell-cell contacts between dendritic cdI3C)s and NK cells result in an
activation of both cell types (105,139). Activate@s are then in turn able to co-stimulate
B and T cells. In this way, NK cells serve as ad@pe between innate and acquired

immunity.

1.8.1.2 NKcell and PMN interaction
Investigations into the interaction between NK €alhd PMN have mainly focused on the

effect of PMN on natural killer cell cytotoxicityThese studies mostly date back to the

1980s, an era, where PMN had not yet evolved asypartant cytokine producing source.
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Taken together, the available data is equivocal aamber of studies reported inhibition
of NK cell cytotoxicity by PMN, whereas others stexivthat PMN are able to augment

natural killing.

PMN were repeatedly described to have an inhibigfigct on NK cell cytotoxicity. This
effect was attributed to reactive oxygen specie®3Rproduction, especially B,, by
PMN. 12-O-tetradecanoylphorbol-13-acetate (TPA) ayiiosan, which stimulate release
of ROS from PMN and monocytes, were found to stateuthis suppression (115). It was
postulated that soluble factors of PMN mediate thippression (99,100). Other studies
suggested a PMN-mediated suppression through gtastiins and oxidised low-density
lipoprotein (LDL) (102,131). It was also reporteldat PMN suppress cytotoxicity by
decreasing NK-target binding (131). Shau and Go#ydmrted that the inhibiting effect on
IL-2 activated NK cells was not dependent on RGS;atalase and superoxide dismutase,
both oxidant scavengers, did not block this infobit(117). These results were in contrast
to previous studies, which reported that cataladenthibit PMN-mediated suppression of
cytotoxicity (115). Patients with eosinophilia wemand to have increased intrinsic NK
cell activity, whereas patients with high levels redutrophil granulocytes in peripheral

blood were reported to have low activities (73).

Despite many studies suggesting inhibition of NHKI cgtotoxicity by PMN, there are

various other studies describing increased NK cgfbtoxicity in response to PMN. One
such study reports augmentation of NK cell cytatdyi by PMN, whereas monocytes
were found to suppress cytotoxicity when cells wavancubated in diffusion chambers
(142). In another study, supernatants from serusowoged zymosan stimulated PMN
were found to increase cytotoxicity, whereas ungkated PMN decreased cytotoxicity.
The same authors then carried out further studiggesting that some components of
azurophil granules from PMN might mediate this eff@’1,79). A study testing the effect
of PMN from patients with aplastic anaemia on NKII ceytotoxicity reported

augmentation of cytotoxicity by granulocytes fromalthy volunteers (127). Terres and
Coffman reported that IL-4 treatment of mice led dplenomegaly with increased
neutrophil content of the spleen and marked ineréa®\NK activity (132), suggesting that

PMN might be responsible for the observed incregadK cell cytotoxicity.

On the whole, the existing studies leave the qaestihnether PMN activate or inhibit NK
cell cytotoxicity unanswered.
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1.8.1.3 NKcell and DC interaction
Whereas the interaction between NK cells and PMEniguous, mutual activation of

NK cells and DCs has been reported in humerousestu®endritic cells are potent NK
cell activators, leading to an increase in NK cytiol activity and IFNy secretion through
cytokine production (IL-12, IL-15, IL-18 and IFi$) as well as cell-cell contact (139). In
turn, DC maturation can be induced by NK cells eitdirectly or in the presence of
microbial signals. This activation is due to bogto&ine production (TNFe and IFNy) by

NK cells as well as cell-cell contacts (43,105).

The implications of this cross-talk to immunity al#Cs activated by NK cells are able to
prime T cell responses. NK cells activated by D@xlpce cytokines, in particular IFy-
which may polarize T cells towards a Thl respofsethermore, the antitumour response
of NK cells was, in some cases, shown to be depermteprior activation by DCs.

1.8.2 PMN and DC interaction
It has been shown that neutrophil granulocytesadne to communicate with dendritic

cells. PMN are able to induce DC maturation via sleeretion of TNFx, but cellular
interactions also seem to play a role. Of particoidevance to this project is the finding
that dendritic cells in turn, are able to prolohg tifespan of neutrophil granulocytes (89),

showing, that PMN functions can be promoted by otledls of the immune system.
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1.9 Aims of the study

In recent years, research has lead to an incraas#etstanding of the biology of natural
killer cells and neutrophil granulocytes. In pautar, the immunomodulatory effects of
both NK cells and PMN through the secretion of masi cytokines and through cellular
interactions have been elucidated, allowing themammunicate with cells of the innate
immune system, such as dendritic cells and celteefdaptive immune system, such as B
or T cells.

Whereas recent knowledge on the importance of NIs eemd PMN for both innate and
adaptive immunity has substantially increased, rsingly little research has been
conducted regarding a potential cross-talk betwéeese cells. In infection and
inflammation, NK cells and PMN are present at thmes site, at the same time, whereby
the potential for mutual influence is given. litieerefore justified to carry out an in-depth
analysis, asking, whether bi-directional activatinigractions between NK cells and PMN

might exist in an infectious and non-infectious ieowvment.

In order to provide answers to this question, shisly addresses:

1. the effect of PMN on natural cytotoxicity of NK t®l
2. the effect of PMN on IFN-secretion of NK cells.
3. the effect of NK cells on PMN.
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2 Materials and Methods

2.1 Materials

2.1.1 Leishmania parasites
TheL. majorisolate MHOM/IL/81/FEBNI used in this study wasgnally isolated from

the skin biopsy of an Israeli patient and was Kinslipplied by Dr. F. Ebert (Bernhard-
Nocht-Institute for Tropical Medicine, Hamburg). émder to obtain a continuous pool of
infectious parasitesn vitro cultures of promastigotes in the stationary phaseewsed to
infect BALB/c mice. Amastigotes were then re-isethfrom the spleen or footpad of the
infected mice and cultureid vitro in biphasic Novy-Nicolle-McNeal (NNN) blood agar
medium at 26 °C in a humidified atmosphere contgind % CQ. Stationary phase
promastigotes were collected after 7 to 10 daysulture.

2.1.2 Tumour cell lines:

K-562 (ATCC-CCL-243) ATCC, Manassas, U.S.A.
NK-92 (ATCC-CCL-2407) ATCC, Manassas, U.S.A.
NKL kind supply from Dr. A. Diefenbach, Skirball

Institute of Biomolecular Medicine, New York
University Medical Center, New York, U.S.A.

2.1.3 Cells isolated from peripheral blood or buffy coat
PMN, peripheral blood mononuclear cells (PBMC) axid cells were isolated from

peripheral blood of healthy adult volunteers orfpabats (kindly provided by the Institute
for Immunology and Transfusion Medicine, Universiay Libeck) as described under
2.2.1.

2.1.4 Culture media and buffer

Buffer for intracellular
FACS staining PBS + 1 % heat inactivated FCS 9 @d0sodium azide

Complete medium Roswell Park Memorial Instit(R&MI) 1640 medium + 50
UM 2-mercaptoethanol + 2 mM L-glutamine + 10 mM
HEPES + 100 U/ml penicillin + 100 pg/ml streptomyei 10
% low endotoxin FCS

ELISA wash buffer PBS + 0.05 % Tween 20
FACS-buffer PBS + 1 % human serum + 1 % BSA + 0404odium azide
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50 ml defibrinated rabbitdalo+ 50 ml PBS + 100 U/ml
penicillin + 100 pg/ml streptomycin+ 200 ml Braineéatt
Infusion (BHI) medium (10.4 g BHI agar in 200 mktliled
water)

PBS + 0.5 % BSA + 2 mM EDTA

NNN blood agar medium

MACS® Buffer

2.1.5 Laboratory supplies
Cell culture flasks

L.major culture ELISA plate +
lid Microlon, flat bottom,
medium binding foLm culture
Examination gloves Peha-Soft®,
powder free

Examination gloves Vinyl 2000 PF
Finntip 300

Microscope slides superfrost
Microtestplate + lid

(96-well, V-bottom)

Microtiter plates: MaxiSorb,
PolySorb’ (96-well, flat bottom)
Mictotiter plates

(96-well, round bottom)
Millex-HA syringe driven

filter unit

pH indicator paper Acilit®
Pipette 5, 10, 25 ml

Pipette filter tips

Pipette tips (1-10 pl, 10-100 pl,
100-1000 pl)

Plastic tubes (5 ml (PS) Falcon)
Plastic tubes

(15 ml (PS), 50 ml (PP))
Reaction tubes

(0.5, 1.5, 2 ml (PP))

S-Monovette, 9 ml, lithium-heparin

Greiner bio-one, Frickenhausen

Greiner bio-one, Frickenhausen
Hartmann, Heidenheim

Meditrade, Kiefetden
Thermo Electron, Oy Vantaa, Finland

Menzel, Braunschweig

Sarstedt, Numbrecht

Nunc, Wiesbaden

Greiner bio-one, Frickenbem
Millipore, Schwalbach

Merck, Darmstadt

Greiner bio-one, Frickenhausen

Nerbe plus, Winsen

Greiner bio-one, Frickenhausen

BD Biosciencesgdelberg

Sarstedt, NUmbrecht

Sarstedt, Nimbrecht
Sarstedt, Nuncbite
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Tissue culture plates
(6, 12, 24, 48,

96-well, flat bottom)
Transfer pipette 3.5 ml

U-tubes for cytometry

2.1.6 Instruments
Analytical balance BP61S

Balance BL 150
Cell counting chambers
Centrifuges
Biofuge fresco
Centrifuge 5417R
Centrifuge 5415C
Centrifuge GF-6
Cytocentrifuge Cytospin3
Megafuge 2.0R
Microfuge 22R
Multifuge 3 S-R and 3s
CGO; Incubator 1G 150
CO;, Incubator CQ-AUTO-ZERO
Deep freezer, -20 °C, =70 °C
Finn pipette
Flow-cytometer FACS-Calib{ir
Gamma Counter CS 1282
Ice machine
Laminar flow workbench
Liquid nitrogen tank LS 750
MACS® Multi Stand
Magnetic stirrer: lkamag, Reo
Microplate reader Sunrié
Microscopes
Axiostar 25

Axiostar plus

Greiner bio-one, Frickenhauise
Sarstedt, NUmbrecht
Micronic, Lelystad, The Nathads

