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1 Introduction

1 Introduction

1.1 The Immune system and T cells

The term 0i mmu n enetworkef celsnpiocedsessarteniichletisat peotect the
organism against pathogens and cancer. It consists of two lines of ddfehseork
cooperativelyThe first line, innate immunity, works fast, but-gpetific and consists of
macrophages, neutrophils, dendritic (BIBs), mast cells, basophils, eosinophils, natural killer
(NK) cells and innate lymphoid cells. The second line, adaptive imnmmukgyslowebutin an
antigerspecifiomannerresultingn immunologic memorygells of the adaptive immune system
includethymusderived lymphocyted (cell3, antigerpresenting cellsAPCs,such as DCs,
macrophagedibroblastsand epithellacells) andone marrow derived lymphocytBscell$
(Marshall et al. 2018)

T cellsconductcentral functions in the adaptive immune system as they mediate the immune
response against pathogens, allergens, and tmgexpresantigerbinding receptors on their
surface, the T cell rece@dTCR) and a ceaeceptor (CD4/CD8)T cellsoriginate from
hematopoietic stem cells in the bone marrownagrein the thymusind enter the periphery as
CD4' or CD8 naive T celldNaiveT cells require antigen presentatiomajorhistocompatibility
complex MHC) molecules by APCs which causdwaion of the TCR and subsequent
differentiation into effector T celBffector T cells are éh able tdulfill their taski.e. pathogen
clearance by production of cytotoxic cytoKineslls that express therezeptor CD4 recognize
class Il MHCs (MC Il) and differentiate into helper T cells (Th cells) upon activation, whereas T
cells that express the-rexeptor CD8 recognize class | MHCs (MHC 1) and differentiate into
cytotoxic T cells (CTL&Kumar et al. 2018; Marshall et al. 2018)

1.1.1 CD4+ T cells

CD4' T cells, or Th cellplaya key rolen the immune response, mainly by supporting or activating
other immune or neimmune cells. They are able to enhance and maintain CTL sephihse
recruit immuneellsto the site of infectiofZhu et al. 2010; Zhand Paul 2008; Luckheeram et

al. 2012)In particularCD4" T cells regulate the immune response by the production and secretion
of cytokinessmall proteins that are secreted by cells and influence interactions bet{#&aun cells
and Paul 2008; Dong 2021; Luckheeram et al. 2012; Zhang and.An 2007)

CD4" T cells can be further subdivided into different sulbs#tsdistinct functionshat are
characterized by their inductionpkiyrte prdile andkey transcription facfDong 2021)After
the initial discovery of the Thl and the Th2 subset in([#@86ann et al. 198@)rther subsets

of Th cells were identifieinongst therih17 cell§Harrington et al. 2005; Park et al. 2005)
1



1 Introduction

Th1 cells are inducedibyerleukin (IL-)12 andnterferon(IFN)-gand the transcription factor T

box transcription factor TBX21-pet) produce IFNgand TNFand mediate cellular immunity
Th2 cellsaare induced by 1R5,IL-33 and IL-4, regulated by the transcription factor GAT&®I
produce L4, IL-5,and IL-13 inorder to mediatparasitic immunityth17 cells are induced by a
combination ofransforming growth factofTGF-)A , -6 krld 11-:23 and thexpressiownf the
transcription factor RARelated orphan receptor gaminRORY). They produce HL7, IL-21
and IL-22 and are responsible for immunity against path@yegs2021; Raphael et al. 2015)

A special subset of CD7Z cells is represented 625 regulatory T cells (Tregs) which are
characterized by the expression of the transcription factor Forkhead box protein 3((F@XP3)

et al. 2003; Sakaguchi 20089gs can either be generated in the thymusedhdrafore taned
thymusderived Tregs (tTreg), differentiated from CD4ells in the periphelperipherally

derived Tregs (pTreysy differentiatedn vitrd n t he pr e snevirdnéuced Treg¥ GF A ;
(iTregs)XShevach and Thornton 201f)egs regulate the immune response in order to prevent
excessive and lofggting immune reactions by inhibiting proliferatiiferentiation,and

effector function of T cells as well as functiootioer cells of the immune system like NK cells

and B cells. The suppressive activity of Tregs can be mdujiatbeé induction of
immunosuppressive cytokines (likd I o r orbyElAontactSakaguchi et al. 2008)

1.1.2 CD8+ T cells/CTLs

CTLs are key mediators of the adaptive immunity because of their ability to kill infected or
malignant target cells. CTdsrivefrom naive CD8T cells and ndergo differentiation upon
activation by APCs. CTLs migrate to the effector site and induce death of their target cells by

producing effector cytokines and molecules likeglRtdmor necrosis factor (TNFerforin,
granzymes and Fegand(Zhang and Bevan 2011; Hellal. 2017)FN-ghas antviral and anti
tumoral functions and can inhibit proliferation and induce apoffasiso et al. 2018n
particular, IFNg has been shown to increase the motility and cytotoxittigy producing CTLs
(Bhat et al. 20L7)NF has preand antinflammatory functions and therefore plays an important

role in many functions of the adaptive immune system taraatirespons@viehta et al. 2018)

After antigertlearance, most CTLs die by apoptosis-bQt% differentiate into memory T cells
and contribute to the immunolagjimemoryKaech and Cui 2012Yhen hose memory cells are
exposed to the same antigen again,attegble to expand quickly and regain higher effector
functionscompared tmaive cellseingexposed to the same ant{@ainluns and Lefrancois 2003;
Baitsch et al. 2012)
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1.1.3 T cell exhaustion

T h e t(Tedl exhadistian d e sadypd obTecsll dysfunction that is charazsd byoss of
effectorfunctionand arisewhenimmune response fafSaeidi et al. 2018; Wherry 201 yas

first observed im model of chronic viral infection, where dysfunctiantdenspecificCTLs
were found that failed to perform cytotoxic functions and were finally (&tgdedet al. 1998;
Gallimore et al. 1998; Moskophidis et al. 1$e®sequently, this phenomenon was observed
chronic infections and cancer in mice and hsi(Wangin et al. 2009; Wherry 2011; Woroniecka
et al. 2018; Baitsch et al. 2011)

T cell exhaustion generally angasn tle immune respongepersistenaccompanied by the lack

of CD4" T cellsupport(Virgin et al. 2009; Wherry 2011; Whend/Ahmed 2004ndis mediated

by the quantity of antigen, rather than the spec{fMigy et al. 2019; Utzschneider et al. 2016a)

T cell exhaustionish ought to be an oOadaptive state of

which prevents immunopathold@ilip and Schietinger 2022)

Exhausted T cells angically characterized by the expressianutiiplecoinhibitoryreceptors,
reduced proliferatioralterations in the transcriptional and epigenetic featdesietabolic
requirement§Saeidi et al. 201&)dditionally, exhausted T cells lose their effector function in a
hierarchical manner. Typically,ekevivkilling and I-2 production capacity is lost fifétherry
2011)ollowed by the ability to produce TNF and at the advancedFtagandGranzyme B
(GrzB) production is losfWherry et al. 20Q3jinally, exhausted T cells undergo apoptosis and
are physically delet@tlherry 2011; Wherry et al. 2003; Zajac et al. 1998; Mdiskepal. 1993)

Typical inhibitory receptors expressed by exhausted T cetsgemenmedell death protein 1

(PD-1), lymphocyte activation gen€.2G3), T cell immunoglobin domain and mucin domain
containing protein I(M3) and 2B4lt has been shown that inhibitory receptors differ in their
regulation of cellular functions and therefore seem to influence T cell function in different ways
(Wherry 2011 PD-1, for example, has an impact on survival and prolifef@gtovas et al.

2006; Petnas et al. 2007; Blackburn et al. 2010; Blackburn et aPRPQ@8gxpressed on tumor
infiltrating lymphocytes (TILs) and binds to its ligamnagrammedell death 1 ligand 1 (RD)
andprogrammedell death 1 ligand 2 (R2) causingdampened Tell response. RDL and

PD-L2 can inter alia be expressed on solid tujf8aka et al. 2020)

Inhibitory receptors are also expressed by activated (Wisdlsy and Kurachi 201&hd
therefore, the indidual expression of one receptor cannot be used to determine the state of
exhaustion. Neverthelessieapression of multiple inhibitory receptors is a feature of exhaustion
and more exhausted T cells express more inhibitory receptors on thei{Sagiaicet al. 2018;

3
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McLane et al. 2019; Wherry and Kurachi 2015; Blackburn et alF@o@pmple, PD and

LAG3 are typically expressed already at the egdyostexhaustion, whereas TIM3 is expressed

at the late stag@hilip et al. 2017 onsequdly, simultaneous expression ofPBnd TIM3

often accounts for an advanced exhausted phenotype, characterized by the lost production of IL

2, TNF and IFNg (Jones et al. 2008; Sakuishi et al..2010)

Several transcription factors have shown to been involved in the process of T cell exhaustion, for
exampleT-betandEomesodermin (EomeSaeidi et al. 2018jore recently, the transciapt
factorthymocyte selectieassociated high mobility group box protein (TOX) has been shown to
play a role in this phenomer(@aka et al020) In exhausted T cellsbetis able to suppress the
expression of inhibitory receptdiéao et al. 2011and high Tbet expression is therefore
characteristic for a subset of progenitor exhausted T cells with intermediagpRi3sion and
maintained proliferate capacity during chronic infg®alry et al. 201Zomes on the other

hand has been shown to be highly expressed in exhausted CTLs, causing an increased Eomes:T
bet ratio that inducescpression of genes involved in T cell exhauykiiehal. 2018; McLane et

al. 2021)AdditionallyEomes is highly expressed by a terminally exhausted subset of exhausted T
cells with high PEL expression and lost proliferative capacity. Theréfbetand Eomes are
expressed by exhaustecellscn a somewhat mutually exclusive pdRatay et al. 2012) has

also been stated that Eomes adzeTmight compete for the satviading sites and therefore
antagonize each other et al. 2018; McLane et al. 2021)

TOX expression is induced by TCR stimulatrahhas been shown to be involved in exhaustion
(Scott et al. 2019; Khan et al. 2019; Seo et al. 2019; Alfei et aht@@ingly, TOX also plays

a role in maintaining dysfunctional T cell populations during chronic inf@dfeiret al. 2019)

Several cgtiopulatiols and cytokines are potentially involved in the induction and progression of
exhaustionfor example 11 0  a n d (WheByF 2011; Wherry and Kurachi 20T5pse
cytokines are produced by Tr@gsigaParga et al. 201B)tit is not clear whether Tregs have a
direct role in the induction and progression of exhaustrLs(Saeidi et al. 2018; Wherry and
Kurachi 2015)However, PEL blockade in combination with Treg depletion caused increased
viral control and reduced exhaustion in a murine chragtonf modelPenalozdacMaster et

al. 2014)Other cell types that possibly contribute to T cell exhaustion are MDSCs, NK cells, DCs
and TAMSWherry and Kurachi 2015; Jiang et al. 2015)

Exhausted T cell populations are typically heterdBém&burn et al. 2008; Im et al. 2016; Paley
et al.2012; Utzschneider et al. 2016b; He et al. 2016; Miller et all#91@ature is of particular
importance as early, but not late exhausted ;Tacelkble to recover when continuous antigen
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stimulation is removd@hilip and Schietinger 20224 respond to checkpoint blockédaud

et al. 2016; Kurtulus et al. 2019; Huang et al. 2019; Huang et al. 2GElgiSadeet al. 2019)

In particular, exhausted T cells with intermediaté BXpression respond to RDblockade,

while exhausted T cells with HRfb+1 expression do n@lackburn et al. 2008; Miller et al. 2019)

The transcription factor T cell factor 1 (Tcfl) has been identified as an marker for progenitor
exhausted T cell€hen et al. 2019; Im et al. 2016; Utzschnei@eP8i6b; Wu et al. 20 Hjsed

on the expression of Ly108 (which surrogates Tcfl) and B&)sa et al. defined four subsets

of exhausted T cells which differ in their transcriptional and epigenetic profile andistioeted
characteristias vivdBeltra et al. 2020)

The fact that PEL blockage is able to reverse features of exhausted(Barbks et al. 2006)
shows that T cell exhaustion is not a terminal (tterry 2011and is a promising target for
immunotherapyNguyen and Ohashi 2015)

Although most studies regarding T cell exhaustion focus onTGie8s, CD4T cells can also
show features of exhaustisndh agxpression of inhibitory receptors, loss of cytokine production
and proliferation) and become functionally impaired during chndections(Wherry and
Kurachi 2015; Miggelbrink et al. 20Zhg functionality and potential exhaustion of'Aleklls

is of particular interest as CDécell response directly influences CD8ells and CDST cell
exhaugon (Wherry and Kurachi 2015; Kravtsov.e2@22)

1.1.4 T cells and cancer

The immune system playg&ey rolén the prevention and rejection of cancer. CTLs for example
are able to directly kill cancer cells, while Th cells mediitenantiesponse of CTLB-cells

and NK cells via cytokinaad influence the composition of the tumor microenvironffisti)

(like IL-2, IFN-g and TNF)(Gonzalez et al. 2018; Borst et al. 2@R)tionally, CD4T cells

can have indepdent anttumoraleffectsby directly lysing tumor cellsd by activating the innate
immure systermand inhibiting angiogene@iiggelbrink et al. 2021; Kravtsov et al. 2022; Borst et
al. 2018)

However, during tumor progression, different mechanisms arise that mediate cancer immune
evasionkor examplagntigen stimulation of the TCR causes more severe exhaustion and therefore
lack of effector function of T ce{Bhilip and Schietinger 2022)e antigen presentation process

is also often is impaired in TIMiartly mediated by Th2 cetlsusing insufficient activation of T
cells(Baitschet al. 2012; Miggelbrink et al. 202h¢ expression of POL and PBL2 also favors

immune evasion and is associated with the survival of patients with several type&larzancer

et al. 2015)
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Tregs can also contribute to tumor immune evabioa can be mediated syppressing the

effector function of T cells by secreting inhibitory cytokines (i@ lL.-3 5 and TGA) an
scavenging K2 from the TME, which is than no longer available for effector (Migidgelbrink

et al. 2021; McRitchie and Akkaya 2@®hote, the altered nutrient, cytokine and chemokine
composition caused by tumor cells during tumor progrefsiors the infiltration of Tregs
(McRtchie and Akkaya 202Zherefore, the level of Treg infiltration can serve as an indicator for
tumor progression and therapy response in cancer g&tkasgset al. 2016; Verma et al. 2019)

1.2 The NLRP3 inflammasome and NLRP3-dependent cytokines

Inflammasomes are multiprotein complexes with important functions in the immune response
(Kanneganti 2015fhe NLRP3 inflammasomie a prominentmember ofthis family of
Nucleotidebinding oligomerization domain, Leucine rich Repeat and Pyrin domain containing
(NLRP) inflammasoméSchroder et al. 2010; Strowig et al. 2012; Yin et al.I@@&t8lia, the

NLRP3 inflammasome issponsibldor the processing of the cytokineslllA a fi& by | L
cleavingheir pro-domains upon activatigMartinon et al. 2009ctive Il-1 A a 8 have L
functions in innate and adaptive imityusnd are also involveddiseaseaffecting the immune

system (e.g. multiple sclerosis and as{®mag and Smith 2018jditionally, elevated levels of

IL-1 A ai&havie been found in various tunfé/ang et al. 2018)

12111

IL-1, the fist cytokine that was described, exists in twasftirsla and IL-1A both havinghe

same biological functions. However, some differences ledisfsl a secreted cytokine that
circulates systemicadigdIL-1a is bound to the plasma membrane and leamefore only act

locally. Furthermore, while-1a is produced by many cell typeslIA i s mainly pro

monocytes and macrophages. Findlgry genesare differently regulated, indicating different
functional contribution&Sims and Smith 2010; Garlanda et al..2013)

Binding of IL-1 to the IL-1 receptor (ILLR) causestructural rearrangemerntglucingthe
recruitment of MyD88 and subsequent activation ehflaanmatory signakinarello 2018)

IL-1 signalingoromotes the activity of DCs and thereforditiaeis T cell primingvan den
Eeckhout et al. 2020Additionally, IE1 increase CD4" T celtmediated immune respogse
facilitates the differentiation of naive CD£ells, and enhancasgvival and antigestimulated
proliferation of Thl, Th2 and Th17 céBenrSasson et al. 2009; van den Eeckhout et al, 2020)
although IL1R is usually not detected on Thl ¢&kg/lorRobinson AW 1994)L-1 blocks

thymic development of Tregad prevents Treg medahiehibition of proliferatiofO'Sullivan
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et al. 2006; Nikolouli et al. 2024dditionally, IE1 contributes to the differentiation of T cells via
DC regulatiorfGuo et al. 2003; Luft et al. 2002; Wesa and Galy 2002)

The role of Il-1 in tumor progression however is more complex. As-amflaramatory cytokine,

IL-1 has bee linked to tumor promotion caused by inflammafidtenu and Vince 2011;
Dinarello 2010; Elinav et al. 2013; Briukhovetska et al.n2@Zi130 to antumor responses

(Menu and Vince 2011; Briukhovetska et al..2624ny case the positive effectsef IA on T
cells have been shown to be substantial for tumor rejection after chem(@éniagielli et al.

