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Zusammenfassung

Maligne Tumorekrankungensind eine der haufigsten Todesursachen der Weit neue Therapie
mdglichkeiten werden dementsprechemltingend bendétigt. Einen vielveprecherden Ansatz stellt
der adoptive Transfer von ImmtkEffektorzellen in Tumorpatienten dar. Die Effizienz dieser
Therapieform wird jedoch haufig durch eine unzureichende Rekrutierung der transferierten
Leukozyten in ds Tumorgewebeingeschrankt Aus diesem Grundgurden in der vorliegenden
Studie neuartige Fusionsproteimatwickelt, die spezifisch diRkekutierung bestimmter Leukozyten
verstarken solltenDie Proteine setzten sich zusammen aus einN-terminalen Cherokindomane,
der Muzndoméane des membragebundenen Chemokins CX3CédwieeinemGterminalen Glykosw
phosphdidylinositol (GPl) Membranankeder die Transiembrardoméane von CX3CL1 ersetatach
Injektion in einen Tumosollten sich die Proteinaufgund desGP}Ankers in die Zellmembranen von
Endothel, Tumor und Stromazellen integrieren Dabei sollte die Chemokigloméane im
Zusammenspiel mit der MindomaneselektivLeukozyterrekrutieren, die den korrepondierenden
Chemokinrezeptor exprimiererfir die Rekrutierungzytotoxischer TZellen und N¥ellen wurde
zunachstein Fusionprotein mit einer CXCL10 Chemakiméne generiert (CXCLI8hucinGPI),
sowie dierse Varianten ds Proteinsals Kontrollen Die Fusionsproteinevurden in eukaryotischen
Zellen exprimiert undkonnten anschlieRBendnittels FACS und Immunfluoreszeviikroskopie auf

der Zellmembrarder transfizierten Zellenachgewiesenverden.Weitere Versuchezeigen, dass die
CXCL10 Fusionsproteine den korrespondiererderamokinrezeptor CXCR3 aktivieren konrigies
fuhrte in CXCRPositiven Zellen zu einer Mobilisation von intrazellularem Calcium, einer-Inter
nalisierungvon CXCR3 sowieu einer Verstarkungder Adhadsion an Zelloberflichemie GRI
verankerten Fusionsoteine wurden anschlieRend mittelaffinitaitschromatographie aufgereinigt
und es konnte gezeigt werden, dass sich die gereinigten Proteine aufgrund ihrAakePdspontan

in Zelmembranen integrieren. Ireinem in vitro Modell fir Rekrutierungsprozessa Blutgefal3en
konnten Endothelellen nach Bmandlung mit CXCL40ucinGPI effektiv Niellen in Gegenwart
physiologischer Scherkréafteskrutieren Vergleiche mit entsprechenden Varianten von CXCL10
mucinGPI zeigten, dasfie Muindomane unalingbar fur diesen Effekt walm Gegensatz zu NK
Zellen wurdenT-Zellenweniger effizient rekrutiertln einemin vivoTumorModell zeigte sichdass
eine intratumorale Injektion voitXCL}nucinGPlzu einer wesentlich starkeren Rekrutierung von
NK-Zellen fuhrt alseine Injektion vornldslichen CXCL1QAus den Versuchen der vorliegenden Studie
kann demnach die Schlussfolgerung gezogen werden, Flagsnsproteine wie CXCLaucinGPI
eine vielversprechende Mdglichkeit fir die gezielte Vekatag der Rekitierung von Leukozyten im

Rahmen zellularer Immuntherapien déellen
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Summary

Cancer is one of the leading causes of death worldwide and novel therapeutic approaches for the
treatment of this disease are urgently needethe adoptive transfer of immuneffector cells
represents a promising therapeutic strategyowever, the efficacy dhis therapycan behampered

by insufficient infiltration of the tumor by the transferred cell® help addresthis problem, a novel
class of reagents was developed tthance leukocyte recruitment to tumor environmenihis class

of fusion proteinswas designed to selectively recruit specific leukocyte subdetsed on their
expression o given chemokine receptorhe proteins were&omposedof an Nterminal chemokine
head andthe mucin domaintaken from the membraneanchored chemkine CX3CL1, witha
Gterminal glycosylhosphaidylinositol (GPI) membrane anchoeplacing the normal tramaem-
brane domain When purified and injected into a tumor, tke proteinsintegrate into cell
membranes of tumor, stromal and endothelial cells by means of their GPI aftigomucin domain

in conjunction with the chemokine headacts to specfically recruit leukocyteghat express the
corresponding chemdine receptor, e.g. aduively transferred Tor NK cells. A fusion protein
comprisinga CXCL10 chemokine head (CX@wi€inGPIl) was studied abe proof of conceptof

this approachwith aseries of control proteins generated in parall€he proteinsvere expressed in

a mammaln system and it waserified that the GPI anchor signal sequeramuld correctly target
them to the cell membrane. The ability of the CXCL10 fusion proteins to trigger the CXCRS3 receptor
was further verified using assays that measured receptor intera#itin, calcium mobilization and
enhanced adhesioaf T cells to cell monolayers as readouts. Following the identification of a suitable
detergent for solubilization, thevarious proteins were isolated from cell extracts using affinity
chromaography. Pufied proteinswere found to efficiently integrate into cell membranes in a
process dependent upon the GPI anchbr.vitro models ofleukocyte recruitmentshowed that
endothelial cells incubated with CXClhQcinGPI efficiently recruited NK cells undemnddions of
physiologic flow Thisprocesswas found to be dependent on the presence of the mucin domain
Tcells were in contrast not recruited affectively When injected into experimental murine tumors

in vivg CXCLXthucinGPlwasmore efficient in ecruiting NK cells than soluble CXCL10. Thus, fusion
proteins such as CXCLiicinGPI represent promising candidates for novel adjuvémtse used in

cellular immunotherapy.
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1 Introduction

1.1 Immunotherapy of cancer

The medical termancer describes a group of diseasdsch are all associated with an uncontrolled
growth of transformedcells Itis one of the leading causes of death, accountm@008 worldwide

for 7.6 million deaths(about 136 of all deaths)Despite may advances in thdield of cancer
therapies, deaths from cancer are projected to rise to 11 m#lion 2030 (WHO 201). Besides
surgical resection of the tumor mas#d radiation therapythe currentmedicamentoudreatment
options for cancer patients can hgrouped into four major categories: (i) chemotherapy, which
involves the administration of cytotoxic drugs, (ii) hormonal therapy that interferes motimone
receptors m the cancerous cells, (iii) targeted therapy usimayel antibodies and small molecules
that specificallyaffect proteins involved in growth signaling pathways and (iv) immunotherapy
(Lesterhuis et al. 2031