Sartorius, Goéttingen
Sartorius, Goéttingen

Neubauer, Marienfeld

Kendro (Heraeus), Langenselbold
Eppendorf, Hamburg
Eppendorf, Hamburg
MSE, London,U.K.
Shandon, Frankfurt
Kendro (Heraeus), Langenselbold
Beckmann, Munich
Kendro (Heraeus), Langddel
Jouan, Unterhaching
Heraeus, Langenselbold
Liebherr, Ochsenhause
Labsystems, Helsinki Finnland
Becton Dickinson, Heidelberg
LKB Wallac, Turku, Finland
Ziegra, Isernhagen
Biohit, Cologne
Taylor-Wharton, Theoglod.S.A.
Miltenyi Biotech, Bergisch Gladbach
IKALabortechnik, Staufen
Tecan, Crailsheim

Carl Zeiss, Jena

Carl Zeiss, Jena
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Standard 20
Multichannel pipette
pH-meter inolab
Pipettes
Refrigerators
Shaker KS 250 basic
Shaker Vibrofix VF1 Electronic
Transfer pipette
Vario MACS®
Water bath

Carl Zeiss, Jena
Eppendorf, Hamburg
WTW GmbH, Weilheim
Eppendorf, Hamburg
Liebherr, Ochsenhausen
Janke & Kunkel IRAabortechnik, Staufen
Janke & Kunkel I€A abortechnik, Staufen
Brand, Wertheim
Miltenyi Biotech, Bergisch Gladbach
Kottermann, Uetze (Hanigsen)

2.1.7 Chemicals and other laboratory reagents

Brain Heart Infusion (BHI)
Bovine serum albumin (BSA)
Brefeldin A GolgiPlu§

Crystal violet staining solution
EDTA

Fetal calf serum (FCS)
Giemsa staining solution, modified
L-Glutamine

HEPES

Histopaqu&1119

IL-2, recombinant human
IL-15, recombinant human
IFN-y, recombinant human

IFN, universal type |

Immersion oil
Lipopolysaccharide
Escherichia col0111:B4

Lymphocyte separation medium 1077

2-Mercaptoethanol
Methanol

Paraformaldehyde

Becton Dickinson, Heitleltg
Sigma, Deisenhofen
BD Biosciences, Heidelberg
Sigma, Deisenhofen
Sigma, Deisenhofen
Gibco, Karlsruhe
Sigma, Deiseehof
Biochrom, Berlin
Biochrom, Berlin
Sigma, Deisenhofen
PeproTech, Offenbach
PeproTech, Offenbach
PeproTech, Offenbach
PBL Biomedical Laboratori€sscataway,
USA
Carl Zeiss, Jena

Sigma, Deisenhofen
PAA, Paschingtiau
Sigma, Deisenhofen
J.T. Baker, Deventer, The Netherlands

Sigma, Deisenhofen
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PBS (1x) sterile solution
PBS (10x) sterile solution
Penicillin/streptomycin
Percolf’

Rabbit blood

RPMI 1640 medium
Sodium azide

Sulphuric acid

Trypan blue solution 0.4 %

Tween 20 for molecular biology

2.1.8 Radiochemicals
[y->Cr]Sodiumchromate

Pharmacy of the University ofbeick, Libeck

Gibco, Karlsruhe

Biochrom, Berlin
Pharmacia, Uppsala, Sweden
Elocin-lab GmbH, Milheim
Sigma, Deisenhofen

Merck, Darmstadt

Merck, Darmstadt

Sigma, Deisenhofen

Sigma, Deisenhofen

Hartmann Analytic, Braunschweig

2.1.9 Monoclonal anti-human antibodies

Mouse IgG1 isotype control

(PE, FITC, clone DAK-GO1)

Mouse IgG1 isotype control
(PE, clone MOPC-21)
Mouse anti-CD56 FITC

(IgG2b, clone NCAM 16.2)

Mouse anti-CD3 PE
(IgG1, clone UCTH1)

Mouse anti-IFNy PE
(IgG1, clone B 27)

2.1.10 Ready-to-use kits
Cytofix/Cytoperm’ plus kit
NK Cell Isolation Kit

NK Cell Isolation Kit Il
OptEIA™ Set Human IFN¢

2.1.11 Software
GraphpadPrisff Version 4.01

CellQues? (cytometry)

Dako, Hamburg

BD Biosciences, Heidelberg

BD Biosciences, Heidelberg

Dako, Hamburg

BD Biosciences, Heidelberg

BD Biosciences, Heidelberg
Miltenyi Biotec, Bergisch Gtdbach
Miltenyi Biotec, BergisciGladbach
BD Biosciences, Heidelberg

San Diego, CA,U.S.A
Becton Dickinson, Heidelberg
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Magellarf (ELISA)
Microsoft® Office

Microsoft® Internet Explorer

Win MDI 2.8

Tecan, Crailsheim
Microsoft Corporation, Mountaview, CA,
U.S.A.
Microsoft CorporatioMountain View, CA,
U.S.A.
J. Trotter, The Scripps Research Ingtit San

Diego, California
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2.2 Methods

2.2.1 Isolation of cells from human peripheral bloo d or buffy coat

(Approved by the ethics committee of the Univerdityiibeck on the 26.07.2005,
reference number 05-124)

2.2.1.1 Isolation of PMN

Peripheral blood was collected by venipuncture fropalthy adult volunteers using
lithium-heparin S-MonovetteBuffy coats (the resulting leukocyte rich fractiohtained
from peripheral blood after preparation of erytiytec concentrates and plasma for
transfusion purposes) were kindly provided by thestitute of Immunology and
Transfusion Medicine, University of Lubeck.

The heparinized blood or buffy coat (diluted 1:8hWPBS) was then layered onto a two-
layer density gradient consisting of lymphocytessapon medium 1077 (upper layer) and
Histopaqué& 1119 (bottom layer) and centrifuged for 5 minue800x g, followed by 20
minutes at 800x g. The plasma and the lymphocyte separation mediOif7 layer
consisting mainly of lymphocytes and monocytes waiscarded. The granulocyte-rich
Histopaqu& 1119 layer was collected, leaving the erythropgtet at the bottom of the
tube. Granulocytes were washed once in PBS, resdsgdein complete medium and
further fractionated on a discontinuous Peftgladient consisting of layers with densities
of 1.105 g/ml (85 %), 1.100 g/ml (80 %), 1.087 g{ifd %), and 1.081 g/ml (65 %). After
centrifugation for 20 minutes at 800g, the interface between the 80 and 70 % Pé&rcoll
layers was collected, washed once in PBS and resdsd in complete medium. All
procedures were carried out at room temperaturk viaeility was > 99 %, as determined

by trypan blue exclusion. Cells were counted aftaming with crystal violet solution.

2.2.1.1.1 Purity analysis of isolated PMN
The purity of isolated PMN was determined by micaopc examination of Giemsa

stained cytocentrifuge slides. These were preplayeslspending 100,000 PMN in 100 pl
PBS, which were then spun on slides in a cytodeugiei at 400« g for 5 minutes.

Air dried slides were fixed in methanol for 5 miasi followed by a 30 minute staining in
Giemsa solution. At least 200 cells were countetldassified as neutrophils, eosinophils,
monocytes and lymphocytes by morphological exarnanat The cell preparations
contained > 99 % granulocytes. The amount of epihgranulocytes ranged between 0.5

to 15 %, depending on the donor.
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2.2.1.2 Isolation of PBMC
As described for the isolation of PMN above, peenath blood or buffy coat diluted 1:6

with PBS, was layered onto a two layer density gmatd After centrifugation at 300 x g for

5 minutes, followed by 20 minutes at 800 x g, thesma layer at the top was carefully
collected until shortly above the PBMC ring (cotisg mainly of lymphocytes and
monocytes) and discarded. The PBMC-rich ring was tspirated and washed three times
in PBS at 140 x g at 4 °C and resuspended in caenpiedium. Cell viability was >99 %,

as determined by trypan blue exclusion.

2.2.1.3 Isolation of NK cells
NK cells were purified from the PBMC fraction usitite magnetic cell sorting (MAC$

NK Cell Isolation Kit or MACS NK Cell Isolation Kit Il for the isolation of untehed
NK cells. Using this method, NK cells are isolatgddepletion of nhon-NK cells from the
PBMC suspension (negative selection). Non-NK ce#se magnetically labelled with a
cocktail of hapten conjugated monoclonal antibodiesb)s binding CD3, CD14, CD19,
CD36 and IgE (NK Cell Isolation Kit) or biotin cargated mAbs binding CD3, CD4,
CD14, CD15, CD36, CD123 and Glycophorin A (NK Chklblation Kit 1) as primary
labelling reagent. Anti-hapten or anti-biotin mAdnjugated to Micro Beads were used as
the secondary labelling reagent. The magneticallyelled non-NK cells were then
depleted by retaining them on a MAESolumn in the magnetic field of a MAES
separator, while the unlabelled NK cells passedutpn the column. After isolation, cells

were counted. Cell viability was >99 %, as deteediby trypan blue exclusion.

2.2.1.3.1 Purity analysis of isolated NK cells: flo  w cytometry
The purity of isolated NK cells was evaluated udilogv cytometry (FACS, fluorescence

activated cell sorter) by staining cells with antlies against the NK cell marker CD56
and the T cell marker CD3. 2:610° NK cells were resuspended in FACS-buffer in a V-
bottom 96-well plate. The cells were washed withOSAbuffer and subsequently stained
with fluorescein isothiocyanate (FITC)-conjugatedbrnagainst CD56 and phycoerythrin
(PE)-conjugated mAb against CD3 in FACS-buffer & minutes on ice in the dark.
FITC- and PE-conjugated mouse IgG1l antibodies wsed as isotype controls. After
washing twice, the cells were fixed with parafordeddyde (1 % in phosphate buffered
saline, PBS) and analysed with a FACSCaftbdilow cytometer using CellQuést
software. The purity of NK isolates was >90 %. Gedibility was >99 %, as determined

by trypan blue exclusion.
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2.2.2 Tumour cell line cultures

2221 K-562 cells
The tumour cell line K-562, a cell line highly sén® to NK cell cytotoxicity, established

from a patient with chronic myelogenous leukaemialiast crisis (83), was cultured in
complete medium in a humidified atmosphere comaimi % CQ at 37 °C. The cells were
seeded out in cell culture flasks at a concentaticapproximately 0.1 x f@ells/ml. The

culture was split every 2 to 3 days.

2.2.2.2 NK-92 cells
The tumour cell line NK-92, an IL-2 dependent NHKI ¢éiee derived from the PBMC of a

patient with rapidly progressive non-Hodgkin’s lyhagma (44), was cultured in complete
medium containing 10 ng/ml (100 U/ml) IL-2 and 1§'ml (20 U/ml) IL-15 (as a growth
enhancer) in a humidified atmosphere containing 6@ at 37 °C. The cells were seeded
out in cell culture flasks at a concentration opraximately 0.5 x 10cells/ml. The culture

was split every 2 days.