2009) Severastudies detected increased levels-df AL  inaneatic eancer patiefi¥ako et al.

2016)and high levels of 1L in the TME was associated with poor progapie and Voronov

2002) Additionally, it has been showatthi-1 A, modul at e s -tumbrigenis way o ma i

by inducing desmoplasia and immune suppréBsisret al. 2020)

1.2.21L-18

IL-18 is a pranflammatorylFN-ginducingcytokine that belongs to the1lfamily of cytokines
and has been shown to induce Thl andifindine response dependent on the conteist. It
releaseldyinter alianacrophages and D&sd can regulate cell function, proliferatiorsandval
(Sims and Smith 2010; Dinarello et al. 2013; Li et al. 2019; Nakanishi 2018)

IL-18 binds to thé_-18 receptoflL-18R) which consists of the binding chaini8Ra) and the

co-receptor chain (HL 8 RA) . B i-18 tbillsi®Ra aadses lcdupling of the two receptor
chains and downstream signaling of inflammatory profRResest al. 2020).-18R is already
expressed on naive T cellsiangregulateay CD4" T cell differentiation under Th1 conditions,
enabling IE18 to induce IFNy production. CD4 T cell differentiation under Th@nditions
howevercauses downregulation of1BR(Smeltz et al. 200Bdditiorally, I.-18Ris expressed
on ex viveD4" T cell subsetfHarrison et al. 2013).-18 signaling has been shown to inhibit
Tregs in their accumulation and funciiGarroll et al. 200&nd therefore possibly supports

immune responsef effector T cell§Sims and Smith 2010)

The role of 1:18 in cancer idisputedOn the one hand, HL8 increases IFyand Thitype
response, which is an antitumoral fundiiglrerl et al. 2000; Chang et al. 2007; Coughlin et al.
1998; Park et al. 200@n the other hand, HL8 treatment had no therapeutic effects in melanoma
patientgTarhini et al. 2009urthermore, I£18 was shown to have gromorigenieffects via

the activation oNFkB, which causes increased proliferation and prevented apoptosis of tumor
cells(Deswaerte et al. 2018; Park et al. 2007; Terme et al. 2011; Guo etAaddR@@)ly, 1=

18 maybe involved in PEL dependent immuosuppression of NK cells in breast cancer patients
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(Terme et al. 201DikewiseNLRP3 activity aih as a resylincreasetl -18 levels in lymphoma

tissue correlated with ALL expression in lymphoma tisdue et al. 2021)

IL-18 is produced by cancer cells contributing to tumor progr@ssooet al. 202@nd is highly
expressed in pancreatic cafideul Afsar et al. 201¥) the TME ofpancreatic cancet-18 can

be addtionallysecreted by activated duct cells and macrogAdupesd et al. 2022; Dinarello et

al. 2013)High levels of IL18 in the blood have shown to be correlated witleassa survival
(Carbone et al. 2002)dIL-18 levels in the seriand plasmaf pancreatic cancer patients were
higher than in healthy subjd@&sllone et al. 2006; Carbone et al. 2009; Usul Afsar et al. 2017; Guo
et al. 2016)he correlatiometween high_-18 levels in the serum and overall survoxaever
remairs contradictingprobably caused by different treatments of PDAC patients prior to the
respective studfLi et al. 2019)Neverthelesshigher 1-:18 levels in cancer tissuaéhbeen
associated with shorter suryitamnor progressioand abundanayf CD8 PD-1" cells in the
tumor(Guo et al. 2016; Li et al. 2019; Ahmed 202R)

Recently, I1£18 has been shown to promote T cell exhaustamtigérspecificCTLs in a murine
pancreatic cancer model and to induce the activation of2h8itinal transducer and activator
of transcription 5 (STAT5) and the Phosphadtinies3kinase (PI3K)/Akt/ mammalian target of
rapamycin (MTOR) pathw@yutz et al. 2023)

1.3 Pancreatic cancer

Pancreatic cancer is one of the worsstypeancer with a-$ear survival rate of ¥ (Siegel et

al. 2022)ver 46000 deaths (4.7 % of all cancer related deaths) and (@0 AB% cases (2.6

% of all new cancer cases) in the developed world iriS20®2Det al. 202 Bancreatic ductal
adenocarcinoma (PDAC) is the most common tumor type in the pancreas and accounts for more
than90 % of pancreatic malignandiekeeff et al. 2016}t is characterizdaly low mutational

burden which results i lack of neoantigenand poor atigenicity(Knudsen et al. 2017)
Additionally, PDAC tumors are characterized by a desmoplastic and immursdgeiJviEs

which impairs drug delivery and limits therapy res(foaisz et al. 2020)

PDAC is often detecteith a late stage which is of particular importance as the efficacy of
treatmentslepends on the time of diagno6isly 1020 % ofpatientsare diagnosedith still
resectable stages of PQAFor the remaining patients, PDAC is either present in a locally
advance stateand therefore not resectalolewith distanimetastas. For nonresectable tumors,
patients are treated with chemotherapy alone or combined with radigwehapt al. 2019)
FOLFIRINOX (a polychemotherapeutic regimen that consists of folinic a€ld, Binotecan
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and oxaliplatin) has been shown double the median survival of patients with metastasis compared

to gemcitabine treatment al¢@enroy et al. 2011)

T cells have been shown to play an important role in the progre8di#xCoas higher levels of
intratumoral CDZ4and CD8 T cells correlated with better survitad et al. 2013; Tewari et al.

2013; Fukunaga et al. 2004; Carstens et al NB®defjheless, the role of T cells in PDAC seems

to be strongly dependent on the respective subset, the spatial distribution and other cells in the
TME (Huber et al. 2020)

PDAC has evolved mechanstmescap¢gheimmune response (for example downregulation of

the antigen presentation machin@@gnSasson et al. 2009; Agata et al. Bo@dhe TME of

PDAC is highly immunosuppressive with high abundancies of inter alia Tresggnd MDSCs.

These cdll are already present in pancreatic intraepithelial neoplasia and therefore may even
contribute to tumor initiation and progresgi®aka et al. 2020; MarthBexsch et al. 2018)he

TME of PDACrestricts the infiltration @ntitumoral immune cells, inhibits T cell activation and
contributes to exhaustigBalachandran et 2019; Bernstorff et al. 2001)

25 % of CDAT cells in the TME of PDAC are Tregs that contribute to immune supp(&asion

et al. 2009nd the ratio of Tregs to CD# cells correlated with shorter surviired et al. 2013)
whilehigh abundance of Tregs correlated with cancer progression and wors@stagkeaket

al. 2006)Tregs have not only been high in nuniténe tumor, but also show higher FOXP3
expressiofStromnes et al. 201M)particular, Tregs can induce increased expreksibibibory
receptors and decreased effector fungiromoting aexhausted phenotype of tuangiiltrating
CTLs(Bauer et al. 2014 addition, the engagement of CD11c and DCs by Tregs limited the
interaction of DCs with CDJ cells. Likewise, depletion of Tregs caused increasedediEited

antitumor immunity in PDA@Jang et al. 2017)

1.3.1 Immunotherapy

The cancer immuwi cycle describes the interaction between tumors and immune cells, in
particular T cells. It starts with the release of an antigen due to the death of a cancer cell and
subsequergresentation of the antigen to T cells by APCs. This causes the priraciyatnoh

of the T cell and migration and infiltration to the tumor. Her&; Therecognizes and kills the

cancer cells, causing the cycle to start again at the release of cancer cell antigens. In most cases, tt
cancer immunity cycle works well bus fahen the T cell is supposed to kill the tumor cell.
Therefore, treating cancer by modulating the immune system, for example by improving the killing
capacity of T cells is a promising appr¢@hbken and Mellman 2013)
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Immune checkpoint therapy does not target the tdimemtly butaims to remove inhibitory
pathways in T cells in order to prevent exhaustion and improve their effector. flihetion
inhibitory receptors that can be targeted by immune checkpoint therapy include intdr, alia PD
LAG-3 and TIM3 (Sharma and Allison 2018pwevernot all patients respond to monotherapy
(e.g.with antiPD-1). Therefore, combinational therapies with more than one inhibitory receptor
blocked or blockade of inhibitory receptmmbined with treatment that target a cytokine or an
inhibitory cell typare promising approach@®gherry and Kurachi 2015; Jiang et al. 2Bd5)
example, in a murine chronic infection model, treatment wiBPDamhtin combination with H2
increased the amount and function of CD&ells and enhanced viral confitdshimoto et al.
2022)and combination of P2 blockade, neoantigen vaccination and Treg depletion increased
tumor rejection in a murine mo@@lAlise et al. 2021)

PD-L1 is frequently expredsm PDAC causing the inhibition of amtmoral T celfesponse.
Therefore, blockade of the RIPD-L1 pathway is an interesting approach for immunotherapy

of pancreatic cancéMacherla et al. 2018)Jowever, e efficiency of immune checkpoint
inhibition in PDAC is limite(Brahmer et al. 2012; Royal et al. 2010; Saka et al. 2020; Bauer et al.
2016) This may be caused by a low number of neoantigens (caused by low tumor burden) and the
strongly immunosuppressive TME. Therefore, immune checkpoint inhibition is only approved as
a treatment for PDAC tumors with higiicrosatelliténstability, which ongccount for £ % of

all casefOrth et al. 2019)

1.4 Aim of this study

Successful immune response against pathogens and bagidgrdependemn effector T cells.
Their function or dysfunctidgamediated bgytokines like H1 A  a 18] Théréfore, the aim of
this study was to further characterize the effects of the NldpRBdent cytokines-ILand
IL-18 on thephenotypical antlinction plastcity of intratumorall’ cells. Hereby, the focus was
laid on

l. The effect of IE18 on T cell exhaustiamvitro

Il. The molecular mechanisms ofl&mediated” cellexhaustion

[I. The effects of IlL A a A&lon Thil anlreg differentiatiom vitro

IV.  The effect of IE1IR and IL-18R signaling in adoptively transferred CD4ells on
endogenous T cell populations in a murine pancreatic cancer model

V. The effect of IE1IR and IL-18R sighaling in adoptively transferred CDO4cells on
tumor rejection andn thefunction of adoptively transferred tumor specific CTLs in

a murine pancreatic cancer model.
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2 Material

2.1 Laboratory Equipment

Table 1: List of laboratory equipment.

Device

Autoclave

Balance

Caliper
Centrifuge

Flow cytometer

Gel documentation

Gel electrophoresis

Heatingblock

Ice machine

Incubator

Type
VW 150
DX 65
DV 65

Precision balance

Scout Pro 4000 g
16FN
Megafuge 1.0R Heraeus

Megafuge 8 Heraeus
Mikro200R Zentrifuge
Minicentrifugez100M

BD FACS Canto I
CytoFLEX

GEL Jet Imager with UV
Transilluminator

Easyphor gedlectrophoresis

chamber
EC25090 Electrophoresis Power

Supply
ThermoCell Mixin@lock MB102
AF80

HERAcell 240iCgoncubator

Company
Systec GmbH (Linden, GER)

Denver Instrument GmbH
(Gottingen, GER)

OHAUS (Parippany, USA)
Mahr(Géttingen, GER)
Thermo Fisher Scientific Inc.
(Waltham, USA)

Thermo Fisher Scientific Inc.
(Waltham, USA)

Hettich GmbH & Co. KG
(Tuttlingen, GER)

Hermle Labortechnik GmbH
(Wehingen, D)

Becton Dickinson (Franklin
Lakes, USA)

Beckman CoulteCglifornia
USA)

Intas Science Imaging
Instruments (Gottingen, GER)
Biozym Scientific GmbH
(Hessisch Oldendorf, GER)
EC Apparatus Corporation
(Maynard, USA)

BIOER (Hangzhou, CN)
Scotsman Ice Systems (Mailan
IT)

Thermo Fisher Scientific Inc.
(Waltham, USA)
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Magnet

Magnetic stirrer

Microscope

Microwave

Spectrophotometel

Neubauer chambel
PCR machine

pH-meter

Photometer

Pipettes

Pipetting aid

Shaker

Sterile bench

Storage devices

Tally counter

MojoSorE Magnet
MR2000

Light microscope Olympus IMX

Axio Cam MRm fluorescence
microscope

VIP20, 900 W

Nanodrop 1000

Neubauer improved
7500 Fast Real Time PCR Syste

Thermocycler T100

EL20
Multiskan FC Photometer

Discovery comfort
Multichannel pipettel2channel,
20-200 pl)

Multipette® plus

Pipetboy acu

3 DP

PMS1000i Microplate Shaker
Orbital Shakeincubator ES_20
MSC Advantage

Fridge Premium (4 °C)
Freezer Premium2Q °C)

Herafreeze HFU T serie8@°C)

4 digits

Biolegend (San Diego, USA)
Heidolph Instruments
(Schwabach, GER)

Olympus Corporation (Tokyo,
JPN)

Carl Zeiss Sports Optics GmbF
(Wetzlar, GER)

Whirlpool (Benton Harbor, USA
Peqglab Biotechnologies GmbH
(Erlangen, GER)

Plan Optik AG (Elsoff, GER)
AppliedBiosystems (Foster City
USA)

BioRad Laboratories GmbH
(MinchenGER)

MettlerToledo (Columbus, USA
Thermo Fisher Scientific Inc.
(Waltham, USA)

Kinesis (Langenfeld, GER)
Witeg Labortechnik (Wertheim,
GER)

Eppendorf AG (Haburg, GER)
Integra Biosciences Deutschlar
GmbH (Biebertal, GER)
Ditabis (Pforzheim, GER)
Grant (Cambridgeshire, GB)
Grant Bio (Shepreth, GB)
Thermo Fisher Scientific Inc.
(Waltham, USA)

Liebherr (BulleCH)

Liebherr (BulleCH)

Thermo Fisher Scientific Inc.
(Waltham, USA)

VeedeiRoot (VeatogueUSA)
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Vortex mixer REAX 2000
Water bath 1002
1083

2.2 Consumable materials

Table 2: List of consumable materials.
Product

Cryotubes Crydss 2 ml
Combitips advanced (508 ml)
Tube, 5 ml, PP

Microtestplate 96 well, R
Microtestplate 96 well, V
Parafilm aMo Labor e
TC-dish 60

Depilatory cream

Flasks and beakers

Pipette tips 10, 200 and 1000 pl
Reactionsessels 0.5, 1.5 and 2 ml
Centrifuge tubes 15 and 50 ml
Cannula 27G Sterican®

Cell strainer 30 pm

Cellstrainer 70 pm

Scalpel

Disposable syringe, 1 ml

Multiply Pro vessel 0.2 ml, PP

Cell culture plates;,12,24,48 and 96éwell
TC flask T75

TC suspension flask T75

Serological pipettesb2 ml

Microamfic FastOptical reaction microtiter
plate, 9éwell

Heidolph Instruments
(Schwabach, GER)
GFL (Burgwedel, GER)

Company

Greiner BieOne (Kresmuster, AT)
Eppendorf (Hamburg, GER)

Sarstedt AG & Co (Numbrecht, GER)
Sarstedt AG & Co (Numbrecht, GER)
Sarstedt AG & Co (Numbrecht, GER)
Pechiney PlastiRackaging (Chicago, USA)
Sarstedt AG & Co (Numbrecht, GER)
Veet (Slough, GB)

Duran Group GmbH (Wertheim/Main,
GER)

Sarstedt AG & Co (Numbrecht, GER)
Sarstedt AG & Co (Numbrecht, GER)
Sarstedt AG & Co (Numbrecht, GER)

B. Braun (Melsungen, GER)

Miltenyi Biotec (Bergisch Gladbach, GER)
Miltenyi Biotec (Bergisch Gladbach, GER)
B. Braun (Melsungen, GER)

B. Braun (Melsungen, GER)

Sarstedt AG & Co (Numbrecht, GER)
Greiner BieOne (Kresmuister, AT)
Sarstedt AG & Co (Numbrecht, GER)
Sarstedt AG & Co (NUumbrecht, GER)
Sarstedt AG & Co (Numbrecht, GER)
Sarstedt AG & Co (Numbrecht, GER)
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2.3 Chemicals and Enzymes

Table 3: List of chemicals.