Immunotherapy builds upon the body’s ability to recognize and destroy transformed Eally
therapeutic approaches were already describmore than a century ago. In 1891 William Coley
treated a sarcoma patient with intratooral injections of two bacterial strains, whiskibsequently
triggered an inflammatory reaction that was followed by a complete disappearance of the tumor
(Coley 1910 Today, much is known about the immune system and its diverse interactions with a
growing tumor. An immune cell infiltrate consisting omonocytes, macrophages, neutrophils,
dendritic cells, natural killer (NK) cells and T celfisuad in diverse cancer setting8ecker 1993Di
Carlo et al. 2001Bingle et al. 2002Pages et al. 201Qevy et al. 20L;IRuffell et al. 2011 However,

the immune reaction evoked by the tumor is often not adequate to control tumor growth, as
evidenced by the outgrowth of the tumor. In some cases, the infiltrating cells dlaedeen shown

to promote tumor growth by creating a tumgrermissivemicroenvironment(Figel et al. 2011
Meyer et al. 2011 The general aim afancerimmunotherapy is focused on moderating the immune
response against the tumor so that efficient tumor recognition and destruction is induced. Several
different approaches have been taken in order to achieve this goal, somepé&mf which are

listed in the next section.

1.1.1 Adjuvants, atibodies and smalproteins

In order to enhance the immune response against the tuntomunestimulatory cytokinesuch as
interleukin2 (L-2) or interferon h 0 L l@&abehbéenadministered Thiswas first shown to be
effective in melanoma patientéarkinson et al. 199irkwood et al. 1996 In addition,adjuvants
like CpG oligonucleotidg$arbi et al. 2004or bacillus Calmett&uerin(Sylvester et al. 20)Gre

sometimesused to strengthen the endogenous immureaction
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Secondly, inhibitory pathways thatlownregulate the immune response can be targete@s
exemplified by the antibody Ipilimumabrhis reagentblocks the inhibitory receptorcytotoxic T
lymphocyte associated antigefh (CTLA4) on Tcells, thus enhancing their activitit has recently
been approved by thdood and drug administration (FDA) of thénited Statesfor treatment of
advanceastage melanoméollowing a successfphase Il clinical trigHodi et al. 201p

Third, growth factor receptorssuch as the epidermal growth factor receptor (EGFR) whieh
actively used bysome cancer cellscan betargeted by blocking antibodies (e.g. the humanized
antibody Trastuzumah(Slamon et al. 2001 Antibodieslike thesemediate their effectaot only by
blocking the respective receptos altering their signal transduction cascagdést alsoby inducing
antibody-dependent cellular toxicitghrough the activation ofFcreceptor expressing cellsnd by
complement aawvation. Thedegree with which each effect contributes to the therapeutic outcome
varies between the different antibodigBorghaei et al. 2009

Alsocell typespecific antigensike CD20, a common B cell marker that is also expressed on many
non-Hodgkin lymphomas, have successfully been used as antigens for antibodipased
immunotheragy (McLaughlin et al. 1998

An emerging class ofantibody-based drugs consistsof bispecific antibogl reagents Theseare
designed to recognizeither two different tumor antigens simultaneously or to recognize amaor
antigen with oneof their arms andhe invariant T cell activating molecule CD3 vifie other arm
[reviewed in(Beck et al. 20L;Mller and Kontermann 203D The latter approach allowsdirecting
the polyclonal T cell pool of the patiettwardsa specifictumor antigen, irrespective of cellspect
ficities. These antibodies are referred to as BiTEBispecific T cell engager) and include
Catumaxomab, which bind® CD3and the epithelial cell dhesion molecule (EpCAM) thataften
overexpressed on tumor cells. Catumaxomab was apprane@009 by the European medicines
agency for the treatment of malignant ascites [reviewedLimke et al. 201)0).

In addition to the approachesdetailed above that are generallybased onthe use of bioactive
proteinsor adjuvants a major focus of immunotheragy alsodirected towardsthe use ofimmune

cellsthemselvesas anticanceragents as discussed below.

1.1.2 Celtbased immunotherapies

1.1.2.1 Therapeutic approaches using NK cells

The central premise ofcellbased immunotherapys focused on harnessinthe natural cytotoxic
potential of immune cell$o eliminate their target cells in a highly specific and efficient manner. For
this purpose, both natural killer (NK) and cytotoxic T cells are under active investigation. NK cells
recognize their target cells by a combination @f missing inhibitory signallike major histc

compatibility complex | (MHC proteins (ii) the presence of activating signadsch ashe stress
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induced proteinMICA binding to the NKG2D receptand (iii) activatingcytokines Thiscombined
stimulationleads to degranulation ahe cytotoxic vesicles and ultimatetiestructionof the target

cell.In additor= byY OSftfta OFly Ffa2 o6S GNAKRIIUNBEE1W®RI (§KSA
and havetherefore been implicatel in the mechanism of action of various therapeutic antibodies
[e.g. forthe above mentionedTrastuzumab(Musolino et al. 200§]. Asimmunotherapeutic tools

they have mostly been studied in the context of hematologic malignancies, e.g. in combination with
hematopoietic stem cellransplantation. In this setting has beershown that NK cells can mediate
graft-versusleukemia effects especially when the NK cell inhibitory ligands of donor and recipient
are mismatched, so that inhibitory molecules on the leukemic cells are ineffective against donor NK
cells(Ruggeri et al. 2002Recent studieshave alsoinvestigatel the potential of NK cell therapyn

the treatment of solid tumorsfor example in nosmall cell lung cancemelanoma and renal cell
cancerpatients Here,first encouraging resultsvere obtained in phase | clinicatials (Arai et al.

2008 Cho et al. 2010lliopoulou et al. 201P A recent phase Il study in patients withaolan and
breast cancerhas showna transient donor chimerism after infusion ax vivo expanded
haploidentical NK cellsuggestinghe need for further investigation® enhance NK cell persistence

and expansior{Geller et al. 2011 The major focus of celased immunotherapy lies, however, on

cytotoxic CD8T cells.