2.2.2.3 NKL cells
The tumour cell line NKL, an IL-2 dependent NK chkiie derived from the blood of a

with a patient with CD3- CD16+ CD56+ LGL leukaenfi®7), was cultured in complete
medium containing 30 U/ml IL-2 in a humidified atephere containing 5 % G@t 37 °C.
The cells were seeded out in cell culture flaska abncentration of approximately 0.3 x

10° cells/ml. The culture was split every 2 to 3 days.

Cell lines were stored in liquid nitrogen. For atibn of a permanent cell culture, frozen
cells were thawed rapidly, washed and resuspendedmplete medium, transferred to a
cell culture flask and incubated in a humidifiedhasphere containing 5 % G@t 37 °C.
Cell line cultures were handled under strictly i#eronditions and tested félycoplasma
contamination at regular intervals using polymeretsan reaction (PCR). Morphology of
the tumour cell lines was visualized using an ihw@croscope. Before use in experiments,
all cell lines were washed once in complete medatrmoom temperature and viability

determined by trypan blue exclusion.

2.2.3 NK cell cytotoxicity assay
NK cell-mediated cytotoxicity was measured in a 4Br-release cytotoxicity assay.

Effector cells used were either human NK cellsateal from peripheral blood using
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MACS® or the human NK cell lines NK-92 and NKL. K-562llsewere used as target
cells.

K-562 target cells were radioactively labelled witiCr by adding physiological saline
containing 100 pCi NA&"CrO, to 1-5 million K-562 cells in 100 pl complete mexdi and
incubating the cell suspension for one hour at@ih°a humidified atmosphere containing
5% CQ.

Any chromium not taken up by the cells was thenhedsoff by washing thrice with
complete medium (without FCS) at 140 x g for 5 nbésu The cells were then resuspended
in 5 ml of complete medium and counted, after whiedy were brought to a concentration
of 1 x 10 cells/ml. A 96 well round bottom micotiter platesvprepared by adding 100 pl
of complete medium to each well. The effector cellre plated out in the top row by
adding 100 pl of a 10 x 2@ell suspension. After mixing well, a serial ditut from top to
bottom was carried out. The bottom row was sparedn 100 ul of the K-562 suspension
(the target cells) was added to each well. By pinccess, a ratio of effector to target cells
ranging from 50:1 in the top row to 0.75:1 in th&ttbm row was achieved. The bottom
row containing only K-562 cells served as a control

To assess the effect of neutrophil granulocyteslircell cytotoxic activity, granulocytes
were added at granulocyte to NK cell ratios randimgn 10:1, 3:1 to 1:1, respectively.

To assess the effect of PMN supernatants on NK a@gttoxicity, supernatants were
generated by incubating PMN at a concentrationOok 18 cells/ml in complete medium
at 37 °C in a humidified atmosphere containing £& for 3-4 hours. The supernatants
were then added to the NK cells at the start obtsay.

Cytokines known to augment NK cell cytotoxicity wesdded to some assays. Universal
type | IFN (type | IFN), an alpha interferon hybdnstructed from recombinant human
(rh) IFN-0A and rh human IFNeD, was added in a concentration of 1000 U/ml. hv&s
added in a concentration of 200 U/ml. The totauve¢ in each well was always kept at
200 pl. Each test sample in all experiments wateglaut in triplicate.

The plate was then centrifuged for 5 minutes at §0and incubated at 37 °C and 5 %,CO
for 4 hours. 100 pl of supernatant was then agarétom each well, taking care not to
aspirate any cells and transferred to plastic tdbesnalysis in a gamma counter. The
radiation emitted by 100 pl of K-562 suspensiorvegras a value for the total uptake of
chromium.

The amount of gamma radiation emitted by the dffiersamples was measured in the

gamma counter as counts per minute (cpm).
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An average value was calculated form the 3 differeadings. An average of the readings
for total uptake and the background radiation wss taken.
NK cell cytotoxicity was calculated as cell lysis percent according to the following
formula:

experimental release (cpm) — spontaneous releps® (c
specific lysis (%) = x 100

total uptake (cpm)- spontaneous release (cpm)

The lysis of K-562 cells for each sample in perogat then plotted against the ratio of
effector to target cells. The degree of lysis 0582 cells was assumed to correlate directly

to the degree of NK cell cytotoxicity.

2.2.3.1 NK cell cytotoxicity against different targ et cells
In order to investigate whether NK cells might bgotoxic towardsL. major infected

granulocytes, granulocytes abhdmajor infected granulocytes were used as target cells in
a cytotoxicity assay. PMN were infected with stafioy phasd.. major promastigotes
collected fromin vitro cultures in biphasic NNN blood agar medium by couimatingL.
major and PMN in a parasite : PMN ratio of 5:1 for 2 town a humidified atmosphere
con containing 5 % C£ Any remaining extracelluldr. major were removed by washing
the suspension twice in complete medium at 300ot § minutes. PMN were counted and
infection rate determined by Giemsa staining. Tiiedted and non-infected PMN, as well
as K-562 cells, which served as a control, wera tfaglioactively labelled with 100 pCi
Na,"'CrO, as described above. Cytotoxicity of NK-92 cellsiagt these different target

cells was then determined in a standarcd®¥Cn-release assay as described above.

2.2.4 Co-incubation of NK-92 cells, PMN and K-562 ¢ ells for analysis of
IFN-y production by NK-92 cells

To assess the amount BN-y production by the natural killer cell line NK-92hder
different conditions, overnight co-incubations af 3C in a humidified atmosphere
containing 5 % C@were carried out in round bottom 96-well plates.

PMN were isolated from peripheral blood as desdrimeviously. NK-92 and K-562 cells
were taken from the permanent cell culture. Alll<elere washed once in complete
medium before use. Viability was always >98 %, etednined by trypan blue exclusion.
The cells were co-incubated in the following ratiN&-92 : K-562 in the ratio of 6:1, NK-
92 : PMN at a ratio of 1:10, respectively.
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Type | IFN was added at a concentration of 200 U/ml
The cell free supernatant was collected after aghtnncubation (20-24 hours) and stored
at -20 °C until IFNy determination by enzyme linked immuno sorbent yagg&ISA) as

described below.

2.2.5 Cytokine assays

2.2.5.1 ELISA for analysis of IFN- y production
Cell free supernatants of NK-92 cell culturvesre collected after overnight incubation and

stored at —20 °C until cytokine determination. TRBl-y content of the supernatants was
measured using the OptEMA Human IFNy Set according to the manufacturer's
instructions. A standard curve was made with rh-#F&t concentrations ranging from 600
pg/ml to 9.4 pg/ml. The absorption was measured5at nm. The detection limit of the

ELISA was 75 pg/ml.

2.2.5.2 Intracellular cytokine staining
To determine intracellular production of IFNby NK-92 cells, these were cultured at a

concentration of & 10° /ml in complete medium under different conditioPMN were
added in a PMN : NK-92 ratio of 10:1, type | IFN svadded at a concentration of 200
U/ml. Brefeldin A (100 pug/ml) was then added ane thltures incubated for 11.5 hours at
37 °C in a humidified atmosphere containing 5 % ,COhis was followed by
permeabilisation of the cells and intracellular irstey of IFN-y using the
Cytofix/Cytoperm’ plus kit and PE-labeled anti- IFNMAb, respectively. PHabeled
mouse IgGlwas used as isotype control. The cells were andlysth a FACSCalibut

flow cytometer using CellQuéssoftware.

2.2.6 Co-incubation of PMN with NKL cells under dif  ferent conditions for
assessment of PMN apoptosis

PMN were cultured at a concentration of 5 X &élls per ml in complete medium at 37 °C
in a humidified atmosphere containing 5 % 4®tissue culture plates.

The natural killer cell line NKL, K-562 cells andPIS were added in the following
concentrations:

NKL cells: 2.5 x 16 cells per ml

K-562 cells: 0.5 x 1Dcells per ml

LPS: 100 ng/ml
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The cells were then incubated overnight for 16 bpafter which cytocentrifuge slides
were prepared in order to assess PMN apoptosissasilled below.

2.2.7 Assessment of PMN apoptosis
In apoptotic PMN, morphological changes are matefédy separation of nuclear lobes

and darkly stained pyknotic nuclei (101,124). Naclenorphology was assessed on
Giemsa-stained cytocentrifuge slides. Cell morppplwas examined under oil immersion
light microscopy. A minimum of 200 cells/slide werexamined and graded as

apoptotic/nonapoptotic.
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3 Results

3.1 The effect of PMN on NK cell cytotoxicity
In this work, the interaction between natural kibells and neutrophil granulocytes was to
be investigated. To assess the effect of PMN on ¢ cytotoxicity, >'Cr-release

cytotoxicity assays were carried out.

3.1.1 Establishment of cytotoxicity assays: PBMC ar e cytotoxic against K-
562 cells

To establish the performance of cytotoxicity ass@ysliminary work was performed with
PBMC (as effector cells) isolated from buffy coat meripheral blood. PBMC contain
about 10 % NK cells’'Cr-labelled K-562 cells were used as target ckHS62 cells were

lysed by PBMC, as expected. Lysis of K-562 cells aaectly proportional to the ratio of
PBMC to K-562 cells (Fig. 1A).

As a positive control, PBMC were prestimulated witb00 U/ml type | IFN, which is

known to activate NK cell cytotoxicity (110), for hour before utilisation in the
cytotoxicity assay. A marked increase in cytotayicof stimulated PBMC could be
observed when compared to unstimulated PBMC (BJ. 1

Thus, the required methods had been established.
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Fig.1 PBMC are cytotoxic against K-562 cells; pre-s  timulation with type | IFN increases cytotoxicity.

NK cell cytotoxicity of PBMC was measured against *ICr-labelled K-562 target cells in a 4-h
chromium-release assay at various effector-target cell ratios. A) Cytotoxic activity of unstimulated
PMBC. The result of one experiment is shown. B) Cytotoxic activity of type | IFN pre-stimulated
PBMC compared to unstimulated PBMC. PBMC isolated from peripheral blood were incubated for
one hour in medium with 1000 U/ml type | IFN (red line) or medium without IFN (black line) in a
humidified atmosphere containing 5 % CO, prior to use in the assay. The result of one experiment is
shown. Values given are mean + SD from triplicate determinations.
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3.1.2 Effect of PMN on the cytotoxicity of PBMC: do PMN activate or
suppress natural killing?
In order to asses the effect of PMN on naturakkitiell cytotoxicity, cytotoxicity assays

were carried out in which PMN isolated from peri@idlood or buffy coat were added to
PBMC in the ratio of 1 PMN to 1 PBMC. The effectP¥IN on cytotoxicity could not be
made out clearly in these assays. While in thrgars¢e experiments, PMN appeared to
decrease the cytotoxicity of NK cells (a represivgaexperiment is shown in Fig. 2A); in
one other experiment PMN appeared to increaseytioéoxicity of NK cells (Fig. 2B).