Chemical Company

120-Tetradecanoylphorb@B-acetate Sigma Aldrich (St. Louis, USA)

(PMA)

Agarose Standard Merck KGaA (Darmstadt, GER)

Ammonium chloride (NKCI) Carl Roth GmbH (Karlsruhe, GER)

Aquaad. B. BraunMelsungen, GER)

Bovine serum albumin (BSA) Sigma Aldrich (St. Louis, USA)

Brefeldin A Sigma Aldrich (St. Louis, USA)

CitricAcid Carl Roth GmbH (Karlsruhe, GER)

Collagenade Roche (Basel, CH)

DMSO Carl Roth GmbH (Karlsruhe, GER)

DNase I, recombinant Roche (Basel, CH)

dNTP Mix (10 mM) Thermo Fisher Scientific I@Valtham,
USA)

Dul beccods Phos gPBS)t Thermo Fisher Scientific Inc. (Waltham,
USA)

Ethanol absolute (100 %) Merck KGaA (Darmstadt, GER)

Ethylenediaminetetraacetic acid (EDTA) Carl Roth GmbH (Karlsruhe, GER)

Parabrmaldehyde (4 %PFA) Thermo Fisher Scientific Inc. (Waltham,
USA)

HDGreen Plus DNA stain Intas (Gottingen, GER)

Heparin Ratiopharm (Ulm, GER)

lonomycin Sigma Aldrich (St. Louis, USA)

Met hanol O 98 % Merck KGaA (Darmstadt, GER)

Potassium bicarbonate (KHgO Carl Roth GmbH (Karlsruhe, GER)

Sodium chloride (NaCl) Merck KGaA (Darmstadt, GER)

Sodium hydroxide (NaOH) Carl Roth GmbH (Karlsruhe, GER)

TAE buffer (10x) Carl Roth GmbH (Karlsruhe, GER)

Tris (alkaline) Carl Roth GmbH (Karlsruhe, GER)

Tris hydrochloride (Tris HCI) Carl Roth GmbH (Karlsruhe, GER)

Triton X-100 Carl Roth GmbH (Karlsruhe, GER)
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Trypan blue

TrypsinrEDTA (0.5 %, 10x)

Tween20

2.4 Media, buffers, and additi ves

2.4.1 Media and buffers

Table 4: List of media and buffers.
Medium/buffer

Tumor medium

Red blood cell (RBC) lysis buffer

T cell medium

1 x TAE buffer

TBS

FACS buffer

MACS buffer

Thermo Fisher Scientific Inc. (Waltham,
USA)

Thermo Fisher Scientific Inc. (Waltham,
USA)

Carl Roth GmbH (Karlsruhe, GER)

Composition
DMEM

10 % FC]v/v)

1 % PerStrep(v/v)
155 mM NHCI

10 mMKCO;

0.1 mM EDTA

ad HO

RPMI

10 % FCS (v/v)

3 % HEPES (v/v)
2 % PerStrep (v/v)
2 % NaPyr (v/v)
0.1 % 2mercaptoethanol (v/v)
10 x TAE buffer
ad HO

10 mM Tris HCI
150 mM NacCl

ad HO

pH 7.4

PBS

3% FCS

0.5 % BSA (w/v)
2 mM EDTA

ad PBS
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pH 7.2
Lyse buffer 25 mM NaoH
0.2 mM EDTA
pH 12.0
Neutralization buffer 40 mM Tris HCI
ad HO
pH 5
Wash buffer 2% FCS
0.2 % Tween20
ad PBS
ELISA wash buffer 0.05 % Tween20
ad PBS
Tumor lyse buffer 3 mg/ml Collagenase D
100 U/ml DNase |
ad HBSS
2.4.2 Additives , cytokines, and inhibitors
Table 5: List of additives, cytokines, and inhibitors.
Product Company
2-mercaptoethanol Merck KGaA (Darmstadt, GER)
Akt inhibitor VIII (Akti) Sigma Aldrich (St. Louis, USA)
CyclosporinA (CSA) Sigma Aldrich (St. Louis, USA)
Dubeccods modi fi ed Thermo Fisher Scientific Inc. (Waltham,
USA)
Fetal calve serum (FCS) Thermo Fisher Scientific Inc. (Waltham,
USA)
G418 disulfate solution Sigma Aldrich (St. Louis, USA)
Hankds Bal anced Sal Thermo Fisher Scientific Inc. (Waltham,
USA)
HEPES (1 M) Thermo Fisher Scientific Inc. (Waltham,
USA)
OVAZ*254(S|INFEKL) (OVA) Invivogen (Sabiego, USA)
OVA3#339(]ISQAVHAAHAEINEAGR) Invivogen (San Diego, USA)

(1ISQ)
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PenicillinStreptomycin (PeBtrep)

Rapamycin

recombinant Hhuman
recombinant murine (rm)-412

rm IL-18

rmiL-1 A

rm IL-2

Rosewell Park Memorial Institute (RPMI)

1640 + L-Glutamin
Sodium Pyruvate (NaPyr) (100 mM)

STATS inihibitor (STATS5i)

Tacrolimus

2.5 Kits and dyes

Table 6: List of kits and dyes.
Kit
1st Strand cDNA Synthesis Kit

BD Phosflovie Lyse/FixBuffer &
BD Phosfloe Perm/WaskBuffer |

eBiosciende Foxp3/Transcription Factor

Staining Buffer Set
Fixation/Permeabilizatioit

iTaq Universal SYBR Green Supermix

(

Thermo Fisher Scientific Inc. (Waltham,
USA)

Sigma Aldrich (St. Louis, USA)
Peprotect{London, GB)

Peprotech (London, GB)

BioLegend (San Diego, USA)
Peprotech (London, GB)

Peprotech (London, GB)

Thermo FisheBcientific Inc. (Waltham,
USA)

Thermo Fisher Scientific Inc. (Waltham,
USA)

Sigma Aldrich (St. Louis, USA)
Selleckchem (Houston, USA)

Company

Thermo Fisher Scientifiec. (Whatman,
USA)

BD (Franklin Lakes, USA)

Thermo Fisher Scientifiec. (Whatman,
USA)

BD (Franklin Lakes, USA)

BioRad Laboratories GmbH (Minchen,
GER)

LEGENDplext Humaninflammation Pane BioLegend (San Diego, USA)

1 with \Abottom Plate

MojoSort Mouse CD4 Naive T Cell Isolatic BioLegend (San Diego, USA)

Kit

MojoSort Mouse CD8 T Cell Isolation Kit

BioLegend (San Diego, USA)

17



2 Material

Mouse [1:18 Uncoated ELISA Kit Thermo Fisher Scientifiec. (Whatman,
USA)

peqGOLD Total RNA Kit VWR (Darmstadt, GER)

Zombie Aqu& Fixable Viability Kit BioLegend (San Diego, USA)

Zombie NIR Fixable Viability Kit BioLegend (San Diego, USA)

2.6 Antibodies

2.6.1 Antibodies for cell culture

Table 7: List of antibodies for cell culture.

Antibody Clone Company

UltraLEAFE &mCD122 TM-A1 BioLegend (San Diego, US,
UltraLEAFE &mCD25 PC61 BioLegend (San Diego, US,
UltraLEAFE &-mlL-2 JES6E1A12 BioLegend (San Diego, US,
anttmCD28 37.51 BioLegend (San Diego, US,
anttmCD 3 & 1452C11 BioLegend (San Diego, US,
antimIFN-g XMG1.2 BioLegend (San Diego, US,
antrmlL-4 11B11 BioLegend (San Diego, US.

2.6.2 Antibodies for flow cytometry

Table 8: List of antibodies for flow cytometry.

Antigen Reactivity Conjugate Clone Company
Armenian Hamstel armenian PE HTK888 BioLegend
IgG (Isotype) hamster (San Diego, USA
CD121a mouse PE JAMA-147 BioLegend
(IL-1R, Type (San Diego, USA
1/p80)
CD122 (I-:2 R A) mouse PE TM-A 1 BioLegend

(San Diego, USA
CD16/32 mouse purified 93 BioLegend
(Fc block) (San Diego, USA
CD218a ( mouse APC Al17071D BioLegend

(San Diego, USA
CD223 (LAG3) mouse APC Co9B7W BioLegend

(San Diego, USA
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CD223 (LAG3)

CD244.2

(2B4 Alloantigen)

CD25 (.2 R4 )

CD25(L-2 R4 )

CD279 (PB1)

CD279 (PB1)

CD366 (Tim3)

CD4

CD4

CD4

CD4

CD4

CD4

CD4

CD44

CD44

CD45.1

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

PerCP/Cy5.5

PE/Cy7

APCICy7

APC

PD-1

APC

Bv421

FITC

Alexa Fluor® 700

PE/Cy7

BV510

APC

PE

FITC

mouse/humar FITC

mouse/humar PE

mouse

APCICy7

Co9B7W

m2B4

(B6)458.1

PC61

PC61

RMP130

RMP130

B8.2C12

RM45

RM45

RM45

RM4-5

RM45

RM4-5

RM45

IM7

IM7

A20

BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San Diego, USA
BioLegend
(San DiegdJSA)
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CD45.1

CD45.1

CD45.2

CD45.2

CD62L

CD69

CD69

CD8a

CD8a

CD8a

CD8a

EOMES

EOMES

FOXP3

Granzyme B

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

PE/Cy7

PE

PerCP/Cy5.5

APCICy7

APC/Cy7

PE

PE

FITC

Pacific Blue

APCICy7

PerCP

PerCP eFluor710

Alexa Fluor® 488

PE

Pacific Blue

A20

A20

104

104

MEL-14

H1.2F3

H1.2F3

536.7

536.7

536.7

536.7

Danllmag

Danllmag

3G3

GB11

BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BD (Franklin
Lakes, USA)
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
Thermo Fisher
Scientifidnc.
(Waltham, USA)
Thermo Fisher
Scientifidnc.
(Waltham, USA)
Thermo Fisher
Scientifidnc.
(Waltham, USA)
BioLegend

(San Diego, USA
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IFN-g

IFN-g

IL-10

IL-17

IL-2

ki67

LAP (TGFA 1)

Ly108

Mouse 1gG1$
(Isotype)
Mouse IgG1§
(Isotype)
Mouse I1gG1§
(Isotype)
Mouse IgG1§

(Isotype)
Mouse IgG1§

(Isotype)
Mouse IgG24,
(Isotype)
PhospheAkt
(Serd73)
PhosphemTOR
(Ser2448)

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

mouse

APC

AlexaFluor® 488

Bv421

PE

PE

APC

FITC

Pacific Blue

Alexa Fluor® 488

APC

PE

PE/Cy7

FITC

PE

purified

human/mouse PE

XMG1.2

XMG1.2

JES516E3

TC1:t

18H10.1

JES6&5H4

16A8

TWT7-16B4

330AJ

MOPG21

MOPG21

MOPG21

MOPG21

MOPG21

MOPGC173

MRRBY

BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend
(SarDiego, USA)
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
Cell Signaling
(Davers, USA)
Thermo Fisher
Scientifidnc.
(Waltham, USA)
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PhospheS6
(Ser2355er236)

PhospheS6
(Ser235, Ser236)

PhospheSTATS
(Tyr694)

rabbit IgG

Rat IgG1¢
(Isotype)
Rat IgG1¢
(Isotype)
Rat IgG1¢
(Isotype)
Rat IgG1f
(Isotype)
Rat IgG1¢
(Isotype)
Rat IgG1f
(Isotype)
Rat IgG1¢
(Isotype)

Rat

(Isotype)
Rat

(Isotype)
Rat I1gG2a$

(Isotype)

l gG1

l gG1

human/mouse APC

human/mouse FITC

human/mouse PE

rabbit

rat

rat

rat

rat

rat

rat

rat

rat

rat

rat

FITC

Alexa Fluor® 488

APC

APC/Cy7

FITC

PE

PerCP/Cy5.5

Alexa Fluor® 488

APC/Cy7

APC

APC

cupk43k

cupk43k

SRBCZX

Donkey

Polyclonal Ig

RTK2071

RTK2071

RTK2071

RTK2071

RTK2071

RTK2071

eBR2a

GO114F7

GO0114F7

RTK2758

Thermo Fisher
Scientifidnc.
(Waltham, USA)
Thermo Fisher
Scientifidnc.
(Waltham, USA)
Thermo Fisher
Scientifidnc.
(Waltham, USA)
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
Thermo Fisher
Scientifidnc.
(Waltham, USA)
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
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Rat IgG2a$

(Isotype)
Rat IgG2a$

(Isotype)

Rat 1gG2bf

(Isotype)
Rat 1gG2bf

(Isotype)
Rat 1gG2bf

(Isotype)

T-bet

T-bet

TCR

TCR

TNF

TNF

TNF

TOX

TOX

Vaz

vVa?z

rat

rat

rat

rat

rat

mouse/humar

mouse/humar

mouse

mouse

mouse

mouse

mouse

mouse

mouse

Pacific Blue

PerCP eFluor710

APC

Bv421

PE

Alexa Fluor® 488

PE/Cy7

APC

FITC

APC/Cy7

FITC

PE

eFluor 660

PE

RTK2758

eBR2a

RTK4530

RTK4530

RTK4530

4B10

4B10

B20.1

B20.1

MPG6-XT22

MPG6-XT22

MP6-XT22

TXRX10

TXRX10

BioLegend

(San Diego, USA
Thermo Fisher
Scientifidnc.
(Waltham, USA)
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
BioLegend

(San Diego, USA
Thermo Fisher
Scientifidnc.
(Waltham, USA)
BioLegend

(San Diego, USA
Thermo Fisher
Scientifidnc.
(Waltham, USA)
Thermo Fisher
Scientifidnc.
(Waltham, USA)
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2.7 Primer