1.1.2.2 Therapeutic approaches using CDB8cells

In contrastto NK cellsCD8 T cellsrecognize specific peptides boutml MHC | on the surface of the
target cells via their T cell receptFCR)The rationale to use CD¥ cells as antumor agents was
based orthe observation that in some patients, melanoma lesianslergp spontaneousegresson
(Everson 1964McGovern 197p Later this regression was associated with a clonal expansion of
Tcells(Ferradiniet al. 1993. In addition, the presence of imbust T cell infiltrate within the tumor
correlatedwith a favorable prognosis somecancerdncludingmelanoma, colon cancer and ovarian
cancer(Clark et al. 1989%Clemente et al. 1996\aito et al. 1998Sato et al. 2006 Of note, it was
observed thatonly the presence of T cells within the tumor had a beneficial effect, whereas T cells
present at the tumor margin did nalter the probability of surviva{Naito et al. 1998 This finding
suggestedhat efficient infiltration of the tumor mass is required for the tumoricidal effects of CD8
Tcells Thisrequirement represents significanthurdle for many current therapeutic strategies as
will be discussed in more detddter.

To generate tumotreactive T cellstwo mechanistically distinct approachkave beertaken: Either
Tcellsare primed in situ by vaccination protocols, oexpandedin vitro and subsequently reinfused
into the patient. The potential of vaccinatingumor patientsagainst their tumorsvas enhancedby

the identification of tumorassociated antigens recognized by tumngiiltrating lymphocytesn the

early 19909van der Bruggen et al. 199Kawakami et al. 1994This hadead to development of
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cancer vaccines based on different technigués.date,one of the most successfuhcciness the
recently FDA approved sipuleue€| usedor the treatment of metastatic prostate cancer. It consists

of enriched blood antigen presenting cells culturad vitro with a fusion proteinconsisting of
prostatic acid phosphatase and granulocyte macrophage caitinyulating factor (GMCSF). In a
phase Il clinical trial, this agent prolonged the median surbaydl1l monthsand reduced the risk of
death by 22%Kantoff @ al. 2010. Another successful exampledsgpeptide vaccine targeting gp100,

a protein expressed in melanontellsas well as normal melanocytes. In a recent phase Il clinical
study, metastatic melanoma patients were treated either with hilgise IE2 alone or with 1L-2 in
conjunction with the vaccine in incomplete Freud's adjuvant. The vaccine group displayed a
6.7 months longer median overall survival than the group receiving oy(Hchwartzentruber et al.
2011). However, clinical trialgenerallyshoweddisappointing results, although frequently a tumor
specific immune response could be generafeglviewed in(Klebanoff et al. 201;1Palucka et al.
2011)]. Importantly, vaccination protocols rely on the endogenous T cell repertoire, which represents
a major drawback of this techniquas many tumorassociated antigens are self antigens, for which
the reactive T cells have either been clonally deleted in the thymus or display an anergic or
regulatory phenotypdreviewed in(Paul et al. 200].

An appealingdifferent approachmakesuse ofadoptive T cell therapy. Here, T cedllie iolated
either from the peripheral blood orfrom tumor-infiltrating lymphocytes (TILs), expandedvitro and
subsequently reinfused into the patient. During timevitro culture period, the cells can be selected

for efficient tumor recognition otransducel with a noveleceptorto overcome clonal deletion and

in order toconfera definedtumor-specificityas depicted irFigurel [reviewed in(Turtle and Riddell
2017)].

The first clinical trial of adoptive T cell therapy was performed in 1985 wihalttivated peripheral
blood lymphocyteqRosenbeg et al. 1985 Complete regression of the tumor in one patient with
metastatic melanoma was observed. Following the observation that mice could be cured from
metastatic colon carcinomas by the infusion eRlexpanded TIL&Rosenberg et al. 1986the anti
tumor effect of TILs was furthenvestigated in the clinic in 20 melanoma patients, of which 11
displayed tumor regressiofRosenberg et al. 1988Since then, many trials including randomized
clinical studies have followed innus cancer settings like gastric cancer, hepatocellular carcinoma,
renal cell cancer, lung cancer and melanoma. However, many of these trials have not shown a
statistically significant positive effect of the infused T cells, especially in cancers tidwer t

melanoma [reviewed ifJune 200}).
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® @
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—— —-— — therapy
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Figurel: Principle of adoptive T cell therapydoptive T cell therapy relies on the ability of T cells
specifically recognize and destroy tumor cells. T cells are isolated from a cancer patient eithe
peripheral blood (PBMCs, peripheral blood monciear cells) or tumor biopsies (TILs, tum
infiltrating lymphocytes). The cells can be selected for tumor reactivity or transduced with a
receptor to confer tumor specificity. Subsequently, the cells are expar@egl using H2 in

combination with activating CD3specific antibodie§ and reinfused into the patient. In order tc
promote expansion and survival of the transferred cells, the patient can be treated with

myeloablativdymphodepletingchemotherapy and/or radiation prior to infusion dfé cells.

Many potential reasons for this lack of reproducible efficiency have been identified. These irelude

general immunosuppressive milieu within the tumor mediated by immunosuppressive cytokines like

GNF yaF2NYAYy3d INBEI NBBAMDO G ANRINE ¢St fa 0¢NBIZOET Y
limitation as well as evasion mechanisms by the tumotsctlemselvessuch asMHC | down

regulation, expression of apoptosisducing ligands and othefseviewed in(Quezada et al. 20}1

and (Leen et al. 2007. An additionalimportant factor isa generalack ofefficient infiltration of the

transferred cellsnto the tumor milieuas detailed below

1.1.3 Lack of infiltration as a reason for the failure otllFbasedimmunotherapies

Tumor growthis intimately associated wittheoangiogenesis, a processwhich new blood vessels
are formed. Angiogenesistisquiredto provide thegrowingtumor cells with sufficient nutrients and
oxygen.In order to stimulate angiogenesigjmors release prangiogeniccytokineslike vascular
endothelial growth factor (VEGFor basic fibroblast growth factor (bFGF) and -argiogenic
chemokines like CXCL&hich in turn induce proliferation and migration of endothelial cells
[reviewed in(De Luca et al. 200B The degree of angiogenesis vivocan be correlated with the
amount of VEGF released by various melanoma cell I{Ppasielsen and Rofstad 1998nd
angiogenesis was shown to be required floe outgrowth of micrometastase# vivo(Gimbrone et

