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Zusammenfassung

Zusammenfassung

Das duktale Pankreadenokarzinom (PDAC) ist die vierthaufigste krebsbedingte Todesursache in den
westlichen Landern und wird voraussichtlich bis 2030 zur zweithaufigsten krebsbedingten
Todesursache aufsteigen. Diese hohe Sterblichkeitsrate héngt mit dem fortgeschrittenem
Krarkheitsstadium zum Diagnosezeitpunkt zusammen, da es keine spezifischen Symptome gibt und
Tumormarker nur eine geringe Spezifitat aufweisen. Zum Zeitpunkt der Diagnose haben die meisten
Patientendaherbereits eine lokal fortgeschrittenErkrankung oder Metastasen, insbesondere in der
Leber, gebildet. Da die chirurgische Resektion die einzige kurative Behandlung bei lokal begrenzten
PDAECTumoren darstellt, werden nur palliative chemotherapeutische Behandlungen als
Standardtherapie fur fdgeschrittene und metastasierte Erkrankungen eingesetzt. Daher werden
dringend effizientee Behandlungsmoglichkeiten bendtigt. Imm@neckpointinhibitoren (ICI), z. B.
gegen &n programmierte Zelltodprotein <Ligand 1 (PI1) oder seinen Rezeptor ADhaben die
Therapie vieler Krebsarten deutlich verbessert, scheiterten aber bisherRB&CMakrophagen sind

eine der am haufigsten vorkommenden Immunzellpopulationen in der Tumormikroumgebung (TME)
desPDAC, die je nach ihrem Phanotyp die Tumorprogression entweder fordern oder aufhalten kénnen.
Um das Versagen der Behandlung mitlBZPD1-Inhibitoren bem PDAC besser zu verstehen, wurde

in dieser Arbeit die PID1-Expression im Kontext eines dynamischen TME beim Bidlisbesondere

die Auswirkungen von kkrophagen untersucht.

Immunhistochemische Analysen ergaben, dasd PBauptséchlich von Stromazellen, einschlief3lich
Makrophagen, und nicht von PD#&Ellen in primaren PDAGeweben und zugehdrigen
Lebermetastasen exprimiert wird. Vor allem an den InvasionsfrodemTumorlédsionen zwischen
CD8+ Zellen und Tumorzellen waren haufig Makrophagen in gro3er Zahl und eine statke PD
Farbung zu finderdn 2D Experimenten konnte gezeigt werden, dass CEX&etldn die phanotypischen
Unterschiede zwischein vitro polarisiertenM1- und M2-ahnlichen Makrophagen verringern, diePD
L1 Expression auf Makrophagen jedoch steigern. Beide Makrophagenpopulationen widiirtsm
trotz gesteigerter PEL1 Expression zur Erh6hung dédgivierungstatus der CD8+-Zellen, was sich
aber nicht in einem Rickgang der duktalen pankreatischen Epithelzellen Viabilitaspusdeite. Um

Zu untersuchen, ob RDL1 exprimierende Makrophagen das Ansprechen von FPIdNeén auf die
Behandlung mit PD1/PD1-Inhibitoren beeinflussen, wurde eiBD Spharoidmodell nti zwei
verschiedenen PDAZElllinien und unterschiedlichen Verhaltnissen vion vitro differenzierten
primaren Mt oder M2ahnlichen Makrophagen etabliert. In Ubereinstimmung mit dém situ
Ergebnissen wurde eine hohe RBExpression in Makrophagen und nicht in PEZ&Qen beobachtet,
die durch die Anwesenheit von PDZEllen noch verstarkt wurde. Der Effeki®hanotyp derco-
kultivierten CD8+-Fellen, der sich in der Expression von Aktivierungsmarkern und der Freisetzung von
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Effektormolekiilen zeigt, wurde durch PDM@krophagerSpharoide eher verstarkt, insbesondere
durch MZXahnliche Makrophagen im Vergleich zu Sphéaroiden in Monokultur. Dies war jedoch nicht mit
einem erhdhten PDAZelltod verbunden. Die [Blehandlung mit Dwalumab oder Pembrolizumab
allein oder in Kombination mit Gemcitabin beeinflusste den EffeRtuiinotyp der CD8+Zellen und

das Absterben von PDARIlen kaum. Trotz der starken RBExpression in Makrophagen fuhrte die
ICIBehandlung also nicht zu eingerstarkten Aktivierung und einem zytotoxischen Phanotyp von
CD8+ 7Zellen. Insgesamt liefern dieErgebnissedieser Arbeit neue Erkenntnisse Uber das
Zusammenspiel von PDAEllen und Makrophagersowie deren Einfluss auf RDL und die
ImmunabwehrdesPDAQINd bieteteine Erklarung fir die schwache therapeutische Wirkung der ICI
Behandlung ben PDAC.
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Pancreatic ductal adenocarcinoma (PDAC) is thieading cause of canceelated death inWestern
countries and is predicted to increase to th¥ Bost common cause afancerrelateddeath by 2030.

This high mortality is associated with the late stage of disease at diagnosis due to the lack of specific
symptoms and poor specificity of tumor markers. When diagnosed, most of the patients already
exhibita locally advanced disease or formed metastases, especially in the liver. As surgical resection is
the only curative therapy for locally restricted PDAC tumors, only palliative chemotherapeutic
treatments are the standardf-care therapy for advanced and metastasized disestages Thus,

more efficient treatment options are urgently neededimmune checkpoint inhibitors (ICl), e.g.,
targeting ProgrammedCell Death Protein 1-Ligand 1 (PEL1) or its receptor P, have markedly
improved the therapy of many cancers but so far faile®IPACMacrophages represent one of the

most abundant immune cell populations within the tumor microenvironment (TME) of PDAC being
able to either support or restrain tumor progression depending on their phenotyie better
understandthe treatment failure of PEL1/PD1 inhibitors in PDAGhis thesis aimedo examine P

L1 expression in the context of a dynamic TME in PDAC with a particular fo¢be anpact of

macrophages.

Immunohistochemical analyses revealed that-IPDis mainly expressed by stroma cells, including
macrophages and not PDAC cells in primary PDAC tissues and corresponding liver metastases. Notably,
a high local abundance of macrophages and strong_PBtaining were commonly found at invasion
fronts of tumoral lesions between CD8+ T cells and tumor delBD experiments, the phenotypic
differences betweerin vitro polarizedM1-like and M2like were abolished, but the RD1 expression
on macrophages was ireased by CD8+ T cellsadture. Despite the enhanced RIL expression on
macrophages, the activation stage of CD8+ T cells was enhanced by macrophage attendance which,
however, was not reflected in decreased pancreatic ductal epithelial cell viabiitprder to
investigate whether PID1-expressing macrophages impact the response of PDAC cells to treatment
with PDL1/PD1 inhibitors, @Dspheroid model comprising two different PDAC cell lines and different
ratios ofin vitro differentiated primary M1 or M2-like macrophagewas establishedin line withthe
in situfindings, high PIL1 expression was observed in macrophages rather than PDAC cells, which was
further increased by the presence of PDAC cells. The effector phenotypecaftered CD8+ T cells
exemplified bythe expression of activation markers and release of effector molecules was rather
enhanced by PDAC macrophage spheroids, particularly withikelinacrophages compared to mono
culture spheroids. However, this was not associated with anbd PDAC cell death. ICI treatment with
either Durvalumab or Pembrolizumab alone or in combination with Gemcitabine hardly affected the
effector phenotype of CD8+ T cells along with PDAC cell death. Thus, despite stlohg»@ibession

v
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in macrophages, ICI treatment did not result in an enhanced activation and cytotoxic phenotype of
CD8+ T cell®veral| the resultsof this thesigevealed novel insights into the interplay of PDAC cells
and macrophages and its impact on-BDand immune evasion of PDAC therekplaining thepoor

therapeutic effects of ICI treatment in PDAC.
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Introduction

1. Introduction

1.1.Epidemiology andsk factors
In Westerncountries, pancreatic ductal adenocarcinoma (PDAC) is tHeatling cause of cancer
related deaths, with a low-§ear survival rate of 10 % The incidences significantly differ between
countries. Europe and North America show the highestsigadardized incidence, whereas Africa
and South Central Asia have the lowest incidefrigufel) .

Pancreas

Eastern Europe
Western Europe
Northern America
Southern Europe
Northern Europe
Australia/New Zealand
Eastern Asia
Micronesia/Polynesia
Western Asia

South America
Southern Africa
Caribbean

Central America
Northern Africa
Melanesia

Middle Africa
South-Eastern Asia
Western Africa
Eastern Africa

South Central Asia

oovoor....{ United Arab
) Emirates

16 12 8 8 12 16
Age-standardized (W) incidence rate per 100000
Males NN Females

Figurel: Diagram of pancreatic cancer incidence in both sexes worldwide

The incidence oPDAQConsiderably rises in th&/esternworld and is predictedo increase from the

4" to the 2 most common cause of cancezlated deaths by 2030 in the United Stafe§he high
mortality is associated withhe late stage of the disease at diagnosis due to the lack of specific
symptoms and poor specificity of tumor markers. Further, it often metastas@elstant organs,
including the liver (780 % of patients}he peritoneum (48 %), ahe lung (45%)3. To date, the only
curative treatment option is resection, butost patientsare not eligible due to thadvanced disease
stage atdiagnosis or comorbidities. Even if the primary turhas beensuccessfully resected, the 5

year survival rate of these patients is only 27.%

In Germany, around 19,000 new casePafAGvrere detected in 2018agestandardized incidence

men vs. women: 15.1 % vs. 10.8 % per 100,000 persons). The median age at diagnosis is 76 years in
men and 72 years in womemm Germany, PDACalsothe 4" most common cause of canceglated

deaths among both men (7.4 % of cancelated deaths) and women (8.7 % of cancaated

deaths)*.
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For PDAC, several risk factors are known and can be divided intmodifiable and modifiable risk
factors2. A nonmodifiable risk is the patients age, iags known that over 90 % of cases at diagnosis

are at least 55 years old and peak in tieand 8" decade®®. Further, patients with an early stage of

the disease are 2.3 years younger than those with advanced stage cancer, indicating that the cancer
progression needs-2 years to develop from early to late stage of diseasether nonmodifiable risk
factors are the sex and ethnicity of patients. Metome30 % more commonly diseased than women,

and AfricarAmericans and Caucasian people show higher incidences than Paifaersand Asian
Americans. Moreover, the blood group can play a crucial role in developibdCas patients with

blood group 0 have a significantly lower risk than patients with blood group A, followed by AB.and B
Family history, genetic susceptibilityyfections and diabetes mellitualsobelong tothe group ofmon-
modified risk factor$°. Modifiable risk factors are smoking and alcohol abuse. Smoking shows-a dose
responsive significantly increased risk for developing pancreatic cancer, and consumption of > 30 g
alcohol per day demonstrated an increased risk of pancreatic c&ntérewisepbesityand chronic

pancreatitisare associated with developi®RDAC.

1.2.Pathology andPathogenesis
PDAGs themostabundant disease of pancreatic cance8% % of cancer cagés. It is characterized
by its ductal, glandular morphology andrnesmonly originatesfrom the head of the pancreas and
infiltrates into surrounding tissue (e.g., lymph nodes, spleen, and peritoneal cavtylumors often
show a variety of differentiation ranging from welllifferentiated to poorly differentiated
adenocarcinomas whiin one tumor and have significant intraand intertumoral histological
heterogeneity®. In PDACseveral aggressive histological patterns were obsereegh as tumor
invasion into peripancreatic soft tissue, large vessalsd adjacent structures, lymphovascular
invasion, involvement of resection margins, and lymph node metastasis. Patients with these aggressive
histological features are associated withenhanced risk of postperative tumor occurrence (distant
metastases) and poor survivdl The disease arises through stefise genetic mutations from normal
mucosa to specific precursor lesio%. The three bestcharacterizedprecursor lesionsnclude
intraductal papillary mucinous neoplasms (IPMN), mucinous cystiplasms (M®), and thebest
studied lesion, pancreatic intraepithelial neoplasia (PaniN§14 PanINsoften occurin the smaller
pancreatic ducts (<0.5 cm) and are Howmasive lesions. Tleshow divergent morphological
alterationscompared to normal ducts and can be graded iti@e stages>!112 Thefirst-gradelesions
comprise mucinous tall columnar epithelial cells with basally oriented nttaad can be divided into

PanIN 1A, whicliorms flat duct architecture and PanIN 1Bwhich are characterized by papillary
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structure®. Lesions with moderate atypical structural alterations eh@aracterizechs PanIN grade, 2
while PanIN grade Brecognized by wide nucleatypia(Figure2). During progression of grag® and

3, cells also express more supranuclear mucin and show papillary projeédtions

Normal duct
" . —

Early Events

K-RAS mutation

p16/NKéa oss

Later Events

P53 loss
SMAD4/DPC loss

Pancreatic Ductal
Adenocarcinoma

Figure2: Pancreatic precursor lesions and their genetic events involved in progression of PBisiClogical images dhe
precursor lesiondPMN and MCNas well ashe three PanIN lesions (gradec1d), reflecting the progressing atypighich can
lead to aPDACThe genetic mutations are dividedarearly and late events and mostly occur in PanIN &md lesser extent
in IPMN and MCNThe fgure is modified regarding referenée

PDAC is described by several inherited and recurring somatic mutafiodsin drivers for PanIN
lesions andhe formation of PDAC aréour different genes: the oncogeniirsten rat sarcomégRAS)

virus oncogene homolog genmautation, acting as one of the first mutationand mutations of the

tumor suppressor geneBP53the cyclindependent kinase inhibitor 2& DKN2pandmothers against
decapentaplegic homolog $§AD4 121316 TheKRAQene is mutatednainlyin PDAC ancesultsin
missense mutations in the codons 12 or Bsides G12V and G12Retmost commonKRAS
mutations is G12Dwhich leads to a replacement of Gylcin by other amino acids resultingpen
activation ofKRAS2", ActivatingkRAS mutationsauseenhanced cell proliferatiorgifferentiation,
andincreased survival and migration of tumor cells. Further, KRAS mutations are found in 8wer 90
of low-grade PanIN an®@DAC cas€$. The mutated KRAS gene indstke stress response in cells
resulting in oncogerndnduced senescence and losstioé p16ink4a protein, encoded the CDKN2A

gene When a loss cEDKN24s also present, the blocking of entry infoK S O S f -phas®is &b S Q &
lost. Furthermore, mutation off P53impactsthe ability to express genes responsible for cell cycle
arrest or apoptosis after DNA damage or cellular stress. The final mutation to complete PDAC
development is the loss & AD4which results in abnormdransformingGrowth Factorbeta(TGF 0

dependent effecs regardingproliferation. Additionally, the loss 08MAD4is associated with poorer



Introduction

survival of PDAC patient& Notably, higher grades of PanIN also obtamincreasing number of
genetic alterations?14 Further, less common oncogene mutations were identified in PR as
CMYCMYB amplified in breast cancer/fiuclear receptor coactivator GAIBL/NCOAR Epidermal
Growth Factor Receptor EGFR or GATAG aswell as recurrent chromosomal amplificatiorGenes
responsible for DNA damage repair were also found to be impaired in PDAC patigntbreast
cancer susceptibilitgenesl and 2 (BRCAL and BRCAZ2), AEMner and localizer of BRCA2 (PALB2),
checkpoint kinase ZHEKR RAD51C, and RAD5%D

Based on genetic and transcriptomic characterizatMoffitt et al. identified two subtypes of PDAC
cells the basalike and classicaubtypes Here two different stromal subtypes weralso identified
(normal and activated). The badide subtype or activated stroma showeal worse prognosis
compared tothe other subtypes?®. Since a characteristic of PDAC is the presence of a dense stroma
containing fibroblasts and immune celfs'3, the impact of the stromal compartment igscribed in

more detailin sectionl.3.

1.3. Tumorstroma in PDAC

Tumors are not composed of tumor cells alpiiney instead are a complex ecosysterichcompriges
non-cellular factors and manyon-neoplasticcell types such adblood cells, fat cells, endothelial cells,
immunecells andcancerassociated fibroblasts (CAF%)In the physiological context, the stroma has
a tumorsuppressing role, regulating the proliferation, motility, and infiltration of differentiated
epithelial cells into the extracellular mati%?% These functions are regulated through the secretion

of cytokines and growth factors.

PDACis characterized byan extensive desmoplastic stromavhich is mostly hypoxic and
immunosuppressivecomprisingamong othersCAB, tumor-infiltrating B, T and natural killer (NK)
lymphocytes as well as myeloid cells like monocytes, macrophdgedritic cells (D€}, andmyeloid
derived suppressor cells (MD$E16224(Figure3). CAFs, as one of the most abundatroma cell
populatiors, can produce several soluble factdreluding TGF, interleuking(IL) Sromal Cell-derived
Factor-1 (SDHR), Fbroblast Growth Factor (FGF)Hepatocyte Growth Factor (HGF), analectinl,
thereby regulating the pathogenesis and invasiveness of PEBAT“ Blymphocytes, especially
regulatory B cells, are a newly defined affierefore, not wellcharacterized cell populatiom the
context of thetumor microenvironment{TMB. Theycanregulate disease development througine
secretion of IL10, 11-35, and 1:21, andthus, suppress the immune response against tumengyeby

contributing to carcinogenesis.
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Figure3: Thetumor microenvironmentTME d PDACis characterized by a high tumor and stroma heterogeneitheTME
undergoes fundamental alterationsicluding the activation of fibroblasts and transdifferentiation into CAdReration of
ECM molecules, enrichment of immunosuppressive cell populattansf-associated macrophagesAM9 and regulatory
T cells), elevation of inflammatory mediatp@nd formationof new and modified blod vessels.The figureis revised
regarding referencé*.