To ensure that the PMN did not directly lyse K-562ls, but mediated their effects
through NK cells, PMN were added to K-562 cellsha absence of NK cells. PMN alone
had no effect on K-562 lysis, which is valid foregy cytotoxicity experiment shown in
this work (Fig. 2A).

On the whole, these experiments were inconclusvaoth activation and inhibition of NK
cell cytotoxicity by PMN was observed. As PBMC omgntain about 10 % NK cells,
other cells within the PBMC, such as monocytes,hintgave interfered with NK-PMN
interactions. Therefore, it was decided to furtineestigate the effect of PMN on NK cell

cytotoxicity using highly purified NK cells in subguent experiments.
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Fig. 2 Effect of PMN on NK cell cytotoxicity of PBMC: activation and inhibition.  NK cell cytotoxic
activity of PBMC isolated from peripheral blood or buffy coat was measured against *'Cr-labelled K-
562 target cells in a 4-h chromium-release assay at various effector-target cell ratios. Freshly isolated
PMN were added to the assay in the ratio of 1PMN to 1 PBMC (red line). Values given are mean +
SD from triplicate determinations. A) One experiment, representative for three experiments carried
out, is shown. B) One experiment carried out is shown.
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3.1.3 Increased cytotoxicity of highly purified NK cells as compared to
PBMC

As experiments using the heterogeneous PBMC popnléb test the effect of PMN on
NK cell cytotoxicity provided conflicting data, was decided to purify NK cells from
PBMC, to directly study the interaction between NMKlls and PMN. NK cells were
isolated from PBMC using MACS Hereby, NK cells were purified by depletion of
unwanted cells from PBMC, leading to the isolat@nuntouched (unlabelled) NK cells.
The purity of the NK cells isolated was analysethgisflow cytometry, the NK cell
population in this experiment was 92 % pure, asmshby positivity for the NK cell
specific marker CD56 (Fig. 3A). The two peaks witlthe CD56 positive population
(continuous line) represent the different subsétsto cells, that is CD58™ cells (mainly
killer cells) and CD58"9" cells (mainly cytokine producers) (27).

As expected, cytotoxicity of the purified NK poptiten was much higher than that of
PBMC; a marked cytotoxic activity could still be aseired at effector : target ratios as low
as 1.5:1 (Fig. 3B). From this point on, NK celldsn cytotoxicity assays were purified
from PBMC using MACS.
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Fig. 3 Highly purified NK cells are more cytotoxic than PBMC, purity of isolated NK cells is >90 %.

A) Purity of NK cells isolated by MACS® determined by FACS analysis. NK cells were stained a FITC-
conjugated antibody against the NK cell marker CD56 (continuous line) and an isotype control
antibody (broken line) and analysed by flow cytometry. B) Cytotoxicity assay comparing PBMC (black
line) and purified NK cells (red line) isolated from peripheral blood as effector cells. Cytotoxicity was
measured against *ICr-labelled K-562 target cells in a 4-h chromium-release assay at various
effector-target cell ratios. One experiment, representative for three experiments carried out, is shown.
Values given are mean + SD from triplicate determinations.
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3.1.4 PMN enhance the cytotoxicity of purified NK ¢ ells
After it had been shown that purified NK cells wedgle to mediate natural cytotoxicity

against K-562 cells effectively, experiments weee & to clarify the effect of PMN on
NK cell cytotoxicity.

In 8 experiments using highly purified NK cells lsi®@d from 4 different donors, addition
of PMN to NK cells resulted in a marked increaseytotoxicity. PMN on their own did
not lyse K-562 cells. In Fig. 4 the results of thexperiments are shown.

During the course of experimentation, one donor mastified, where addition of PMN to
NK cells resulted in a decrease in cytotoxicityegch of two separate experiments (data
not shown). This finding was not further investaegtas subsequent experiments focused
on the upregulation of NK cell cytotoxicity by PMNyhich was the more frequently
observed effect of PMN on NK cells.

Thus, the majority of experiments clearly showeldagrtement of NK cell cytotoxicity by

PMN.
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Fig. 4 PMN increase the cytotoxic activity of purifi ed NK cells. NK cells were purified from PBMC
isolated from peripheral blood using MACS®. Purity of NK cells evaluated using FACS analysis was
>90 %. Cytotoxicity was measured against *ICr-labelled K-562 target cells in a 4-h chromium-release
assay at various effector-target cell (NK : K-562) ratios. Freshly isolated PMN were added to the
assay in the ratio of 3 PMN : 1NK cell (red line). As a control, PMN were added to K-562 cells in the
absence of NK cells (dotted line).Three experiments, representative for eight experiments carried out,
are shown. Values given are mean * SD from triplicate determinations.
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3.1.5 PMN enhancement of NK cell cytotoxicity is do  se-dependent
To analyse the dose-dependency of the PMN-mediatgidancement of NK cell

cytotoxicity, cytotoxicity assays were set up iniethPMN were added to NK cells in
different concentrations. Fig. 5 shows two expentaearried out, which demonstrate that
the higher the PMN : NK ratio, the greater the éase of NK cell cytotoxicity. In Fig. 5A,
addition of PMN to NK cells in the ratio of 1PMN 1dNK cell led to only a slight increase
in cytotoxicity, however, when PMN were added ia thtio 10 PMN to 1 NK cell, a much
greater increase in cytotoxicity resulted. In FB5B, addition of PMN in a PMN : NK ratio
of 10:1 also resulted in a higher increase of opioity than a PMN : NK ratio of 3:1.
Therefore, it could be shown that PMN enhance Nkotoxicity in a dose-dependent

manner.
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Fig. 5 Dose-dependent enhancement of NK cell activi ty by PMN. NK cells were purified from PBMC
freshly isolated from peripheral blood using MACS®, purity of NK cells isolated was >90 %, as
determined by FACS analysis. Cytotoxicity was measured against *ICr-labelled K-562 target cells in
a 4-h chromium-release assay at various effector-target cell ratios. A) PMN freshly isolated from
peripheral blood were added to the assay in different PMN : NK cell ratios: 1:1 (red line) and 10:1
(green line). B) PMN freshly isolated from peripheral blood were added to the assay in PMN : NK cell
ratios of 3:1 (red line) and 10:1 (green line). Values given are mean = SD from triplicate
determinations. Two experiments carried out are shown.
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3.1.6 PMN-mediated enhancement of NK cell cytotoxic ity does not require
MHC compatibility

In previous experiments, NK cells and neutrophigsenvisolated from the same donor, that
is, the cells were autologous.

To examine a possible influence of MHC haplotypeK, cells were co-incubated with
allogenic PMN in cytotoxicity assays. These werpamant preliminary studies for future
experiments, in which NK cell lines were used tadgtthe effect of PMN on NK cells. For
these experiments, it was important to establisat the effect of PMN on NK cell
cytotoxicity could be mediated by PMN isolated frdifferent donors.

In Fig. 6, one representative experiment out of isvehown. Here it can be seen, that NK
cells co-incubated with both autologous and allog&MN in a PMN : NK ratio of 3:1
respond with increased cytotoxicity.

Thus, it could be shown that autologous and allmy®&MN were equally effective in
augmenting NK cell cytotoxicity.
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Fig. 6 Cytotoxicity of NK cells increases after add  ition of allogenic PMN. NK cells were purified from
PBMC using MACS®. NK cell cytotoxicity was measured against >*Cr-labelled K-562 target cells in a
4-h chromium-release assay at various effector-target cell ratios. PMN freshly isolated from
peripheral blood of an allogenic (red line) and the autologous donor (dotted line) were added at the
start of the assay in the ratio of 3 PMN : 1INK cell. One experiment, representative for two
experiments carried out, is shown. Values given are mean + SD from triplicate determinations.

3.1.7 Supernatant of PMN increases NK cell cytotoxi  city
In order to investigate whether the effect of gtaoytes on NK cells might be due to

soluble factors produced by PMN during the co-iratidn with NK cells in the

cytotoxicity assay, supernatants of PMN were preducy incubating PMN in complete



Results 33

medium at a concentration of 10 x®1BMN/ml at 37 °C in a humidified atmosphere
containing 5 % C@ for 3-4 hours. Washed PMN (also incubated for Betirs) and
supernatants of PMN were then, respectively, adol&K cells in a cytotoxicity assay.
Both washed PMN (red line) and PMN supernatantefgtane) were found to increase NK
cell cytotoxicity. Figure 7 shows three represeméaexperiments out of six carried out. In
order to ensure that the supernatant did not leaohspecific K-562 lysis, it was added to
K-562 in the absence of NK cells. Supernatant adaeds own did not mediate K-562
lysis (dotted line).

This data shows, that both PMN and supernataniidi Bre equally capable of enhancing

NK cell cytotoxicity.
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Fig. 7 Supernatant of granulocytes activates NK cell  s. NK cells were purified from PBMC using MACS®.
Cytotoxicity was measured against *ICr-labelled K-562 target cells in a 4-h chromium-release assay at
various effector-target cell ratios. PMN freshly isolated from peripheral blood were added to the assay
in the ratio of 3 PMN : 1NK cell; prior to addition to the assay, the cells were washed once in complete
medium (red line). Supernatant of PMN, obtained by incubating PMN at a concentration of 10 x 10°/ml
for 3-4 hours at 37 °C in a humidified atmosphere containing 5 % CO,, was also added to the assay
(green line). As a control, supernatant was added in the absence of NK cells (dotted line). Three
experiments, representative for six experiments carried out, are shown. Values given are mean + SD
from triplicate determinations.
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3.2 Interferon- y production by NK-92 cells after contact with PMN

In the experiments described so far, activatiohliéfcells by PMN was shown in terms of
increased cytotoxicity. Cytotoxic activity is oneam function of NK cells, which is
mediated largely by a functional subset of NK celiied CD58™ cells. However, another
subset of NK cells, CDSB™™ cells, mainly function as cytokine producers. Upon
activation, this cellular subset can produce cytekisuch as IFN- TNF{, IL-10, IL-13
and GM-CSF, which are known modulators of sevemamune functions (28). For
example, IFNy secreted by CD3&™ NK cells helps to lead adaptive immunity towards a
Th1l response, influences innate immunity by indgd¢hre maturation of dendritic cells and
contributes to tumour suppression.