2.7.1 Genotyping
Table 9: List of primers for genotyping.

Name Sequence

IL-18R WT+KO fw  TCA GAT TTC CCC TGG AAC TG

IL-18R WT rev ACA GAG GCG AGA ACA AGC AC

IL-18R KO rev CTC GTG CTT TAC GGT ATC GC

IL-1R WT fw GGT GCA ACT TCA TAG AGA GAT GA

IL-1R KO fw CTC GTG CTT TAC GGT ATC GC

IL-IRWT+KOrev TTC TGT GCATGC TGG AAA AC

FIR WT/tg fw CAA AAC CAA GAA AAG GTG GGC

FIR WT rev CAG TGC TGT TGC TGT GTA AGG
GTC

FIR tg rev GGA ATG CTC GTC AAG AAG ACA GG

OTI-Va2 fwd CAGCAGCAGGTGAGACAAAGT

OTI-Va2 rev GGCTTTATAATTAGCTTGGTCC

OTI-Vb2 fwd AAGGTGGAGAGAGACAAAGGATTC

OTI-Vb2 rev TTGAGAGCTGTCTCC

OTII-vVaz2 fwd AAAGGGAGAAAAAGCTCTCC

OTIll-Va2 rev ACACAGCAGGTTCTGGGTTC

OTII-Vb2 fwd GCTGCTGCACAGACCTACT

OTII-Vb2 rev CAGCTCACCTA CACGAGGA

2.7.2 Real time quantitative PCR  (RT qPCR
Table 1Q List of primers for RT gPCR.

Company

Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)

Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (UIMGER)

Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)

Name Sequence

HPRT fwd CTGGTGAAAAGGACCTCTCG

HPRT rev TGAAGTACTCATTATAGTCAAGGGCA
T-bet fwd CAACAACCCCTTTGCCAAAG

T-bet rev TCCCCCAAGCAGTTGACAGT

IFN-g fwd TTCTTCAGCAACAGCAAGGC
IFN-grev AGCTCATTGAATGCTTGGCG

TNF fwd CCCTCACACTCAGATCATCTTCT

Company

Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)
Biomers (Ulm, GER)

Biomers (UIm, GER)
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TNF rev
FOXP3 fwd
FOXP3 rev
IL10 fwd
IL10 rev
TGF-Afwd
TGF-Arev

2.8 Mice strains

GCTACGACGTGGGCTACAG Biomers (UIm, GER)
GGCCCTTCTCCAGGACAGA Biomers (UIm, GER)
GCTGATCATGGCTGGGTTGT Biomers (UIm, GER)
ACAACATACTGCTAACCGACTCC Biomers (UIm, GER)
CAAATGCTCCTTGATTTCTGGGC Biomers (UIm, GER)
CTCCCGTGGCTTCTAGTGC Biomers (UIm, GER)

GCCTTAGTTTGGACAGGATCTG Biomers (UIm, GER)

Table 11 List of mice strains.

Strain
C57BL/6 Ly5.1

OT-l

OT-Il FIR
OT-II 1118r'
OT-II l1r

Description

congenic marker CD45.1

transgenic OVA specific
TCR on CDS8T cells
transgenic OVA specific
TCR on CDAT cells;
RFRtagged FOXP3

transgenic OVA specific
TCR on CDAT cells;
deficiency in 118R1
transgenic OVA specific
TCR on CDAT cells;
deficiency in 1R1

OT-II 1118r"FIR  transgenic OVA specific

OT-Il ll2r'-FIR

TCR on CDAT cells;
deficiency in 118R1,
RFRtagged FOXP3
transgeni©VA specific
TCR on CDAT cells;
deficiency in I11R1,
RFRtagged FOXP3

Origin

Institute for Medical Microbiology and
Hygiene, Phillipgniversity Marburg
Institute for Medical Microbiology and
Hygiene, Phillips University Marburg
Institute for MedicaWlicrobiology and
Hygiene, Phillips University Marburg

Department of Gastroenterology,
Endocrinology, Metabolism, and
Infectiology Phillips University Marburg
Department bGastroenterology,
Endocrinology, Metabolism, and
Infectiology Phillips University Marburg
Department of Gastroenterology,
Endocrinology, Metabolism, and
Infectiology Phillips University Marburg
Department of Gastroenterology,
Endocrinology, Metabolism, and
Infectiology Phillips Universitylarburg

Department of Gastroenterology,

Endocrinology, Metabolism, and
Infectiology Phillips University Marburg
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All mice strain were kept in tAaimal Facility of the Philipfuniversityof Marburg in specific
pathogen fre€SPF)onditions and in individually ventilated cages. Husbandry conditions were a
lightdark cycle of 12 h, 22 + 2 °C aadilibiturfood and water supply. For animal experisne
animals had a minimum age of 8 weeks. Animal experiments were approved by the
Regierungsprasidium Giel3en (G89/2020

2.9 Cellline s
Table 12 List of cell lines.
Cell line Origin
Panc02 murine, methylcholanthrem&luced pancreatic can(@orbett et al. 1984)

PancOVA stably transfected PancO2soeXpressing ovalbuniifacobs et al. 2011)

2.10 Software

Table 13 List of software.

Software Company

Adobe lllustrator 2@2 Adobe Systems (San José, USA)

Citavi 6.3 Swiss Academic Software GmbH (Wadenswil,

FlowJo(Version 10) BD (Franklin Lakes, USA)

GraphPad Prism 8 GraphPad Software (La Jolla, USA)

Microsoft Office Microsoft (Redmond, USA)

Microsoft Windows 10 Microsoft (Redmond, USA)

LEGENDplexXM data analysis softwa BioLegend (San Diego, USA)

FACSDiva (8.0.1) BD (Franklin Lakes, USA)

CytExpert Software Beckman CoulteCglifornia USA)

7500 Fast System Software Applied Biosystems by Life Technologies
(Waltham, USA)

AxioVision Rel. 4.8 Carl Zeiss (Jena, GER)

Benchling platform Benchling Inc. (San Francisco, USA)

Intas GDS INTAS Science Imaging (Goéttingen, GER)

NanoDrop Software Thermo Fisher Scientific Inc. (Waltham, USA)
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3 Method s

3.1 Cell culture

3.1.1 Cell cultivation

Panc02 and stablith OVA***‘transfectedPancOVA cells were cultivated T75 flasks at 37 °C,

5 % CQ in tumorcellmedium DMEM containing 106 FCS and 1 % P<trep). For selection

of PancOVAcells 500 mg/ml G418 was addda split the cells, medium was removed, cells
were vashed with PBS and incubated with Trypsin EDTA for 5 min at 37 °C. Medium was added,
cells were centrifuged at 40§for 5 min and resuspended in fresh medium. According to the

confluence and growth rate of the cells, they were seeded in to a nesk T75 fla

3.1.2 Freezing and thawing of cells

Cells were cultivated and removed from the flask as described above. After centrifugation, cells
were resuspended in FCS containing 10 % DMSO, counted and transferred to cryotubes.
Cryotubes were placed ifreezing container eé80 °C and transferred to liquid nitrogen after

24h.

Frozen Panc02 andPancOVAcellsin cryotubes wereemoved from liquid nitrogen and
immediatelyplacedn a water batht 37 °Cuntil cells suspension was thavilswerethen
transferred to prerarmedtumor cellmediumcontaining G418 for selectioh PancOVA cells

and cultivated at 37 °C, 5 % L£Bfter 24 h, the medium was removed and replaced with fresh

tumor cell medium containing G418.

3.1.3 Counting of cells

For cell counng, cells were diluted with trypan blue in an appropriate ratio. 10 pl werne @laced
Neubauer chamber. Cells were counted in the four quadrants and cell number paicuorates
according to the following formula

o

QB & G OOIETT 6 OQI @
w
T

ré!rbiri‘ W\ T owv sy T~ 1 5. AU
Q" Qa 6 VM@ @p M TR G W MWW WO € i

3.1.4 Mycoplasm a testing

Mycoplasratestng was performed on a regular basis to ensurBdha02 an&ancOVA cells

were free omycoplasmaontamination. Cells were seeded in a six well plate as described above
ard incubated for 24 h at 3T, 5 %. Medium was removed and cells were washed with P8S. 3.7
formaldehyde solution was added to the cells, incubated for 10 min, and removedsAdtitsva

were accordingly incubated wRB °C cold methanol for 1 min, PBS for 5 min, TBS + 0.5 %
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Triton X-100 for 10min and 2 % BSA in TBS/Triton for 30 min. Afterwards, DAPI staining was
added to the cells and incubated for 10 min followed byuration step with 2 % BSA in
TBS/Triton for 5 min. Cells were than analyzed for mycoplasma contamination using a

microscope.
3.2 Invitro T cell cultivation

3.2.1 Differentiation of CD4 + T cell subsets

Forin vitralifferentiation of OfIl CD4* T cellsOT-II mice were killed, spleen and lymph nodes

were isolated and mashed through a 30 pum filter with HBSS. Cells were washed (centrifuged and
400x @), resuspendedRBC lyséuffer and incubated at room temperature (RT) for 5 min. HBSS

was added, cells were again washed and countédedsp@r ml were incubated with 5qfM

the OVA3%**¥ peptidelSQ at 37 °C for 1 h. Cells were washed and plated on a Béuaitdm

plate (4x10cells per well), 48 wéeHbottom plate (1x10cells/well) or 24 wekl-bottom plate

(4x10 cells per well) in T cell medigRPMI containing 10 % FCS, 2 % eep, 3 % HEPES,

2% NaPyrand 0.1 %2-Mercaptoethanofpr four daysat 37 °C, 5 %O.. For Thl and iTreg

differentiation, the following components were added to the medium.

Table 14 Th1 cells/iTreg differentiation medium /n vitro.

Th1l cells iTregs

10 ng/ml IL-2 TGFA

10 ng/ml IL-12 1 Og/ #l &l
1 pg/mla 1-4 1 Og/ mg &l

2.5 ng/ ml

Cells were additionally cultivated with or without 10 ngat8land 10 ng/ml 11 A .

3.2.2 Invitro T cell exhaustion assay
For thein vitrd cell exhaustion essay, CPB8lls were isolated using the Mojd3dfbuse CD8
T Cell Isolation Kit from Biolegend.

The day before CDSI cell isolation, a 24 well plate was coated with 1 ag/e@D3 and
2 pg/ml anttCD28which was added to the respective wells in 1 mTR88§8late was incubated

at 4 °C overnight.

OT-I mice were killed, spleen and lymph nodes were isolated, mashed through a 30 um filter with
HBSS and washed (centrifuged atxd@0 Cells were resuspeddn HBSSpassed through a
70um filter, countednd adjusted thx10 cells/ml in MACS buffer. 1 biotin-antibody cocktail

per 1x10cells was added and after 15 min incubation at 4 pCst6&ptavidinnanobeads
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followed by 15 min incubation at 4 °C. 2.5 ml MACS buffer was add#t suspension was
transferred into a FACS tube which was placed in a M8faBagnet for 5 minthe Iquid was
poured out into a fresh tube and anothenf2.86f MACS buffer wasdaled to the FACS tube,
which was again placed at the magnet for 5 mtheliglid was poured out into the same tube
as before. Cells were washed, counted and purity (%c€l33 was determined using flow
cytometry.

1x10 cells per well weseededn coated wells of a 24 welbBttom plate in T cell medium
containing 20 ng/mlL-2 with or without 10 ng/ml 18 and incubated at 37 °C, 5 %, @D
48h.

After 48 h(day 2) cells were harvested, counted, seebled ir©6 well Roottom plates
(1x106 cels/well) in T cell medium containing 20 ng/mkwith or without 10 ng/ml K18. For
repetitive stimulation, 10 ng/ml O¥&® was addedA control group was left untreated and
cultivated without 118 and without OV&***throughout the assay.

For inhibitor treatmentshe following inhibitors in respective concentrations were added to the
culture medium.

Table 15 Inhibitors/antibodies and concentrations used in the/in vitro T cell exhaustion model.

Inhibitor/antibody iTregs
Tacrolimus 1nM
CSA 1nM
anttCD25 50 pg/ml
anttlL-2 50 pg/ml
STATSI 100nM
Akti 2nM
Rapamycin 0.05nM

After another 48 h of incubati¢day 4,) cells were split 1:2 into the same conditions as before,
incubated for 48 fday 6)and split agairCells were thecultivated in the same conditions as
before but without OVA***treatmenfor another 48 hfter the total cultivation time of 192 h

(8 days),dlls were harvestestained for viability, surface markers, transcrfptitors, cytokines

and phosphorylation of molecudesl analyzed using flow cytometry.

3.3 Animal experiments

For tumor inoculation, 1x4BancOVA cells in 100 pl PBS were injected subcutaneoyshtds

the left flank of Ly5.1 mice at degroaccompanied by intraperitoneal)(injection of 1x10
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naive OTI WT, 1118r'- or l11r”- cells in 100 pl PBSor experiments that focusmutheex vivo
analysis of T cellsp. injection of naive CDAT cellswas repeated at dagnd mice were killed
at daylQ Forgrowth curve experimeniaive CD4T cells were injectegh. at dayo, 5,10 and

15and mice were Kkilled at day 20.

For ex vivanalysis of cells the blood, tumor draining lymph node &ndor, mice werkilled
by cervical dislocati@mdblood wasmmediatelglrained from the heansing a syringepl8en,
tumordraining lymph nodand tumor was isolatafterwards and placed in HBSS.

Blood was placed in PBS contaiffgul/ml heparincentrifugedand incubated with ml red
RBC lysis buffefor 5 min. Reaction was stopped by addingl3HBSS, cells were washed

(centrifuged at 400gfor 5 min) andysiswas repeated if needed.

Spleens and lymph nodes were mashed through 30 pum filters, spleen trelisedenth RBC

lysis buffeas described above and spleen and lymph node cells were washed.

Tumors were chopped inte2Imm pieces, placed in tumoisymiffer, and digested at 37 °C for
45 min. Cells were mashed through 30 um fiRB3 lysis was perform@iheeded) and washed

After preparation of organs, cells were resuspended in appropriate amoundot®BEed
Afterwards, cells westained fosurface markers, transcription factors and cytokines and analyzed
via flow cytometry

Mice in the animal experiments weoaitored daily and weight and tumor growth were reported.
For growth curve experiments, tumor sizes wss@n order to track the growth and rejection of

tumorsHereby, the length and width of tumors were measured, and total tumor size was calculated
using the following formultR ¢ QbO QTS

3.3.1 Purification of naive OT -Il CD4+ T cells

Naive CD4 T cells,whichwere injected into tumor bearing mice at day 0, 5, 10 and 15 were
isolatedrom OT-1l FIR, OT-II 1118r-and OTII ll1r’- miceusingthe MojoSoif Mouse CD4

Naive T Cell Isolation Kit from Biolegend. Apart fammponents athe kit, the procedure was

the same as described above for'GD&ells After purification, CD4T cells were checked for
purity (Yoof CD4" CD62L" cells) andx10 cells in 100 pl PBS were injected into the mice.

3.3.2 Differentiation of OT -1 CTLs

OT-I mice were killed at day 2 of the animal experiment, spleen and lymph nodes were isolated,
mashed through a 30 um filter and washed (centrifugecka@).406lls were resuspendeRBC
lysisbuffer, incubated for 5 min at RT, washed with HBSS amdedo 4x10cells/ml were
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incubated in T cell medium containing 5 pM &¥& at 37 °C for 1 h. Cells were washed,
resuspended in T cell medium and cultivated in a T75 suspension flask in T cell medium containing
10 ng/ml IL-12 at 37 °C, 5 % GQAfter48 h cells were washed and placed in fresh T cell medium
containing 20 ng/ml H2, which was repeated after another 48 h. After 24 h (day 7 of the animal
experiments) cells were harvested, counted, analyzed for CTL specific surface markers and
cytokines umg flow cytometry and injected into tumor bearing mice.