Thedense acellulaextracellular matrix ECN) in PDAGicts as a physical barrier limiting the delivery
and diffusion of oxygen, nutrients, and therapeutic® PDAC®. The ECM predominantly consists of
collagens, fibronectin, and laminin produced by CAFs, developing a physically hard tumor with
enhanced interstitial fluid pressur&<?®, Different T cell populations can be found in the TME of
primary PDAGAIth their different effector phenotypes, T cells essentially affect the process of tumor
and metastases formation in several ways. Increasathbers ofimmunosuppressive T cells can be
detected during PDAC progression, whereas tudicected immune functions are inhibited and/or
even lost.Accordingly the attendance of CD8+ T cells, which are key players efuantir immunity,

is associated with prolonged overall survival of PDA@mEL*. NK cells, identified as unspecific killer
cells, can recognize and kill tumor and vimigcted cells without prior antigen stimulation. However,
recent data indicate that NK cells can be polarized towards a typramoting phenotype due to
soluble facbrs and extracellular vesicles in the PDAC ¥MBCsre alsofound in the TME of PDAC
and are associated with better survival of PDAC patjém#ever, most human specimens show low
numbers of DCsyhich are mostly located at the tumor margins and not inside the turfbMDSCs,

as immunosuppressive cells, suppress CD4+ T cell and CD8+ T cell function through dwedtt cell

contact with lymphocyte$*?’. Monocytes and macrophagespresent the most dominant immune
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cell population andacquire different pre or anti-tumor phenotypes dependent on environmental

factorsi6-24

In the following sectiongumor associated macrophageBAM9 (sectionl.4) and CD8+ T cellsection
1.5) will be introduced in more detail, as both cell populati@s found in PDAC tissues andre in

the focus of this thesis

1.4.Tumorassociated macrophages (TM

1.4.1. Origin and polarization
Macrophages, as one of the innate immune cell populations, play a crucial role imérsiefense
against pathogens, including effects of direct tumor cell killing through the release of cytolytic
enzymes, secretion of cytotoxic factors, antibathpencent celtmediated cytotoxicity via Fc
receptors and presentation of tumor antigens to activate T cell immune respgéasdissueresident
macrophages predominantly originate from embryonic precursor cells, which seed tissues during the
prenatal and perinatal periods. This develops in at least two waves, including macrophage precursor
cells from the fetal yolk sac or fetalér progenitor cell$®. These precursor cells settle distant tissues
and emergeaslocally proliferating, selfmaintained tissueesident macrophages that can endure into
adulthood®%*, In some tissues, these macrophages are rapidly displaced by monocytes derived from
hematopoietic stem cells. In the pancreas, the origin of macrophages is a mixture of embryonic
precursor and hematopoietic stem cefl$ In contrast to tissueesident macrophages, infiltrated
macrophages differentiate from monocytes to macrophages derived from bone mateowed
myeloid progenitor cells$®3¢. Macrophages are able to switch their functional and phenotypic
properties due to signals in the surrounding microenvironment duregh physiological and
pathological conditiong’. Following a simplified model, anocytescan differentiate into classically
activated, preinflammatory Mt or alternatively activated, anihflammatory M2macrophages$&*.
Monocytes activated byly § SNF SNB Yy OLCb* 0 2NJ fALRIIgpEE Al OOK
macrophages, while # leads to polarization into Mike macrophage$'“2 Additionally, the M2
subtype can bdurther divided into M2a (after exposure to-for 11:13), M2bafter exposure to
immune complexes in combination with LPS emlL = 2 klcrepha@esfter stimulation withlL-
Mns 3f dzO2 O2 NErATOe pblavizatiod dbildiffei@ macrophage types is also accompanied
by specific alterations in cell morphology and phenotyfs¢®. Thus, the surrounding TME with its
changing composition (e.g., oxygen level, type, and amount of other stromal or tumor cells) affects the

phenotype and effector function of macrophages and promotes a switch of one macrophage type to



Introduction

another. Detecting surface markers specific for-MAM2-like macrophageare usedo characterize

macrophage infiltration in many diseasesg, cancer*’.

Tablel: Markers and cytokine secretion of Mland M2-like macrophagesCharacterization of macrophage subtypes by

their function, expression of surface markeasd secretion otytokines chemokinesand other factors. Adapted
from 294748

Macrophage Function Human Markers Secretion of
subtype
CD80 IL1
_ CD86 TNE
M1-like Pro-inflammatory, HLADR IEN
Immunosupportive
iINOS RNS
CD64 ROS
CD206 IL-4
CD204 IL-10
M2-like Anti-inflammatory, CD163 TGF
Immunosuppressive ARG1 MMps
Cwi VEGF
CCL2

Besides the mentioned polarization stim@anulocyteMacrophageolony Simulating Factor (GM
CSF) antacrophageColony Simulating Factor (M-CSF) are described to polarirevitro cultured
monocytes towards Mdand M2like phenotype, respectivel§’4°. Although most of the human
markers onin vitro polarized macrophagesre similar for polarization with IFNor GMCSF (M1) and
IL-4, 11-:10, and MCSF (M2)espectivelythe surface levels of macrophageslarizedwith GM-CSF in
comparison with IFNshowed differences in CD206 expression as@F seems to induce CD206
This again highlights the complexity of macrophage polarizatioresponseto the surrounding

microenvironment.

Hence, the plasticity of macrophagasight have essential therapeutic and diseaseiving

implications®, therefore playing a major role in this study.

1.4.2. TAMs in PDAC

In the tumorstroma macrophagesre called TAM and are one of the most abundant immune cell
populations in the TME of PDAThe most common source of tissuesident macrophages in the
pancreas are monocytes from the blood circulation derived from the bone mabfdiv Most
pancreagresident macrophages are in a quiescent state, suggesting that these macrophages could

persist in the pancreas ovea long term. TAMs predominantly originate from tisstesident

7
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macrophages or monocytes of blood circulation, which infiltrate into injured tissue. Similarly,
macrophages can balsorecruited from blood monocyte®2 Even at an early stage of pancreatic
lesions, macrophages, as one of the first immune cell populations, are recruited and accumulate in the

tissue®:. The number of macrophages increases during disease progregsion

Although the phenotype and frequency of macrophages highly dynamic, TAMs in PDAC mostly
exhibit M2like characteristicaas CD163+ macrophages were predominadidyected in primary
PDAC>%®, The M2phenotype is associated with ptamoral effects including tumorigenesis,
immunosuppressionangiogenesisnetastasis acceleratiomnd chemotherapeutic resistancé-%%62,
Accordingly,patients with a high M2like macrophageabundanceshow a poor prognosis and
decreased survivaf**¢ Bidirectional signaling between macrophages and epithelial cells expressing
mutant KRASshowed to promotea pro-tumorigenic phenotype ofmacrophages which intensified
cancerous phenotypes of the epithelial céflsOne strategyby whichTAMspromote tumorimmune
evasionis the releaseof immunosuppressive cytokines likellQ, TGF, I-6, Prostaglandin ERGE,
CCL2, CCLIZCL20and others, which inactivates CD8+ T cell respdhdeurther, the expression of
immune checkpoint molecuse which refer to cdnhibitory signals of immune cells impeding the
immune response, can be adopted by tumor cells to suppress the surrounding immune re&ponse
TAMs strengthen the signaling of immune checkpoint molecules Giketoxic T Lymphocyte
associatedAntigen4 (CTLA4) and Programmed Cell Death Protein 1-Ligand 1 PDLY, and they
themseles express enhanced levels of £Dwhich impede the immune recognition by T celfS.
Another immunosuppressive strategy is the accumulation of MDS@ M2polarized TAMs in
tumoral lesions accompanied by a decreased presence of cytotoxic T lymphocy®saf@TL helper
cells®3. AsPDAC growtlilependson the delivery of oxygen and nutries) angiogenesis is erucial
pathological procesto ensurethe influx of oxygen and nutrientinto the tumor. Macrophagesare
aggregate in hypoxic areas of PDA@nd many surrourd intertumoral vessels indicating the
association between TAMs and angiogeneEige angiogenesis is induced by jamgiogenic factors
like VascularEndothelial Growth Factor (VEGFE; which is releas# by tumor and stroma cellse.g.,
TAMs®. In PDAC, igh levels of VEGHe associated withn increased risk of metasta$tsFurther, as
TAMs secrete a plethora of growth factprchemokines and cytokines, they efficiently induce
EpithelialtMesenchymal TransitiofEMT) (sectionl.6). In PDAC, TAMs also promote therapy resistance
as macrophages can rapidly metabolize and inactivate the cytostaticGnngitabine®®. Moreover,

the amount of M2like macrophages increased aftéemcitabine treatment ira mousemodel system
indicating another drug resistance mechanisaused by TAMS. Further, cytidine deaminase (CDA),
an enzyme, which #énsports chemotherapeutic drugs in cells and is responsible for their

metabolization into inactive forms, is upregulated RDAC cedlin combination with TAMs and

8
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Gemcitabine treatment’. Binenbaunet al.showed that TAMs communicate with cancer cells through
so-called macrophageerived exosomes, which are internalized by tumor cells. This leads to reduced

Gemcitabine concentrations and upregulation of CDA in PDAC%ells

In summary, TAMs play an important role in PDAC progression and therapy resistance. Therefore,
targeting macrophages is a major subject in severakpirécal and clinical trig) e.g.,addressing CD40
interaction (NCT03214250; NCT04536077; NCT04807972; NCT04388&812ombination of
Gemcitabine andl -PD1 antibody®®, or TAMsrepolarization™.

1.5.(Tumorinfiltrating) T lymphocytes
In PDAC patients, a higher density of CD8+ T cells in tumor areas was observed to be associated with a
better survival outcome’™ 3, In contrast, an increased infiltration of regulatory T cells @reg
correlates with a poor clinical outcome in many cancer types, including PD?ABue to the different
effector phenotypes, T cells can essentially impact tumor progression and metastasis formation in
several ways. T cells generally originate from bone mawevived multipotent hematopoietic stem
cells, which migrate through the bldocirculation into the thymus to further undergo T cell
YFEGdzNF GA2yd ¢ OStta OFy 0S RAGARSR Ayi2 RAFFSNBY
the latter can be subdivided into CD4+ T cells and CD8+ Tc€lie population of CD4+ T cells is very
heterogeneous, as they can differentiate into various subsets, including T helper (TH) cells TH1, TH2,
TH17, T follicular helper cells, and T¥egcording to the different cytokine composition in their

microenvironment®®76,

TH1 cells support bacterial infection elimination through recognition of bacterial antigens presented

on major histocompatibility complexMHQ-LL 2F YIF ONRLIKIF 3ISE YR &SONZ
macrophages are stimulated to destroy phagocytosed bactérieH1 cells are characterized by their

profound secretion ofL C ,bwihich furthermore promotesthe recruitment of CD8+T cells, Milike
macrophagesand NK cells, thereforeapturing a tumorsuppressing phenotyp&:’®’7 IL-2 secreted

by TH1 CD4+ T cells is crucial for proliferation and survival of CD8+7 cells

TH2 cells secrete #4, IL-5, 11-10, and 113 *¢"®and eliminate infection of extracellular parasit€sin
PDAC, tumor cells and the TME foster differentiation of TH2 cells and their secretiehafdLlE10,
which act immunesuppressiveand promote polarization of monocytes into Mike macrophage$'.
Additionally, ItE4 and IE13 contribute to ECM remodeling as they trigger collagen synthesis in
myofibroblasts*.
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T regs, characterized by their expression of forkhkeartprotein P3 (BXB), recognize selintigens

to maintain sekltolerance, restore tissue homeostasis and regulate inflammatory resp®n3eegs

are considered as the most potent inhibitor of the atuimor immune response as they cantibit the

activity of CD4+, CD8+, and NK cells. They secrete cytokinesMike ILF YR ¢ DCi X 062G K (Y2
immunosuppressive function and compete with effector T cells to connect to antigesenting cells

(APG) .

11 ¢ OStfta Oly 26y LKIFI208iA0 LINBdepsridgntivéyito I Y R NJ
LINS &Syl |y dA3S yTerdioe, thidoelksubBetcts &s apRibirig fumorsuppressive

T cell populatiort* and is promising for novel immunotherapeutic strategies in cancer treatment

CD8+ T cells represent the primary CTL subset that accomplishes lysisiofeates!, neoplastic, and

damaged cells. Thereby, CD8+ T cells recognimgenspresented on the MHC of AP@a their highly

specific T cell receptor (TCR). After recognition, CD8+ T cells form an immunological synapse (IS) and
release granules containing different cytotoxic molecules, includiadgorin, Granzymes, and

Granulysin. Perforin formmpores in the plasma membrane of the target cell, through wiBadnzymes

andGrandzft @ A a4y OFly 6S NBfSI&aSR Ayidz2z GKS GIFNBSG O0StfQ
activation, and granulysin has aitiicrobiotic properties and can induce apoptosis when released in

high concentrations. Further, CD8+ T cells secrete cytakihe 4 dzOK & LCb! | yR ¢bCh
GKS AYYdzyS NBalLRyaSe Ly RSOl Adlass | m@drules. & 2ughérS NB (0
activates macrophages and guides them to the center of infection, where they act as APCs or effector

cells®*®*®  Ligalsoable to induce cell cycle arrest, e.g., in tumor c&lls

The attendance of CD8+ T cells in PDAC is associated with better survival outcofmd2DAC is
generallyOK I NI O SNA T S R because bf lodr ©etl infiltréationi®&zL2ohtinal above the
complex TME of PDAW®Ith its immunosuppressivecells contributes to the dysfunctionality or
downregulation of anttumor immune response, including T cell exhaustorFurther, PDAC cells
ASONBGS Oeid21AySazr &1wOkat dredassociatpdpwith Tre @igiation aficR L [
accumulation. The presence of Treggurn is associated witeeveraltumor-promotingeffects, e.g.,
suppression of catimulatory ligands CD86 and CDd® APCsthat are important for CD8+ T cell
activation,thereby impairing activation of CD8+ T célisAs the heterogeneity of T cell subsets is
markedly high, first attempts have been undertaken to consider the T cell diversity for patient
stratification and optimized treatment. Nevertheless, based on the-harell inflamed (cold) tumors

of PDAC, immurtberapies targeting the effector phenotype of CD8+ T dwlge beenneffective in
PDAGo far®,
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1.5.1. Tcell priming and maturation
T lymphocytes, produced in the bone marrow, migrate to the thymus to undergomplete
maturation proces$® Double negativ€DN)thymocytes(CD4 and CDS§ enter the thymus and pass
through four DN stages (DN-4) 8. Earlystage DN1 cadldo not express CD2%hile DN2 cells are
characterized by elevated CD25 expressftoidN3cells express a pfECRproliferate and develop

into DN4 cell$%® Finally, DN4 cells express mature TeMko-receptors and begin to proliferafé.

The TCR on the surface of thymocyiesa membrane protein containing different subunits asd
responsible fothe specific recognition of antigens. To reabk great diversity of highlgpecific TCRs,

a process named V(D)J recombinatamtursduring T cell maturation in the thym& During V(D)J
recombination, numerous variable (V), diversity, @d joining (J) gene segments are assembled to
create various TCRm® thymocytes®®. Beside the genetic rearrangement of different TCR variants,

this process simultaneously goes along wtie formation of two different T celllineages T cells
expressingsubunit I yR I G2 FT2NX ¢/ wa ohi ¢ OStfao IyR
subunit { 1T cells)! T cells are typically CD4 and CD8 double negative, whereas ¢ OSf f a SEL
both coreceptors . The two different TCR subunits respectively comprisea constant
immunoglobulinlike domain and a variable region. Both variable regions of the subunits form the
highly specific antigen binding site. The TCR alone is not sufficient to transfer signals intracellularly
after antigen binding. Therefore, the CD3 complex LdNA & A YAK iAgy2aciaind YWWR 12y S
chain is expressed to mediatsignal transduction into the cell to induce T cell differentiation,

proliferation, and cytokine secretioff.

Afterwards, DN3 cells evolve through immature €iD8itive cells into doubkpositive CD4+ and CD8+
cells®®. In the cortex of the thymus, doublsositive thymocytes undergo a process of positive and
negative selection to either progress into single positive CD4+ or CD8¥cPiisitive selection is
described as a process whereby douptesitive cells recognize loaffinity selfpeptide:selfMHC and
mature to express profound amounts of TER After positive selection, the reactivity to self
peptide:selfMHC is decreasetl. At the end of the positive selection phase, the expression of one co
receptor is abandoned. CBkpressing T cells produce receptors that recognize antigens presented
on selfMHC class Il molecules, while @B®ressing T cells carry receptors that radag peptides on
selfMHC class | molecules. The decision of whicheceptor remains expressed depends on the
binding site of constant areas of either Midlass | or class Il. Therefore, positive selection is only
completed when TCR and-ceceptor inteact with the MHC moleculé. In contrast, the negative
selection causes the deletion of sedfactive T cells by inducing apoptosis due to a -aifjimity

interaction with seKMHC molecule€®. The process of negative selection addresses the high

11
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recognition of auteantigens on cortical or medullary epithelial cells or bone marderived APC¥.
After positive and negative selection, mature T cells exit the thymus and circulate in the peripheral

lymphoid organs such as spleen and lymph nddés).