al. 1972 Holmgren et al. 1995
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Angiogenesis not onlykeeps the tumor provided witmutrients and oxygen, it also @scas an
important mechanism of immune escapEndothelial cells exposed to the pingiogenic factors
released by tumor cells have a markedly reduced expression of adhesion molecules. Intercellular
adhesion moleculd and 2 (ICAM1 and-2) as well as vastar endothelial cell adhesion molecule
(VCAM1) have been foundo be downregulated on endothelial cells isolated from human solid
tumors, as well as on endothelial cells treatéd vitro with bFGF or VEQEriffioen et al. 1996a
Griffioen et al. 1996p Additionally, upregulation of endothelial adhesion moleculeseasponseto
proinflammatory cytokinessuch asinterleukinmi  -MiLO] | YR (GdzY2NJ ySOKR aAa
inhibited in tumor endothelial cé&d. This phenomenon has been eed endothelial cell anergy in
analogy to T cells that can no longer react to stimuli via their T cell rec@ptifioen et al. 1996p
This endothelial cell anergy is problematsthe presence and upregulation 88AMand VCAM are
centrally importantfor efficient leukocyte recruitment from the blood stream. T$e molecules
moderate the adhesion of leukocytes to the blood vessel wall dodter their subsequent
extravasationbecausethey act asreceptors for integrin miecules on the migrating leukocytes
detailed inchapter1.2 (Springer 1994 Consequently, in many tumor models, a reduced interaction
of leukogtes with the blood vessel wallas been oberved, along witldefectiveinfiltration of the
tumors (Wu et al. 1992Griffioen et al. 1999Tromp et al. 2000Dirkx et al. 2008 Lack of infiltration
has also been proposed as a potential explanation for the limited success of adoptivéh&rael in
someclinical studiegPockaj et al. 199Mukai et al. 1999Huang et al. 2002 and blockade of VEGF
mediated angiogenesis by monoclonal antibodies in combination with adoptive T cell yhbasp
been showrto havean additive beneficial effectin a murine melanoma modé¢bhrimali et al. 2010

In addition to the angiogenesielated phenomenon described above, proteoglycan molecules on
endothelial cells in tumors undergo dramatic changesgranscriptionaland posttranslational levels,
the latter occurringthrough sheddig and enzymatic modifitions feviewed in(Sanderson et al.
2005)]. Duringthe complexcascade okvents that representeukocyte recruitment, proteoglycans
are needed for the immobilization amutesentation of chemokines at the luminal side of endothelial
cells. Without properly presented chemokines, leukocytes cannot undergo tight adhesion
subsequent diapedes{&uschert et al. 199%roudfoot et al. 2008 Consequently, elevated levels of
shed proteoglycans in the serum of myeloma and lung cancer patients have been associated with
poor prognosigSeidel et al. 200@oensuu et al. 2002The dysegulated expression of proteoglycan
molecules inthe tumor microenvironment may thus represent aaditional barrier for adoptively
transferred leukocytedo infiltrate the tumor massbecause it pevents appropriate chemokine
signaling. These phenomenasuggestthe need to find solutions to overcomthe deficiency in

leukocyte recruitment into tumorsespecially with regards to the disappointing resugenerally
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obtained to date with adoptive T cell therapy. The approach that should be investigated in the

current studyto solve this problenwill be outlined below.

1.2 Leukocyte recruitment and chemokines

Chemokinesghemdactic cytkineg comprise a familyf about 50, mody small secretegbroteins.

They classically act through binding tepfatein coupled receptors with seven transmembrane
domains. Chemokines have been grouped intar fmajor subfamilies based dhe positioning of the

first two Cysteine residues near thie-terminus: In chemokines of the CC subfamily, the two
Cysteines lie directly adjacent to each other, while in the CXC subthmilgsiduesare separated by

one amino acid. The majority of the currently known chemokicees be groupednto one of these

two subfamilies. The C subfamily lacks the second Cysteine residwsntains only two members,

and CX3CL1 is the only member of the C3(@family, where thefirst two Cysteines are separated

by three amino acid¢Mantovani et al. 2006 Figure2 gives an overview of the currently known
chemokines and the respective subfamilies.

Chemokines can be produced by many different cell typesanhestrate the migration of virtually
every cell type in the body, both under homeostatic and pathogenic conditions. In a classical
inflammatory setting, cytokines such asMii. 'y R ¢bCh | NB LINRRddzOSR:Z So3
immune system like macphages. These cytokines activate endothelial cells of neighboring
microvascular blood vesseds depicted irFigure3® ¢ KS GAYFE | YSBén epeR2 6 KSt A
selectin molecules (usually primarilysBlectin followed by Eelectin) and upregulate the expression

of ICAM and VCAM molecules as well as proteogly(oiser 1987 Klein et al. 1992Grone et al.

1999 von Hundelshausen et al. 200IThe selectinsinduced on the endothelial surface bind to
sialylated LewiX residues on glycoproteins constitutively expressed by leukocytes. This interaction
leads to a phenomenon called rolling adhesion where the leukocyte is captured from the blood
streamand subsequently slowly rolls along the vessel wall due to rapid formation and dissociation of
bonds in the context of continuous blood floggwrence and Springd991), reviewed in(McEver

and Zhu 201)). At the same time, chemokines are released at the infection site, e.g. also by cells of
the innate immune system, and transcytosed through the endothelial cell layer to the luminal side
(Middleton et al. 199). There, the chemokines are immobilized by binding to proteoglycan
molecules, and once immobilized, they can engage matching chemokine receptors on rolling
leukocytes.For example, the chemokine CXCL10 is involved in theit@ent of activated T cells

and NK cells, as it binds to the CXCRS3 receptor found on these cell types.
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Old name New name Receptor Main target