3.4 Flow cytometry

For flow cytometric analysis cells were stiongdhbility, surface molecules, transcription factors,
intracellular cytokinesydphosphorylated proteins using in stainingopoté dependent on the
molecule of interesitaining was performed either in FACS tubes obitvm platesAfter

staining, cellwereanalyzed on a BD FACSCdator on a CytoFlex.x.

3.4.1 Phenotyping of OT -l and OT -Il mice

Expression of the transgenic T cell receptor id &Td OT-Il mice was determined by flow
cytometric analysis of the blood. 20 pl blood were taken from the tail of the mioe RBCL 1
lysebuffer was added. After 5 min, samples were centrifugecat W@8hed with FACS buffer
(centrifuged at 400¢), and stained for CD4for OT-Il mice)or CD8 (for OT-mice)and Va2
expression for 30 min at RT. Cells were washed again and analyzed on a flow Blgodheter.
from mice that showed a clear populatiol€b#/CD8" a n d * Welis2were identified as
OT-II*/OT -I" respectively.

3.4.2 Live/Dead staining

Live/Dead staining was performed using Zombie Fixable Viability Kits from Biologend according
to the manual. Cells were washed with PBS and incubatedmiliile dge (1:1000 in PBS) for
15min at RT. For animal experiments, live/dead staining was accompanied by blocking of Fc
receptors usingntrCD16/32 antibody. Cells were washed and further staining was performed if

needed.

3.4.3 Surface staining
For surface staining, cells were washed with FACS buffer and stained with the respective antibodies
(in FACS buffer) for 30 min at 4 °C. Cells were washed and further stained or analyzed on a flow

cytometer.

3.4.4 Transcription factor staining
For transdption factor staining, Foxp3/Transcription Factor Staining Buffer SeT frermo

Fisher Scientific Ineias used according to the manual. Cells were washed with PBS and fixed with
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fixation/permeabilization concentradéytedl:4 dilutedn fixation/pemeabilization dilutant) for

20min at 4 °C. Cells were washed with FACS buffer angenmieabilization buffedi{utedl1:10

in water) and incubated for 30 min at 4 °C with antibodies against transcription factors in
permeabilization buffer followed bysWimg withpermeabilization buffer and FACS buffer.
Staining of ki67 was performed accordingly, but with an additional incsbagtionth
permeabilization buffer for 20 min at 4°C prior to staining.

3.4.5 Intracellular cytokine staining

For intracellulacytokine staining, cells were restimulated for 4 h at 37 °dredhantigen
specifiomanner(in RPMI containing 1 pg/ml 1ISQ (for @Tcells) or 100 ng/ml OVA&*%* (for
OT-I cells) and jug/ml Brefeldin A or in anantigerunspecifiamnanner(in RPMI containing
50ng/ml phorbol 12myristate 1-&cetate (PMA), 1 pg/ml ionomycin and 1 pudnefeldin A.
In vitraifferentiated Th1l cells were restimulet@thantigerspecifiandin an antigerunspecific
mannerCD8" T cells from then vitreexhaustion model werestimulatedn anantigerspecific

mannerln ex vivexperiments cells wesstimulated in antigerunspecifienanner

After restimulation (ansurface staining), cells were stained for intracellolkinegtusing the
Fixation/Permeabilizatioit from BD according to the manual. Cells were washed with PBS and
incubated with fixation/permeabilization solution for 20 min at 4 °C. Cells were washed with FACS
buffer and BD Perm/Wagh Buffer (diluted 1:1®iwater) and incubated with antibodies against
cytokines in BD Perm/Wagh Buffer for 30 min at 4 °C followed by washing steps with BD
Perm/Wask Buffer and FACS buffer.

3.4.6 Phospho -protein staining
Phospheprotein staining was performeaksecdn the molecules of interdst either using PFA
fixation and methanol permeabilizatiotheBD PhosflovE system.

For detection of phosphorylated STATS{AT5)and phosphorylated Akt {akt) cells were

wasled with PBS and fixed with 400 pl 2 % PFA (diluted in PBS) for 10 min at 37 °C. Afterwards,
cells were permeabilized by slowly addingl3cécold 98 % methanol, causing a total volume

of 4 ml. Cells were incubated for 30 min on ice, centrifuged dvedl wéih wash buffeCells

were incubated with antibodiagyeting the phosphorylated protédtisited in wash buffefor

4560 min on ice and washed with wash bufferd&®ction op-Akt, purified antibodies were

used and therefooells were incalbed withfluorescencabelledsecondary antibodiesgeting

the primary antibodiddiluted in wash buffer) for another 30 min. Cells were washed with wash
buffer and FACS buffer aathalyzed.
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For detection of phosphorylated mTORN{IOR) and phosphdated S6 {$6)cells were

washed with PBS, fixed WBD PhosflovE Lyse/FixBuffer (diluted 1:5 in water) for 12 min at

37 °C and washed with FACS buf.PhosflovE Perm/Wash Buffer | (diluted 1:10 in water)

was added and cells were incubated ate¥ 30 fmin and washed twice with FACS buffer. Cells
were incubated with antibodies targeting the phosphorylated proteins (diluted in FACS buffer) for
60 min on ice and washed with FACS buffer.

3.4.7 LEGENDplexE assay

In order to determine thencentratiorof specific cytokines, IFY TNF, IL-10, IL-18 and Ik
1 An the serum of pancreatic cancer patients the LEGENDgHamaninflammation Panel
(13plex) with Woottom Plate from Biolegeneas usedccording to the manu&atienserum

samplesvere provided by the Comprehensive Biomaterial Bank Marburg.

Serum samples were diluted with Assay Burfteloaded on a-bottom plate. Premixed beads
were added to each well and the plate was incubated at RT for 2 h on a plate shaker (500 rpm).
The phte was centrifuged, supernatant was removed, and detection antibody was added to each
well followed by 1 h incubationRaf on a plate shaker (500 rpm)-FAwas added to each well
and the plate was incubated for 30 min at RT on a plate shaker (800epiate was washed

twice with wash buffer and J@Qvash buffer was added to each well prior to measurement.

Samples were measured alongside standard samples with defined concentrations of cytokines on &
BD FACSCants .

3.8 Polymerase chain reaction (PCR)

3.8.1 Genotyping

In order to obtain genomic DNA of transgenic mice strains, ear tags from respective mice were
placed in a reaction tube anduralkaline lyse reagent was added. Tubes were placed on a heat
block at 95 °C for 1,land subsquently on ice for 3 min. Lyse reaction was stopped by adding
75ul neutralization reagent and samples were steR&d°at.

PCR was used in order to detect gene expression of HREEBRFP (FIR), mice, which
express a transgenic FOXP3 gene taggededitfiuorescent protein (RFP) diiBr’- and
lI1r 7~ mice, which are deficient in-18 and IL1R expression, respectiveAdditionally,
expression of the transgenic T cell receptor h &0 OT-Il mice was also determined using
PCR.
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The followng reagents were mixed per sample in order to perform the PCR.

Table 16 Reagents for PCR per sample.

Reagent Volume [ul]
H-0 14.75
Buffer 5.0

Primer fwd 1.25
Primer rev 1.25
dNTPs 0.5

GoTaqg polymerase 0.25
Sample 2

Total 25

For detection of the FIR18r'-andll1r’-allele PCR was performed using the follopvimgyam

Table 17 PCR programfor FIR, //18r/-and //1r-- allele

Step Temperature[°C] Time [s] comment

1 94 120

2 94 20

3 65 15 -0.5 °C per cycle decrease
4 68 10

5 Repeat step-2 for 10 cycles (Touchdown
6 94 15

7 60 15

8 72 19

9 Repeat steps&bfor 28 cycles
10 72 120

11 10 hold

For detection of the V&2 and VA2 aprograt. es, t

Table 18 PCRprogramf or V&2 and VA2 alleles.

Step Temperature [°C]  Time [s] comment

1 95 30

2 60 45

3 72 120

4 Repeat step-2for 32cycles
5 10 hold
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In order to analyze the PCR products, a 1 % agarose solution was prepgrtedRrigrden

Plus was added. The agarose gel was poured and placed in a gel chamber containing 1 x TAE
running buffer once it was solid. The samples from the PCR were placed in the pockets of the gel
and bands were separated at 120 V for 30 min. In ordekeéaimabands visible, the gel was
irradiated with UV light.

3.8.2 RNA isolation, cDNA synthesis and RT gqPCR

RT gPCR was performed in order to quantify the expression of genes of intaregtan
differentiated OTll Th1 cells and Tregs. For this purpose;IDsplenocytes were cultivated on

24 well Foottom plates (4xi@ells per well) under Thl and Tregditions with or without
additional IL18 and Ik1 A t reat ment as descri bedelsalereve. A
harvested, washed and supernatant was removed. The cell pellets werplaCachit RNA

isolation was performed.

3.8.2.1 RN4Asolation

RNA isolation was performed using the peqGOLD total RNA isolation kit by VWR according to
the manual. Cells were resuspended iuldgdis buffer and loaded on the peqGOLD RNA
homogenizer colummhich waglaced in a 2 ml collection tube. Thmgle was centrifuged at

1,200x gfor 2 min in order to collect the lysate. 3500 % ethanol wasldedand the solution

was mixed. The total volume (700 pl) was loada@eqGOLD RNA Mini Column placed in a

2 ml collection tuband centrifuged at 10,008for 1 min. The flowthrough was discar@&@dpl

RNA wash buffer | was added to the column followed by a centrifugation step at 4000

30s. Flowthrough wagyain discarded, 5080 % ethanol was added to the column and the
sample was centrifuged at 100@@or 1 min. The washing step with ethanol was repeated and
the empty column was centrifuged until it was dry. The column was placed into a fresh 1.5 ml
collection tube and 50 pl nuclease free water was added to the column followed by a centrifugation
step at maximum speed for 2 min in order to collect the RINARNA concentratiowas
determined using a NanoD®spectrophotometer and samples were sat#@@ °C until further

processing.

3.8.2.2 cDNA synthesis

The RevertAid First Strand cDNA Synthesis KiTlhgrmo Fisher Scientific Inwas used to
subscribe RNA into cDNADNA synthesis was performed according to the mapgadf total
RNA was mixe with 1pl Oligo(dT)s primer and nuclease water to a total volume of 12 pl.
Subsequently,#l 5X Reaction buffer, Il RiboLock RNase Inhibitor,| # dNTP Mix and 1ul
RevertAid MMuLV RTwas added. The total volume of 20 pl was gently mixed andgmohtrif
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and samples were incubated at 42 °C for 60 min followed by a 5 min incubation stejpte 70 °C.
samples were diluted 1:50 to a final concentration of 1spggtrophotometer and stored at
20°C until further processing.

3.8.2.3 RT gPCR
RT gPCR was performed using the ETagniversal SYBR® Green Supermix by-mBid

according to the manuahe following reaction mix was prepared for one sample

Table 19 RT gPCR reaction mix per sample.

Reagent Volume [ul]
iTacE Universal SYBR® Green Supermix (2 10

Primer fwd+ rev 0.4+ 0.4
DNA template 5

GoTaq polymerase 0.25

H-0 3.95

Total 20

RT gPCR was performed with Stratagene Mx3005P qPCR Sytem @hgilénet)following
program

Table 20 RT gPCR cycling program.

Step Temperature [°C] Time

Denaturation 95 15 min

Amplification (40X) 94 30s
55 30s
72 30s

Dissociation curve 95 1 min
55 30s
5595

The cycle threshold (Ct) values of a housekeeping gene and genes of interest obtained via RT qPCR
were used to calculate the relative expressions of the genes of interest.

3.9 Enzyme -linked immunosorbent assay (ELISA)

For detection of IL18 concentrations the supernatant ek vivBancOVA tumors, tumors were
isolated from mice seven days after tumor inoculation and cut into small pieces. 50 mg tumor was
placed in Il T cell medium and incubat&d37 °C, 5 % CQor 24 h. Supernatant was collected

andstored at20 °C until further processing.
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ELISA was performed using the Mousd 8 .Uncoated ELISA Kit byhermo Fisher Scientific

Inc. according to the manual. 96 well plates were coated with 100 pl capture antibody per well
(diluted1:250n coatingbuffer) overnight at 4 °C. Wells were washed twicevastibuffer and

blocked with 200 fdlockingbuffer for 2 h at RT. Samples and standard samples were placed in
the wells diluted 1:2 withmpledilutant and 50 pl adetectionantibody(diluted 1:25@h assay
buffer)was added to each well. The plate was incubated at RT for 2 h on a plate shaker (400 rpm)
and washed three times witdsh buffer. 10Qul StreptavidiftHRP (diluted 1:100 sssaybuffer)

was added to each well followed by an incubation time of 1 h at RT on a plate shaker (400 rpm).
The wells were washed three timeswath Buffer and 100 substratesolution was added per

well. The plate was incubated for 15 min at RT and 400 sdlution were added per well. The

plate was measured using a MultiSk&C Mikrotiterplatgphotometer at 450 and 570 nm in

order to calculate the standard curve and the respective concentratiéB8grothe samples.

3.10 Data analysis and statist ics

Data obtained via flow cytometry was analyzed using thefFlowedsiorl0) Software from BD
apart from LEGENDpleX’ results which were analyzed using the LEGENDpdieta analysis
software from Biolegen@alculations of tumor size-18 concentrans in tumor supernatant

and relative gene expressions were performed using Microsoft Excel.

Data was further analyzed using GraphPad Prism (version 8). Outlier removal was performed using
the ROUT method (Q =1 %) and normal distribution was evalua®dhpyeWilk tests. If two

groups were compared, unpaired;thiled #test was performed. If samples were not normally
distributed MarniwWhitney test was usdtivariances differed significantly (evaluated by F test to
compare variances) unpaired;taledtt e st wi t h Wel chds correction
than two groups were compared Ordinaneway ANOVA f ol l owed by T
compari sons (when each group was <compared t
comparisons (when groupsreveompared to a control group) was performed. For not normally
distributed data Krusk&fa | | i s t est with Dunndés mWien i pl e
variances were significantly different between groups (evaluated bydBsgthe test) Brown

Forsyte and Welch ANOVA test followed by Dunnet
When more than two grouypshich were dependent on two factweye analyzedwo-way

ANOVA was performed wi t hDifferenkes lyefiveen tamadr rejeciioh e c o
in tumor growth curve experiments were evaluated tuskwgay ANOVA with subsequent

Dunnetdéds multiple comparisons against a cont
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As a critical vak for significance p=0.05 was used and marked with an asterisk (*). As further
thresholds p=0.01 (**), p=0.01(***) and p=0.0001(****) were chosen and marked with the

respective number of asterisks.
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4 Results
4.1 Establishing OT-1I 1118r/- and OT -1 II1R/- mice strains

OT-lIxI118r-and OTFIIxIl1r’- mice strains were established in order to investigate the influence
of IL-18Rand IL-1R signaling on differentiationaritigerspecificCD4" T cellsn vitrandin vivo

OT-Il mice express a transgeficcell receptor which specifically recognizes the ovalbumin
peptide OVA?***¥(1SQ). OFIl mice were crossed with mice deficient fet8R (1118r) or IL-

1R (Il1r”"). Expression of the transgeflicellreceptor was eithassesseda staining for &2

and FACS analysisd.1A) or via PCRFig.1B). Additionally, mice wezealuatedor IL-18 or
IL-1Rdeficiency via PCRif.1C, D). Homozygous mice were used foexiperiments.