The next experiments were therefore designed testiyate whether PMN might also be
able to enhance the cytokine production of NK celBN-y was chosen as the
representative cytokine to investigate.

Investigating the IFN+ production of freshly isolated human NK cells ieryw
cumbersome, as a relatively large number of cedigequired to generate supernatants for
measuring IFNy production by, for example, ELISA and only a srmalmber of NK cells
can be isolated from peripheral blood. In ordehave a large number of NK cells readily
available, further experiments investigating thieetfof PMN on IFNy production by NK
cells were carried using a natural killer cell [ilédK-92, which had the additional benefit
of being a homogenous cell population. The NK-9R lxee is an interleukin-2 (IL-2)
dependent natural killer cell line derived fromipheral blood mononuclear cells of a 50
year old Caucasian male with rapidly progressivie-Hodgkin’s lymphoma. This cell line
has characteristics of activated NK cells, is aytat to a wide range of malignant cells
including K-562 cells and expresses CD56 at a lagal(44).

3.2.1 PMN increase the cytotoxicity of NK-92 cells
The primary objective of working with NK-92 cellsaw to assess the effect of PMN on

cytokine secretion by NK cells. However, beforesthvas investigated, a preliminary
experiment was carried out to examine whether yt@axic effector function of NK cells
was also stimulated by PMN, as previously obser@dNK cells and PMN freshly
isolated from peripheral blood.

As expected, addition of PMN to NK-92 cells resdli®@ an augmentation of NK-92
cytotoxicity against K-562 cells in the pilot expeent carried out (Fig.8). Therefore, the
results obtained with human NK cells could be rdpo®d for this tumour cell line.
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Fig. 8 NK-92 cells are cytotoxic against K-562 cel Is, cytotoxicity increases after addition of PMN.
Cytotoxicity of NK-92 cells taken from the permanent cell culture was measured against *'Cr-labelled
K-562 target cells in a 4-h chromium-release assay at various effector-target cell ratios. PMN were
freshly isolated from peripheral blood and added to the assay in the ratio of 3 PMN : 1 NK-92 cell.
The results from one experiment are shown. Values given are mean +* SD from triplicate
determinations.

Note:

Another NK cell line, NKL, was also used to in artte further investigate the effect of
PMN on NK cell cytotoxicity and planned to be usedhvestigate the effect of PMN on
cytokine production by NK cells (data not showmwdver, due to a loss of cytotoxicity of
these cells after 12 weeks in culture, experimenits this cell line had to be discontinued.
It is known that NKL cells loose their cytotoxicityainst target cells after the #passage
(personal communication, Dr. E. Aga, Skirball Itgk of Biomolecular Medicine, New

York University Medical Center, New York).

3.2.2 Measurement of intracellular IFN- y production by NK-92 cells
As NK-92 cell cytotoxicity and augmentation of cgwicity by PMN had now been

established, experiments were set up to investightther PMN are capable of inducing
IFN-y secretion by NK-92 cells.
As a preliminary experiment, IFN-production by NK-92 cells was measured using

intracellular staining followed by flow cytometramalysis. NK-92 cells were co-incubated
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for 11.5 hours with PMN in the ratio of 10 PMN NK-92 cell with or without type | IFN
at 37 °C in a humidified atmosphere containing £@.

The results of this experiment are shown in FigA@dition of type | IFN resulted in a
discreet increase in IFN{production by NK-92 cells (Fig. 9B). Addition oMM without
(Fig. 9C), or together with type | IFN (Fig. 9D)salshowed a slight upregulation of IFN-
production of NK-92 cells. However, the observedibnmcrease in IFNs production did
not allow for any definite conclusions. One problemght have lain in the fact that the co-
incubation period was not long enough. Incubatioretwas limited by the fact that cells
cannot be co-incubated with Brefeldin A required ifatracellular cytokine staining for
longer than 12 hours. Moreover, Brefeldin A maifegre with PMN to NK interaction by
inhibiting the secretion of PMN-derived solublettas. In consequence, this method was

not used further.
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Fig. 9 Intracellular IFN- y production by NK-92 cell is induced by different s timuli. NK-92 cells were co-
incubated for 11.5 hours with PMN isolated from peripheral blood in the ratio of 1 NK cell to 10 PMN
and 200 U/ml type | IFN at 37 °C in a humidified atmosphere containing 5 %CO,. 100 pg/ml Brefeldin
A was added at the start of the incubation period, to prevent exocytosis of produced IFN-y. IFN-y
produced by NK-92 cells was then measured by flow cytometry after permeabilisation and
intracellular staining of the cells with PE-conjugated antibody against IFN-y. The result from one
experiment is shown.

3.2.3 PMN enhance IFN-y secretion of NK-92 cells; PMN and type | IFN
synergise in inducing IFN- y secretion
As intracellular FACS staining did not appear atahle method for determining IFN-

production by NK-92 cells in response to PMN, itswdecided to measure IFNusing a

different method. ELISA was used to measure {Fbontent of supernatants collected
after 20-24 hour co-incubation of NK-92 cells witranulocytes under different
conditions. This method had the advantage oveiagdetlular cytokine staining, that
incubation time was not limited, so that cells cbhé co-incubated for a longer period of

time.
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Figure 10 shows one representative experimentrettbarried out. Unstimulated NK-92

cells produced a substantial amount of H=NSo-incubation of NK-92 cells with un-
stimulated PMN resulted in an increase lrdroduction, stimulation of NK-92 with type
I IFN resulted in an even higher production. Thegést amount of IFN-was measured

when NK-92 cells were co-incubated with PMN in firesence of type | IFN. PMN with

or without type | IFN did not produce IFN(Fig. 10).

Therefore it could be shown, that PMN induce H-Necretion alone and in synergy with

type | IFN.
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Fig. 10 Increased IFN- y production by NK-92 cells after co-incubation with PMN and/or type | IFN. NK-

92 cells were incubated overnight (20-24 h) in medium at 37 °C in a humidified atmosphere
containing 5 % CO; at a concentration of 1 x 10%/ml. PMN freshly isolated from peripheral blood were
added in the ratio of 10PMN : 1NK-92 cell. Universal type | interferon was added in a concentration of
200 U/ml. IFN-y concentration in supernatants was determined using ELISA. The diagram shows one
experiment representative for three carried out, each bar is the mean of 2 determinations + SD. N.D.
(not detectable) indicates readings below the detection limit of the ELISA (75 pg/ml).

3.2.4 PMN and K-562 cells synergise in inducing IFN -y secretion
The activating effect of PMN on both NK cell cytgiaty and cytokine secretion had now

been established. In addition, PMN were found toesyise with type | IFN, a known
activator of NK cells in enhancing IFfNsecretion by NK cells. The question was now put

forward whether PMN would also be able to synergwi® other activators of NK cell
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cytotoxicity in inducing IFNy secretion by NK-92 cells. Tumour cells, being &rgells
for NK cells, activate NK cell cytotoxicity, whickhen leads lysis of the tumour cell.
Therefore, it was investigated whether PMN mightesgise with tumour cells in inducing
IFN-y secretion by NK-92 cells. The K-562 tumour calklj previously used as target cells
in cytotoxicity assays, was chosen for this purpose

NK-92 cells were co-incubated with K-562 cells &MN. IFN-y content of supernatants
collected after 24 hours of co-incubation was messly ELISA. In two experiments
carried out on the same day with cells from theesdonor, addition of PMN or K-562 to
NK-92 cells on their own resulted only in a smaltrease in IFN-production. However,
when both types of cells were added to NK-92 delggether, a strong increase in IfN-
production could be observed (Fig.11).

Thus, PMN synergise with tumour (K-562) cells iduicing IFNy secretion by NK cells.
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Fig. 11 IFN-y production of NK-92 cells increases when co-incuba  ted with the tumour cell line K-562
and PMN. NK-92 cells taken from the permanent cell culture were incubated for 24 hours in medium
at a concentration of 1 x 10° /ml in a humidified atmosphere containing 5 % CO,. PMN freshly
isolated from peripheral blood were added in the ratio of 10 PMN : 1 NK-92 cell. K-562 cells taken
from the permanent cell culture were added in the ratio of 1 K-562 cell : 6 NK-92 cells. IFN-y
concentration in supernatants was determined using ELISA. The diagram shows one representative
experiment for two experiments carried out on the same day with cells of the same donor. Each bar is
the mean of 2 determinations + SD. N.D. indicates readings below the detection limit of the ELISA
(75 pg/ml).
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3.3 The effect of NK cells on PMN

In the previous experiments, it was shown thatno@lil granulocytes are able to activate
natural killer cells. To investigate, whether bietitional activating interactions between
NK cells and PMN exist and whether infected PMN migecome susceptible to NK cell

killing, the following experiments were set up.

3.3.1 NKL cells inhibit the spontaneous apoptosiso  f PMN
PMN are short-lived cells, with a life span of ab6thours in the blood stream, at the end

of which they undergo apoptosis. However, in respadio inflammation, the apoptosis of
PMN is delayed, allowing them to engage in thele@br function in infected tissues. This
delay of apoptosis correlates to the degree oWatdin of PMN, so that inhibition of
apoptosis may be used to assess PMN activation.

To investigate whether NK cells might also haveaativating effect on granulocytes, an
experiment was set up in which the inhibition o tspontaneous apoptosis of PMN by
cells of the NK cell line NKL was investigated. NKdells were co-incubated overnight
with PMN in the ratio of 1 NKL cell to 1 PMN. Lipabysaccharide (LPS), as a known
activator of PMN, was added in a concentration@d hg/ml and K-562 cells were added
in the concentration of 1 K-562 cell : 5 NKL celBfter 16 h co-incubation the degree of
PMN apoptosis was assessed by light microscopyytafcentrifuge slides using typical
morphological criteria of PMN apoptosis such a$ siefinkage, cytoplasmic condensation
and condensation of nuclear heterochromatin (99,111

As expected, the amount of apoptotic granulocytsriy halved when stimulated with
LPS (Fig 12). On co-incubation of PMN with NKL celihe degree of apoptosis delay was
even greater than with LPS stimulation. Co-incubatf K-562 cells with granulocytes
also resulted in a decrease in the amount of apopg®MN, suggesting that PMN are
activated by this tumour cell line. Upon co-incubatof both cell lines together, apoptosis
of PMN was even further reduced. When both ce##dimvere co-incubated together with
PMN in the presence of LPS, a nearly complete itibibof PMN apoptosis resulted.