1.5.2. T cell activation and inhibition
Naive T cells that exit the thymus migrate into lymphoid organs arsdhrblugh high endothelial
venules in the paracortical T cell zone. Since the frequency of naive T cells specific for a distinct antigen
is very low, antigeqpresenting DCs must easily meet various potential T cell suitors in the T®20nes
The interaction of T cells and APCs [iKésis achieved by the LN stromal framework in order to
enhance the probability of finding a cognate interaction which further results in the initiation of an
immune responsé’. In contrast to T cells, DCs enter thspredominantly via afferent lymphatic
vessels, but in the spleen, both cell populations enter from the blood. The chemokine receptor CCR7
and its ligands (e.g., EpsteBarr virusinduced moleculel ligand chemokine (ELC) and secondary
lymphoid organ chemkine (SLC)) are responsible for the recruitment of naive T cells and DCs into

lymphoid T zone¥.

When both cell populations arrive in the T zones, binding of TCR to a specific antigen on MHC class | or
MHC class Il is achievelhuge peptide repertoire can be presented on the membrane surface via
MHC class | or MHC class Il molecules for recognition by CD4+ or CD8%. Rltletiagh intracellular
antigens are presented on MHC class | molecules and endocytosed extracellular antigens are bound to
MHC class Il molecules, a process called ggassentation enables the presentation of extracellular

antigens on MHC class | and awtellular antigen peptides on MHC class |l compl&&¥s

As te first step of T cell activation is delivered by engagement of TCR with antigenic peptide on MHC
molecules’®%, the coreceptors CD4 or CD8 must interact with nonpolymorphic domains of the MHC
molecules to participate activein T cell activatiof® (Figure4). Therefore CD4 bindto MHC class I

and coreceptor CD8 interacts with MHC class | molectfiés The TCR ligation alone is associated
with T cell anergy or unresponsivengaserefore a cestimulatory signal is necessary to prevent T
cells from unresponsivene$s Thus, thenext signal is the interaction eb-stimulatory moleculesuch

as CD28 on T cells with its primary ligands CD80 or CD86 orf®APThe CD28 receptor family
including CD28, CTMAICOSand PDL, is best characterized and provides principal signals for optimal

T cell functiorf”.
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Figure4: Main interactions between APCs ai@D8+T cells for complete T cell activatioithree signals are needed for T cell
FOUGAGIGA2Yy® MO 9y 3IFISYSyd 27F &LISOLI3Icdnplexbid k@l ax bindwet ©y G SR 2
receptor CD8 to constant region of MHC. 2)dfimulatory interaction of CD28 and CD80/CD86. Temegs T cell activation,

co-inhibitory binding of PEL and PEL1 or CTLA and CD80/CD86 is required. 3) Cytokine signaling for regulation of T cell

activation. Adapted fron%e.

To regulate T cell activation, -wehibitory molecule interaction is needed. One prominent example for
suppression of T cell response is the binding of €MOACDS80 or CD86, both also ligandsGo28.
Therefore a competition between CD28 and CH for their ligand binding exists and adds another

layer of complexity to CD28 signaling regulafibn

Table2: Selection of cestimulatory and ceinhibitory moleculesinvolved in T cell activationThe symbol * represents
molecules that are expressedon T cally/ G KS O 2 {cdainfulatory &fec @ré denoted &  aindcd-inhibitory
SFFSOGA I NGO YIN]JSR a &

Receptor Ligand(s) Effect | Reference(s
> TIM1 - 99
CD1374-1BB* CDB7L + 100
CD27 CD70 + 99,101
CD278ICO¥ ICOSL + 102,103
CD279RD1)* CD274RDLY)*, CD273RDL2* - 104,105
CD28 CD80, CD86 + 96
CD30 CD30L + 99
CD40 CD40t + 99,101
CTLAY* CD80, CD86 . 96,106
GITR (CD357) GITRL + 99
LAG3 (CD223) MHC 1l R 99,103
OX40* OX40L + 99
TIGIT CD155 - 103
TIM-3* Galectin9 - 24
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The third signal is the regulation of T cell activation via different cytokines.-@B@@tedsignals are
demanded for 2 production and serve airvival factors of T cadroliferation’®> o6 dzi I f 82 L Ck

IL-12, I:15, and IE21 regulate CD8+ T cell activati#!!™,

After successfully priming and maturation phase of T cells in the lymphoid organs, they start to
differentiate and proliferate in order to migrate through the blood circulation into target tissBies
However, T cell activation dependent orthe duration and composition of signal availabitit§ Thus,

the regulation of overand understimulation is crucial for effective T cell function, as both results in

induction of anergy and apoptosis 114

1.5.3. Coinhibitory interaction®of PD1/PDL1 and CTLA CD80

Since unimpeded T cell activity can result in T cell respoagainst sekantigens and autoimmune
disease, it is importanttmaintain thenomeostasis of T cell activity and inhibitigh The ceinhibitory
receptorPD1 consists of aingle Nterminal variable immunoglobulin region (IgV) like domain, a stalk
comprising approximately 20 amino acids separating the IgV domain from plasma membrane, a
transmembrane domain, and a cytoplasmic tail wathimmunoreceptor tyrosinebased inhibitory

motif (ITIM) and ammmunoreceptor tyrosinebased switch motit'®1” The engagement of RDleads

to the phosphorylation of both motifs and the recruitment &c homology regior2 domain
containing phosphatase 1 (SHPand SHR 8 In response to this, TCR/CD2@&diated activation of
phosphatidylinositol &inase(PI3K is inhibited by dephosphorylation of CB8hains. Therefore, RD

1 interaction directly inhibits effector T cell functions such as survival, proliferation, cytokine

production and cytotoxicity'!’.

PD1 is a member of the CD28 superfamily, however, it has distinct molecular features that differ from
classical members of the CD28 farkifyPD1 is rather expressed on activated mature T cells, however,
low amounts are also expressed on DN thymocytes {CD#8), as well as in activated NK T cells, B
OSttaz Yzyz20edSasz | yRYADGIY T deMBEctivationy PD8Xpddsighdisy OSf f
upregulated in about 6 hours and in tumors, it is highly expressed in dysfunctional/exhausted effector
T cells (both CD4+ and CD8+) as well as Ttégehe two ligands of RD (PBL1 and PEL.2) are
constitutively expressed in low amounts on APCs, as well ashemmatopoietic cells, including
pancreatic islet cells, vascular endothelial cells, and cells in tissue of immune privileges such as
placenta, testes, and eyes. The-EPDexpression is inducible by grdlammatory cytokines like type |

and Il interferons¢ b Ch = | y R 19pBtidvdy plays &in im@ortant role in suppression of
effector T cells, whereby maintaining stdferance and promoting th resolution of inflammation

during immune responsée's?,
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CTLA is a structural homolog of CD28 and shares the same B7 ligands with CD28 (CD80, CD86), but
CTLA4 binds its ligands with greater avidity and affiniy. Based on the covalent homodimer
structure, each CTkAhomodimer binds to two divalent B7 molecules resulting in a stable-GBZA
structure on the cell surface. In contrast, CD28 monovalent binds to B7 molétulkhough CTL-A

4 binds both B7 molecules, CD80 has a higher affinity to be bound by @bi#pared to CD8612%
Various mechanisms have been reported for T cell inhibition by-& Tih&luding competition for CD28

by binding to CD80 and CD8&, modulation of TCR signaling by the SH&nhd seringhreonine
phosphatase PP2A31?4 disruption of CD28 localization at the'4Sand impairment of the expression

or composition of lipid rafts at the T cell surfaé&!?8, CTLA expression is induced on conventional
activated CD4+ and CD8+ T cells but is constitutively expressed on Huether, it can also be
expressed byB cells, DCs, monocytes, placental fibroblasts, granulocytes, CD34+ stem cells,

embryogenic mouse cells, pituitary glamand embryoid bodie¥?.

CD80 is a typé transmembrane glycoprotein and is expressed by macrophages, activated B cells, and
activated T cells. CD80 bound by CD28 leads&ticwlation of T cells, while CT4ACDS80 binding

induces ceinhibitory signal$®indicating the two faces of CD80.

Overall, the cestimulatory and cenhibitory interactions are very complex, as alterations in the
dynamic expression of involved molecules can promote or interrupt distinct interactions. Thus,
alteration of the expression patterns could have implicatioios the synergy observed in

immunotherapy**°.

1.6.EMT and metastasis

The EMT is a reversible process that allows epithelial cedigumea mesenchymalike phenotype by
morphologicaland molecularalterations, which results in arenhancement of migratory capacity,
invasiveness, increased production of ECM components, and elevated resistance to apoptosis.
Physiologically tiis a central process during embryogenic development, wound healing, and tissue
regeneratior’>'3L BesidesEMT is a keyrpcessin tumor progression and therapy resistanafemany
carcinomas, e.g.niPDAC®>2 Ona functional level, epithelial cells lose their esdll adhesios and
apicatbasal polarity while gaining enhanced migratory, invasive, and metastatic propétigs
During EMT, gene expression and pwanhslational mechanisms are changed, leading to the
repression of epithelial characteristics and the adoption of mesenchymal prop€tti€n a molecular
level, cells undergoing EMT express decreased levels of epithelial genesdifecin,Occludin, and

Z0O1 and increased levels of mesenchymal genes suchlasell adhesion molecul& X\CAN, N

cadherin,Vimentin, andRbronectin*%13’, This process is promoted by several transcription factors,
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including Snail (Snail), Snai2 (Slug), Zinc fingex-Binding homeobox (Zeb) 1 and 2, amdist,

especially in PDAB*138140 Once expressed and activated, each of these transcription factors can
pleiotropically induce the complex EMT procedsy activating aseries of intracellular signaling

programs. The Mesenchymakpithelial Transition (MET) is its reverse process, where motile,
multipolar mesenchymal cells undergo transition into polarized epithelial'ée#& The TME plays an

essential role in EMand also its reversiarChronic inflammation promoteSMT, asthe altered TME

secretes several cytokines and growth factors. In contrast, acellular fibrotic tissue enhances
intertumoral pressure and formation of functionally and structurally aberrant blood vessels resulting

in hypoxia®®. These changes promote the process of EMT that fosters invasiveness and metastatic
capabilities of tumor cells. Especidllyy Ca OFy Ay Rdz0OS 9a¢ (-KERUAEKL 3SONE
IL-1, but also M2ike macrophages promote EMT through secretion é,Il-mn> ¢b Ch X ¢DCi X
chemokine CCL26&%". Additionally, the tumor-associated microbiome and hypoxia are known
inducersof EMT?4 Furthermore, the dense desmoplastic stroma of PDAC includes large amounts of
fibrillar collagen, fibronectin, laminin, and proteoglycans, rather produced by CAFs than cancer cells.
Besides the physical barrier of stiff ECM, these proteins also haveadirsipfunction that contributes

to EMTand thereby to metastasisf PDAC cell$. Metastasis formation is characterized by the

invasion of carcinoma cells, which invade Hasement membrane into the adjacent stroma, following

the intravasation and survival in the blood or lymph circulation, followed by extravasation into the
parenchyma of distant tissues, and lastly by theesgablishment of neoplastic cell properties at

remote sites (even after a long period of daancy)*®’ (Figure5s).
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Figure5: Bpithelial-MesenchymalTransition(EMT)and metastasigwith responsible genes). (IYormal pancreatic ductal
epithelial cells transform into amvasive pancreatic ductal adenocarcinoffDACYia several mutations (first, lograde
PanIN, higlgrade PanlN (2) Transformed cellsndergo EMT and invade the surrounding tissue or @alonize into the
peritoneum and formescites or pleural effusio{3) PDAC cells invadke blood or lymphatic vessel§&4) Grculating tumor
cells (CTC) survive in the cirdida. (5) CTC extravasate into secondary orgd6¥where they might remain in a dormant
stage for several years aifid) eventually form metastasds the liver or lung!?”.

Important drivers for metastasis formation in PDACabberantTP534, SMAD4*, Wnt#2signaling,

and abnormal ECM gene expressiéh Studies of a murine mouse model indicate that PDAC cell
derived small extracellular vesicles (sgsbvered with Ezrin foster macrophage polarization to-M2
like phenotype and support metastasis formation in the li¥&r Further, the moleculeGranulin
secreted by circulating monocytes and hepatic metastasgociated macrophages benefits the
activation of hepatic stellate cells (H$@to hepatic myofibroblasts (HMJ; thereby promoting liver
metastases*. Moreover, hypoxia selects the most malignant tumor cells, and throughipexia
Inducible Factor 1 (HIF1), tumor suppressor genes are suppressed while fostering the metastatic

cascadé**145

Overall, the TME with its altered composition of cytokines, chemokines, hypoxic conditions and ECM

molecules, contributes to EMT accompanied by metastasis formation.

1.7.Cancer immunity and immunotherapy
The immune system preserves the defense against foreign, infected antigens aadtiggdhs by an

appropriate balance between activation and inhibition of the immune response. A central role in this

17



Introduction

process play receptdigand bindings between T cells which are activated by the presentation of
antigens and various cells of the immune systémcarcinogenesis and afttimor immunity, the
immune response playalsoa crucial rolé“¢. A processcalledcancer immunoeditingccurs in three
phases: elimination, equilibrium, and escape. In elimination phase, the innate and adaptive immunity
detect and destroy transformed cells. Sometimes, tumor cells are not completely eliminated and enter
the equilibrium phase in which the mune system controls the tumor outgrowth. In the last phase,
tumor cells overcome dormancy and leading to tumor progressfdnThis is achieved through
strategies that prevent attacks from immune cells. Timor cellsstart to build a microenvironment

at the time of tumor occurrence to make it difficult for the immune system to eliminate cancer cells
effectively?*®. The cancer immunity cycle involves multiple steps to obtain efficient control of cancer
growth by the immune system. The process is started by releasing tumoranigens generated

due to genomic instability. The uptake of these antigens by APCs igmdtion to LNsresults in the
priming and activation of naive CD8+ T cells.dIB8+T cells migrate via the bloodstream and infiltrate

the tumor-stroma, where they possibly recognize and eliminate tumor cells. The cytotoxic immune
response of CD8+ T celleleases additional antigens fueling the cancer immunity cy&éL All
cancer immunity cycle steps must function properly to generate an effective cancer immune response.
However, in cancer patients, this cycle might be impaired, resulting in the lack @fianai immunity

andthereby incancer development and progressitf

Several immune escape mechanisms are established by cancer cells to evade the immune response.
First, the release of tumespecific antigens can be impairddue to apoptosis or necrosis, antigens
are released in the microenvironment and phagocytosed by AR@slack of dying tumor cells leads

to an ineffective antigen release preventing antigen presentation of APCs and the further steps of the
cancer immunity cyclé®>153 The antigen processing and presentation can also be impa@dble
factors like cytokines (e.dL-6, IL-:35), lipids, or tumor exosomes can inhibit DC maturation and lead

to immune surveillance. In detail -B5 was found to decrease expression of H}RR CD83, and €o
stimulatory molecules such as CD40, CD80, and CD86 on-b&spfiressed DC maturation by down
regulation of MHC class Il molecules and CD86 expression6/BITNAT3 pathwalr*. Elevated levels

of pro-angiogenic factors like VEGF can be another strategy for immune ewstlumformation of
abnormaltumor blood vessels can act as a physical barrier to preimiitration of effector T
cellst®1%6 Additionally, VEGF reduces the expressioWasfcularCell AdhesionMoleculel (VCAML)

and Integrin Ligandsintercellular AdhesionMolecule 1 (ICAM) on endothelial cellsesulting in a
diminished adhesion of CD8+ T cells to endothelial aatistherebyreducedtumor infiltration 157158

The overexpression of the endothelial B receptsoprevents T cells from migratianto the tumor

tissue,contributing to the low abundance of tumeénfiltrating lymphocyteTIL$ 154 Next, tumor cells
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can escape the T cell response by MHC class | downregulation. Only tumor cells presenting antigens
on their MHC class | molecule can be recognized by activated T cells and, thus, be elirmiesged.
tumor cells can downregulate the surface expression of MHC class | molecules, express defective MHC
class | molecules, or upregulate factors conferring resistance to cytaokigty of immune cells

and/or local immunosuppressiof’. Even though T cells have made their way throughdifferent
impedimens above, they can alsfacevarious immunosuppressive factors preventthgir properT

cell activity. On the one hand, upregulation of immunosuppressive enzymes like Indoleam3ine
dioxygenase 1 (IDO 1), which is expregsgetumor cells and stroma cellsan suppress T celfd. On

the other hand, the upregulatioaf inhibitory immune checkpoint molecul@spairsT cells. In detail,

PD1 is upregulated on activated T cells, and tumor a#tisn expressts ligandPDL1, causing cell
inhibition and suppressed antitumor immunity®'% PDBL1 is frequently expressed on tumor cells in
several malignancieand correlates significantly with a poor prognosis, including renal, urothelial,
gastric, ovarian, esophageal, hepatocellular, &RIAC®L. PDL1 on tumor cells can be induced by