For future studies focusing theinfluence of IE18R and IL-1R signaling on differentiation of
antigerspecificTregs,OT-Il 1118r7- and OTIl Il1r’-mice were crossed wilhr-Il FIR mice,
which express RRBgged FOXP3. Offspring of those mice strains asgesseftbr OT-II
expression and receptor deficiency as above. Additionally, those strassluetexfor
expression of FIR via PCRd. 1E).
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Figure 1: Pheno/ Genotyping of newly established mice strainsA) Peripheral blood of mice was stained and
evaluatefbr expression of the transgenicellreceptor \&2 via FACSDNA was isolated from ear tags of mice and

PCR was performed to test @®ytransgenid cdl receptor 2 (160 bp) ad) WT (838»2p)4dn8 00 b p)
1118r7-(550 bp) alle]®) WT (310 bp) ant1r’-(150 bp) allele and E) WT (510 bp) and FIR (470) allele.
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4.2 Cytokine profile in serum of PDAC patients

In this study, the NLRP@ependent cytokines-II8 and Ik1 A a n d - and Teregspehific

cytokines IFNGTNF and IL10, respectively, plaeading roleTherefore, the concentration of
those cytokines serumof PDAC patients was analyzed via multiplex assay.

IL-18 levels ranged betweég512 pg/mland1131 pg/mlaround the average 287.9 pg/ml

IL-1A |l evels were mar ke38.08pg/handveerangevbetweBrpgmh a v e r
and 563.8 pg/mi(Fig 2A). IFN-g and TNF, were found dow levels with an average of
5.131pg/ml (IFN-g 0-32.99 pg/ml and33.23pg/ml (TNF; 0-104.8 pg/ml. IL-10 was found at

higher levels with an averagdh# pg/mland a range betwe@r7250 pg/ml and 352p¢/ml
(Fig.2B).
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Figure 2: Cytokine levels inserum of PDAC patients. Multiplex analysis for serum of PDAC patients was
performed to detect the levels of A) the NLi@BBendent cytokines-I8andIk1 A and B) tspeeificTh1l or

cytokines IFNg, TNF and IL-:10 Each data point represents one biologic replicate (n=37), graphs show mean + SEM

Interestingly, the averagel® level irserumof PDAC patients in the present study was higher
than 1.-18 levelsn the serumof healthy subjectsreviouslyeported These include for example
an average L8 level of approximately 2.3 pg(fhmed et al. 202284.17 pg/m{Novick et al.
2001) 84.7 pg/ml(Bellone et al. 2006approximately 23@/ml (Poch et al. 2007and

< 100pg/ml (Kleiner et al. 2013fFurthermore, 18 levels reported in this study wagher
than IL-:18 level irserumof PDAC patients reported Iwo previousstudiesapproximately

2.0 pg/ml (logg (Ahmedet al. 2022)nd192.8 pg/m(Bellone et al. 20Q06utlower than reported

by Poch et a(approximately 300 pg/iPoch et al. 20Q7)

IL-1 A | eserantar® in gemeral very low, as shown by studies that were not able to-detect IL
1 A i serurhohhealthy subjects or PDAC patients aikadiiner et al. 2013; Edimi et al.
2004; Liu et al. 2025a)d two studies that detected relatively low leveldoAIL i n heal t hy
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with an average @04 pg/ml(Bellone et al. 2008hd> 0.05 pg/ml(Poch et al. 200&nd
significantly higher, but still low levels in PDAC patmtiisan average 635 pg/mi(Bellone

et al. 2006dnd approximately 0.8 pg/fftoch et al. 2007Jhe levels of 1 A det ect ed i
study were therefore relatihigh, but still lower than those detected by Basso et al., which were
57.8 ng/l in healthy subjects versus 62.8 ng/l in PDAC pdBasso et al. 1995)

IFN-g levels in this studwerelower than reported for healthy subjetds examplel20

160pg/ml (Liu et al. 2021@ndan average df30 pg/ml(Kleiner et al. 2013JNF levels were

slightly higher and matched vilitiiF levels from healthy subjects from the literaforexample
approximately 30 pg/niKleiner et al. 201and 2838 pg/ml(Liu et al. 2021alHowever, TNF

levels were generally found to be higher in PDAC patients than in healthy(¥akeasal.
2016)and the levels in the present study were relatively high compared to a study that reported
significantly higher TNF levels in PDAC patjerit¥ pg/ml in healthy subjects vs. 27 pg/ml in

PDAC patientgPoch et al. 200@nd one study that did not detactignificant differencé.4

10.5 pg/ml in healthy subjects vs:124 pg/ml in PDAC patien{g&brahimi et al. 2004)

The levels ofu-10 in the present study were higher than levels reported for healthy withjects
an average df3.5 pg/mli(Bellone et al. 200&@pproximately 5 pg/nfPoch et al. 20073.0
18pg/ml (Ebrahimi et al. 20043n average &5 pg/ml(Bernstorff et al. 20014 12.6 pg/ml
(Kleiner et al. 2013)nd 8.517 pg/ml(Liu et al. 2021ahdditionally, theynatched with levels
reported for PDAC patientsith an average d6.5 pg/mli(Bellone et al. 200@pproximatgl
20pg/ml (Poch et al. 2009nd 3.0141 pg/ml(Ebrahimi et al. 20Q4although there were
markedly higher than-10 levels from PDAC patients reported by Bernstoaif 200Iwith an
average @.7 pg/ml.

In summary, this study revealed relatively hig8,lll-1 A  a i@ levéldand relatively low
IFN-g levels in theserumof pancreatic cancer patients when compared to levels reported for
healthy subjects ingHiteratureReported TNF levels in tlserumof healthy subjects have a
broader range and therefore do not allow a conclusion about TNF levels fousdrmtoge
pancreatic cancer patients during this study.

4.3 Molecular mechanisms of IL  -18 mediated T cell exhaustion

4.3.1. Antigen -specific CD8 * T cells obtain an exhausted phenotype upon

repetitive simulation in vitro
Previous work reported by Lutz et al. confirmed a roleX8 Hignaling if cellexhaustion ia

murinepancreatic cancerodelin vivgLutz et al. 2023)n order to further investigate the effects
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of IL-18 on T cell exhaustion,iarvitr@xhaustion model basedaoprotocol previously published
(Zhao et al. 202®as used. CD8ells were purified from GlTmice and actated fortwo days
(primary stimulationyith anttCD3 and antCD28. Subsequently, @Tells were cultivated with
their cognate antigen O¥A® for four days(= repetitive stimulation) followed byveo-day
resting phase without O¥?A%4 A control goup was cultivated without O%&%(Fig.3A). After
cultivation, typical features of exhausted T cells were examined to distephieeotype of the

T cells

Repetitive stimulatiom vitroncreased thpercentagef PD-1" cells inantigerspecificCD8"

T celb. Additionally, the expression of TIM3 and LAG3 in repetitively stimulated cells was elevated
(Fig.3B). Additionally the ceexpression pattern of PD TIM3 and LAG3 was evaluated. The
number of PB1" TIM3* double positive e and PBL* TIM3* LAG3" triple positive cells was
increased from nearly zero in the control group-&04% in the repetitively stimulated group
(Fig.3B; Lutz et al. 2023Therefore, according to the surface markers, the repetitively stimulated
cellsshow an exhausted phenotype. Nevertheless, surface markers cannot be solely used to infer
an exhausted phenotypsthe expression of key transcription factors and production of cytokines

also needs to be considered.

Typical transcription factors usedétermine the developmental stage of T cellstare Eomes

and ToxHere, epetitively stimulated cells showed an increased expressiet aid TOX and

a decreased expression of Eofigs3C). Increased OX expressionorroborated thexhausted
phenotypeof repetitively stimulated T cellsbet and Eomes are known to regulate the function
and dysfunction of celk, T-bet is usually downregulated whereas Eomes is upregulatéd upon
cellexhaustioifKao et al. 2011; Wherry et al. 2007; Paley et alT2@1ld)servatioof increased
T-bet anddecrease@&omes inour in vitramodelmight thereforearise from the fadhat the
expression of those transcription factors is dependent on the stage of exRalestiet al. 2012)

The capacity to produedfectorcytokines is probably the most important feature to determine
the condition of CTLs. Therefore, fhercentagef IFN-g TNF, GrzB and IE2 produced bin
virocultivatedCD8" T cellswas examined. Theercentagef IFN-g-producing cells was not
changed upon repetitive stimulatibowever,the percentagef TNF-producing cells was
significantly decreased. Likewise, picentagef cells that produced both cytokines was
significantly decreasdsdg( 3D, Lutz et al. 2033Accordinglythe PD1" TIM3* double positive
cells were responsible for the loss of-¢fadd TNF production, as those cells were producing
both cytokines independently and simultaneously to a lesser &igoBiBf Lutz et al. 2033

The number of GrzB producing cells was significantly increased upon repetitive stigmglation (
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3D). TypicallyTNF production is lost at the intermediate state of exhaustion, whergastFN
GrzB at advanced stafj&herry et al. 2003herefore, the ogkine pattern observed would
indicate an intermediate exhausted state of T c&lprdduction is typically lost at early stage of
exhaustio{Wherry 2011and washardly detectable even in the control gréig. 8F). It is
possible, that all cells in this model alreadthéostapacity to produde-2.

Repetitive stimulation neither affected T cell viability, as defined by the total number of living cells
after cultivatior{Fig. 3G), nor their proliferative capacity, determined by the expression of ki67
(Fig.3H).

In summary, repetitive stimulation of CD&elk with their cognate antigen causes an increased
expression of multipt@inhibitoryreceptorsrad the exhaustion specific transcription factor TOX.
Additionally, thepercentagef cells that produce both CHBpecific cytokines (IFjand TNF)
wasreduced. Therefore, as repetitively stimulated TDB8E are characterized by phenotypical
and funcnaltraits specific fol cell exhaustigrthose cells are termedimasitroexhausted
throughout this study.
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resting phase without O¥#264peptidefor two daysCells were stained for typical exhaustion markers &ymkdna
by flow cytometryExpression dB) surface markers (PD TIM3 and LAG3; n20-21), C) transcription factord{

bet TOX and Eomesn=19 andD) production of cytokines (IF TNF and GrzB n=17) by activated and
exhaustedl cels. E) Production ofcytokines of sorted RD and PD1* TIM3* exhaustedl cels (n=3).

F) Production of I:2 by activated and exhaustezklls(n=6). G) Life cell coun{n=6)and expression of kifi=4)

of activated and exhaustedélls.Fold change was normalized to activatedlls.Bars represemiean + sd and
statisticsvereevaluated by twiailed, unpairedtestswith (B) or without (D, E, G) Welch correction, One sample
Wilcoxon test (G5H) or ManAWhitney test (F)}p<0.05, **p<001, ****p<0.0001ns: not significanT his Figure
contains modified versions of graphs previously published in Lutz et al. 2023.

4.3.1.11118r"- CD8 T cels obtain an exhausted phenotype upon repetitive stimulation in vitro
As Lutz et alobservedn a murine modéhattumor specifitl-18r’- CTLsexhausteth vivdo a

lesser exteffLutz et al. 2023their ability to obtain an exhausted phenatypgovas determined
using then vitr@xhaustion model. Just as @08 T cells1118r'-CD8' T cells showed elevated
levels of PBEL", TIM3" and LAGS3 cells in thein vitroexhaustion model. Additidlya the
percentagef cells expressing PDand TIM3 or even all three markers at the same time was
significantly increased upon repetitive stimulafign4). Regarding the transcription factor
pattern,ll18r”- CD8 T cells showed an increasetet and Tox expression upon repetitive
stimulation. Interestingly, unlike in WD8 Tcells, the expression of Eomes was unchafiged (
4B).Repetitively stimulatéid8r’-CD8' T cells showed no difference in their captacjiyoduce
IFN-gcompared to the control group, but the capacity to produce TNF was significantly decreased.
Likewise, thpercentagef cells producing both cytokines was redddexpercentagef GrzB’

cells was increasdeig 4C). Repetitively stimtdd 1118r'- CD8" T cells therefore shew a

cytokine pattern typical for intermediate exhausted T cells.
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Figure 4: IL -18R deficientCD8* T cells obtain an exhausted phenotype upon repetitive antigen stimulation

/n vitro. A-C) AntigenspecifidL-18R deficientCD8* T cells were isolated from spleen and lymph nodes-bf OT
[118r7- mice and activated widinttCD3 andantiCD28 fortwo days (=primary stimulation) followed by cultivation
with (=exhausted) or without (=activated) the cognate antige#F®@for four days and a resting phase without
OVAZ257264for two days. Cells were stained for typical exhaustion markers and siaayZ€&. Expression of A)
surface markers (PDQ TIM3 and LAG3; n=9), B) transcription factorsb€f, TOX and Eomes; n=8) and
C) production of cytokines (IF§ TNF and GrzB; n=78) by activated and exhausE&8* T celk.Fold change
was normalized tactivated WT cellBars represent mean + sd atatistics werevaluated by twiailed, unpaired
t-tests with (A: PEL* TIM3*, LAG3", PD-1* TIM3* LAG3*, B: Eomes) or without (A: RD, TIM3* B: T-bet,
TOX, C) Welch correction. *p<0.05, **p<0.01, *@B@L, ****p<0.000,1ns: not significant.
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Noteworthy, thepercentagef PD-1" cells was significantly decreaseldildr’- CD8" T cells
compared to WICD8" T cells. Cells expressing TIM3, LAG3 or both markers in combination
with PD-1 did not differ between WT ahid8r’- CD8" T cells. Nevertheless, TIM&lls were
slightly, but not significantigcreased ih18r'-CD8' T cells compared to WOD8' T cells Fig.

5A). Therefore, there might be intrinsic differences between WI&hd_D8' T cells regarding

the expression of RDand TIM3 in thén vitr@exhaustion model. Nonetheless, the combinational
expression of both markers, which is used to identifyeth@tageof in vitreexhausted cells
during this study, does not differ between WTIla8d - CD8' T cells.The expression of-bet

and Tox did not differ between WT dHldBr’- CD8" T cells whereas the expression of Eomes
wasslightly, but not signifiotly,increased iH18r'- CD8" T cells Fig.5B). SpeculativefEomes
expressiommight be generally higher il8r’- cells and therefore not further elevated upon
repetitive stimulation. Compared to W8 T cells, thepercentagef IFN-g, TNF and double
producing cells was decreagkdditionally, thepercentagef GrzB" cells was tendentially
increased iH18& - CD8' T cells compared to WTi.5C).

A 160 B

O WT exhausted 26 © W exhausted

O /18 exhausted p = 0.09 O I}/ 87 exhausted
o

[% of CD8']
MFI of CD8" (fold)

PDa TIM-3~ LAG-3"  PD-1'TIM-3" PD-1' TIM-3'
LAG-3'

T-bet TOX Eomes

O W exhausted
O [i18r " exhausted

[% of CD8"]
ILA18 [pg/ml]

IFN-y* TNF IFN-y* TNF* GrzB' 0=

Figure 5: /n vitro exhaustedIL -18R deficientCD8* T cells show asimilar phenotypecompared toWT cells.
A-C) AntigenspecificWT and IL-:18R deficientCD8" T cells were isolated from spleen and lymph nodes-bf OT
WT andOT-I 1118r”- mice and activated wint:CD3 andantiCD28 fortwo dayg=primary stimulation) followed
by cultivation with (=exhausted) the cognate antiger#<®@¥4or four days and a resting phase without &%&

for two days. Cells were stained for typical exhaustion markers and analyzed. Eapgféss®n of A) siace
markers (PEL, TIM3 and LAG3; n8-20, B) transcription factor§-pet TOX and Eomes; 818 and C)
production of cytokines (IFY TNF and GrzB; nZ18) byin vitreexhausted cels. D) PancOVA tumors were
isolated from mice amdltivated for 24 h in T cell mediuin-18levelsn the supernatant were detected via ELISA
(n=3).Fold change was normalized to activated WTRatsrepresent mean + sd atatistics werevaluated by
two-tailed, unpairedtestswith (A: PD1*, B:Eomes) or without (A: TIM3LAG3, PD-1* TIM3*, PD-1* TIM3*
LAG3*, B:T-bet TOX, C) Welch correctiofp<0.05, **p<0.01ns: not significant.