IL-8 CXCL8 Neutrophils

GCP2 CXCL6 CXCR1  ——¢

NAP2 CXCL7

ENA-78 CXCL5 CXCR2 —9

GROw CXCL1

GROB CXCL2

GROY CXCL3 B cells

PF4 (AR S

IP10 CXCL10 —— CXCR3B

MIG CXCL9 CXCR3A

ITAC CXCL11 — t [ Immft.t; BC

SDF1e/p CXCL12 CXCR4 i myeloi s

BCA1 CXCL13 CXCRS  ————— = Mature
CXCL16 CXCR6 ——o myeloid DCs

BRAK CXCL14 Unknown Plasmacytoid

MCP1 CCL2 DCs

MCP4 CCL13 Monocytes

MCP3 CCL7

MCP2 CCL8

MIP1p CCL4

MIP1aS CCL3

MIP1aP sE311

RANTES CCL5 & Eosinophils

MPIF-1 CCL23

HCC-1 CCL14

HCC-2 @[5

HCC-4 CCL16 L . Basophils

Eotaxin CCL11

Eotaxin-2 CCL24

Eotaxin-3 CCL26

TARC CCL17 r Naive T cells

MDC CCL22 [e Memory T cells

MIP3 CCL20 —o—+ & T,1 cells

ELC CCL19 * T2 cells

1-309 ccL1 b e

TECK IS @[55 —

CTACK @77

MEC cCL28 ' T Weelbs

PARC mE5 Unknown

Lymphotactin  XCL1 —

SCM1pB xClz ——— XCRt

Fractalkine CX,CL1 CX,CR1

Figure2: The chemokine family of proteingAn overview of the currently known chemokines is giv
in the first and secondalumns Thesingle proteinsare arranged according to thfeur subfamilies
(CXC, CC, C and CX3C subfamdy)vhich they are assigned basemh the composition of a
conserved sequence motif near thet&fminus. The respective subfamily of each chemokingoa
reflects in its systematic name (e.@XC8 or CA2). Additionally, the historic hames are giv:
because they are sometimes still used in the literat@aemokines classically act by binding to
protein coupled receptors with seven transmembrane damsaiand the receptors for eact
chemokine are listed in the third colum®ne chemokine can bind to several receptors and «
receptor can be triggered by several chemokines, by which a considerable combinatorial com
is generatedOn the right side bthe figure, various leukocyte types are given and the chemol
receptors expressed by each type are indicated by small dots in the respectiveFiglme from
(Mantovani et al. 2006

Chemokinereceptor signalinghen results in a conformational change of theukocyte’s integrin

molecules that leads to a much increased affinity for their ligagdsimunoglobulin superfamily

molecules like ICAM/2 and VCAML on the endothelial cells. This increase in affinity enables the

leukocyte to tightly adhere to the enduaelial cell surface¢Tanaka etl. 1993 Shamri et al. 2005
Once tight adherene is establishedthe leukocytecrawk along the endothelium until eventually

extravasats into the interstitium, a process termed diapedeqRyschich et al. 2006Intraluminal
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crawlingis thoughtto be required to find optimakxtravasation routes, as diapedesis is delayed if
crawling is inhibitedPhillipson et al. 2006 and for crawling and diapedegisoteoglycanpresented
chemokines on the endothelial cells are indispensgllimamon et al. 20Q1Shulman et al. 2009
Following diapedesis, leukocytes caither follow soluble or immobilized chemokine gradients
towards the inflammation sit¢reviewed in(Friedl and Weigelin 200B Inthe latter process termed
haptotaxis, the locally produced chemokines are immobilized on extracellular matrix proteins like
collagens and preseed to the leukocyte, which moves in an amoebai@nnerthrough the tissue

(Rot 1993 Proudfoot etal. 2003 Kohrgruber et al. 2004 Figure3 summarizes the steps involved in

the classical cascade of leukocyte recruitmeFfiie chemokines CXCL8, CXCL10 and CX3CL1 were
used in the current study. Each of these chemokines play unigles iin leukocyte trafficking as

detailed below.

capture activation : ; interstitial
rolling adhesion tight adhesion diapedesis migration
/ chemokine

e receptor . )
blood stream O / P T integrin

QS (0 ICAM-1/2 proteoglycans

SLeX\ chemokine Y- Py VCAM-1
P-/ E-selectin — 7 /

OF0i0101OMKO

chemokine, ®

* .

Figure3: Leukocyte recruitment from the blood streanin the course of an inflammatory reactio
(red asterisk), inflammatory cytokines (not depicted) are produced that activeeendothelium.
The activated endothelial cells subsequently express selectin molecules on their surface that |
sialylated LewisXsLeX)residues on glycoproteins on the leukocyte surfateadingto leukocyte

rolling along the vessel wall. Simultansly, chemokines that can either be produced at t
inflammation site and transcytosed through the endothelium or be produced by endothelial
themselves are immobilized on proteoglycan molecules on the endothelial surface. In this state
can trigger matching chemokine receptors on rolling leukosygading to an increased affinity of th:
leukocytes” integrins. This activation enables the leukocyte to tightly adherentmunoglobulin
superfamily molecules like ICAMand -2 or VCAML on the vessé wall, which is followed by
chemokineguided intraluminal crawling (not depicted) and diapedesis through the endothekom
the subsequent interstitial migration towards the inflammation site, the leukocyte follows
immobilized chemokine gradient inpaocess termed hatotaxis. Figure modified fronmigure 249 in

(Murphy et al. 200Y.
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1.2.1 The chemokine CXCL#&0d its receptor CXCR3

CXCL10 was originally discovered in 1985 as a gene upregulatédity NF SN2y ' oO6LCb: 0 A
fibroblasts and endothelial cel{suster et al. 1985 It encodes a protein of roughly kXDawhichwas

first named IFN -inducible protein 10 or H20. In 2002, the CXCL10 structure was solygchuclear

magnetic resonance (NMR@vealinga classical chemokine fold consisting of a flexibledwninus

which includes the CXC mapifecedinga short tiree amino acid helix followed lilgree antiparallel

betasheets and a-@rminal alphahelixpacked across the betsheets(Booth et al. 200R

Figure4: Molecular structure of CXCL1Uhe structure of CXCL10 was solved in 2@8dth et al.
2002. It consists of a flexible-términus followed by three antiparallel be&heets(green)and a €
terminal alpha heliXblue) The figure was generated from the structural data deposited byttBeb
al. in the Protein Data Barhkttp://www.pdb.org) under the accession number 1LV9 uditygvol

This structure is common tmostchemokines including CXCL8, CXCL12, &@dICICLFChung et al.
1995. Human and murine CXCLO share the startary structureand haver0% amino acid identity
(83% homologyjJabeen et al. 2008CXCL10 bind®, and activateghe receptor CXCR3, which it
shares with the two other ligands CXCL9 (MIG) and CXCTAC)Loetscher et al. 1996CXCR3 is
expressed on activated T cells expressing the CD45R0 isoform of the CD45 (aoideher et al.