L C 4165 which is also expressed by T cells, creating a negative feedback mechanism due to the
attendance of T cells in the TME®S Furthermore, P21 on tumor cells can act as an
immunosuppressive receptor in order to mediate ampioptotic signals causing resistance to the
cytotoxicity of CD8+ T cells and fasdiated killing'®®. It was also demonstrated that AL could

LINE G SOG  dzy 2 NJ &St also éxpressiéh xfiingphodyteactivatitn'gene ILAGR), T-

cell immunoglobulin and mucidomain 3 TIM-3), T cell immunoreceptor with Ig and ITIdbmains

(TIGIY), andV-domain Ig suppressor of T cell activatiddSTAon T cells can mediate the immune
evasion of tumor cell®. Moreover, the attendance of immunosuppressive cell populations, including
Tregs, TAMs, and MDSCs suppress the immune response against tumor cells through secretion of
immunosuppressive cytokines (such aswli = ¢ DCi 03X -O&SovfAigakdy (EXCLI) /
expression of inhibitory enzymes (IDO and argirBser expression of emhibitory molecules (PD

L1 on APCs or CF4APD1, TIM3 and LAG on Tregs)®

Especially in PDAEgveralimmune escape mechanisms are crucial for disease progression. Several
studies identified a correlatiometweenPDL1 expression and poor survival of patiefit$®®16? but

43.7¢ 69.6 % oprimary PDAC tissues exhibit no or only lowlAExpressio’®!’ Furthermore, the

PDL1 expression observed in PDAC is predominantly detected on stromal cells and the location of
these cellds significantly associated with the presence of CD3, CD4, C>83Fand CD68 positive
cells?"®172 Of note, CD8+ T cells and macrophages were associated withl¥Rpressing areas in
cancer!” and most of these macrophages were CD163 positive in primary PDAC, indicating an anti
inflammatory phenotype*°5°¢5®which is also associated with poor prognosis and reduced patient

survival*85°174175 Eyrther, the low tumor mutational burden (TMB), especially in PDAC, is associated
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with the presentation of fewer antigens on MHC class | molecules resulting in impaired recognition as
foreign antigens and preventing T cells from activation and cytotoxXititiMoreover, cancer FOXP3
promotes PDAC immune evasion via recruitment of Tregs into PDAC ttifnbrg alsaCAR, promote

an immunosuppressive environmerd.g., via CXCL12 and-G&F secretion thereby recruiting
monocytes and promoting the accumulation of Malarized macrophage# a murine PDAC model,
PDAC celllerived sEY¥ covered with Ezrin were shown to foster a polarization towards an M2
phenotype and supporting metastasis formation in the Ii&%ein turn, M2-type TAMs in PDAC secrete
immunosuppressive cytokines likelQ, TGF, I.-6, PGE, CCL2, CClatid CCL20 and thereby inhibit

the immune response of CD8+ T cells and swattimflammatory response into calmne¥s

The interplay of tumor cells and the immune system is very complex, and tumor cells establish various
escape mechanisms to evade the immune response. In order to overcome the immune escape
mechanisms, different therapeutic approachieave beeninvestigated. Cancer vaccines containing
four key components, including tumor antigpeptides, formulations, immune adjuvants, and
delivery vehicleshave beendesigned to induce or amplify tumeapecific T cell response by active
immunization*””. Another therapeutic treatment is adoptive T cell therapy. Chimeric antigen receptor
(CAR) T cell therapy has shown potent-gaticer activity. The advantage of CAR T cell therapy is, that
tumor-specific proteins are recognized more effectively due te thdependent presentation of
antigens on MHE Thus, CAR T cells overcome defects in antigen presentation and processing
exploited by tumor cell$’® Therapies targeting immunosuppressive cells can unleash anticancer
immune responses, e.g., suppression of Tregs by monoclonal antibodies can stabilize cancer
disease™*. Further therapy options are immune checkpoint blockades and combination therapies.

These are discussed in more detail in the next section.

1.8.Immune checkpoint inhibition of PDand PEL1

Immune checkpoint inhibitiomas emergedas an effective strategyin the field ofimmunotherapy.
Monoclonal antibodies can significantly reduce solid tumor size, inhibit advanced tumors and
metastases, and enhance overall survival in patietifs Antibodies against CT#A (such as
Ipilimumab) could increase the 3@ar survival for patients with metastatic melanoma and were
approved by the Food and Drug Administration (FDA) in 2014° The application of antibodies
targeting the PEL/PDL1 axis has also shown advantages in suna¥aeveral malignancies by
increasing the response rates and diminishing side effects compared tedQfidadment*®. To date,

the FDA has approved six monoclonal antibodies which targgt #PDL1"° (Table3).
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Table3: FDAapproved PB1 and PBL1 targeting monoclonal antibodies for cancer immunotherapy.

Antibody (Tradename) Target Isotype Company

Cemiplimab (Libtayo) PD1 human 1gG4 Sanofi/Regeneron
Nivolumab (Opdivo) PD1 human 1gG4 BristotMyers Squibb
Pembrolizumab (Keytruda) | PD1 humanized IgG4 MerckMSD
Atezolizumab (Tecentriq) | PDL1 humanized IgG1 Genentech/Roche
Avelumab (Bavencio) PDL1 human IgG1 Merck/Pfizer

Durvalumab (Imfinzi) PDL1 human IgG1 Medimmune/Astra Zenece

FDA approved Cemiplimatwic in 2021 as firsline treatment in patients withnon-small cell lung
cancer(NSCL@hose tumors have high P expressiotf. Nivolumab and Pembrolizumab acquired

the permission for therapy of NSCLC, terminal melanoma, and renal cell é&négezolizumab was
approved by the FDA in 2022 for the treatment of unresectable or metastatic alveolar soft part
sarcoma?®, Avelumab in 2020 for maintenance treatment of urothelial carciné#andDurvalumab

was initially approved in 2017 for the treatment of stage Ill unresectable NSCLC and locally advanced
or metastatic urothelial cancé®®. Mono-therapeutic treatmentwith immune checkpoint inhibitors
showed benefits in several cancer entities, while in other malignancies, monotherapy failed so far.
Thus, promising clinical trials on combinational treatment approaeligssurgery, radiation therapy,
traditional chemotherapy, or ICI combinations that are used in-fingt or subsequent treatmerdre
ongoing®®®. In 2022,the FDA approvedurvalumab therapy in combination wittemcitabine or
Asplatin for patients with locally advanced or metastatic biliary tract cat¥éegkvelumab plugixitinib,

a tyrosine kinase inhibitor fdreatment ofrenal cell carcinomar Cemiplimabrwlc combination with
Patinum-based chemotherapy for NSClith no EGFRanaplastic lymphoma kinaser Proto-
oncogene tyrosingrotein kinaseROS1 aberrations in 2029". Alreadyin 2018 Atelizumabwas
approved in combinatiorwith BS @+ OA 1 dzY-MEBGF éménygclonal antibodypaclitaxel, and
Carboplatin for firstline treatment of metastatic nossquamous NSCLC patiets The ongoing phase

Ib clinical trial investigates the effect Nfivolumab and stereotactic radiosurgery in metastatic breast
cancer and brain metastasdSCT03807765).

Interfering this inhibitoryPD1/PDL1 axis by treatment withiICI monotherapy revolutionized the
therapeutic regimens for multiple cancer entitié$'%%, but so far failed in PDA®2'% although
considerable PIb1 expression levels in PDAC cell Ivsbeen reported in PDAE717¢ Therefore

numerous clinical trials are ongoing to investigate the beneficial impact of combinational therapies
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e.g., in PDACA randomized multicenter phase Ib/ll clinical trial study examines the efficacy of
combinational treatment of neoadjuvant chemoradiation therapy with Pembrolizumab in PDAC
patients (NCT02305186). An open label, single arm, multicenter clinical trial investigates the
combination of AZD0171 (a monoclonal antibody agdagtemia inhibitory factorand Durvalumab

as well as standardf-care chemotherapy in metastatic PDAC (NCT04999969).

Overall, ICI therapyharbor great potential for treatment of different cancer entities that were
beforehand endowed with poor prognoses. However, some patients do not show anticipated
responses. Thus, the consideration and identification of predictive biomarkers for |Chéatnust

be included. To date, the PILL expression and amplification, as well as a high TMB, microsatellite
instability, and CDS8 infiltration, are considered as primary predictive markers for ICI responsé‘rates
Moreover, combinational treatments of ICI with surgery, radiation therapy, traditional chemotherapy,

or ICI combinationmightreveal beneficial responses to cancer therapy.

In the present study, Pembrolizumab and Durvalumab were utilized to investigate the effects
blockingthe PD1/PD-L1 axis on the activityeffector phenotype and PDAC cell killing properties

CD8+ T cells in different microenvironmental conditions.
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1.9.Aim of the study

Cancer immunotheraphas emergedas an effective strategysince 2014 when immune checkpoint
inhibition of PB1 was approved for melanont&. Monoclonal antibodieagainst immune checkpoint
moleculescan significantly reduce solid tumor size, inhibit advanced tumors and metastases, and
enhance overall survival in patient$. Treatment withICl, e.g., targeting PDL or its receptor P,

have markedly improved the therapy of many cancers but so far failed in PBIACTAMs represent

one of the most abundant immune cell populations within the TME of PDAC being able to either
support or restrain tumor progression depending on their phenoty{& Although the phenotype

and frequency of macrophages are highly dynamic, TAMs in PDAC mostly exhibike M2
characteristics and are associated with jwonoral effects, including tumorigenesis,
immunosuppression, metastasis acceleration, and chemotherapeutic resistféé Of note, PDAC
derived TAMN exhibit properties of both M2and MZlike polarization and have been shown to
promote EMT, a process that fosters invasion of PDAC and premalignant pancreatic ductal epithelial
cells (PDES€) *". As EMT is also associated with the acquisition of a drug resistant phenotype and
immune evasive properties, TAMdre potent drivers of drug resistance as well as immune escape and
suppression at all stages of tumor developméfft Still, it is poorly understood whether RD:
expressing TABWwith different polarization phenotypes contribute to immune evasion of PDAC cells,

particularly when the latter themselves do not or only hardly exprest PD

Thus, toobtain further insight into PELI-mediated immune evasion during PDAC progression and the
reasons for antPDL1 treatment failure in this tumor entity, this study examirted PDL1 expression

and its spatial distributioras well as the as the stromal compositionprimary PDAC tissues and
corresponding liver metastases. Based on these findings and to mimic the dynamic TME comprising
different amounts and phenotypes of macrophages during PDAC progreistonext aim was to
establisha stromaenrichedspheroid model with two different PDAC cell lines and different ratios of
M1- or M2-like macrophages. Here, phenotype andPDexpression of macrophages and PDAC cells
as well as the PDAC killing activity of CD8+ T cells were examined. thiaddigt aim of the study was

to elucidate how these distinct stromal conditions impact treatmefiicacy ofiCl in monotherapy as

well asin combination with Gemcitabine.
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2.1.Chemicals and reagents

Compound

Material

Manufacturer

4-(2-hydroxyethyl}1-piperazireethansulfonc
acid(HEPES)

PanBiotech GmbH, Aidenbach, DE

Accutase solution

PanBiotech GmbH, Aidenbach, DE

Ammonium chloride (NkCI)

Merck Millipore,Billerica, USA

Bovine pituitary extract (BPE)

Life Technologie&arlsbad, USA

Bovineserum albumin (BSA)

Biomol, Hamburg, DE

CellTracé Violet Cell Proliferation Kit

ThermoFisher Scientific, Waltham, USA

CellTrackex Green CMFDA Dye

ThermoFisher Scientific, Waltham, USA

Dimethylsulfoxié (DMSO)

Sigma Aldrich via Merck, St. Louis, USA

Dulbecco’s Modified Eagle Medium (DMEM)

PanBiotech GmbH, Aidenbach, DE

Acetic acid 10 %

Merck Millipore,Billerica, USA

Ethanol

Merck Millipore,Billerica, USA

Bhylenediaminetetraacetatd EDTA)

Carl Roth GmbH, Karslruhe, DE

FcRblocking reagenthuman

BioLegendSan DiegdJSA

Fetal calf serun(FCS)

PanBiotech GmbH, Aidenbach, DE

FluoroGel

Electron Microscopy Science, Hatfield, UK

Hoechst

ThermoFisher Scientific, Waltham, USA

Keratinocyte serunfree medium

Life Technologies, Carlsbad, USA

L-Gutamine (LGIn)

Biochromvia Merck MilliporeBillerica, USA

Natriumchlorid

Carl Roth GmbH, Karslruhe, DE

Pancaoll, 1.077 g/l

PanBiotech GmbHAidenbach, DE

Paraformaldehyd (PFA) 4.0 %

Thermo Fisher Scientific, Waltham, USA

Penicillid Sreptomycin (Pen/Strep)

Biochromvia Merck MilliporeBillerica, USA

Phosphatebuffered saline (PBS) Dulbecco

Biochromvia Merck MilliporeBillerica, USA

Potassium hydrogen carbonate (KHEO

Merck Millipore,Billerica, USA

Propidium lodidgPI)

Sigma Aldrich via Merck, St. Louis, USA

Puromycin (10 mg/ml)

Invivo Gen, San Diego, IS
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Compound

Material

Manufacturer

Roswell Park Memori#hstitute (RPMI) 1640

Medium

Biochromvia Merck MilliporeBillerica, USA

Sodiumpyruvae

Biochromyvia Merck MilliporeBillerica, USA

Solution 555

Beckman CoulteBrea, USA

Tris(hydroxymethyl)aminometha&(Tris)

Carl Roth GmbH, Karslruhe, DE

TrypsinEDTA

Biowest,Nuaillé, FRA

2.2.Buffer

Density gradient &ounterflow centrifugation

Buffer

Formulation

Elutriation buffer

0,1 % (v/v) FCS
10 mM EDTA
in PBS

pH 7,4

Erythracytelyss kuffer

NHCI

10 M KHC®
0,21mM EDTA
in ddHO

Flowcytometry

Buffer

Formulation

CytoFast Fix perm solution

CytoFast perm wash solution 10X

Diluted to 1X using ddi@

Fixation solution

1% (viv) PFA
in MACSouffer

Magneticactivated cell sortingMACS buffer

0.5 % (w/v) BSA
2 mM EDTA

in PBS

pH 7,4

sterile-filtered and vacum-degassed

25



Material

2.3.Cell culture material

2.3.1. Cell lines

Cell line

Information

A8186

A818 cells were isolated from ascites of aygarold female with
differentiated PDAC in the head of pancrédsThe subclone A81¢
6 was obtained by limited dilution of original cell population,
highly differentiatedand harborkrasand p53mutations!®’. A818

6 cells were kindly providely H. Kalthoff (KieDB.

BxPc3

Moderately differentiated BxPc3 cells were isolated from -
primary tumor of a 6dyearold Caucasian female with PDARE®
These cells exhibit53 mutations butwildtype krasgene?®. BxPc3
cells wergpurchased fromAmerican Type Culture Collection (AT(
(Manassas, USA).

Colo357

Colo357 cells were isolatetbfn a lymph node metastasis of a-7
yearold woman with pancreaticadenosquamouscarcinoma.
Colo357 cells exhibit sindteasgene mutation (G12V) but wildtyp

p53and are moderately differentiatet?®2%

(H6c7eR<R) H6CKRAS

H6CZKRAS cells, originaing from human PDEE were
immortalized by retroviral infection containing E6/E7 genes
human papillomavirus 16. Further, HBKRAS cells harbor
retroviral vector containing a mutation of th&ras gene at
G12\91202 These cells were used as a premalignant human F
model, which only carries G12¥as gene mutation. HGGKRAS
cells were kindly provided bM.-S. Tsao (Ontario Cancer Institu

Toronto, Canada).

Pancl

Poorly differentiated Pancl cells were isolated from a prim
PDAC of a 5@earold Caucasian mal&®2%3 Pancl cells sho
driver mutations irkras p53, andp16genes®*2% Pancl cells wer

purchasedrom ATC@Manassas, USA)
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Panc89

Panc89 cells were isolated from a lymph node metastasistdf

yearold Caucasian mal&ith PDACThese cells have Q6Mras
mutation and Y220@53mutation 2°. Panc89 cellare moderately
differentiated % and kindly provided byK. Keiichi (Kyotc
Prefectural University of Medicine?).

PancTul

PancTul cells originate from a Caucasian female with PDAC.
cells contain G12Kras, p53andpl6mutations?°%2%4 PancTul cell
arepoorly differentiated®-?**and were kindly provided fror. v.

Bllow (University of MainQBb.

PT45 (PT45P1)

Poorly differentiated PT45 cells were derived from primary tur
of PDAC and harb&rasandp53mutations!®®2%4 They were kindly
provided byH. Kalthoff (KielDB.

2.3.2. Primary cells

Primary cell population

Information

Human Hymphocytes

Human T-lymphocytes were isolated from leucoeytetaining
systems of differenhealthyblood donors and selected for CD84
cells. The leucocyte retaining systems were provided by

Institute of Transfusion Medicine in Kiel.

Human macrophages

Human monocytes were isolated from leucogyétaining systems
of different blood donors and weri vitro polarized into M1 or
M2-like macrophages. The leucocyte retaining systems v

provided by thenstitute of Transfusion Medicine in Kiel.