These results indicate that deficiendy. df8Rdoes not change the level of exhaugiense
Although there are differences detected betiwadtnexhausted WT arltd8r’- CD8' T cells,
the overall pattern of exhaustion markeas the sameThis indicatedhat differences ithe

exhaustion pattern of WT atdi8r’- CD8" T cellsin vivanust be mediated by extrinsielig.
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These resultgeresupported by the fact that PancOVA tumors, which were used in the pancreatic
cancer modekvealinglifferences in the exhaustion patterns of WTIa8d'- antigerspecific
CD8' T cells(Lutz et al2023) producel detectable levels of-ll8 Fig.5D).

4.3.2 1Ll-18 increases effector T cell development of antigen -specific CD8* T cells
during primary stimulation in vitro

As IL-18 is typically known am IFN-ginducing factor, the question arose howi8L
supplementation would influence the phenotypataerspecificCD8" T cells during the first
two days of thén vitrexhaustion protocol, the phase of antigespecific activation. Therefore,
cells were ained for expression abinhibitoryreceptors, transcription factors and cytokine
production after that phagehe expression abinhibitoryreceptors aftaron-specifiactivation

of CD8 T cells was not altered bylB(Fig.6A). Nevertheless, asinhibitoryreceptors are also
expressed by activat€atels (Wherry and Kurachi 201%) notalte number of cells expressed
PD-1- and LAG3were detectab(Eig.6A). Further, 11:18 signaling did not change the expmessio
of T-bet, TOX and Eomes during primary stimulaftog.6B) Nevertheless, 118 significantly
increased thepercentag®f the IFN-gproducing cells anslightly, but not significantlihe

percentagef TNF-producing cells. Consequently,gbecentagef cellsproducing botiFN-g
and TNF(double psitive)was increased upon-18 treatment, whereas ffercentagef GrzB
producing cells was unchand&d.@C).

Therefore, as expected;18 increases the production of &pecificeffectorcytokines undér
cellactivating conditions.
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Figure 6: IL -18enhanceseffector function ofantigen-specific CD8* T cells during primary stimulation of /n
vitro exhaustion. AntigenspecificCD8" T cells were isolated from spleen and lymph nodes -bfn@e and
activated witlanttCD3 andantiCD28 for 2 days (=primary stimulatievi)h or without 11-18 Cells were stained
for typical exhaustion markers and analyzed via FACS. Expression facé)nsarkers (RD, TIM3 and LAGS3;
n=8), B) transcription factors-pet TOX and Eomes; r8) and C) production of cytokines (HgNTNF and GrzB;
n=8-10) by T celk primaily stimulatedvith or without supplemented-Il8.Fold change was normalized to cells
without IL-18 treatmenBars represent mean + sd atatistics werevaluated by twiailed, unpairedtest (A:PD-

1+ TIM3*, PD-1* TIM3* LAG3*, C: IFN-g", GrzB"), ManaWhitney testA: PD-1+, TIM3*, LAG3, C: TNF, IFN-

g TNF*) or One sample Wilcoxon test (B). *p<0.05, *p<@€1not significant.
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4.3.3 IL.-18 enhances in vitro T cell exhaustion

As IL-18 rather enhanced the effector phenotypewtr@ctivated antigespecific CD8T celk

but enhanced the exhausted phenotype of those cells in a murine pancreatic caimceivinodel
(Lutz et al. 2023he question arose whether the influeftie-18 on CTLs is dependent on their
stage of differentiation. To gain further insigbt3" T cellswere repetitively stimulatedvitro

with or without external HL8 to examine the effect of188 onin vitreexhauste€D8" T cells

PD-1 expressionfexhausted cels was not altered by-1I8 but TIM3 and LAG3 expression
was significantly increasédy(7A). Consequently, tipercentagef cells expressing two (AD

and TIM3) or all three (RD, TIM3 and LAG3goinhibitoryreceptors was significantly increased
by IL-18 Fig. 7A, Lutz et al. 2023Furthermore, H18 caused an increased expression of the
transcription factor TOXHg. 7B) indicating a more severe exhausted phenotype of those cells.
Interestingly, the expressof T-bet and Eomewereboth increased by 418 Fig.7B), although
they arecommonly believed to kedternatively regulatg@aley et alR012) The increased
expression of Eomasight further indicate a more severe exhausted phenotype uf8n IL
treatmentNevertheless, increased expressiorbeft Tather indicatiean activated phenotype of
those cellsThis might indicate a dual ftioo, where prolongetl -18 exposureincreases
exhaustion specific traits (Ida@nhibitoryreceptors and the expression of TOX and Eomss)

also increase the expression of effector specific traitslikexpressionf.onsequentlyl.-18
treatmentdid not increase the production of Hghh the setting oin vitrcexhausted celk,
although 1118 usually increases Hgigroduction and did so in the primary stimulation phase of
thein vitr@xhaustion modeds shown abovAdditionally, thpercenageof TNF-producing cells
wag(not significantlydecreaseshd thepercentagef IFN-gand TNF doubleroducing cellwas

significantly decreased uporlR.treatmentwhile thepercentagef GrzB-producing cellgias
increasedHg.7C, Lutz et al2023.
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Figure 7: Treatment with IL -18 enhanceghe exhausted phenotypf repetitively stimulated antigenspecific

CD8+ T cells /in vitro. Antigenspecific CD8T cells were isolated from spleen and lymph nodes-biM&ZE and
activated witlanttCD3 andantiCD28 for 2 days (=primary stimulation) followed by cultivation with the cognate
antigen OVAS#264for 4 days and a resting phase without ®¥¢®&for 2 days. Cells were cultivated with or without
IL-18 throughout the protocol, stained for typical exhaustion markers and analyzed via FACS. Expression of A) surface
markers (PEL, TIM3 and LAG3; n=120), B) transcription factors-§€t, TOX and Eomes; n=1&nd C)
production of cytokines (IFY, TNF and GrzB; n=18)yin vitrexhausted T cellsold changed was normalized to
activated cells without-lL8 treatment. Bars represent mean * sdtatidtics werevaluated by Marnivhitney test

(A: PD-1*) twotaied, unpairedtests with (A: LAGS B: T-bet) or without (A: TIM8 PD-1* TIM3*, PD-1* TIM3*
LAG3*, B: TOX,Eomes,C) Welch correction¥p<0.05, **p<0.01, ***p<0.00Ins: not significantThis Figure
contains modified versions of graphs previously published in Lutz et al. 2023.
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Beltra et acharacterized four subsets of exhausted T cells based on their expression of CD69 and
Ly108. The four subsets are progenitor exhausted T cell&°¥; (@08 CD69), progenitor
exhausted T cells 2 (Té% Lyl08 CD69), intermediate exhausted T cells '{Tex

Ly108 CD69), and terminally exhausted T cells'{Tdx108 CD69) (Beltra et al. 2020).-18

treatment caused an incregeerdentagef TexX™%"cells and exX*™cells while itnot significantly)
decreased thmercentagef TexX™%cells Fig.8A). This further supports the conclusion that IL

18 treatment enhances exhaustion.

As IL-18 affects exhaustioniafvitrstimulatedCD8" T cells the questionrase whether it also
influences the formation of memargels. Thereforan vitrexhauste@D8" T cellsvere stained
for the surface markers CD44 and CD62L and identified as éffeetbr(Ter; CD44 CD62L)

and effector memofly cels (Tem; CD44 CD62LY). IL-18 treatment did not alter the abundance
of one of those subsetad.8B, Lutz et al. 2023and therefore does not influence the formation

of memoryT celkin vitro.

IL-18 significantly decreased the viability and proliferative capacititraéxhauste€€D8" T
cells(Fig. 8C, D, Lutz et al 2033 This phenomenon is most likely a side effect of increased

exhaustion, axhausted T cells finally die by apop(@éierry 2011)
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Figure 8: Treatment with IL-18 changes characteristics regarding development and viability @b vitro
exhaustedantigen-specific CD8* T cells. Antigenspecific CD8 T cells were isolated from spleen and lymph
nodes of OTl mice and activated wiinttCD3 andantiCD28 for 2 days (=primary stimulation) followed by
cultivation with the cognate antigen G¥&4for 4 days and a resting phase without ©¥#for 2days. Cells were
cultivated with or without HL8 throughout the protocol, stairedfacenarkersviability and ki6@nd analyzed via
FACS Expression of A) CD69 and Ly1@&5)andB) CD62L and CD44 hin vitre@xhausted T cells (n=8). Life
cell count (n=6) and) expression of ki67 (n=djin vitre@xhausted celk.Fold changed was normalized to activated
cells without IE18 treatmentBars represent mean + sd astatistics werevaluated biannWhitney test (A:
Ly0108 CD69, Ly0108 CD69) two-tailed, unpairedtestswith (A: Ly0108 CD69, C) or without (A: Ly0168
CD69, C, D) Welch correctiarfp<0.05, **p<0.01, ***p<0.00hs: not significanT his Figurecontains modified
versions of graphs previously published in Lutz 2028.
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4.3.4 Inhibition of pathways involved in T cell development abrogates [L-18
mediated T cell exhaustion in vitro

RNAseq of tumor infiltrating CTLs revealed &mediated changesthe IL-2/STAT5 pathway
and the Akt/mTOR pathwalutz et al. 2023} herefore, thein vitrexhaustion model was used
to gain further insight into the molecular mechanisthsl@&mediated cellexhaustion,

4.3.41 Inhibition of IL2 and STATS5 signaling partiadlyrogatell-18 mediated effects on in
vitro T cellexhaustion

RNAseq revealed changes in th2/&TATS pathway in H18R deficient CTLs compared to WT
CTLs(Lutz ¢ al. 2023)Liu et alalso confirmed a role of-R_signaling il cellexhaustiorLiu

et al. 2021bAdditionallyjn vitrexhausted cels showed increased expression of CD25, but not
of CD122 andnicreased levels of phosphorylated STAT5 up@B8 tteatmentHig.9A, Lutz et

al. 202Bindicating an impact of-lL8 on the IE2/STAT5 pathway during cellexhaustionn
vitro.Therefore, this pathway was inhibited at several points starting froraf dag i@ vitro
exhaustion model in order to study its impact di8iinediated” cellexhaustiom vitro.

Blockale of the IL-2 receptor CD28ecreasetthe percentagef PD-1" TIM3" cells but this effect
wasreverseavhen IL-18 was addedFig. 9B). TOX expression was unchanged when CD25 was
blocked but not further increased upoi8_treatment and therefore lower compared to the IL
18 treatment without CD2blockale (Fig. 9C). IFN-g and TNF doubleproducing cells
nevertheless were less abunddmren CD25 was blocked but did not differ dependent on the
additional treatment with418 Fig.9D). Thereforeblockale of CD25 was able @brogateéhe
IL-18mediated increase of TOX expression toiat impact the 1£18mediated increase in the
expresion ofcoinhibitoryreceptors and negativatypaced cytokine production independently

of IL-18. Hence, CD2Wwasonly partly involved in HL8 mediated exhaustionvitro

IL-2 was blocked during tirevitral' cellexhaustion model starting from dawRich caused a
general decrease of geecentagef PD-1 and TIM3 double positive cells which was not increased
by IL-18 treatmen®ig.9E, Lutz et al. 2023The expression of TOX nevertheless was not altered
by IL-2 blockade and further increased bg8lireatmentHig. 9F). Additionally, IE2 blockade

caused a reduction of cytotoxic cytokireglucing cells independently of1®, which was,
however, not reinforced by-1I8 supplementatiori. 9G, Lutz et al. @23. Furthermore,
blockale of IL-2 had a negative impact on total live cell number and proliferative capacity, which
was in turn rather increased by additiona8ltreatmentHig.9H, I, Lutz et al. 2023Hence, the
negative impacts of{ blockae sem to predominate in this model and therefozblockae

is not able to rule out{L8mediated exhaustiamvitro.
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Figure 9: IL -2 signaling is partly involved in IL-18 mediated T cell exhaustion/n vitro. Antigenspecific CD8

T cells were isolated from spleen and lymph nodes-bff@E and activated wismtrCD3 andantrCD28 for 2
days (=primary stimulation) followed by cultivation with the cognate antig&?{ok 4 days and a resting phase
without OVAB#264for 2 days. A) Cells were cultivated with or withet8lthroughout the study, stained for CD25,
CD122 and {8TAT5 and analyzed via FACSD)BCells were cultivated with or withoutll® throughout the

55



4 Results

protocol and with or withowntitCD25 startig from day 2. Expression of B) surface markersl (HIM3 and
LAG3; n=1020), C) transcription factorsii€t, TOX and Eomes; n=118) and D) production of cytokines (N

o, TNF and GrzB; n=106)byin vitrexhausted T celE-H) Cells were cultivatedth or without 11-18 throughout
the protocol and with or withoantiIL-2 starting from day 2. ExpressiorEpfsurface markerBD-1, TIM3 and
LAG3; n=1220),F) transcription factors {fiet, TOX and Eomes; n=11B) and3) production of cytokines (IFN

g TNF and GrzB; n=126)byin vitrexhausted T celld) Life cell count (n=6) and) expression of ki67 (n=8

of in vitrexhausted celk. Fold change wasrmalized to activated cells withoufLl8.or inhibitor treatment. Bars

represent mean + sd and statistieseevaluated by twiailed, unpairedtests with Welch correction (A: CD25, p

STAT5), ManfwWhitney test (A:CD122) or tweayANOVA followed by Tk ey 6s mul t i p-l))e compa
*p<0.05, **p<0.01, **p<0.001, ****p<0.0004s: not significarthis Figurecontains modified versions of graphs

previously published in Lutz et al. 2023.

As part of the IE2/STATS5 pathway, STATS5 was inhibited durireinhvitrol' cellexhaustion
model starting from day 2. STATS5 inhibititiehnot reduce the expressionRid-1, TIM3 and

TOX in general but prevesitthe IL-18mediated increase of these markegs10A, B, Lutz et

al. 2028 Additionally, STATmhibition prevergdthe IL-18mediated loss of effector cytokines
(Fig.10C, Lutz et al. 2023Regarding the total live cell number and proliferative capacity, STAT5
inhibition prever@dthe IL-18mediated reduction of both traits but negatively iegiatcal live

cell number and proliferative capacity in gefégal@D, Lutz et al. 2033

In summary, inhibition of the {/STAT5 pathway in thi& vitrexhaustion model revealed that
this pathway is partly involved irll&@mediated exhaustion as saffects of IL18 weraeversed
by inhibition of this pathway. Nevertheless, the effectsl@ dinT cellexhaustiom vitr@annot
fully be explained by changes in th2/&TAT5 pathway, possibly because it alsoglessrole
in maintaining basit celldevelopment and functipinrespective of the induction of exhaustion
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Figure 10 STATS5 signaling is partly involved in IL-18 mediated T cell exhaustion /n vitro. Antigenspecific

CD8" T cells were isolated from spleen and lymph nodes-bfMXE and activated wigmtrCD3 andantiCD28

for 2 days (=primary stimulation) followed by cultivation with the cognate antigef?®ioA 4 days and a resting
phase without OV&#264for 2 days. Cells were cultivated with or withcd8lthroughout the protocol amdgth or
without STATS5 inhibitostarting from day. Zxpression oh) surface markers (PD TIM3 and LAG3; n8-20), B)
transcription factorg {bet TOX and Eomes; r3=18) andC) production of cytokines (IFY TNF and GrzB; n&

16). D) by in vitrexhausted T cellsife cell count (n5-6) andg) expression of ki67 (134) ofin vitr@xhausted

celk. Fold change was normalized to activated cells with@8tdt inhibitor treatmenBars represent mean + sd

and statisticwereevaluatetwo-wayANOVAf ol | owed by Tuk ey(Bk) *pa@dst*pgm.0le c ompa
***n<0.001,ns: not significanThis Figurecontains modified versions of graphs previously published in Lutz et al.
2023.