1998 Qin et al. 1998 SpecificallyCXCR3 expression in T cells is associated withl sskEned
phenotypeas it ishighly expressed on Thi polarized CRd well as on CD§ cells(Qin et al. 1998
Sebastiani et al. 2001CXCL10 bound to activated endothelial surfaces induces rapid adhesion and
transmigration of T cells via CXCR&li et al. 1998Manes et al. 2006 Consequently, CXCR3 has
been shown to play a major role in the recruitment of effector cells in various Thl dependent
diseases like acute allograft rejectigdancock et al. 2000Zhao et al. 200Rand viral infections
(Dufour et al. 200%, and blockade of CXCR3 with antibodies results in diminished recruitment of Thl
T cells into sites of inflammatiogXie 2003. Importantly, in a murine tumomodel, intratumoral
expression of CXCL10 wadsmonstrated to synergize with adoptive T cell therapy, leading to the

eradication of established tumoend survival ratesf 90%(Huang et al. 2002
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In addition toT cells CXCR& alsopresenton virtually allNK cellsat varyingexpressiorlevels most
pronouncedwithin one of the two major subset€CD56"" CD16™) of these cell§(Campbell et al.
2001), reviewed in(Cooper et al. 2001 A homologous subset exists in the murine system, defined
as CXCR3CD27"" NK cell§Marquardt et al. 2010 CXCL18timulated murine NK cells have been
shown to contribute to tumor rejection, partly by activatg T cells(Saudemont et al. 2005
Moreover, CXCL10 has been shown to enhance exocytosis of cytotoxic granules in NK cells, a
property it shares with a variety of other chemokineg¢Taub et al. 1995Taub et al. 1996 reviewed

in (Robertson 2008. CXCR3 has also been reported to be expressedibsets oplasmacytoidand
myeloidDCgCella et al. 1999%GarciaLopez et al. 2001landeosinophilgJinquan et al. 2000

In addition toleukocytes, CXCL10 also haBects on other cell typesn particulat endothelial cells.
CXCL1@an inhibitproliferation of endothelial cellsn vitro (Luster et al. 1995Feldman et al. 2006

as well as angiogenesis vivo (Angiolillo et al. 1995Strieter et al. 1995 It may even cause the
dissociation of newhljormed blood vesselBodnar et al. 2000 Based on these effects, CXCL10 can
delay wound healing and reduce tumor growthvivo (Luster and Leder 199Ruster et al. 1998
Thereis some controversy about ho@XCL1@hay medate these effects, especially because CXCR3
is mostly absent omicrovasculaendothelial cellsor is only expressed durirgpecificstages of the
cell cycle(Romagnani et al. 2001In 2004 an alternative variant of CXCRamed CXCRB was
described that is generated by alternative splicithgsagni et al. 2003 This receptor carries 48
additional amino acids at the-términus and, importantly, was demotnated to be expressedn
primary endothelial cells as opposed to the classical receptor GXOB&rexpression of CXCRh

an endothelial cell line resulted in CXCL10 inhibiting proliferatidrereasthe proliferation of cells
overexpressinC XCR2& was stimulated byCXCL1(Lasagni et al. 2003However Campanellat al.
showed that CXCRB cannot exist in the murine system because of afniame stop codon and that
the proliferation of endotlelial cells isolatedrébm CXCR3%) deficient mice is still inhibited by
CXCL1@Campanella et al. 20)0These findingsuggestthat there must be additional ways of
signalingior CXCL1bBeyond chemokine receptor triggering that have not yet baantified.

A third variant of the CXCR3 receptoramed CXCRAt was describedin peripheral bbod
mononuclearcells(Ehlert et al. 2004 CXCRalt is generated by exeskipping and displays a much
shorter Gterminus lacking one or two entireansmembrane domaingio datethe only functional
ligandknown for CXCR&It is CXCL11. However, the exact cell type expressing this receptor variant

remained elusive and thieinctionality of the receptor was only verified in transfected cells

1.2.2 The chemokie CXCL8 and its receptors CXCR1 and CXCR2
CXCLS8 or interleukid (11-8) was originally identified a& neutrophilactivating cytokingWalz et al.
1987 Baggiolini et al. 1989 It is producedupon stimulation with inflammatory cytokines or

lipopolysaccharide (LP8Yy a variety of cellsncludingfibroblasts, epithelial and endothelial cells,
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hepatocytes mononuclear phagocyteand others(Walz et al. 1987Yoshimura et al. 1985trieter

et al. 1988. CXCR8 is a small protein of about 8 kIxhich is secreted primarily as a 79 amino acid
(aa)protein. The amino terminus can be further processed by proteolytic cleavage yielding various
forms ranging from 69 to 78awith the 72aaform being the predominanbne in vivo[reviewed in
(Baggiolini and Claskewis 199]. Structurally, CXCL8 displays the classical chemokineafold
detailed for CXCL10 ih.2.1 with a flexible Nterminus, three antiparallel betahees and a €
terminal alphahelix (Baldwin et al. 19911 The twoknown receptors for CXCL8, CXCR1 and CXCR2,
are expressed primarily on neutrophil8XCL8 not only indugeigration in these cells, butanalso
trigger granule exaytosis and respiratory burgteviewed in(Baggiolini and Clarkewis 1993. In

2002, Hesand colleagueslescribed a subset of CDB cells as an additional target for CXQi8ss

etal. D0OHd ¢ KA & adzoaSid 6l a SYNAOKSR Ay LISNF2NAYI 3INI
potential. The ability to target this highly cytotoxic subset of T cells makes CX@bgntial
candidatefor usein cancer immunotherapyAdditionally, neutrophils, cerecruited by CXCL8, have
been proposed as antiancer effector celldue to their ability to release cytotoxic mediators as well

as chemokines and cytokingBi Carlo et al. 20Q1which canin turn recruit other effector cells.
Finally, CXCLa8lso acts on endothelial cellsvhere it stimulates proliferation, migration and
angiogenesigLi et al. 2003 In contrast to CXCL8 and CXCL10, which both represent classical

chemokines, the chemokine CX3Qlidplays unique structural and mechanistic features.

1.2.3 The chemokine CX3CL1 and its receptor CX3CR1

CX3CLlalso termedFractalkinge was discovered in 1997 by homologgarches in expressed
sequencetags The gene identified vgafound to be expressed primarily in endothelial cells
stimulatedwith IL-1 or TNHBazan et al. 1997The mature CX3CL1 protein is far bigger than other
chemokinesg it consists of 373 amino acids. In this relatively large protein, theridinal 76aa
generatea chemokine domain thatructurallyresembles other chemokise But unlikemost other
chemokines the chemokine domain of CX3CL1 is fused to adxtbng mucinlike domain that
connects to a single hydrophobic transmembrane domain and @3mracellular tail. Thus, CX3CL1

is a membrane anchored chemokine, a @weristicshared only withCXCL16In addition to the
membranebound version, CX3CL1 can also be shed from the surface by proteolytic cleavage and
exist as a soluble moleculBazan et al. 199 Hundhausen et al. 2003

The molecular structure of the chemokine domain of CX3CL1 was solved in 1999, confirming the
prediction that it resemblesn large partthe structure common to other chemokinégsee structure
described for CXCL10 1r2.1) (Mizoue et al. 1999 The mucidike domainfused to the chemokine
headis rich in Serine and Threonine residues that are predicted to géysylatedBazan et al.