The study project was approved byné Ethics committee of the Medical Faculty of Kiel University

(reference number: A110/9@nd D490/17). Written informed consent was obtained from &llood

donors.
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2.3.3. Cell culture media

Cell line/primary cells

Cell cultureroutine

Formulation ofmedium

Material

CD8+ T cells

RPMI 1640nedium

10 % (v/iv) FCS

20 mM HEPES

1 % (v/v) tGIn

1 % (v/v)Sodiumpyruvaie
1 % (v/v) Pen/Strep

H6CFKRAS

50 % (v/v) Keratinocyte serufree medium

50 % (v/iv) RPMI 1640
10 % (v/iv) FCS

1 % (v/v) tGIn

50 pg/ml BPE

5 ng/mlEpidermal Growth FactoEGF

4 pg/ml Puromycin

M1-like macrophages

RPMI 1640nedium
5% (v/v) FCS

1 % (v/v) tGIn

1 % (v/v) Pen/Strep

M2-like macrophages

RPMI 1640nedium
1% (viv) FCS

1 % (v/v) tGIn

1 % (v/v) Pen/Strep

PancTul, Pancl, Panc89,
A8188, BxPc3Colo357

RPMI 1640nedium

10 % (v/iv) FCS

1 % (v/v) tGIn

1 % (v/v)Sodiumpyruvaie

PF45

RPMI 1640nedium
5% (viv) FCS
1 % (v/v) tGIn
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Cell line/primary cells

Coculture

Formulation of medium

Material

All co-cultures

RPMI 1640/edium
10 % (v/v) FCS
20 mM HEPES

1 % (v/v) tGIn

1 % (v/v)Sodiumpyruvaie

1 % (v/v) Pen/Strep

2.3.4. Growth factors and cytokines

Compound

Final concentratiofing/ml|

Manufacturer

EGF, human recombinant

20

ThermoFisher Scientific, Waltham,

USA

GM-CSF, human cembinant

24

BioLegendSan Diego, USA

LCb+ X rekamnWihayt

10

BioLegendSan Diego, USA

IL-2, human reombinant

60

BioLegendSan Diego, USA

M-CSF, human cembinant

50

BioLegendSanDiego, USA

2.4 .Patientderived material

2.4.1. Ethics statement

The research projectontaining serial tissue section from primary tumors and liver metastases of PDAC

was approved by thdghics committee of the FriedricAlexander Universitat Erlangéfiirnberg

(reference number: 4607) anttie Ethics committee of the Medical Faculty of Kiel Univefsference

number: A110/99)Written informed consent was obtained from all patients.

2.4.2. Histopathology and study cohort

Four patients with primary tumor of PDAC and corresponding liver metastases were included in this

study cohort. Tissus from primary PDACumors were obtained either from one patient during

oncological surgery at the University Hospital Schlesdalgtein (UKSH) Campus Kiel and from 3
patients during oncological surgery at thailersityHospital ErlangenCorresponding liver metastases

tissues were acquired by excision (guetient) or resection. Tissue sections were sectioned, fixed in

29



Material

formalin, and embedded in paraffin. Tumor grade and stage were classified according to the 7th

edition of the UICC guidelines by boarettified surgical pathologists in the Institute of Pathology,

UKSH Campus Kief the Institute of Pathology at theiversityHospital ErlangerClinicpathological

data wereobtained from the hospital records &fKSH Kiel and University Hospital Erlangen. Before

study inclusion, lpatient data were pseudonymized

2.5.Molecular biological mterial

2.5.1. Antibodies

2.5.1.1. Antibodies formmunofluorescence staining (lIR)munohistochemistry

(IHC)cell culture (C@nd flowcytometry (FC)

Isotype controls

Target (Conjugate) Host Concentrationin pg/ml Manufacturer

(Aone) (Isotype)

Isotype AF647 Mouse 25 Biolegend, San Diego,
(MOPG173) (IlgG2a¥) USA

Isotype-APC Mouse 200 BioLegendSan Diegp

(MOPG21) (IgG1y) USA

IsotypeAPC Mouse 100 Biolegend San Diego,

(MPG11) (IgG2bf) USA

Isotype-FITC Mouse 500 BioLegendSan Diego,
(MOPG21) (IgG1f) USA

Isotype-PE Mouse 200 BioLegendSan Diego,
(MOPG21) (IgG1f) USA

Isotype-PE Mouse 200 BioLegendSan Diego,
(MOPGL173) (IgG2as) USA

Isotype-PE/Cy7 Mouse 200 BioLegendSan Diego,
(MOP&21) (IgG1Y) USA
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Material

Antibodies
Antibody Host Concentration in pg/ml Manufacturer
(Aone) (Isotype) (Dilution)
CD3 Mouse 32 Leica Biosystems,
(LN10) (IgG1) (IHC 1:100) Wetzlar, DE
CD3 (UltraLEAF) Mouse 1000 BioLegendSan Diego,
(OKT3) (lgG2af) (CC1:66667) USA
CD4APC Mouse 50 BioLegendSan Diego,
(RPAT4) (IgG1f) (FC1:25) USA
CDS8 Mouse 28.5 Leica Biosystems,
(4B11) (IgG2b) (IHC 1:100) Wetzlar, DE
CD8aFITC Mouse 200 BioLegendSan Diego,
(RPATS8) (IgG1f) (FC1:20) USA
CD14PE Mouse 200 BioLegendSanDiego,
(M5E2) (1gG2af © (FC1:20) USA
CD25APC Mouse 100 BioLegendSan Diego,
(BC96) (IgG1f) (FC1:20) USA
CD28 (UltraLEAF) Mouse 1000 BioLegend, San Diego,
(CD28.2) (IgG1f) (CC 1:6667) USA
CD68 Mouse 37 Leica Biosystems,
(514H12) (IgG2a) (IHC 1:100) Wetzlar, DE
CD8GAPC Mouse 200 BioLegendSan Diego,
(2D10) (IgG1s © (FC1:20) USA
CD163 Mouse 49 Leica Biosystems,
(10D6) (IgG1) (IHC 1:100) Wetzlar, DE
CD163FITC Mouse 400 BioLegendSan Diego,
(GHI/6)) (IgG1%) (FC1:20) USA
CD206eFITC Mouse 200 BioLegendSan Diego,
(152) (IgG1%) (FC1:20) USA
CD274PDL1) Rabbit 874 Cell signaling
(E1L3N) (19G) (IF 1:200 IHC 1:1009 Technologies, Danvers,

USA
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Material

Antibody Host Concentration in pg/ml Manufacturer
(Aone) (Isotype) (Dilution)
CD274PE/Cy7 Mouse 200 BioLegendSan Diego,
(MIH3) (l9G, %) (FC 1:p) USA
CD279APC Mouse 50 BioLegendSan Diego,
(EH12.2H7) (19G, ©) (CC1:10) USA
CD279PE Mouse 100 BioLegend, San Diego,
(EH12.2H7) (I9G, %) (CC 1:10) USA
CTLA-PerCP/Cy5.5 Mouse 100 BioLegend, San Diego,
(BNI3) (19Ga) (FC 1:20) USA
EpCAMAPC Mouse 12 BioLegend, San Diego,
(9c4) (19Gp) (FC1:20) USA
PanCK Mouse 200 NeoMarkersviaThermo
(AEL1/AE3) (19G) (IHC 1:200) Fisher Scientific,
Waltham, USA
h/i TCRFITC Mouse 400 BioLegendSan Diego,
(IP26) (l9G, %) (FC1:20) USA
h{al Mouse 50 NeoMarkersvia Thermo
(1A4) (19Gs ) (IHC 1:400) Fisher Scientific,
Waltham, USA
2.5.1.2. Blocking antibodies and Isotype controls
Antibody Host Concentration in pg/ml Manufacturer
(Aone) (Isotype) (Dilution)
IgG1 Human 5000 AstraZeneca
(1gG1) (CC: 1:500) Cambridge K
Durvalumab Human 5000 AstraZeneca
(IgG1f) (CC1:500) Cambridge KK
IgG4 Human 1000 Sigma Aldrich via Merck
(19G4f) (CC1:100) St.Louis, USA
Pembrolizumab Human 1000 Merck Sharp & Dohme,
(1gG4) (CC1:100) Kenilworth, USA
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2.6.Consumables

Consumable

Material

Manufacturer

0.1-10 pl, 16200 i, 1061000 ! pipette tips

Sarstedt, Nimbrecht, DE

1.25 ml, 50 ml Dispenser tips

Labsolute via Th. Geyer GmbH & K@,

Renningen, DE

1.5 ml, 20 ml Eppendorfubes

Sarstedt, Nimbrecht, DE

12-/24-/96-well plates flat-bottom

Sarstedt, Nimbrecht, DE

15 ml, 50 mtentrifuge tubes

Sarstedt, Nimbrecht, DE

18 mmcoverslips

Menzel, Braunschweig, DE

25 cn? cell culture flasks

Sarstedt, Numbrecht, DE

5 ml, 10 ml, 50 ml serological pipettes

Sarstedt, Niumbrecht, DE

75 cn? cell culture flasks

Sarstedt, Numbrecht, DE

96-well plate, V-bottom

Greiner BieOne GmbH, Frickenhausen, DE

Cell scraper25 cm

Sarstedt, Niumbrecht, DE

CryoPure tube, .0 ml, white

Sarstedt, Nimbrecht, DE

Eclipse Needle cannula, 30 gauche x 1/2

Becton Dickinson AG, Allschwill, CH

MACS LBolumns

Miltenyi Biotec GmbH, Bergisch Gladbach, DE

Micro-Touch nitrile exanmation gloves

Ansell GmbH, Minchen, DE

Parafilm Msealing film

Brand GmbH & Co. KG, Wertheim, DE

Salpel

Feather, Osaka, JPN

SuperFrost Plus object slide 76x26 mm

Menzel, Braunschweig, DE

Syringe, 1 ml

Becton Dickinson A®\|Ischwill, CH

Transfemipettes3.5 ml

Sarstedt, Numbrecht, DE

Ultra-low attachment(ULA)lates, 96well, U

bottom

faCellitate, Mannheim, DE

Vuelife Closed Culture System, 32 ml

SiudLaborbedarf, Gauting, DE
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2.7 Kit systems
Kit

Material

Manufacturer

Alexa Fluor 488 Tyramide SuperBoost Kit

Thermo Fisher Scientific, Waltham, USA

CD8+ T cell isolatidat, human

Miltenyi Biotec GmbH, Bergisch Gladbach, C

LEGENDplegustom humarpanel

BioLegendSan Diego, USA

M30 CytoDeath (PEVIVA®)

TECOmedical AG, Sissach, CH

MojoSorthuman CD14#monocytesisolationkit

BioLegendSan Diego, USA

peqGOLD Total RNA Kit

PeqLab, Erlangen, DE

PEVIVA M30 CytoDeath Kit

Diapharma, West Chester, USA

RevertAid First Strand cDNA Synthesis Kit

Thermo Fisher Scientific, Waltham, USA

2.8.Laboratory Devices

Incubators

Device

Manufacturer

BBD 6220 Clncubator

Thermo Fisher Scientific, Waltham, USA

HERA Cell 240 incubator

Thermo FisheBcientific, Waltham, USA

Measuring devices

Device

Manufacturer

BD FACSCalibilow cytometer

Beckton, Dickinson and Compafyanklin
LakesUSA

BD FACSymphony flow cytometer

Beckton, Dickinson and CompaRyanklin

LakesUSA

Infinite 200 Pramicroplate reader

Tecan Group, Mannedorf, CH

LightCycler 480 II

Roche, Basel, CH

MACSQuant X Flow cytometer

Miltenyi Biotec GmbH, Bergisch Gladbach, D

Neubauercounting chamber

Marienfeld Superior GmbH & Co. KG, Lauda
Kdnigshofen, DE

pH meter 7110

inoLab, Weilheim, DE
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Device

Material

Microscopes

Manufacturer

AE2000

Motic, Wetzlar, DE

Lionheart FX Automated Microscope

BioTek, Bad Friedrichshall, DE

NyOne

SYNENTEC, Elmshorn, DE

Device

Pipettes

Manufacturer

Finnpipette F1 @2 ¢ 2 pl

Thermo Fisher Scientific, Waltham, USA

Finnpipette F1 &, 10 pl

Thermo Fisher Scientific, Waltham, USA

Finnpipette F1 2, 20 pl

Thermo Fisher Scientific, Waltham, USA

Finnpipette F1 2@ 200 pl

Thermo Fisher Scientific, Waltham, USA

Finnpipette F1 10Q 1000 pl

Thermo Fisher Scientific, Waltham, USA

Finnpipette F1 multchannel 30; 300 pl

Thermo Fisher Scientific, Waltham, USA

PIPETBOY acu

Integra Biosciences, Fernwald, DE

Ripette Ritter, Schwabmiinchen, DE
Sterile benches
Device Manufacturer
HERA Safe Thermo Fisher Scientific, Waltham, USA

HERA Safe KS

Thermo Fisher Scientific, Waltham, USA

Device

Scales

Manufacturer

Precisa BJ 2100D

Precisa Gravimetrics AG, Dietikon, CH

Precisa XB120A

Precisa Gravimetrics ABietikon, CH
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Device

Material

Centrifuges

Manufacturer

Heraeus Fresco 17

Thermo Fisher Scientific, Waltham, USA

Heraeus Multifuge X1

Thermo Fisher Scientific, Waltham, USA

JE5.0 Elutriator Rotor

Beckmann Coulter GmbH, Krefeld, DE

Rotino 420 R

Hettich, Tuttlingen, DE

Sunlab Mini Centrifuges

Labdiscount GmbH, Mannheim, DE

Device

Other Devices

Manufacturer

ARPEGE 110, liquid nitrogen tank

Air Liguide GmbH, Dusseldorf, DE

BONDMAX Autostainer Leica Biosystems, Wetzlar, DE
Freeze(-20°C) Liebhert Ochsenhausen, DE
Fridge(4°C) Liebherr, Ochsenhausen, DE

HERAfreeze Basic freezéd((°C)

Thermo Fisher Scientific, Waltham, USA

Laboportvacuumpump

KNF Neuberger, Freiburg, DE

MACMultiStand

Miltenyi Biotec GmbH, Bergisch Gladbach, D

Masterflex L/S tubing pump

Cole Parmer Instruments, Novodirect GmbH,

Kehl/Rhein, DE

MILLIQ Reagent Water System

Merck Millipore, Billerica, US

NanoZoomer S60

Hamamatsyphotonics, Hamamatsu, JPN

PMS 1000i microplate shaker

Grant bio, Essex, UK

VORTEX Geniuy8rtex shaker

IKAWerke, Staufen, DE

Water bath

STORRRONIC, Stérk GmbH & GG,
Stuttgart, DE
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2.9.Software
Software

Material

Manufacturer

BD FACSDiva Software

Beckton Dickinson, Heidelberg, DE

FACSCalibur CellQuest Pro

BD Bioscience, San JoseAUS

FlowJo 1.1

FlowJo, LCC, Oregon,AJS

Genb5 Data Analysis Software

BioTek, Bad Friedrichshall, DE

GraphPad Prism 9.3.1

GraphPad Software, Boston, USA

LEGENDplex Data Analysis software v8

VigeneTech Inc., Carlisle,AJS

MACSQuantify Version 2.13.0.

Miltenyi Biotec GmbH, Bergisch Gladbach, DI

Microsoft Office 365

Microsoft Corporation, Redmond, BS

NDP.view?2

Hamamatsiphotonics, Hamamatsu, JPN
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Methods

3. Methods

3.1.Cell biological methods
3.1.1. Cultivation of humaPDE€andPDAC cells

Human PDECand PDAGells were cultured in 75 cheell culture flasks in 10 ml of their respective
medium(section2.3.3 to a cell confluence of 8090%. For further cultivation, cells were split at ratios

of 1:5 to 1:10 twice a week. To detach adherent cdlis, supernatant was discarded, 5 ml of pre
warmed Trypsin/EDTere added followed by incubation at 3T for 10- 15min. When the cell layer
was detached completelyhe proteolytic reaction was stopped by addingrb of their prewarmed
FC&ontainingmedium. Afterwards, cell suspension was transferred into a 50 ml tube and centrifuged
at 300xg for 5 min at room temperature (RT). Next, supernatant was aspirated and cell sediasent w
resuspended in 1fnl of its respective culture medium according to thespective dilution ratios.
Finally, cells were seeded in 75%eell culture flasks and cultured for maintenance, expansiol
experiments at 37C, 5 % GQand 86 % humidity.

3.1.2. Longterm storage of PDEC and PDAC cell lines and primary human
lymphocytes in liquid nitrogen
AllPDEC anBDAC cell lines as well as isolated human primary lymphocytes wertetomgtored in
liguid nitrogen. A cell number of 30x1mphocytes or a full cultivation flask BDEC oPDAC cell
lines per cryo tube ware used for longterm storage. First, cells were centrifuged at 300xg, 8 min at RT
and supernatant was discarded. Thereafter, cell sediment was resuspended in 1 ml FCS supplemented
with 10 % (v/v) DMSO. Nexhe cell suspension was transferredarcryotubes and stored at80 °C
for 24h. After one day, the cryotubes were transferred into an ARPEGE 110 tank filled with liquid

nitrogen

3.1.3. Thawing of frozen cells
Frozen cells were rapidly thawed by adding their respectivenaened culture medium (37C) into
the cryo tube. Already liquified cell suspension was placed in a 50 ml tube with 10 ml of fresh pre
warmed culture medium. FOPDEC an®DAC cell lines 10 ml of culture mediuvere used per
cryotube, for primary human lymphocytes 3 cryo tubes were diluted in 10 ml culture medium.
Afterward, diluted cell suspension was centrifuged at 200xg, 5 min at RT to remove dead cells. Cell

sediments ofPDEC an®DAC cell lines were resuspended in their respective culture medium and
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Methods

further cultivated (sectior8.1.1) and cell sediments of human lymphocytes were resuspended in cold

MACS buffer for following isolation of naive CD8+ T cells (sexfioi.