Thus, this data suggests that NK cells are abtietay the spontaneous apoptosis of PMN
and synergise with both NK cell activators (K-568l€) and PMN activators (LPS) in
inhibiting PMN apoptosis.
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Fig. 12 Apoptosis of PMN is inhibited after co-incub ation with NKL cells. PMN freshly isolated from
peripheral blood were incubated overnight (16h) in a concentration of 5 x 10° cells/ml in a humidified
atmosphere containing 5 % CO,. K-562 cells were added in the ratio of 1 K-562 cell : 5 NK cells, NKL
cells added in the ratio of 1 NKL cell : 2 PMN. LPS was added in a concentration of 100 ng/ml. The
results from one experiment are shown.

3.3.2 NK-92 cells are not cytotoxic against L. major infected PMN
NK cells are important effector cells in the fighgainst intracellular pathogens. NK cell

cytotoxicity towards virus-infected host cells iglvestablished. It has also been shown,
that NK cells lyse macrophages infected with myctdaa (1,64).

Studies from our laboratory have shown an impontalet for NK cells in the host response
to infection with the intracellular protozoan paras. major. So far, the role for NK cells
in controlling L. major infection has chiefly been attributed to cytoksecretion. IFNy
produced by NK cells is instrumental for parasibmtainment (74). Cytotoxicity of NK
cells against.. majorinfected host cells, in particular agaihstmajor infected PMN, has
not been shown.

To investigate, whether NK cells might contributethe resolution of.. major infection
by the lysis of infected PMN, a cytotoxicity assags set up in which, besides K-562
cells, granulocytes and majorinfected PMN were used as target cells. NK-92scgkre

used as effector cells.
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Figure 13 shows that K-562 cells (blue line), wiighly susceptible to killing by NK-92
cells as shown in previous experiments. Howevethae_. majorinfected PMN (red line)
not uninfected granulocytes (black line), were ti/bg NK-92 cells. (Fig. 13).
This shows that NK-92 cells are not cytotoxic agtin majorinfected PMN.

70- — K-562

60- —— PMN + L. major
—_ — PMN
X 50+
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o 30-
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Fig. 13 L. major infected PMN are not susceptible to killing by NK-92 cells. Cytotoxicity of NK-92 cells
against different *1Cr-labelled target cells was measured in a 4-h chromium-release assay at various
effector-target cell ratios. Different target cell used were: K-562 cells (blue line), L. major infected
PMN (red line) and PMN not infected with L. major (black line). PMN were infected with L. major prior
to radioactive labelling bé/ incubating them in a concentration of 5 x 10° /ml together with L. major in a
concentration of 50 x 10°/ml for 2 hours at 37 °C in a humidified atmosphere containing 5 % CO,. The
infected PMN were then washed twice to remove any extracellular L. major. Infected PMN, not
infected PMN and K-562 cells were labelled radioactively with >'Cr in by adding 100 uCi Naz>*CrO,
and incubating the cell suspensions at 37 °C in a humidified atmosphere containing 5 % CO, for one
hour. Any chromium not taken up by the cells was then removed by washing twice in medium. In
order to activate the NK-92 cells, IL-2 was added to the assay in a concentration of 200 U/ml in each
well. The results from one experiment are shown. Values given are mean + SD from triplicate
determinations.
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4 Discussion

PMN and NK cells are among the first cell typeguged to a site of inflammation, where
they play an important role in host defence. Phyigsts of microorganisms by PMN and
natural cytotoxicity of NK cells are well-establesh effector functions of these cells,
which allow them to promptly respond to infectiona non-specific manner. However in
recent years, both NK and PMN have been shown ‘e hmaportant immunomodulatory
functions. They are able to communicate with ottedis of the innate immune system, as
well as influencing the adaptive immune responsewéVer, apart from inconclusive
experiments regarding the effect of PMN on cytatdyiof NK cells, little research has

been carried out on the mutual influence of thesedell types.

This work investigated whether an activating crizdk-between NK cells and PMN exists.
In particular, it was sought to clarify the effeaft PMN on cytotoxicity of natural killer
cells, as well as analysing whether PMN are abiedace cytokine secretion by NK cells
in terms of IFNy production. Activation of PMN by NK cells was assed in terms of
delayed apoptosis of PMN.

4.1 The effect of PMN on NK cell cytotoxicity

Cytotoxicity is a well-established effector functi@f natural killer cells. NK cells are
cytotoxic towards susceptible target cells, whiotiude virus-infected cells and malignant
cells. Natural killer cytotoxicity against targeellis can be augmented by a range of
cytokines, the most investigated being virus-indutyge | IFNs (IFNe. and ) (110) and
IL-2 (49). Other cytokines known to upregulate N&l cytotoxicity are IL-1, IL-7, IL-12,
IFN-y and TNFe (108). IL-15, IL-18 and IL-21 have also been shdwmugment NK cell
cytotoxicity (13,108,119,141).

Besides soluble factors, cell-cell contacts hawe dleen shown to activate NK cells in
terms of increased cytotoxicity, such as interaxtiwith T or B cells, as well as dendritic
cells (9,139,145).

Previous studies investigating the effect of PMN MK cell cytotoxicity have been
inconclusive. On the one hand, experiments dataak o the 1980s, have reported that
PMN decrease NK cell cytotoxicity. A role for RO$16), PMN-derived prostaglandins
(102) and LDL oxidised by PMN (131) has been imgpli@ mediating the observed
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suppression. However, other studies postulated, RMN-mediated suppression of NK
activity could not be due to reactive oxygen specs oxidant scavengers had no effect on
inhibition (117). On the other hand, there are miber of studies reporting PMN-mediated
augmentation of NK cell cytotoxicity. An increage NK cell cytotoxicity was reported
after co-incubation of NK cells and PMN in diffusiehambers (142). Azurophil granule
contents of PMN have been held responsible for atedj activation of NK cell
cytotoxicity (79). Anin-vivo study reported increased neutrophil content insgileen of
IL-4 treated mice to be associated with an increias@&K activity (132). A lot of
controversial data has been reported regardingffieet of PMN on NK cell cytotoxicity
and little research has been undertaken in thes @r@resent, despite the existence of new
methods for isolating NK cells of high purity, sudhs MACS and increased
understanding of both NK and PMN biology.

In the present work, experiments were set up tofglmodulation of NK cell cytotoxicity
by PMN. NK (effector) cytotoxicity was measured anstandard 4h'Cr-release assay
against the target tumour-derived cell line K-5620rder to establish existing methods,
peripheral blood mononuclear cells (PBMC) isolafedm healthy volunteers, which
contain about 10 % NK cells, were used as effepétis in the cytotoxicity assay. PBMC
were found to be cytotoxic against K-562 cells andotoxicity was augmented by
addition of type | IFN to the assay, keeping ireliwith literature. The method being
established, the effect of PMN on NK cell cytotatsiovas then investigated by adding
freshly isolated PMN to the PBMC at the start af #ssay. These experiments provided
controversial data. While in 3 experiments, PMN evierund to decrease cytotoxicity, one
experiment showed upregulation of cytotoxicity esponse to PMN. How can these
conflicting results be explained? One importantaspight lie in the fact that PBMC are
a heterogeneous cell population, of which NK celldy make up a small portion.
Therefore, other cell populations, such as monagyteight interfere with NK-PMN
interactions. Indeed, it has been reported thataoytes inhibit NK cell cytotoxicity (114).
The study of Yang and Zucker-Franklin, in whichudé factors released by PMN were
found to increase cytotoxicity, also reports thaluble factors produced by monocytes
decreased cytotoxicity (142). They report thairamitro ratio of 1 monocyte to 1000 NK
cells still mediated suppression effectively. Aduhit of PMN to PBMC might result in
PMN-monocyte interactions which induce downregolanf NK cell cytotoxicity.
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These experiments lead to the conclusion, thah#terogeneous PBMC population was
not a suitable model for investigating NK-PMN irgetions. To eliminate interference by
other cell populations, NK cells were purified frdfBMC using MACS. The isolated
NK population was more than 90 % pure, as showRAgS analysis of the NK-specific
marker CD56. Cytotoxicity of purified NK cells towds K-562 target cells was much
higher than that of PBMC, effector : target ratafsl.5:1 still showed considerable lytic
activity.

Addition of freshly isolated PMN to purified NK dglin the cytotoxicity assays resulted in
upregulation of natural killer cytotoxic activity i8 independent experiments using cells
isolated from 4 different donors. The upregulatainNK cell cytotoxicity by PMN was
further substantiated by the finding that additacdi®MN in different PMN : NK cell ratios
resulted in a dose-dependent upregulation of NiK/iact- a PMN : NK cell ratio of 10:1
resulted in a much higher increase of cytotoxitiign a PMN : NK cell ratio of 3:1 or 1:1.

So far, NK cells and PMN used in the cytotoxicigsay were autologous, that is NK cells
and PMN were isolated from the same donor. Howetveould also be shown, that

addition of allogenic PMN to NK cells, that is PMi#id NK cells isolated from different

donors also resulted in increased NK cell cytotixicThis implies that the observed
augmentation of cytotoxicity by PMN was independa&tHC molecules. These findings
provided valuable information for experiments cadriout at a later stage, in which a
natural killer cells line was used to further inwgate NK-PMN interaction, where,

naturally PMN used were not from the same donothasoriginal donor from whose

malignant cells the NK cell line was established.

During the course of the cytotoxicity experimentsie NK cell donor was identified,
whose NK cells responded with decreased cytotgxaiter addition of PMN. Although
this finding could not be explained, it is likelyat this response is a phenomenon of the
NK cells of this particular donor, as both autolog@and allogenic PMN were capable of
mediating this suppression. The natural killer £@f this donor had a higher intrinsic
cytotoxic activity than those of most other dondhgrefore augmentation of cytotoxicity
might have required stronger stimuli for this dandn addition, this donor had
considerable eosinophilia, granulocytes isolatenfithis donor contained around 10 %
eosinophil granulocytes. Because of these peciigisyiNK cells from this particular donor

were not chosen for further experiments.
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Although the above data showed upregulation of MK @ytotoxicity by PMN, so far the
mechanism responsible for this effect was not cl€ae observed activating interaction
might be mediated by a soluble factor released M Pr cell to cell contacts between
PMN and NK cells. To provide some insight into thisestion, experiments were carried
out in which the effect of cell-free PMN superndtadded to the assay was compared to
the effect of PMN washed prior to the assay, ireotd remove any soluble factors. These
experiments showed that supernatants of PMN wereadle to mediate increased NK cell
cytotoxicity. Therefore, a soluble factor seem®pliay a role in activation of NK cells by

PMN. The involvement of cell-cell contacts could be excluded by these experiments.