1997), and it has been shown that CX3CL1 contair2@@Da of Qinked carbohydrategFong et al.

2000. Electron microscopy has revealed that theucin domain forms an extended stalk that
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protrudes 26 nm away from the cell membrane, displaying the 3 nm chemokine domain at its end

(Fong et al. 2000Figureb schematically summarizes thetructure of CX3CL1.

N-terminal
chemokine domain ——
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(26 nm long)
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Figure5: Architecture of the membranebound chemokine CX3CLA. schematic representation i:
shown. CX3CLdonsists of an Merminal chemokine domaifB nm in diameter}hat is canected to
a 26 nm long mucifike stalk, which is @Qlycosylated at various positions (grey hexagons).
mucin domain igethered to the cell membrane via a single hydrophobic transmembrane dor
that is followed by a 37 amino acid intracellular tail.

This exceptional architecture is also responsible for another unique characteristic of CX3¢Hhe.:

first paper describing the CX3CL1 recept@X3CRIit was noted that the CX3CL1 protein can not
only mediate chemotactic migratioas seen withother chemokines but it can also inducethe
adhesion of CX3CRpressing cell$n vitro (Imai et al. 199Y. This is instrong contrast to other
chemokires that can only induce adhesion in rolling leukocytes by upregulating integrin affinity, not
by acting as an adhesion molecule themselves. Notably, while the migration induced by soluble
CX3CL1 required-@otein signaling, the induction of adhesion byrfage-bound protein did not

(Imai et al. 1997Haskell et al. 1999 Leukocyte capturedby CX3CLalso occured efficiently under
conditions of physiologic flofFonget al. 1998, and CX3CL-inediatedtight adhesiorwas found to

take placein the absence of other adhesiomoleculessuch asICAM1 or VCAML. Moreover,
activation of X3CR did not lead to an upregulation of integrin affinjtywhich suggestshat the
adhesion molecules classically involved in leukocyte recruitment are dispensable for €X3CL1
mediated recruitment(Haskell et al. 1999Figure6 summarizes the classical cascade of leukocyte

recruitment in comparison with ledcyte recruitment as mediated by CX3CL1.
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Figure6: Classical scheme of leukocyte recruitment in comparison with recruitment by CX3
A: The classical cascade of leukocyte recruitment relies on selectins expressed by ac
endothelial cells to induce rolling adhesion. At the same time chemokines are immobilizggcon

aminoglycarmolecules also expressed by endothelial cells. ithimobilized state, the chemokine
can trigger matching receptors on the rolling leukocyte which leads to an upregulation of int
affinity towardsimmunoglobulin superfamily molecules (not depicted) on the endothelial .CEfis

increased affinity enales the leukocyte to tightly adhere tthe endothelium Subsequently,
diapedesis through the endothelium is initiated, a process which also requires chemokine sig
B: CX3CL1 is able to mediate all steps of leukocyte recruitment including the initiation of r
adhesion, tight adhesion and diapede$tiggure modified fronfUmehara et al. 2004

The moleculabasisfor this feature of CX3CLAas beena subjectof debate. The elevation of the
chemokine domain by the muciiomainis thoughtto be a critical paramet for CX3ClL-inediated
leukocytecapture as this activitis retained if the mucin domain is replaced with six short consensus
repeat segments from -Belectin that also build a 26 nm extended structyirit lack adhesive
capacity themselves)n contrastthe activity is dramatically reducdtithe mucin domain is deleted
The mucin domain alonewithout a chemokine headloes notappear toinduce adhesioifFong et al.
2000).

As stated above, CX3CL1 is primarily expressed on endothelial cells as a reaction to proinflammatory
cytokines like (M i2 NJ ¢ b Ch =  gatefy fithtl t belexipredseiin leukocytes(Bazan et al.
1997; Foussat et al. 2000The CX3CRtieceptor howeveris expressed ineveralhumanleukocyte
types including monocytes(also microglial cells in the central nervous syster@D58™ CD16"9"

NKcells B cells and plasmacytoidas well agnyeloid DCgJung et al. 2000Campbell et al. 2001
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Corcione et al. 20091t is also found on both activated (CD45Ré&nd resting (CD45RCCD8 and
activated CD45R@ D4 humanT cellsFoussat et al. 2000In mice, however, CX3CBdpression in

T cells is controversial. Some studies reported that CXCR3 is absent on T lymp@lergest al.
2000 Haskell et al. 2001 whereas others reported it to be expressed on a small percentage of T
cells(Harcourt et al. 2006

CX3CLhas also ben implicated in the activation of NK cells. élérhas been shown that CX3CL1
can activate CX3Chbsitive NK cells leading to higher efficiencies ofroeltliated lysis(zhang et

al. 2006 Zhang et al. 2007

An observation important for the current study was made thge Yoshiegroup. They assessethe
ability of CX3CL1 to capture leukocytes transfected with various chemokine recefdergected,

they foundthat CX3CL1 could only recruit cells that were transfected with CX3CR1. However, they
also generated proteinsvhere they exchanged the cherkime head of CX3CL1 by the chemokine
CCL17 (also named TARC), leaving the mucin domain unchanged. Thi€@Y¥#hucin fusion
protein displayed a redirected specifityit captured cells expressing CCR4, the receptor for CCL17
and no longer CX3CRAnsfected cells. Both the mucin domain alone as well as the two chemokine
domains alone were unable to captus@nificant amounts o€ells, irrespective of the receptor that
these cells expressed. Furthermore, the efficiency of recruitmead similar for widtype CX3CL1 in
combination withCX3CRlcells and for CCL4fucin in combination withCCRZ%cells (Imai et al.
1997). Another study showed that CXCL8 fused to the mdcimainof CX3CL1 can induce rolling
adhesion of cells expressing the Cx@c@ptor CXCR1 under conditions of physiologic flow. The
same was true for a CGhaucin fusion proteinin combination with CCRZells, although the
efficiency of recruitment was reported to lack behind that of wildtype CX3Bagkell et al. 2000
Thus, the specificity of CX3CL1 can be redirected by exchanging the chemokine domain by another,
unrelated chemokine. This possibilityas exploited in the current study by fusig different
chemokine headto the mucin domain of CX3CL1 as will be detditechapterl.4. Furthermore, ve
combinedthat approach with the technique of cell jpding which will be introduced in the next

section.