3.1.4. Cell counting

To ensuref seeding appropriate cell numbers in experiments, the cell count was manually determined
usinga Neubauer counting chamber. After resuspension of the cell suspension, 10 ul of cell suspension
were used to completely fill the counting chamber. Oigit-breakingcells in 2 opposing quadrants

were counted, their mean value was calculated and the chamber factor*efd9added. The vital cell

number was calculated by the following formula:

WéE 6 ¢ OGN G OQI Wé 6t ORI
T 7 7 N TN e~ Ze~ U ,TU -
wWEOoeioNAWI i aa

3.1.5. Isolation peripheral blood mononuclear cells (PBMC
Lymphocytes and monocytes were isolated from leukoreduction system chambers (LRSC) of healthy
blood donors. These donors gave their informed consent. The LRSC comprises leukocyte concentrate
composing numerous blood cell populations including lymphocytelsnaonocytes. For separation of
PBMCs from other blood components like erythrocytes, granulocytes and debris, a density gradient
centrifugation with pancoll was performed. For that purposeo 50 ml tubes were filled with 10 ml
of pancoll and slowly overlayed with 40 ml of leukocyte concentrate/PBS mixture (1:11) to generate
two separatephases. Next, the 50 ml tubes were centrifuged for 25 min, 350X¥gTatith slow
acceleration and without mechanical deceleration. After centrifugation, the upper PBS phase was
discarded and the two interphases containing PBMCs were collected in another 50 ml tube and filled
up with MACS buffer to 50 ml. Afterwards, the mipd was centrifuged for 8 min, 300xqg 4°C
followed by supernatant discard and resuspension in 10 ml erythrocyte lysis buffer for elimination of
remaining erythrocytes. The erythrocyte lysis buffer was incubated for 6 miRTah the dark,
subsequently filled up with elutriation buffer to 50 nalnd centrifuged at previous conditions. Next,
the cell sediment was resuspended in 50 ml elutriation buffer and counted. A cell number 8t&x10

1.2x10/50 ml was used for the following counterflow centrifugation (elutriation).

3.1.6. Counterflow centrifugation (elutriation)

Counterflow centrifugation was performed to separate lymphocytes from monocytes according to

their differential sedimentationpotential (Figure6). Forthis purpose, the tubing system and the
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Methods

elutriation chamber were washed with 70 % ethanol in gdHollowed by water and cold elutriation
buffer. The determined cell number of PBMCs was loaded into the system at 350hth?C. The

pumpingflowrate was started at 26 ml/min and the system was washed with 200 ml elutriation buffer.

Pressure
guage Elutriating centrifuge

Peristaltic

ump Y .
BEE Bubble

trap

p \\ Fraction
\collection

Reservoir - \

h—‘= Counter flow

L

Figure6: Schematic illustration of counterflow centrifugation (A) and principle of separation (BBMCs acquired from
density gradient centrifugation are loaded into the elutriation system. The different cell populations are separated accordin
to their different sedimentation potentials. The constant centrifugal force and the increasing countercfleated by the
peristaltic pump, separate different cell populatiot?

The first3 fractions of 50 ml cell suspension were saved at flowcdt26 ml/min. Then, the different
fractions were collected by increasing the flow rate in 2 ml/min steps until fracti@2 ml/min was
reached. Next, flow rate was enhanced by 1 ml/min steps until the last fraction of 43 ml/min was
acquired, the centrifugation was stopped, and the stop fraction was collected. The fractidos 26
34ml/min mostly contained lymphocytes, whereas fractions 35 to 40 ml/min comprised a
lymphocyte/monocytes mixture and fractions above 41 ml/min yielded monocytes. The purity of
fractions was determined by flow cytométranalysisviaforward/side scatter. Next, all fractions with

a higher purity than 85 % were centrifuged for 8 min, 20@xgl 4°C to remove dead cells amere
washed with PBSThe lymphocyteenriched cell sediments were prepared for lelegm storage in
liquid nitrogen (sectior8.1.2. The monocyteenriched fractions above 85 % were used for following

macrophage polarizatiosection3.1.10.
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3.1.7. Isolation of primary human CD8+ T cells

After counterflow centrifugation, frozen lymphocytes were thawsedtion3.1.3 andthe cell number

was determined, including dead cells to load a proper cell number to the LD columns in the following
step. For the isolation of human CBB8 cells the MACS isolation kit fravtiltenyi was usedfollowing
Y2RAFASR Yl ydzFlF OGdzZNBNR&a AyadNHzOlGA2ya 6AGK NBRdAzO
extended incubation times (1:ld). The advantage of negatilyeisolated cells is that the cell
population to be isolated stayed unaffected whereas all other cell populations remained in the
magnetic column due to antibody and bead binding. Cold and degassed MACS buffer was used for
CD8+ T cell isolation and equilibeen of columns was performelly preventing air bubbles in the
system ensuring an optimal isolationhawedlymphocytes, whose total cell number was previously
determined, were centrifuged at 300xg fom@n and 4°C. Cell sediment was resuspended in MACS
buffer resulting in a concentration of 1@ells per 40 ul MAC buffer. Subsequently, 5 pl of bietin
antibody cocktail per 1ells vwere added and incubated for 8 min at°€. Afterwards, 30 ul MACS
buffer and 10 pl of MicroBead cocktail per’télls were added, mixed thoroughly without forming air
bubbles and incubated for 15 min at4C. During this incubation, MACS LD columns were equilibrated.
For this purpose, LD columns were placed in a MACS MultiStand and 5 ml of MACSdraféeided

to ensure eqilibration of all LD columns. After MicroBeamtktail incubation, suspension was added
evenly to the equilibrated columns. In order to collect the isolated CD8+ T cells, new 50 ml tubes filled
with 5 ml of fresh MACS buffer were placed under the columns. After cell suspérsientered the

LD columns, additional 5 ml of MACS buffer were added to the columns to isolate all unbound CD8+ T
cells. Finally, all isolated CD8+ T cells were potied;ell number of living cells was determined and
used for futher activationculture (section3.1.8. The purityof the isolated cells was checked by
AYYdzy 2 Ft d2NBAOSYyO0S adlAyAy3a 27F ,and measureddof & floMB O S LI
cytometer (sectior8.2.1.7).

3.1.8. Activation and cultivation of primary human CD8+ T cells
The activation oprimary humanCD8¢ OSt f & ¢l & O2y RdzO( SR -CH3an&k | LJdz
a4 2 f dz&b2B tafgeting antibody to create an artificial but physiologikal situation of T cell
activation resulting in T cell proliferation and cytokine productf®h For this purpose, a 24ell
polystyrene plate was incubated for2h at87 @A G K HnAan CD3 adtibodymimdRBS to I k Y §
allow a proper bindingf the antibodiesto the polystyrene surface of the plate. After 2 h, unbound

antibody was discarded and all wells were washed twice with PBS. Thenl.B.X 16 CD8+ T cells
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GSNB Odz#f GADIGSR Ay ™ Y ¢ /-@GD29.d6tiNddwaSd 60 my/miAREd (G A 2 VI f
added to the medim and cultured for 3 to 4 days at 3T, 36 CQ and 86% humidity.

3.1.9. Negative isolation of CD14+ primary human monocytes
For all 3D experimest where a lower cell number of macrophages was needed, a negative isolation
of CD14+ monocytes was performedusinga human CD14+ monocytes isolationfkidm Biolegend
according taa modified protocol othe manufacturer. All following information refeto a cell number
of 10’ cells. Briefly, PBMCs were resuspended in 100 pl MACS buffBrullFc receptor blocking
solution were added and incubated for 15 min at RT. Next, 2.5 pl of Batitbody cocktail wre
added and incubated at 4C for 25 min. Afterwards, Streptavidin nanobeads were resuspended by
vortexing and 2.5 pul were added to the celhtibody solution ad incubated again for 25 min at’€.
Then, ell-antibody suspension was filled up to 4 ml with MACS buffer and centrifuged for 5 min at
300xg at 4#°C.The sipernatant was discardednd cell sedimentvasresuspended in 2.5 ml MACS
buffer. The4 ml tube was insertedhto the magnet and negative selection was performed for 10 min.
Afterwards,the remaining solution containing monocytes was collected in a fresh 50 ml thm.
remaining cells were washed wittb2ml MACS buffer and again inserted ithle magnet for 10min.
Finally,the monocyte solution was collected in 50,rahd puritymeasuring theforward scatter/side

scatter FSC/S3®y aflow cytometerwas performed

3.1.10. Polarization and cultivation of primary human macrophages
Macrophages can arise as grdlammatory M2 or antiinflammatory M2macrophages. Fadn vitro
experiments, polarization of isolated monocyteg¢tiors 3.1.6 into M1- and M2-like macrophages

was performed by stimulation with GI@SF and MCSFrespectively.

Counter flow fractionsvith a purityover 85 % were resuspended in M2 madi collected in one 50l

tube, and counted. For all 2D experimantl5x16 monocytes were transferred into a 50 ml tube.
Afterwards, the cell suspension was filled up to 27 ml with either M1 medium or M2 medium, and
either 2.4 ng/ml GMCSF or 50 ng/ml M Skvereadded. Then, monocytes were transferred in VueLife
culture bags and cultivated for 6 to 7 days af87 3% CQ and 86% humidity. To isolate macrophages
after their polarization culture, the VuelLife bags were kept on ice for 30 macrophages were
carefully detached by mechanical actj@amdthe cell suspension was transferred into 50 ml tubes. To
ensure that most of the macrophagesre detachal from the bagsthe cultivation bags were rinsed

with 20 ml of prewarmed PBS. Then, cells were centrifuged at 300xg for 8 min at RT and cell sediments
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were resuspended in the respective culture medium. Next, the cell numbedetasmined (section

3.1.4) to obtain the required cell numbers for further experiments.

If the purity of monocyte fractions was too low, an intermediate step performedto ensurea higher
purity. In this case, the monocyte fractions were pooled, coungedl seeded in 10 cm petri dishes
overnight. The seeded cell number was depemidon the purity of monocytes so that a final cell
number of 10x1® monocytes were allowed to adhet® the petri dish surfaceThe nextday, the
supernatant was discarded and the cells were rinsed with warr§ ®Beliminate remaining
lymphocytes. Afterward, mongtes were detached with 5 ml accutase for 15 min af@7scratched
from the petri dish surface, filled up with 5 ml M2 mediwand centrifuged at 300xg, 8 min Rl The

cell sediment was resuspended in M2 medium #melcell number was determined.

The polarization of monocytes into Mand M2like macrophages for all 3D experiments was done in
12-well plates for 6 to 7 days at 3T, 5 % CQand 86 % humidity. For this purpose, 2kfibnocytes
were seeded per Xvell and stimulated either with 2.4 ng/ml GEISF for Mdike macrophage

polarization or 50 ng/ml MCSF for M2ike macrophage polarization.

3.1.11. CD8+ T cell kinetic during and after activation culture
1.3¢18x16/ 5y b ¢ OStfta ¢SNBE OdAf G-dABEBD2B aftibedies aadAt LI | (
wereadded for T cebictivation (sectior8.1.8). Every day during activation culture, supernatants were
collected and two wells of CD8+ T cells were washed twice with 1 ml PBS and centrifuged and00xg
RT for 8 min to remove activation stimuli. Thémmunofluorescence stainin¢section3.2.1.7) was
conducted. After 4 days of activation culture, remaining CD8+ T cells were also washed twice with PBS
andre-seeded in 24 well platesn(the absence oftimuli) until day 7 aftestart of activation culture
Again, during the entire culturing period cellculture supernatarg were daily collected and

immunofluorescence stainingasperformed.

3.1.12. Mono- and coculture 2D experimental settings

3.1.12.1. Durvalumab préreatment of CD8+ T ceits2D

For 2D Durvalumab preeatment experiments, the following steps weperformed Eigure7):
Day 0:CD8& T cell isolation and activation of T cellsre/performed.

Day3: Restimulation of CD8+ T cells witk2IL
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Day 4:CD8+ T cells were momultured in 12well plates for 72 h. Additionally, either IgG1l or

Durvalumab was applietd the CD8+ T cell culture.

Day 7:Characterization opre-treated CD& T cells was performed by immunofluorescence staining
for flow cytometric analysig:urther,CD8+ T cells weresed for following PDA@ability assaysection
3.1.12.9)atday 7.
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Figure7: Experimental setting oDurvalumab pretreatment of CD8+ T celléluman CD8+ T cells were isolated out of human
feyLKz20eidSa FyR | OGA@F (SR ,@ndH-2 for/4 Bags. Onydaly B A ¥d3 applied ageinuMorol Y (1 A 6 2 R ¢
culture of CD8+ T cells and treatment with either IgG1 or Durvalumab (10 pg/ml) were performed on day 4 for 72 h. Finally,
immunofluorescence staining of activation markers and1PPDL1, and CD80 on CD8+ T cells was conducted on day 7.
Additionally, CD8+ T cells were used for following PDAC viability assay.

3.1.12.2. Durvalumab treatment in direct -@ulture of CD8+ T cells and PREC
2D
For 2D Durvalumab treatment in direct-calture of CD8+ T cells and PDEC experiments, the following

steps were perforrad (Figure8):
Day 0:CD8& T cell isolation and activation of T cells was performed.

Day 3: Restimulation of CD8+ T cells with2ILPDEC were labeled with CellTrackgezen (section
3.1.19 and seeded in 9@ell plates (5x16cells per 96 well).

Day 4.CD8+ T celidx1C cells per 96 wellwere cocultured with CellTracker green labeled PDEC for
24 h. Additionally, either IgG1 or Durvalumab was apgbettie co-culture.
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Day 5:PDEC viability assay was performgelcfion3.1.12.9.
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Figure8: Experimental setting oDurvalumab treatment in direct ceculture of CD8+ T cells and P3EQ@uman CD8+ T cells
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Finally fluorescence confluerecanalysis was assessed RIEECviability assay.
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3.1.12.3. Mono- and ceculture of macrophages and CD8+ T aelkdD

For2D mono- and coeculture experiments, polarized Mbr M2-like macrophages and pi&ctivated

CD8+ T cells were seeded in&&ll plates.Culture occurred according to the following schedule

(Figure9).

Day 0:Macrophages were isolated and polarized for 7 days.

Day 3:CD8& T cell isolation and activation of T cells was performed.

Day 6:Restimulation of CD8+ T cells witk2IL

Day 7:M1- and M2like macrophages werdetachedfrom polarization cultures andeeded (1x19
cells per well). After 3 h when macrophadesd attached to the plate surface, practivated CD8+ T
cells (1x10cells) were cecultured with macrophages in TCM parallel, macrophages and CD8+ T

cells were culturd in mono-culture under identical condition§.o maintain the polarization of morno
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and cocultured macrophages, either GESF or MCSF was added. Monand cocultures of

macrophages and CD8+ T cells were conducted for 48 h.

Day 9:Characterization of CB8TI cells and macrophages was performed by immunofluorescence
stainingfor flow cytometric analysis. Mon@r co-cultured CD8+ T cells were also used for following
PDAC viability assay (secti®i.12.4 at day 9.
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Figure9: Experimental settingof CD8+ T cells and Mar M2-like macrophageco-cultures. Isolated human monocytes were
polarized for 7 days into Mbr M2-like macrophages by stimulation with Granulocjleacrophage Colony Stimulating Factor
(GM-CSF) or Macrophage Colony Stimulating Facte€@%). Human CD8+ T cells were isolated out of hiyrmghocytes
FYR FOGAGFGSR @Al h/ 5andIL2yoil 4dayg.ROd day 6-Ivias applidd Wgailo the RaellsMono-
and cocultures of CD8+ T cells and Mir M2-like macrophages were performed on day 7 for additiof@lh Finally,
Immunofluorescence staining of activation markers andlPPDL1 and CD80 on CD8+ T cells as watldarization status
of macrophages was conducted on day 9. Additionally, after 48 h rameo-culture with different macrophage<D8+ T
cells were used for following PDAi@bility assay.

3.1.12.4. PDEC viability assay2D
Preactivated CD8+ T cells (either greltured with macrophages for 48 h, pteeated with IgGL or
Durvalumab, or directly after-day activation culture and additional I§@r Durvalumab treatment)
and CellTracker green labeled H&¢RAS and PancTedlls éection3.1.14 wereco-cultured to asses
PLEC viability based on fluorescence confluemanalysis. Monecultured PIECs werecultured as a

controlin parallel All aultures were conducte@ccording to the followingchedule Figurel0):

Day 0:CellTracker green labeling of EIB and seeding i®6-well plate (5x10 cells perd6-well).
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Day 1:PDE€were cultured alone (mono) or together with CB8cells(1x1® CD8+ T cells per well)

and PIECfluorescenceonfluen@ was measured at timepoint O h.