As both PMN and NK cells were present in thesetoyiocity assays, it was important to
ensure that the observed increase in K-562 lysm wgaldition of PMN to the assay was
due to an increase in NK cell cytotoxicity towarndss62 cells and not due to PMN-
mediated lysis of K-562 cells. Therefore, contreere set up in which PMN or
supernatant of PMN were added to K-562 cells in dhsence of NK cells. In these
samples, no K-562 could be shown. This showedNatells must be responsible for the
observed increase in K-562 lysis after additioiP®N or PMN supernatants, as opposed
to unspecific K-562 lysis due to increased productof lytic substances by PMN or

alteration of medium parameters such as the pH.

These findings imply that PMN are capable of uplatjugy NK cell cytotoxicity. One
potential question regarding this finding mightwley unstimulated PMN would mediate
this effect. When PMN and NK cells encounter withime blood stream such an
upregulation would not be necessary and might lenpially harmful. However, within
the cytotoxicity assay, the tumour cell line K-56as also present. NK cells are known to
be activated by tumour cells, due to lack of MH&ssl | molecule expression as well as the
expression of activating cell surface moleculeschgcerous cells (121). Therefore it is

likely that contact with K-562 cells primes NK cefbr consequent activation by PMN.

If the concept is postulated that PMN activate NHls; then how can previous studies
reporting a decrease in NK cell cytotoxicity in pease to PMN be explained? One
important factor might have been that the cell pafons used in these studies were not
very pure. Other cells, such as monocytes, mighte hmterfered with NK-PMN
interactions. In fact, in the experiments where RBMere used as effector cells, | also
obtained controversial data. Only the work with Hiyg purified NK cells led to

reproducible findings.
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Which mechanism lies behind the observed upregulatf NK cell cytotoxicity in

response to PMN? Dendritic cells have been showaptegulate NK cell cytotoxicity

through the release of cytokines, such as IL-1213] IL-18 and IFNe/p as well as

through direct cell-cell interactions (139). Thealaresented suggests a role for soluble
factors and does not exclude possible cell-celtaia in PMN-mediated activation of NK
cytotoxicity. PMN have been shown to release aetqarof cytokines which are known
activators of NK cell cytotoxicity, such as IL-122) and IFNe. (118). IL-15 has also been
reported to be produced by PMN (96). Secretion hafs¢ cytokines by PMN might
contribute to the observed NK activation. Cell-aghtacts might also play a role in PMN-
NK interactions.

Clearly, the ability of PMN to activate NK cells terms of increased cytotoxicity is a
finding which is plausible in the context of infext or neoplasia, as increased cytotoxicity

would be able to contribute to the eliminationfeicted or transformed cells.

4.2 IFN-y secretion by NK cells

Another important effector function of natural kill cells is their ability to act as
immunomodulatory cells through the secretion offedédnt cytokines in response to
activation. Cytokine secretion is mediated largely CD56"" cells (28). One central
immunoregulatory cytokine secreted by natural kidlells is IFNy, which is crucial in the
early response to infection. IFN-secreted by NK cells activates macrophages and
dendritic cells and is able to drive adaptive immutoward a Thl response. IFNalso
contributes to the suppression of tumour growtt2{1R has also been shown that IFN&
able to activate PMN (21).

IFN-y secretion by NK cells can be induced by cytokisesh as IL-2 (4) and IL-12 (70).
IL-1a and IL-18, IL-15, IL-18 and TNFe all synergise with IL-12 in inducing IFM-
production by NK cells (18,58,130,135). More retgnT cell derived IL-21 has been
implicated in inducing IFN-production by NK cells (126).

Cell-cell contacts have also been shown to plagiein inducing IFNy secretion by NK

cells, as shown, for example by the interactioNkfcells and DCs (139).

4.2.1 Induction of IFN- y secretion by NK cells through PMN
While the effect of PMN on the cytotoxicity of NKelis has been extensively investigated,

little work has been carried out regarding the aftfd PMN on cytokine secretion by NK



Discussion 47

cells. No studies investigating whether PMN aresabl induce IFN¢ secretion by NK
cells have so far been carried out.

PMN have been shown to release IL-12 (22), whidtn®wn to induce IFN-secretion by
NK cells (70). Another cytokine which might be respible for PMN induced IFN-
production is an IL-12 family member, IL-27. Protloo of IL-27 by PMN has been
shown (81) and IL-27 has been suggested to indtiley Isecretion by NK cells (104).
IFN-a, another cytokine known to induce IRNsecretion by NK cells, has been shown to
be produced by PMN (118). Emoto and others madeasisemption, that granulocytes
might play a major role in IFN-secretion by NK cells, as they found that depletd
PMN in mice resulted in a marked reduction of IfFNproduction by NK cells (33).
However, so far there are no reports in literategarding the direct induction of IFN-

secretion by NK cells through PMN.

As relatively large numbers of NK cells would bequged to investigate the IFX-
production of NK cells in response to PMN and asttyall numbers could be isolated from

peripheral blood, a natural killer cell line, NK-9&as chosen for these experiments.

NK-92 cells have characteristics of activated NKscand display CD58%" expression,
thus would appear to belong to the immunoregulatsupset of NK cells and be
particularly suitable for studies on cytokine séore (44,90). The secretion of IFNby
NK-92 cells has been shown (77). Upregulation ®i-iFsecretion by NK-92 in response
to different cytokines has also been reported (B6)studies have so far been carried out

regarding the effect of PMN on either cytotoxiaiycytokine secretion of this cell line.

The main objective of working with this cell lineaw to analyse IFN-secretion after

contact with PMN. Before investigating the effe€tRMN on cytokine secretion NK-92
cells, an experiment was set up to assess whétaaytotoxicity of NK-92 cells could be
enhanced by PMN, as it had been shown for NK dedishly isolated from peripheral
blood. Augmentation of NK-92 cytotoxicity by PMN wd be shown in one experiment.
These findings further supported previous datayaigpthat, like NK cells freshly isolated
from peripheral blood, this cell line also upregetacytotoxicity in response to PMN.

After having shown the effect of PMN on NK-92 cyiwicity, the IFNy production of
NK-92 in response to PMN was investigated by d#fermethods. Intracellular IFiX-
production by NK-92 cells after co-incubation witipe | IFN, a known NK cell activator
and PMN was assessed by intracellular cytokinenisigifollowed by flow cytometric
analysis. Although both PMN alone and PMN togethih type | IFN induced a slight
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upregulation of intracellular IFN-production by NK-92 cells, this increase was @ogé
enough to allow for definite conclusions as to dfiect of PMN on IFNy production by
NK-92 cells. The disadvantage of intracellular &ye staining was that incubation time
was limited, as cells could not be incubated whid tequired transport inhibitor Brefeldin
A for more than 12 hours. Given that cytokines picetl by PMN would induce IF-
secretion by NK-92 cells, long co-incubation timesght be required, as PMN only
produce small amounts of cytokines (19). In additiBrefeldin A may have inhibited the

secretion of PMN cytokines which could act on NKle

In order to allow for longer co-incubation times MK-92 and PMN, it was chosen to
further investigate IFN-production by ELISA. An increase in IFNproduction by NK-
92 after 24 hour co-incubation with PMN could be@wh in three separate experiments.
IFN-y production was also upregulated in response te typN, which goes in line with
the previous reports in literature that IleNinduces IFNy mRNA production in NK-92
and NK cells (87). In addition, type | IFN and PMihergised in their activating effects to
even further increase IFfNproduction. Synergism between IFfNand the cytokines IL-12
and IL-18 in inducing IFN¢ secretion by both NK and NK-92 cells has also heported
(87).

How could PMN induce IFN-secretion by NK cells? DCs have been shown todedu
IFN-y secretion of NK cells through both cytokine sedoret(139) as well as cell-cell
contact (61). These mechanisms could also playleafoo PMN-NK interactions. PMN
have been reported to release cytokines such &g,1ll--27 and IFNe, which have been
shown to induce IFN- secretion by NK cells. PMN might induce IENin NK cells
through production of these cytokines. Indeed ighhibe possible that the synergism of
type | IFN and PMN in inducing IFN-secretion by NK-92 cells might be due to PMN-
produced IL-12 synergising with type | IFN, as repd in literature (87). Direct cell-cell
contacts between NK cells and PMN might also plagi@in IFN+ induction.

These results suggest that PMN might play an inapbrtrole in mediating

immunoregulatory functions of NK cells by inducidigN-y production. The observed
synergism of PMN and type | IFN in inducing IRNsroduction suggest that NK cells pre-
activated by type | IFNs in an inflammatory envinoent become more responsive to

stimulation by PMN.
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4.2.2 Synergism of PMN and K-562 cells in inducing  IFN-y secretion by NK
cells

Tumour cells are known to stimulate NK cell effectonctions. Cytotoxicity is activated
after the recognition of altered cell surface molecexpression, such as reduced MHC
class | molecule expression. Different tumour teds have been shown to stimulate IFN-
vy production by natural killer cells (90). Previostudies have shown that the myeloid
tumour cell line K-562 cells is able to induce IkNsroduction by NK cells (60). The
potential of PMN for inducing IFN- secretion by NK cells have been discussed
previously. However, there are no reports in lii@ra of synergism between tumour cells
and PMN in inducing IFN-secretion by NK cells. In these experiments, i$ waown that
while both PMN and K-562 cells on their own hatlditeffect on the IFN-production by
the natural killer cell line NK-92, a strong incseain IFNy production was observed after
co-incubation of NK-92 with both PMN and K-562. Adtugh previous experiments
showed increased upregulation of IFNroduction in response to PMN on their own, the
essential finding of synergism between PMN and R-8€lls in inducing IFN¢ production
keeps in line with the previously described syrargbetween PMN and type | IFN and
the synergism of different stimuli in inducing IFNsecretion reported in literature (87).
The implication of this finding is that, while bo®MN and K-562 have the potential to
induce IFNy production in natural killer cells, the responsigss of NK cells to this
stimulation might be little under physiological citions. However, the encounter with

tumour cells (modelled here by K-562 cells) prirttemm for stimulation by PMN.

4.3 The effect of NK cells on PMN
In the first part of this study, it was shown tiR¥IN have an activating effect on both
cytotoxicity and IFNy secretion of natural killer cells. To analyse wigetthis activating

interaction might be bi-directional, the effectNK cells on PMN was investigated.