1.3 GPtanchored proteins and cell painting

Glycosylphosphatidylinosito){GP{) anchorsare membrane anchors that tether proteins to tbeter
leaflet of the cell membraneNumerous membranassociated prains in eukaryotes are known to
be GPanchored,such asalkaline phosphatase, decay accelerating faddAF) heparan sulfate
proteoglycans or the adhesion molecule lympiiecfunction antigen 3 (LF3) [reviewed in(Brown
and Waneck 1992 The anchor itself consists of a phosphatidylinositol group that is linked via

carbohydrate coreto the Gterminus of the respective proteinThis core structurecontains a
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glycosidically to three mannose residues. The last mannose rest is connected vispagfibgroup

to ethanolaminethat is in turn directly attached to therotein’s Gterminus (Homans et al. 1988

The mannose residues as well as the inositol ring of the phosphatidylinositol moiety can be
substituted with various rests depending tirte species as well the respective protein, but the above
described backbone is relatively conseryBdown and Waneck 1992Figure7 schematically depicts

the composition of a GPI anchor.

protein—
C-terminus C=0
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I'l\I—H

ethanolamine CIIH2
H.

phosphatidy| ——
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glucosamine / phosphatidylinositol
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Figure7: Schematic representation of the composition of a GPI anchbine protein is linked via it
Gterminus to ethanolamine, the latter being connected through a phosphatidyl residue to t
mannose rests. A glucosamine moiety connects the mannose rests tphutadylinositol, the fatty
acids of which anchor the protein to the outer cell membrane leaflet. The mannose rests as v
the inositol ring of phosphatidylinositol can be substituted at various positidapending on the
respectivespecies and GRinchored protein.

GPfanchored proteins are expressed with two signal peptides in their primary structure. The first
one is an Nerminal signal peptide directs the synthesis of the proteins into the endoplasmatic
reticulum and is subsequently cleaved frdhe protein, analogous to what is observed for secreted
proteins and type | transmembrane proteins. For -@Rthored proteinshowever, a second signal
sequence is present at the-t€rminus. It contains a stretch of 13 hydrophobic amino acids
(Gerber et al. 1992 Once synthesis of the nascent protein has reached this sequence, the protein is
cleaved from the signal sequence and transferred via a transamidase compbea preformed GPI
anchor (Hiroi et al. 2000 There is considerable variance among thtei@inal signal peptides of
different GPJanchored proteins and the various sequences have been shown to differ in their

efficiency of mediating GPI attachme(@hen et al. 2001
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It has been shown that purified G&hchored proteins possess the ability to integrafntaneously

into the cell membranes of virtually any other céibllowing this incorporation, they can still exert

their naturalactivityd ¢ KA & GSOKyYyAljdzS KFa 06SSy NBEFSNNBR G2
GLI AYyGSRE RANBOGT & \Ritholitany irdaSectirdpiiEessh&ed@dof 6tkIS OSft ¢
1984 Medof et al. 1996Hoessli and Robinson 1998Imost any protén can be expressed in a GPI
anchored version by fusing the gene sequence to appropriate signal sequitecdsr et al. 20056

Thus, the activity of any given protein can be transferred to any cell surface.

Cell painting represents a powerful alternative to conventil gene transfefor several reasons.

First, it can be used with cells that are hard to transfect. Secthad surface modification occurs

directly, without the need for cultivation or incubation, and the amount of protein that is transferred

can be prersely controlled. Third, it avoids the safety concerns associated with gene trausferas

random integration and potential carcinogenic side effects by oncogene activatibich is
especiallyimportant with regards toin vivoapplications(Medof et al. 1998 For these reasons, cell

painting is an attractive tool to be used for the development of novel treatment optiand it was

also used in the current study, the rationale of which will be outlined below.

1.4 Rationale ofthis study

As outlined above, theecruitment of effector cells represents a crucial step and major hurdle for the

efficient immunological treatment of tumordVe sought to overcome this problem by generating a

novel, flexible class of reagents that could be used for the targeted mdibficaf tissue

micromilieus.Thereagents described in this studyere designed to selectively enhance recruitment
and activation of specific leukocyte subsets in tumors, although the general applicability of the
underlying concept also extends to otherttsggs. The consisted of three different protein domains

that were combined into novel fusion proteins as detailed below:

1 The Nterminus of the proteins comprised a chemokine head (e.g. CXCL10 or CXCL8) that would
direct the specificity of the fusioproteins towards cell&xpressing the respective chemokine
receptor.

1 The mucin domain of CX3CL1 fused to the chemokine head would assist in the recruitment
process by lowering the requirement for additional adhesion molecules. In a tumor setting, this
could also help overcome endothelial cell anergy, and lead to a larger number of leukocytes
extravasating into the tumor tissue.

1 The addition of a GPI anchor at theée€minus would allow the recombinant proteins to directly

integrate into virtually evergell membranevhen added exogenously into a tissue.
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The composition of the envisioned recombinant fusion proteins is exemplarily shd#gure8. The

scheme depicts CXCLAfucinGPI, a fusion protein cteining a CXCL10 chemokine head.

Figure 8: Composition of CXCL4fucin-GPlas an example fora novel class of GRinchored

chemokine fusion proteinsFor the generation o€XCLIucinGPI, the mucin domain of CX3C
wascombined with a GPI anchor and a CXCL10 chemokine head in order to generate a flexi
for the modification oftumor micromilieus capable of selectively stinhating the recruitment of
CXCR3leukocytes.The chemokine head auld direct the specificitfowards CXCR3eukocytes

while the mucin domaimnvould assist in the recruitment process and lower the requirement for ot
adhesion moleculednclusion of a GPI anchorowld allow the fusiorprotein to integrate into the

cellmembranes of tumor, stromal and endothelial cellsen applied exogenouslyhus superseding
the transfer of genetic material into the tumor.

According to our hypothesis, recombinant fusion protegich as CXCLb@ucinGPlwould, if
injected into a solid tumor, incorporate into the cell membranedwhor, stromal andendothelial

cells Thereby, they would generate a stable, immobilized chemokine gradient to help facilitate
leukocyte migration into the tumonWhen preseh on tumor endothelial cells, theroteins would

help overcome endothelial cell anergy by specifically recruiting leukocytes that express the matching
chemokine receptor with limited requirement for other adhesion molecules.

The major part of the currergtudy related to CXCLABucinGPI This proteirwould be specific for
CXCR3cellssuch as cytotoxic T cells or NK cditeatment with CXCL#®wucinGPI couldherefore

be especiallyusdul in conjunctionwith adoptive Tor NKcell therapyto enhance reanitment of










































































































































































































































































































