Day 2:CD8+ T cells were discarded andEBDwere washed with PBS. Thethe fluorescence

confluene of PCEC was measured at timepoint 24 h.
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FigurelO: Schematic illustration of 2IPDEC viabilitpssay H6c#KRAS or PancTul cells were labeled with CellTracker green
and seeded in 94vell plates to adherdo the plate bottom. After 24 h, coulture with CD8+ T cellwas started and
fluorescence confluereewas measured at timepoint 0 RDEC viability was assessdigr 1)CD8+ T cefire-treatment with

either IgQ or Durvalumatfor 3 days?) IgGL or Durvalumab treatment during direct ewlture of preactivated CD8+ T cells
and PDES or 3)pre-culture of CD8+ T cells with both macrophage populati@msday 2, CD8+ T cells were discarde®3D
werewashed and fluorescence confluenwasdeterminedat timepoint 24 h.

In order to evaluate the FiCviability, the ratio of confluen@ of timepoint O h and 24 h was calculated
for respective ceculture or treatment conditions. Next, these ratios were normalized t&PBone
cultured samples to visualizpecificallyeffects of cecultures or treatment. Further, when treatment
was applied, the normalized confluencatio was normalized to respective Iy@ontrol ratios to
picture only effects of specific treatment. Ratios >1 refliecreased PDEC viabilitywhile ratios <1

indicate decreased PDEC viability
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3.1.13. Mono- and coculture 3D experimental settings

3.1.13.1. Caoculture of PDAC spheroids and macrophages
PDAC cell lines and macrophages were detached as deschibgelctions3.1.1and 3.1.1Q Thecell

sediments were resuspended in TCM and the cell number was determined.

The following spheroid seeding was performed inv@§l ultralow attachment(ULA)plates. For
spheroid seedinga final cell number of 2xXGells per well was used. To generate mandtured
spheroids, 2x1DPDAQells were seeded. The PDAC/macrophage ratio 1:1 consisted df RRET

cells and 1x1®macrophages, whereas the ratio 3:1 comprise8x10¢* PDACcells and ®x10*
macrophages. All different culture conditions were seeded at the same timepoint in 150 pl TCM and

incubated for 24 h or 72 h at 3T, 36 CQ and 86% humidity to allow spheroid formation.

To characterizethe localization of cell populations anthe PDL1 staus of tumor cells and
macrophages as well as macrophage polarization in spheretdilbare, the following experimental

approach was conducte@Figurell):
Day 0:Monocyteswere isolated and polarizeidto M1- or M2-like macrophagetor 7 days.
Day 7:Seeding of monoor co-cultured PDAGpheroids was conducted.

Day10: Characterization of macrophage polarization andlRtaus of macrophages anBDACells

was performed via immunofluorescence staining and measurealifloyv cytometer.
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Figure 11: Schematic illustration of 3D coulture setting with PDAQells and M1 or M2-like macrophageslsolated
monocytes were polarized fatdays into Mt or M2-like macrophages by stimulation with Granulociacrophage Colony
Stimulating Factor (GMCSF) or Macrophage Colony Stimulating Facte€8W%). Seedirg polarized macrophages and PDAC
cellsin different cell ratioswas performed in ultrdow attachment plates on day 7. To analyze the localization of cell
populations, PDACells were labeled with CellTracker green and macrophages with CellTrace violet. To eR&rhihe
expression byflow cytometry, unlabeled cells were used. Aftgidays of spheroid formation and cultivation, analysis of
localization, PEL1 staus, and macrophage polarization was conducted.
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3.1.13.2. Caculture of PDAC spheroids, macrophages and CD8+ T cells in the
absence or presence of additional treatment

For the analysis oPDACcell deathand CD8+ T cell activation stage and effector phenqgtyipe

experimental setup was conductesfollowed (Figurel?):

Day 0:Monocyteswere isolated and polarizeidto M1- or M2-like macrophagetor 7 days.
Day 6:Isolation and activation aED8+T cells were performed.

Day 7:Seeding of monoor co-cultured PDAC macrophagpheroids was conducted.
Day 8:Treatment with 10 pg/mGemcitabineor spheroids were left untreated.

Day 9:Medium was changedndCD8& T cells were addealt a 1:10 target cell/effector cell raticither
treatment with 10 pg/ml Durvalumab or Pembrolizumab or their respective isotype control was

startedor spheroid cultures were left untreated

Day 10:Collection of supernatants and characterization of €D8cells via immunofluorescence

stainingandflow cytometry analysis was performed.
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Figure12: Schematic illustration of 3D coulture experiments comprising PDAglls M1- or M2-like macrophages, and
CD8+ T celldsolated monocytes were polarized into Mdr M2-macrophages fov days. Aftei6 days, separated and frozen
lymphocytes were used for magnesictivated cell sorting to isolate CD8+ T cells. CD8+ T cells were activatedigtion
with h-CD3antibodyz -CD28antibody, and IE2 for 3 days. On day 7, the start of monor co-culture spheroid formation
was conducted with Mdor M2-like macrophages and PDAEIIs One day later, either treatment with Gemcitabif&0
pg/ml) was started, or spheroids remained untreated for 24 h. On day 9, the medium was changed, and activated CD8+ T
cellswere added or spheroids were cultured in the absence of CD8+ T Adlitionally,some experiments included
treatment with immune checkpoint inhibitor Durvalumab or Pembrolizumab or their respective IgG isotype contdaig9
for 24 h. Orday 1Q supernatanswere collected following epithelial cell éh analysigsnd cytotoxic molecule examination.
Furthermore, CD8+ T cells wesmalyzedconcerning their activation stage and expression of-1P&nd PDL1 by
immunofluorescence staining and flow cytometanalysis
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3.1.14. Cell tracking via fluorescent probes
In order toassesshe PDEC viability in 2€ultures (sectiorB.1.12.4 and to discriminate different cell
populations in 3D ceultures (sectior8.1.13.), two fluorescent dyes were used to specifically label
different cell populations. PBXs were labeled with the fluorescent dye -5
Chlormethylfluoresceindiacetat (CellTacReGreen CMFDA) in 2D as well as 3D culture experiments
whereas macrophages in 3D cultures were labeled by Cellre@set Briefly,the respective number
of cellswascentrifuged at 300xg and RT fonbn. Afterwards, supernatants were discardedd eIl
sediments were resuspended tine staining solutiorwith the diluted dyeand incubated at indicated
temperature and time Table4). If necessary, the staining reaction was quenched with respective
medium. Next, cells were centrifuged again at 300xg, RT fin5and subsequently counted and
seeded. The evaluation of fluorescent confluemand visualization of different cell populations was

conducted by dionheart FX Automated Microscope.

Table4: Staining requirements for fluorescent dyes CellTrackerTM Green CMFDA and CellTraceTM Violet

Tracker/Tracer | Cell Cell Dilution | Dilution | Label Quench with
population number vehicle | conditions medium

CellTrackeM PDEC 5x1G/ml | 1:2000 | FCSree | 30 min, 37°C| no

Green CMFDA medium

CellTracé&" macrophages 2x1®/ml | 1:2000 | PBS 20 min, 37°C | 5X  staining

Violet volume

3.2.Immunobiological methods
3.2.1. Immunofluorescence staining

3.2.1.1. Flow cytometry
The immunofluorescence staining was performed to stilyexpression otell surfacanoleculeson
different cell populations. In the beginning, cells wemunted (section3.1.4), and 15 ¢ 2x1C cells
were used for staining@except 3D experiments where all cells were usddhen, cells were washed
with PBS and blocked with®2pl FcR and 25 ul MACS buffer. All following steps were conducted on
ice. After FcR blocking, the cells were centrifuged inbmttom plate at300xg, 4 °C for 8 miThe
supernatant was discarded, and the cell sediment was resuspended in 25 pul of fluorescéinkege
antibody staining solution. The staining solution was incubated for 30 min. Next, 175 ul MACS buffer
were added and the plate was cerftiged again to discard the staining solution. The cell sediment

wereresuspended in 200 ul MACS buffer and centrifuged. As a last step, the cell sedimexfixed
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in 150ul 1 % PFA in MACS buffer. The measurement was conducted by a MACSQuant X and analyzed
by FlowJo software.

3.2.1.2. Immunofluorescence staining for -BD on coveslipseeded
macrophages

To visualize PD1 expression on macrophages, thliexa Fluor 488 Tyramide SuperBoosi(Rilermo
Fisher Scientiflgg & dza SR F OO0O2NRAY 3 (G2 (GKS YI ydzF I ‘Qi-dzNENDa
like or M2like macrophages were seeded on 18 mm coverslips+velPflat bottom plates. After 3 h
of attachment, either activated CD8+ T cells (£xd€& 12well) were added or macrophages were
further mono-cultured for 48 h. Moneor co-cultures with M1like macrophagewere stimulated with
GM-CSF and cultes with M2like macrophagewith M-CSF for the culturing period. After 48 h, CD8+
T cells were discarded and macrophagese washed twice with PBS to eliminate remaining CD8+ T
cells. Next, cells were fixed with 4Pk Asolution for 10 min and washed trice with PBS for 5 min. Then,
macrophages were incubated with 3 % Hydrogen Peroxide Solution (Compound C2) for 1 h at RT in a
humidified chamber. Afterwards, coverslips were rinsed trice with PBS and incubatioh-veitiit-
PDL1 antibody (clone E1L3N, Ghithnaling) diluted 1:200 in 1 % BBBS was performed overnight in
a humidified chamber. Next, the cells were washed again trice with PBSrfior &d incubated with
goat antirabbit polyHRPconjugated secondary antibody (CompouBdfor 1h at RT in a humidified
chamber. Subsequently, cells were washed again trice with PBS for, &ndimuclei staining with
Hoechst (1:500 in PBS) was performed for 30 min at RT in a humidified chamber. Afterwards, coverslips
were washed agaithree times with PBS for Biin, and Tyramide solution was addedfter 10 min in
the dark, reaction was stopped by aspiratitng Tyramide solution and adding an equal amount of
Reaction Stop Reagent to the coverslips. Then, cells were washedhagaitimes with PBS and once
with ddHO. Finally, coverslips were sealed upsildevn in a drop of Fluoro Gel onto an object slide
with clear nail polish. The dried and sealed object slides were stored at 4 °C ahd PD

immunofluorescence staining was detected by a Lionheart FX Automated kFbpes

3.2.1.3. Propidium lodide (PI) staining
To test the cell viability of 3D cultured BD, a Pstaining was performed as Pl intercalate into nucleic
acids and display red fluorescence onlydaad cells without intact plasma membrané®. The cell
culture medium of PEC spheroidsvas discardegthe PI staining solution (1:400 dilution in TCM) was
added to spheroids and incubated for 1.5 h to allow Pl to penetila¢espheroids.Afterwards, Pl
staining ofspheroids were examined by a Lionheart FX Automated Microscope.
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3.2.2. Immunohistochemistry
Immunohistochemical (IHC) stainings of whole mount serial sections from primary tumor and
corresponding liver metastases d¢fPDAC patients were kindly performed by Sandra Kriger and
Steffen Heckl by an autostainer BAMRX System in the Institute of Pathology at the UKSH in Kiel.
Stained tissue sections were scanned using a Hamamatsu NanoZoomer 2.0 RS scanner at 400 times
magnification and viewed with NDP.view2 softwaféne research was approved by thkhics
committee of the FriedrictAlexander Univertit ErlangeANUrnberg (reference number: 460@nhd
the Ethics committee of the Medical Faculty of Kiel University (reference number: A110/68%n

consent was obtained from all patients

3.2.2.1. IHC single staining
For single IHC staininghe following antibodies were used: PanCK (clone: AE1/NEBMarkers via
Thermo Fisher Scientifid®PDL1 (clone: E1L3ICell SignalingCD68 (clone: 514H1Peica Biosystemns
CD163 (clone: 10D&eica BiosystemsCD3 (cloneLN1Q Leica Biosysteisand CD8 (clone: C8144B

Leica Biosystems

3.2.2.2. IHC double staining
Further, immunohistochemical double stainings of liver metastases werformed The first step
involved the staining of RD1 (clone: E1L3NCell SignalingAntigen retrieval was achieved with ER2
(EDTAbuffer Bond pH 9.0; 20 minutes). The antigen retrieval step was modified for tthé Biaining
of those slides, which were to be combined with an algh#@oth muscle actiraSMA)(clone: 1A4,
NeoMarkers via Thermo Fisher Scientifstaining in the second step: In those cases;LRD
visualizationwas enhancedn relation to themore intenseaSMA signal by prolonging ER2 antigen
retrieval to 30 minutes. The immunoreaction was visualized with the Btdlymer Refine Detection
Kit resulting in a browgolor. The second step involved the staining of eith8MA, CD68, or PanCK.
Antigen retrieval was carried out with ER1 (citrate buffer Bond pH 6.0; 20 minutaSKMA), or ER2
(EDTAbuffer Bond pH 9.0; 20 minutes for CD68). The immunoreaction was visualized with th&"BOND

Polymer Refine Red Detection Kit resulting in a red color.
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3.2.2.3. IHC evaluation
Analyses of the single IHC stainings were performed in two steps. To analyze the cellular and
histoanatomical distribution of different stained markers, an overall evaluation of the tissue sections
was performed first: the entire tissue section was screenat low magnification(10-fold
magnification) and the predominant distribution of immunopositive cells (tumor center and/or
invasion front of primary tumor or liver metastases) was documented. In order to investigate more
precisely the distribution and équency of staininglO representative fields of view (FoV) at the
invasion front and tumor center of the primary tumor or metastasis were investigated. All tissue
sections were studied with regard to the predominant areas of stained cells aoRD@hagnification
(FoV: 0.48x@5 mm), except those stained for D which were analyzed at 486ld magnification
(FoV: 0.42x0.24 mm). Every tissue section was assessed by their predominant localization of
immunopositive cells (at the invasion front, tumor/metasis centeror evenly distributed between
invasion front and tumor center). For staining evaluation, a scoring system was established which rates
the percentage of immunopositive cells in the FoV. The scoring system for tissue sections stained for
PDL1 and CD8 gradeFoV into 0 % (negativel], % and > 1% cells stained, whereas FoV in tissue
sections stained for CD163 and CD68 were scored a3{i0%5, 1150 % and >50 % cells stained. The
PDL1 staining intensity was graded as none, low and highe&cdn tissue section, areas with the
highest frequency of immunopositive cells were documented to evaluate the main localization of cells

stained for the respective markers within the tumor tissue.

3.2.3. Multiplex analysis of cell culture supernatants
LEGENDplex Human CD8/NK, mix and match panel from Biolegend, was used to determine different
human cytotoxic molecules and cytokines (Granzyme A, Granzyferfrin, Granulysin, IFNO A Y
the supernatans of CD8+ T cell mor@nd co-culture with PDAC spheroidg 2 f t 2 6 Ay 3 Y I ydzF I C
instructions. The supernatants were centrifuged at 15000xg and 4 °C for 8 min to remove cell debris
and stored at-80°C. Prior to assay procedure, all reagents werevpmemed to RT, theébead
containingvials were vortexed for 1 min and the 20X wash buffer was diluted with,GldFhe
lyophilized standard was solved in 250 pl assay buffer and aetidl dilution of the standardvas
performed with assay buffer. Overall, 7 different standard concentrations were prepared containing
standard stock (C7), 1:4 dilution (C6), 1:16 dilution (C5), 1:64 dilution (C4), 1:256 dilution (C3), 1:1024
dilution (C2) and 1:4096 dilution (C1). Asbaffer (C0O) was used adlank sample. Next, 62.5 ul assay
buffer were added intoa 96-well \tbottom plate and either 1% pl of standard solutions or

supernatants were includeih the respective wells. Then, the beads were again vortexed for 30 sec
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and 12.5 ul of bead solutiowere added. The plate was sealed with a plate sealer, covered with
aluminum foil to protect from lightand incubated on a shaker at 800 rpm and RT for 2 h. Afterwards,
the plate was centrifuged at 250xg at RT for 5 min to allow sedimentation oflbeatd analytes. The
supernatants were immediately discarded after centrifugation by one continuous andfdbrce
movement. Thereafter, the wells were washed by adding esglispending200pul of wash buffer,
followed by centrifugatiorat the same conditiorpreviouslymentioned and supernatant discard. Then,
12.5 pl of detection antibody cocktail were added and the plate was sealed and foiled again for the
following incubation on the plate shaker at 800 rpm and RT for 1 h. Afterwards, 12.59H &dcktail

were added directly to each well and the plate was incubated as mentiduedaole for 30 min. Then,

all wells were washed twice with wash buffer and after the last centrifugation step, all standard wells
were resuspended in 150 pl wabhffer while all supernatant wells were diluted in fDwash buffer.

Data acquisition was carried out with a BD FACSymphony flow cytometer (Beckton Dickinson), and the
evaluation was conducted with the LEGENDlata analysis software v8 according teetphrovided

manual.

3.2.4. M30 CytoDeath
To specifically analyze cell death of PDAC cells, the M30 CytoDeath ELISA was used. The procedure is

based on the accumulation of caspadeavedKeratin 18 (ccK18)n supernatantswhich is only
released by apoptotic epithelialarcinomacells.Shortly, 25 ul of standard solutions or supernatant
samples were added to preoated plates. Next, 75 pl of pailuted HRP conjugate solutioneve

added per well and incubated for 4 h at RT on a plate shaker (600 U/ml). Afterwards, wells were washed
5-times with 200ul wash buffer, 200 pl TMB substrateere added, andhe plate was incubated for

20 min at RT in the dark. Thahg reaction was stopped by adding 50 pl of stop solution and mixed

on aplate shaker for 8.0 min. Lastly, the plate was incubated for 5 minutes in the dark and then
measured by Tecan Infinite® 200 PRO Microplate Reader. All samples were normalized to PDAC cell

count seeded.