4.3.1 Inhibition of PMN apoptosis by NKL cells
PMN are inherently short-lived cells. However, @sponse to infection, their life span is

prolonged, allowing them to engage in their effedtmction at the site of inflammation.
Exposure to inflammatory cytokines (3), bacteril gvall components such as LPS (75),
as well as intracellular infection with bacteriatipogens (42), or protozoa, suchlas
major (2), have all been shown to delay the apoptosi$*MN. Inhibition of PMN
apoptosis has also been shown after contact whtr @lls of the immune system, such as
DCs (84).
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Cytokines known to enhance the life span of PMNhsas IFNy, GM-CSF and TNFe
(25) can all be produced by NK cells (28,30). Hoerelittle can be found in the literature
regarding a direct effect of NK cells on PMN apxo

In this study, it was shown that the natural kilb=il line NKL was able to inhibit the
apoptosis of PMN. Inhibition of PMN apoptosis wdsoaobserved when PMN were
incubated with the myeloid-derived cell line K-582oreover, both cell lines synergised
with LPS, a known inhibitor of apoptosis (75), tbmast completely abrogate PMN
apoptosis. This dramatic increase in PMN life spanld be due to the fact that i) K-562
cells activated the natural killer cells and iiathPS primed the PMN, making them more
responsive to activation by natural killer cellhefefore, in inflamed tissues, where both
NK cells and PMN are activated, NK cells are aldesven further activate PMN. This
activation could be mediated by a soluble factgased by NK cells, such as IRNGM-
CSF or TNFe or be due to cell contacts. Together with preMipdsscussed results, these
findings imply that a bi-directional activating stalk between NK cells and PMN might

indeed exist.

4.3.2 L. major infected PMN are not lysed by NK cells
Natural killer cells are known for their ability tkill cells with altered cell surface

molecule expression. These include cells of theyhofiected with viruses, such as herpes
viruses (7) and intracellular pathogens suchisieria monocytogerse(45). Pathogens are
also able to infect phagocytic cells of the immuystem:L. major infect granulocytes
before being taken up by macrophages, their fioat kells (136). It has been shown that
NK cells play a critical role in the immune resperteL. major infection, chiefly through
cytokine production (74,112,123). However, so fao, studies have been carried out

whether NK cells might also be cytotoxic towatdsnajorinfected PMN.

NK cell cytotoxicity towards infected cells of thenmune system has been reported.
Mycobacteriuminfected macrophages are lysed by NK cells (1,8)nocytes infected
with Legionella pneumophilare also lysed by NK cells (10). On the other hiamehs also
shown, that immature DCs, which are lysed by NKscdlecome resistant to lysis after
infection with Escherichia coli Bacillus Calmette-Guerinand Leishmania infantum
(16,39).

In order to investigate whether NK cells might beri¢ towardsL. majorinfected PMN, a
cytotoxicity assay was set up in which granulocytéscted withL. major were used as

target cells and the NK-92 cell line was used &scadr cells. No lysis of either uninfected
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PMN or L. major infected PMN by the natural killer cell line NK-3uld be shown.
Uninfected PMN were probably not lysed by NK cedls they exhibited normal self
markers. One possible mechanism for the resistahdefected PMN to NK cell lysis
might be that internalised. major prevents cell surface molecule changes which might
activate natural killer cells. This would be indiwith findings from our laboratory thht
major is able to downregulate the expression of 200 g@mduced by IFN+ and LPS in
PMN (81). It has been shown, that uptaké. ofmajorinfected PMN by macrophages does
not result in activation of the macrophages (186)majoris able to misuse PMN in order
to enter the macrophages silently and thus pretremt destruction. The finding théat
major infected granulocytes were not lysed by NK celilgggests another possible

mechanism by which. majorescape immune surveillance.

In conclusion, the data presented in this work ssgthat a bi-directional, activating cross
talk between natural killer cells and neutrophamulocytes might exist. PMN were shown
to stimulate the two main effector functions of M&lls: cytotoxicity and cytokine (IFN}
secretion. The finding that NK cells were ablerthibit PMN apoptosis, suggest that PMN
not only activate NK cells, but are themselves oespre to activation by NK cells. As
both NK cells and PMN are present at inflammatatgssand have both been shown to
have important effector and immunoregulatory fumtsi, the demonstrated mutual
activation would be an important contribution irethost response to infections and

tumours.
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The proposed interactions between NK cells and RiviNllustrated in the diagram below.

NK cell

IFN-y, TNF-a,
GM-CSF?

PMN ?

type | IFN

priming of NK cells for
stimulation by PMN

O
O

increased cytotoxicity

toward target cells

O
©)
O

IL-12, IL-27,
IFN-a?

priming of PMN
for stimulation by
NK cells
LPS IFN-y

cytokine secretion for
immunoregulation

target cell

activated PMN with
delayed apoptosis

Fig. 14 Proposed interactions between NK cells and PMN. Natural killer cells are activated by PMN. NK
cell cytotoxic activity against susceptible target cells is upregulated when exposed to both PMN and
to cell-free supernatants of PMN, suggesting a role for PMN-derived soluble factors in mediating this
activation and not excluding a possible role for direct cell-cell contacts. Secretion of the
immunoregulatory cytokine IFN-y by the NK cell line NK-92 is increased to a variable degree upon
contact with PMN, PMN always synergise with both type | IFN and K-562 tumour cells in inducing
IFN-y secretion by NK-92 cells. Therefore, NK cells are clearly activated by PMN. Likewise, PMN are
also activated by NK cells. PMN show a marked apoptosis delay when incubated with the NK cell line
NKL. K-562 tumour cells and LPS synergise with NKL cells to mediate an even greater inhibition of
PMN apoptosis. These findings show that a bi-directional cross-talk between NK cells and PMN
exists, allowing them to amplify each others function in the context of inflammation.
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5 Summary

Natural killer cells (NK cells) and neutrophil grdacytes (PMN) are effector cells of
innate immunity. In addition, they also have an amt@ant immunomodulatory role. Little
research has been conducted regarding the muteehation between NK cells and PMN.
This work addressed the question whether an antyaross-talk between NK cells and
PMN might exist. On the one hand, the effect of PN both cytotoxicity and IFN-

secretion of NK cells was assessed. On the othet, ihe potential of NK cells to activate
PMN was investigated. Primary human NK cells, NK kees and purified human PMN

were used to assess these interactions.

PMN were found to augment the cytotoxic activityroghly purified human NK cells.
Cytotoxicity was increased by both autologous alhaganic PMN, showing that PMN-
mediated induction of cytotoxicity is independerit MHC molecules. Both cell-free
supernatants of PMN and washed PMN increased tio¢ogycity of NK cells, suggesting
a role for PMN-derived cytokines in mediating aatien of NK cell cytotoxicity.

It was shown that PMN have the capacity to indu€ld-} secretion of the NK cell line
NK-92, especially in combination with other knowikKell stimulants such as type | IFN
and tumour (K-562) cells.

To analyse the effect of NK cells on PMN, inhibitiof PMN apoptosis in response to the
NK cell line NKL was assessed. NKL cells delayed NPlslpoptosis and synergised with
both NK cell and PMN activators in inducing inhibit of PMN apoptosis.

The data presented in this work shows for the firsie, that bi-directional activating
interactions between NK cells and PMN exist. PMNravshown to be capable of
stimulating the two main effector functions of Nkells, cytotoxicity and cytokine
secretion. Likewise, NK cells were found to deldyNP apoptosis. As in inflammation,
NK cells and PMN are present at the same siteheasame time, the interaction between
NK cells and PMN may well play an important role tire response to infection and,

possibly, to tumours.
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6 Zusammenfassung

Naturliche Killerzellen (NK-Zellen) und neutrophil@ranulozyten (PMN) sind bekannte
Effektor- und Regulatorzellen der angeborenen ImtétunDie Interaktionen zwischen
NK-Zellen und PMN sind unzureichend untersucht.der vorliegenden Arbeit wurde
erforscht, ob eine bi-direktional aktivierende Weelheziehung zwischen NK-Zellen und
PMN existiert. Einerseits wurde der Effekt von PMiNIf Zytotoxizitat und IFNg-

Sekretion von NK-Zellen analysiert, andererseits ahigkeit von NK-Zellen, PMN zu
aktivieren. Primdre NK-Zellen, NK-Zellinien und Hocaufgereinigte PMN wurden

verwendet um diese Interaktionen zu untersuchen.

Die Befunde zeigen, dass PMN die Zytotoxizitat eurfgereinigten NK-Zellen gegen
Zielzellen verstarken, und zwar autologe und al@g®MN gleichermal3en. Dies zeigte,
dass die durch PMN vermittelte Induktion der Zykitgat unabhéngig von MHC
Molekiilen ist. Sowohl zellfreie Uberstande von PMMKuren als auch gewaschene PMN
fuhrten zu einer ErhOhung der Zytotoxizitat. Diegist darauf hin, dass durch PMN
produzierte Zytokine zu der Aktivierung der NK-Z&Ntotoxizitat maf3geblich beitragen.

In Experimenten, die die Wirkung von PMN auf di&k@¢ion von IFNy durch NK-Zellen
untersuchten, konnte gezeigt werden, dass PMN dieigkeit besitzen, die IFN-
Sekretion der NK-Zellinie NK-92 zu induzieren, vatem in Kombination mit bekannten
NK-Zell-Stimuli wie Typ | IFN und Tumorzellen (K-56Zellen).

Um die Auswirkung von NK-Zellen auf PMN zu unterBea, wurde die Hemmung der
Apoptose von PMN durch die NK-Zellinie NKL unter$ticNKL-Zellen verzdgerten die
spontane Apoptose von PMN und wirkten synergististh NK-Zell-Aktivatoren sowie
mit PMN-Aktivatoren in der Hemmung der Apoptose.

Zusammengefasst zeigen die Daten der vorliegendbeitAerstmalig, dass beiderseitig
aktivierende Interaktionen zwischen NK-Zellen uMNPbestehen. Es wurde gezeigt, dass
PMN die beiden Haupteffektorfunktionen von NK-Zelle Zytotoxizitat und
Zytokinsekretion, stimulieren kdnnen. Ebenso wudde Apoptose von PMN durch NK-
Zellen verzogert. Da sich NK-Zellen und PMN im Rammvon Entzindungen zur
gleichen Zeit am gleichen Ort befinden, kdnnte gegenseitige Aktivierung zwischen
NK-Zellen und PMN einen wichtigen Beitrag zur Abwekon Infektionen und,

maoglicherweise, von Tumoren leisten.
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