3.3.Statistics
Statistical analysis was performed using GraphPad Prism Version 9.4.1 (GraphPad Software Inc., La
Jolla, U8B). Normality was tested by using the Shapitilk normality test. If the samples passed the
normality test, anordinary oneg I € ! bh+! dzaAy 3 SAGKSNI ¢dzN)] S2Qa Y
O2YLI NAYy3 gA0GK O2y(NRf>X 5dzyySiaQa YdzZ GALIXS O2Yl

54



Methods

samples, two wayANOVA and followed multiple comparison was tested by Tukey test or comparing

all samples with contrgl5 dzy y SG (1 Qa YdzZf GALX S O2 YNShpddardeRigdata Sa G 4 I
were analyzedbifruskal | f f Ad ¢Sald 6AGK 5dzyyQa YdzZ GALIX S O2 YL
control. Normally distributed data is presented by column bar graph with mean and standard
deviation, not normally distributed data is depicted by bar graphs with median and interquartile range

in both directionsResultsvere considered as statistically significant fevglues < 0.05Significance

of results is indicated as follows: *p= 0.05, **=p < 0.01, *** =p < 0.001, ****=p < 0.0001.
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4. Results
4.1.In situ characterization of RD1 expression and immune cell attendance in

primary tumors of PDAC patients and their corresponding liver metastases
In PDAC patients, several studies identifiedLR2xpression in pancreatic tumor tissues, but most of
these studies only investigated cohorts of PDAC patiemds)&C Stagdg I1117%17217¢ The knowledge
about an alteration of PID1 expression during disease progression and metastasis formation is
missing. Therefore, the first aim of this study was to investigate primary tumors of PDAC patiénts
their corresponding liver metastases concerninglADexpression. Furthermore, the attendance of
immune cell populations which are highly relevant for tumor immunity was analyzed. For this purpose,
immunohistochemical stainings of serial sections frommpry tumors and corresponding liver

metastases of four PDAC patients was performed. Patient characteristics areitistatleb.

Table5: Clinicepathological characteristics of PDAC patients in the analyzed cohort of this study.

Parameter Number of cases
Patients 4
Median age (range) 71 (6874)
Sex (male/female) 3/1
Tumor stage T1/T2/T3/T4 0/2/2/0
Nodal stage NO/N1 1/3
Metastasis stage MO/M1 0/4
Tumor grade 1 (wetifferentiated) 1
Tumor grade 2 (moderately differentiated) 0
Tumor grade 3 (poorly differentiated) 3

4.1.1. PDL1 is expressed in all primary tumors and corresponding liver
metastases and associated with the presence of macrophages and CD8+ T

cells
Previous studies revealed that RID is expressed only in oflgird to half of the cases at primary PDAC
and is predominantly expressed by stromal célfs'’11’® One of the most abundant stroma cell
populations are tumoiassociated macrophages, which mostly exhibit -anftammatory M2like
characteristicg*%4 In order to investigate RD1 expression in primary tumors and liver metastases
and examine whether abundant macrophages are a source @flIPExpression, serial tissue sections
2F t5!1/ LIGASYGEAQ LINAYENE (dzy2 NE lnghistocDeniNg & L2 y R
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stained for PEL1 as well as the attendance of macrophages and CD8+ THigillse 13 depicts
NELINBASY (Gl GABS AYFr3aASa 2F | t5!/ LIGASYyGQa LINRYL!
cells, PanCK was staineBigure 13A-C). PEL1 expression is shown iRigure 13 D-F. General
macrophagemarker CD68Rigurel3G-1) and M2-like macrophage marker CD1683durel3}L) were

used to mark macrophages. T cells were stained with-@D3 antibodyRigurel3M-O)and CD8+ T
cells were analyzed by CDS8 stainiiig(re 13P-R). In order to get evidence about the spatial
distribution of tumor and immune cell populations as well aslRDexpression, an overview picture

for the respective staining is showhigurel3A, D, G, J, Mand P)To differentiate areas at the tumor
center Figurel3B, E, H, K, N, and @)m regions at the tumor invasion fronFigurel3C, F, I, L, O

and R)representative images of a higher magnification are also presented. Within the tumor as well
as at the tumor invasion front, ROL levels were found in all four casésgure 13 E and F).
Macrophages, especially CD163+ macrophages, were locatedlikéXpressing areas. Likewise, T

cells (CD8+ T cells in particular) were found in these areas.
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Figurel3: PDL1 expression and localization of macrophages and T aelerial tissue sectionsf primary tumors of PDAC
patients. Representative images of immunohistochemical stainio§grimary tumors of PDAC patientst different
localizations. The following markers were stained:(A-C) PanCK (epithelial/tumor celly, (D-F) PBL1, (Gl) CD68
(macrophage} (JL) CD163M2-like macrophagds (M-O) CD3(T cells)and (P-R) CD8(CD8+ T cal). A, D, G, J M, and P
show an overvievof the tissue section®3, E, H, K, Nand Q depictareas in the tumor centelC F, |, L, O,and Rshowareas
at the tumor invasion front. Scale bar overview pictures: 1000 pm, tumor camginvasion front: 100 pmC = Center, IF =
Invasion front(partially published date%9)
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Similar results were observed in corresponding liver metastasis of these PDAC péiiguts14).
Overview images of PanCRigure14A-C), PEL1 Figurel4D-F), CD68Rigurel4G-l), CD163Kigure

143L), CD3KigureldM-0O) and CD8HgureldP-R) are depicted ifigurel4. A clear border of PD1,

CD68 and CD163 expressiaseparatesthe metastasis from surrounding liver tissue. Within the
metastasisexpression of CD68 and CD163 as well as CD3 and CD8 was clearly seen coinciding with PD
Ll-expressing areasFi{gure 14E+F).Interestingly, in contrast to nometastasized patients®, all
investigated cases of this study showed-PDexpression in primary tumors and their corresponding

liver metastases.
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Liver metastasis
Overview Center Invasion front
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CD68

CD163

c3

CD8

Figure14: PDL1 expression and localization of macrophages and T delkserial tissue section®f corresponding liver
metastases of PDAC patientRepresentative images of immunohistochemical stainofdiser metastases of PDAC patients
at different localizationof the metastasisThe followingmarkers were stainedA-C) PanCKEpithelial/tumor cell}, (D-F)
PDL1,(GIl) CD68&macrophagek (JL) CD163M2-like macrophaggs(M-O) CD3(T cells)and (P-R) CD8(CD8+ T cadl). A, D,

G, J M, andPshow an overvievof the tissue sections, E, H, K, M\ndQ showareas in the tumor centelC F, I, L, O,andR
depictareas at metastasis invasion front. Scale bar overview pictures: 1000 um, areas withinatuhirmvasion front: 100
um. C = Center, IF = Invasion frofpartially published date®9).
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Next, all tissues from the PDAC patients were investigated regarding their localizafibi 4fCD68,
CD163, CD3andCD8 expression. For this purpose, each stained marker was evaluated according to its
predominant staining localization (center of primary tumor/metastasis, at the invasion, fsoevenly
distributed throughout the tumor/metastasis). PILL expression in the primary tumor (white) was
predominantly evenly distributed (75 % of cases) between the tumor center and invasion front,
whereas PEL1expression in liver metastases (grey) was evenly distributed foasds Figurel5A).

The expression of CD68 and CD163 was evenly distributed for both primary and seconddfigsites (
15B+C). In contrast, CD3 expression in primary PDAC was mainly located at the invasion front, but in
liver metastasesit was located at the invasion front and evenly distributed in 50 % of cases,
respectively [Figurel5D).CD8 expressiom liver metastases was mainly located at the invasion front

but uniformly distributed at the primary sité-igurel5E).

A PD-L1 B CD68 C CD163
T 1004 — ¥ 100+ — F 1004 -1
> > >
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& 40+ § 401 5 40
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g g §
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D CcD3 E CcD8
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Figure 15: Localization of PEL1 expression and attendance of macrophages and T cells in primary tumors and
corresponding liver metastases of PDAC patier@antitative localization analysis (&) PDL1,(B) CD68,(C)CD163(D)
CD3and(E)CD8 in primary tumors (white) or corresponding liver metastases (grey). Ovenfi¢issue slices were scored
according to theipredominantlocation of immunopositive cells. Three scores were used to determine location either in the
center, at the invasion fronbr evenly distibuted between center and invasion front of respective primary tumors and liver
metastasesLocalization frequencglenotesthe percentage of immunopositive c&liifedominant locatiorin all casesn=4.
(partially published dat&®).

Overall, PELl-expressing areas were associated with the presence of macrophages (especially M2
like) and T cells (particularly CD8+) in primary tumors and corresponding liver metastases.

Furthermore, all analyzed cases showed-lRDexpression in both primary and secondaites,
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indicating that PEL1-mediated immune evasion might operate during PDAC progression in these

patients.

4.1.2. Macrophages are highly frequent at the primary and secondary site and

PDL1 is even more expressed in liver metastases than primary tumors
As the overview of serial tissue sections of primary tumors and corresponding liver metastases of PDAC
patients showed an association of 2D expression areas with the location of macrophages and CD8+
T cells, verification of these results was perform€kerefore, every staining was scoraccording to
different staining frequencies to gain profound insight into distribution and frequency of each marker
within the tissue sections. For this purpose, 10 Fields of View (FoV) were analyzed within the primary
PDAC tumor (whitedr liver metastases (grey) arad the invasion fron{altogether20 FoV for every
staining (Figurel6A). Since B-L1, CD3and CD8 showed only low numbers of positively stained cells,
FoV were scored from 0 % (negativi), % and > 1 %HKigurel6A, E and F). Ircontrast, CB8 and
CD63aK26SR KAIKSNI ydzYoSNER 27F LRaAAGAGStEe adlAySR (
%, 1150 % and > 50% Figure16 C+D). Furthermorefor PDL1 also the staining intensity was

investigated and scored from ne, low, and high stainingRigurel6B).
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Figurel6: PDL1 is expressed in primary PDAC tissues and even more in corresponding liver metasiiassiication of

staining frequencies for respective markers in primary tumors (white) or corresponding liver metastases (grey). To analyze
staining frequencies, 1@elds of view(FoV) at the invasion front and center of the primary tumor or metastasis were
investigated according to their score classificati(k) PDL1frequency (B) PDL1intensity, (C)CD68frequency,(D) CD163
frequency,(E)CD3frequency,and (F)CD8frequency. Scores fok, E andF 0 %,>XL % and >1 % B: none, low, highandC

andD: 0 %,>K10 %, 1150 %, or >50 %.Parametric data are depicted as mean with standard deviation in one direction and
non-parametricdata are depicted as median with interquartile range in both directidngog | € ! b h £ ! gAGK ¢dzl
multiple comparison test. n=4. * = p < 0.Qpartially published dat&®).

The frequency of PD1 positively stained cells was different in primary tumors and liver metastases
(Figurel6A). Only in primary tumors, FoV without positive D staining were observable, whereas

all FoV in liver metastases had -BD expression with 52 % of analyzed FoV presenting-a1PD
frequency of > 1 %. In contrast, primary tumors had the highest amounM#ES@6 positively stained

cells. Similar results were observable for-PDstainingintensity Figure16B). Incontrast to liver
metastases, primary tumors showed FoV with no staining intensity and the highest amounts of
analyzed FoV at low intensity (60 %), whereas liver metastases showed 67 % of analyzed FoV with high
staining intensity. The frequencies of geaemacrophage marker CD68 and k& marker CD163

showed similar results for primary tumor and liveetastasesKigurel6C+D). The highest amount of
analyzed FoV were seen with-50 % positively stained cells for both primary tums % CD68 and

57% CD163) and liver metastases (59 % CD68 and 63 % CD163). Of note, FoV with more than 50 %
positively stained cells were found for CD68 and CD16®#t tumor sites underscoring the high
attendance of macrophages in PDAC patient tissues. The CD3 and CD8 stainings also showed similar
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results Figurel6E+F) comparetb macrophage stainings. The highest amounts of analyzed FoV were
found with > 1 % positively stained cells in liver metastases (CD3 55 % and CD8 50 %). Attendance of
CD3 T cells in primary tumors was evenly distributed betw&gnand > 1 %, but stronger for CD8

positively stained cells (55 %).

Taken together, these results showed that liver metastases exhibit a highdrl RExpression
frequency and staining intensity compared to primary tumors. Furthermore, macrophages were
present at high frequencies in tissues of PDAC patients at primaryeaoddary sites in contrast to

CD3 and CDS8 T cells.

4.1.3. PBL1-expressing cells as well as macrophages and CD8+ T cells were
predominantly present at the invasion front of primary tumors and liver

metastases
As described in sectiod.1.1, the PDL1 expression of primary tumors and corresponding liver
metastases was associated with the attendance of macrophages and CD8+ T cells. |d deBtibie
results showed that macrophages were highly abundaile CD8+ T cells were only present at low
frequencies in PDAC tumors and liver metastases. Next, it was investigated whethgeRessing
areas might be associated with the presence of macrophages and CD8+ T cells. For this purpose, an
evaluation of the respective highest scores{FPD) CDg3and CD8: > 1 %; CD68 and CD163: > 50%, PD
L1 intensity: high) was performed by investigation of 10 FoV in the center (plain) of primary tumor
(beige) or liver metastases (brown) and 10 FoV at their invasiosfiehaded). Then, percentages of
the highest frequencies were calculated for both locations (center and invasion front) to get an insight
into the localization of immunopositive cells. D frequency of the highest score category showed
that PBLI1-expressing cells were mainly located at the invasion front of both tissues (primary tumor
vs. liver metastasis: 74.2 % vs. 62.2Rigurel7A). Thicorresponded with the PID1 staining intensity
which was also predominantly detected at the invasion fronts of lexdfons Figurel7B).CD68+ cells
were almost exclusively visible at the invasion front of primary tumors and iBd6Danalyzed FoV in
liver metastasesHigure17C). The same results were seen for CD163+ stained Eallsré17D).
Likewise, CD3 immunopositive cells were mostly located at the invasion fronts of primary tumors and
liver metastases (CD3 primary tumor vs. liver metastasis: 72.3 vs. 74dd/ihe highest frequency
of CD8+ stained ceNgas similarlydetected at the invasion fronts of both lesions (CD8 primary tumor

vs. liver metastasis: 73.4 vs. 76.2 #y(rel7E+F).
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Figurel7: PDL1 expression ipredominantly localizedat the invasion front of primary tumors and liver metastases and

associated with high infiltration of macrophagesnd CD8+ T cellfocalization of immunopositive cells was investigated

within the (A) highest frequencyof PDL1, (B) highest PEL1 intensity (C) highestCD68 frequency(D) highest CD163
frequency,(E)highestCD3 frequency, an(F)highestCD8 frequencyForanalysisof location, 10fields of view(FoV) athe

lesion center (plain) and at the invaa front (shaded) of primary tumors (light brown) or liveetastasegdark brown) were
evaluated.Parametric data are depicted as mean with standard deviation in one dire@oeg I € ! b h £ ! gAGK ¢dz]
multiple comparison test. n=4. * = p < 0.05; ** = p < 0.01; *** = p < 0.Q@4rtially published dat&®).

As the immunohistological single stainings of serial tissues revealed a higbatination of PRL1
expression and CD163+ and CD8+ cells, double IHC stainingd.bf €D68, CDand PanCK were
performed to check whether RDl1 is predominantly expressed by stroma cells. As hepatic
myofibroblasts represent an important stromal population in liver metastases,t8dA wasalso

A0 AYSRO wSLINBASYGlI (APS AYF3S4 2FFigurel®5! / LI GASY
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Figure18 PDL1 expression is predominantlyo-localizedwith macrophages and hepatic myofibroblastRepresentative
images of immunohistochemical double stainings(forB)PDLY PanCK(C+DPDL1/CD68(E+FPDLY CD8and(G+HPD

LYh { aihthetissue of a liver metastasis of a PDAC patient. Brown staining represeitsiRiinunopositive cellgndred
staining represents either PanCK, CD68,,@D8J h { a! AYYdzy2LR aAiA @S OSttao {OFES
represent double immunopositive cellpartially published datd®).

PanCK+ PDA®IIsdid not express PID1, as no PanCK and R double immunopositive cells were
detectable, whileclear PBL1 stainings werepresentin the surroundingcells (Figure18A+B).Here
CD68+ macrophages-localized withPDL1-expresang cell§Figurel8C)indicating that macrophages
expresD-L1 Figurel8D, indicatedby arrows). Similar to the lower frequency of CD8+ T cells in single
IHC staining, onlgfew CD8+ T cells were detected at the invasion front and onlYC@icell showed
PDL1 expressionHigurel8E+F. Hnally, hepatic myofibroblastas another abundant cell population

in liver metastasegrepresented by { a ! & (i wefe lgoyoHnmlong withPDL1-expressingells
(Figurel8G),showing thatalsoh { a 'artslPDL1+cells werepresent in liver metastasetn summary,
these data indicate thahot PDAC cells buhacrophages and hepatic myofibroblasas the most

abundant stroma cell populations in liver metastas@e the main source of RDLexpression.
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