4.3.42 The Akt/mTOR pathwangages inL-18-mediatedT cellexhaustion in vitro

IL-18R deficien€TLs showed differences in the Akt/mTOR pathway compared to WTIrCTLs
vivarevealed by RN&eq(Lutz et al. 2023Jurthermore, mTOR was shown to play a role in
T cellexhaustioiGabriel et al. 202Thein vitrd cellexhaustion model revealed increased levels
of phosphorylated Akt and mTOR as well as the mTOR substrate S6 caud&itiatinent

(Fig.11A, Lutz et al. 2023This indicated role of the Akt/mTOR pathway in-lLl8 mediated
57



4 Results

T cellexhaustionn vitrowhich was further studied by inhibiting Akt and mTOR starting from

day2 during thenvitroT cellexhaustion model.
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Figure 11 Akt signaling is partly involved in IL-18 mediatedT cell exhaustion/n vitro. Antigenspecific CD8

T cells were isolated from spleen and lymph nodes-bff@E and activated widmtiCD3 andantiCD28 for 2

days (=primary stimulatidiojlowed by cultivation with the cognate antigen ®\®&for 4 days and a resting phase
without OVA57264for 2 days. A) Cells were cultivated with or withe@Blthroughout the study, stained @k,
p-mTOR and pS6 and analyzed via FACER)BCdls were cultivated with or without18 throughout the protocol

and with or without Akt inhibitor starting from day 2. Expression of B) surface mark&rsT(FDB and LAG3;
n=9-20), C) transcription factorsij€t, TOX and Eomes; n=B8) and D) producth of cytokines (IFM, TNF and

GrzB; n=916)by in vitreexhausted T cellg) Life cell count (n=6) andF) expression of ki67 (n=8 of in vitro
exhausted celk. Fold change was normalized to activated cells withiibH inhibitor treatment. Barepresent
mean * sd andtatistics werevaluated by twimiled, unpairedtésts with (A: {56) or without (A:kt, pmTOR)

Welch correction or twwayANOV A f ol |l owed by Tuk e yR. $p<Obb, I*p<ki0.pl, e c omp
****n<0.0001 ns: not sigficant.ThisFigurecontains modified versions of graphs previously published in Lutz et al.
2023.
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Inhibition of Akt decreased tpercentagef PD-1 TIM3 double positive cells and prevented the
IL-18mediated increase of those célig. (1B, Lutz etal. 2028 Likewise, inhibition of Akt
abolished the increase of TOX expression ¥8land did not influence TOX expression in
generalKig. 11C). Thepercentagef IFN-gand TNF double producing cells nevertheless was
decreased by inhibition of Akt mdit further decreased by additional8.treatmentHig.12D,

Lutz et al.2093The Il-:18mediated negative effectsTonellviability and proliferative capacity
wasabrogatedby Akt Fig.11E, F, Lutz et al. 2023Hence, inhibition of Akt was abladwerse
sometraits of I.-18mediated exhaustion, indicating a role of Akt in this prddeagver,
inhibition of Akt also negatively influeshcgtokine productianThereforeAkt activatiordid not

fully explain the effects of-Il8 onT cellexhaustiofn vitro.

MTOR inhibition by Rapamycin decreased the number-&f RM3 double positive cells and
prevented the H18mediated increase in ADand TIM3 expressioRi@.12A, Lutz et al. 2023

TOX expression was not generally affectddapamycitreatmentbut IL-18 was not able to
further increase TOX expression upon mTOR inhibitiag. (2B). Furthermore, mTOR
inhibition prevented the 118 mediated loss of effector cytokines and did not negatively impact
cytokine production itseFif). 12C, Lutz et al. 2023Finally, mTOR inhibition caused a generally
lower total live cell count and proliferative capacity but was able to abolish8thmeediiated
decrease of those trafgy( 12D, E, Lutz et al. 2023In summary, inhibition of NOR prevented

the IL-18mediated increase of ADTIM3 double positive cells and TOX expression while
restoring the 18 mediated loss of effector cytokirdss indicated thaTOR activatioms an

important mediator of cellexhaustion caused by1BR signalingn vitro.
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Figure 12 mTOR signaling engages inlL -18 mediatedT cell exhaustion /7 vitro. Antigenspecific CD8 T

cells were isolated from spleen and lymph nodes -bfn@de and activated wiHCD3 andaCD28 for 2 days
(=primary stimulation) followed by cultivation with the cognate antige##@¥for 4 days and a resting phase
without OV Ag57264for 2 days. Qs were cultivated with or without18 throughout the protocol and with or without
the mTOR inhibitor Rapamycin starting from d&xpression oA) surface markers (PD TIM3 and LAG3; nx0-

20), B) transcription factord {bet TOX and Eomes; )18 andC) production of cytokines (IFY TNF and
GrzB; n=10-16) by in vitrexhausted T celB) Life cell count (n56) andE) expression of ki67 (I8=) of in vitro
exhausted celk.Fold change was normalized to activated cells with@8tdt hhibitor treatmenBars represent
mean * sd andtatistics werevaluatetvo-wayANOVAf ol | owed by Tukey(BBH.*prO05ti pl e ¢
**p<0.01, ****p<0.0001ns: not significanthisFigurecontains modified versions of graphs previously published in
Lutz et al. 2023.
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4.4 Influence of the NLRP3dependent cytokines IL -18 and IL-1a on in vitro
differentiated CD4 +* T cell subsets

4.4.1 Expression of IL-18Rand IL-1R on CD4 * subsetsin vitro

In order to evaluate the upregulation of the receptors fMLRE3dependent cytokines-Il3
and IL-1A on CD4 subsets during differentiatidghe expression of those receptorsCaw*

T cellsduring Thl andrregdifferentiatiorwasmeasured eweday Both CD4 subsets markedly
upregulatedL-18Rafter 48 h of differentiatiorlowever CD4 cells differentiated undédireg
conditions, upregulatdd-18R to a lesser extent than CDeells differentiated under Thl
conditiongFig. 13, B).

Contrary theexpressiomwf IL-1Ron CD4 cells differentiated under Thl dafceg conditions
staydat a marginal level, with a higher expression level érc€B4ifferentiated unddireg
corditions (Fig. 13C, D). Theseresults are in line with previous reports showint- idR
expression on Thl cells but on Trggsroll et al. 2008; TayRobinson AW 1994)

Therefore, both receptors were expresséd \atraifferentiated CD4cells at aetectabléeve)
but IL-18Rwas markedly upregulated during differentiation lvHlIR was not. Thisaisel the
question if thermight bea more prominent role for L8R signalingh CD4 T cell development
in vitrandin vivo
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Figure 13 Expression of IL-18R and IL-1R onantigen-specific Thl cells andiTregs /n vitro. Splenocytes of
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for 72 h. Cells were harvested after 24, 48 and 72 h, stain®) for18R and ) IL-1R expression and analyzed
via FACSDatapoints represent mean + sd é)=
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4.4.2 IL-18 signaling affects CD4 +* subset differentiation in vitro

In order to identify the effects of-I8R signaling on CD4subsetsn vitrpOT-1l splenocytes
were activatedith ISQ and differentiated under Thl aildeg conditionswith and without
additional 1E18
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Figure 14 IL -18impacts Th1l differentiation in vitro. Splenocytes of O mice were incubated with ISQ for 1 h
and cultivated under Th1 conditions with or withoit8lfor 72 h. Cells were harvested after 723), sdained for

Thl markers and cytokines and D) used for RNA isolation and gPCR for regpeetvé) Expression ofoEt
(n=11) and production of cytokines afteaB{jgerspecifiqn=11) and Cantigerunspecifigestimulation (n=12)

of Thl cells. D) Gene expressiondfet, IfngndTnfof Thl cells (n=6). Fold change was normalized tom#ets
without IL-18. Bars represent mean + sd and statistics were evaluated by One sample Wilcoxon iesle@), two
unpaired test (B, C: TNF, IFN-gt TNF*, D) or ManAWhitney test (C: IFN*). *p<0.05, **p<0.01ns: not
significant.

63



4 Results

Th1 cells diffeentiated with supplemented1B showed increaseeb@t expression compared to
Thl cells differentiated without additionall8_ fig. 14). Likewise, thpercentagef IFN-g-
producing cells was increased upeh8llireatment when cells were restimulated antigen
specific manneHowever, TNF production was not changed Hy8ltreatment and accordingly
the numberof cells producing both cytokines was unchariggd 14). The IL-18mediated
increase of IFMNrproducing cells was alsot significantlypresent when cells were restimulated
in anantigerunspecifiomanner Thepercentagef TNF and doublg@roducing cellshowever
remainedinchangedHig. 1€). These resulisdicatean influence of H18 on Fbet expression
and specifically on IFY production ofantigerspecificCD4" T cellsdifferentiated under Thl
conditions The influence of H18 on Th1l cells could also be validatedRVigPCR, which
revealed an HL8mediated increase TrbetandIfngmRNA expression, whilnfmRNA levels

were unchange#if. 1D).

CD4" T cells differentiated unddiregconditionsin vitrashowed a lesspercentagef iTregs

when supplemented with-118 compared to celisfferentiated without HL8 supplementation

(Fig. 13\). Regarding the production of inhibitory cytokined,8Ilhad no effect on {10
production ofin vitrodifferentiatediTregs. Of note, the K10 positive cells amorng vitro
differentiatedTregs wee remarkably higiThe number of TGR  p r o iTnegs nevegheless

was higher upon L8 treatment, which indicates an increased inhibitory potafitie¢ptaused

by IL-18 signaling~g. 18). Therefore, 18 seems to generally impaiegdifferentiationin
vitrdbutincreased their inhibitory potential. This phenomenon was also supported by results from
RTgPCR, wherEoxp3nRNA expression was decrealédexpression was unchanged Egith
expression wdgnot significantlyincreasedg. 1%¥).
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Figure 15 IL -18impairs iTreg differentiation /n vitro. Splenocytes of O mice were incubated with 1SQ for
1h and cultivated und@rregconditionswith or without Il-:18for 72 h. Cells were harvested after 72B), #ained

for Treg specific markers and cytokines@nsed for RNA isolation and gPCR for respective gerResrodntage

of iTregs (N=16) B) percentagef IL-10- a n d  Tpd&FudingTregs (n=7-14)andC) Gene expression Bbxp3,
[119andTgflof iTregs (N=6). Fold change was normalized to treatments withel.IBars represent mean + sd and
statistics were evaluated by-taited, unpairedtest @, B: TGFA C) or MannWhitney testH: IL-10%). *p<0.05,
**p<0.01, ns: not significant.

In summary, during vitraifferentiation ofantigerspecificCD4" T cells the differentiation of

Th1l cells was induced and the differentiation of iTregs was suppressiti by IL
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4.4.3 IL-1a signaling affects iTreg, but not Th1l differentiation in vitro
In order to identify the effects of-ILA s i g n a t subseajin witrpOT-@ Bplenocytes were
activated and differentiated under Thli@rejconditionsgn vitravith and without additionaldL
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Figure 16 IL-1A does not have an impact on Th1 differentiationn vitro. Splenocytes of G mice were

incubated with ISQ for 1 h and cultivated under Thi conditions with or wittb& ILf or 72 h. Cell s w
after 72 h, AC) stained for Th1l markers and ciytekand D) used for RNA isolation and qPCR for respective genes.

A) Expression of -bet (n=10) and production of cytokines after B) ansigecific (n=12) and C) antigemspecific

restimulation (n=12) of Thl cells. D) Gene expressidrbet, Ifngnd Tnfof Thl cells (n=5). Fold change was
normalized to treatments without1LA . Bars represent mean N sd and stat
Wilcoxon test (A), twiailed, unpairedtest (B: IFNg, IFN-g- TNF+, C) or ManfWhitney test (B: TNf}. ns: not

significant.
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IL-1A treat ment of idlvitrdeitherechahgeddet expréssiofr@ni@inart e d
the percentagef IFN-g- or TNF-producing cells, as well as doylotelucing cells, no matter if

the cells were restimulaiedanantigerspecificor unspecific manngfFig. 18, Q. RT gPCR
revealed slight, but not significarmtcrease dfngnRNA expression uponiL A t r gwhile me n t
T-betandtnfmRNA expression was not alterféig.(1®).

AdditionallyjTregdifferentiatiorin vitravas not influenced by-IL At r eFaytl7)eandtthe (
percentagef IL-10producing cells amom@regs was unchanged. Neverthelesspéneentage

of TGFA pr odu i vitralifferentatedTseg wan meregselig. 17B). RT gPCR
however, showed that-LA suppl ement ati on did Foxp3 llAd t er
andTgfl(Fig.17C).

In summary IL-1 Acompared to H18, does noinfluence CD#4 T cell developmerih vitro
indicainga less prominent role daf-1 An vivas well.
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Figure 17 IL -1Ainfluences cytokine production ofiTregs. Splenocytes of G mice were incubated with ISQ

for 1 h and cultivated undd@regconditions with or without L A f or 72 h. Cell s -Byver e
stained for Treg specific markers and cytgkanel€C) used for RNA isolation and gPCR fespective genes)
Percentagef iTregs (n=14) B) percentagef IL-10-a n d ~ Tr&%18)producingTregs andC) Gene expression

of Foxp3, ll0oandTgftof iTregs (n=5). Fold change was normalized to treatments withdutdL. Bar s r epr e s e n
+ sd and statistics were evaluated bydilaa, unpairedtést *p<0.05 ns: not significant.

har

4.4.4 1l-18R and IL-1R deficiency does not impact the differentiation of CD4 T

cell subsets in vitro

As treatment of CD4subsets with tileRLP3dependent cytokines can alter their differentiation
in vitrpthe question arose if CD# celk with deficiencies in the respective cytokine receptors
exhibit plasticity ofh1 oriTregdifferentiatiorthat isdifferent tothe plasticity oVT cells. This
guestion was of particular interest regaplargnedn vivatudies focusing on the development

and impact of those receptor deficienci€E cglldevelopmenin vivo
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Therefore, splenocytes of WTWT, 1118r”- and Il1r ’- mice wereincubated with 1SQ and
differentiated under Thl afldegconditionsIn vitrarh1 differentiation was not altered in CD4

cells with 18 orlL-1Rdeficiency. et expression was at similar levels as in WFagllS84)

and IFN-g, TNF ordoubleprodicing cells were unchanged regardless of whether the cells were

restimulateth an antigespecifiqFig.18B) orunspecific mannéFig.18C).
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Figure 18 Thl differentiation is not altered inantigen-specific /18r “-and //1r7- CD4* T cells in vitro.

Splenocytes of G WT, 1118r7-andll1r’- mice were incubated with ISQ for 1 h and cultivated under Th1 conditions

or. Cells were harvested after 72 hstaided for Thl specific markers and cytokines. A) ExpressidiefriEs

11) and production of cytokines afteaBjgerspecifiqn=10-12) and Cantigerunspecificestimulation (n=102)

of Thl cellsFold change was normalized to WT cells. Baese mean + sd and statistics were evaluated-by one

way ANOVA foll owed my Dunnett d&s nsnnoisignifipante compari sons

Regarding iTreg differentiation, geFcentagef FOXP3 CD25 iTreg did not differ between
WT andll18r’- or ll1r’- CD4' T cells(Fig.19A). Thepercentagef IL-10-a n d  Tp@duding

cells amongreg was also unalterddg. 19B).
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Figure 19 iTreg differentiation is not altered inantigen-specific /18r~-and //1r7- CD4* T cells /n vitro.

Splenocytes of G WT, 1118r /- and Il1r /- mice were incubated with 1SQ for 1 h and cultivated iifuer

conditions. Cells were harvested after 72 stained for Treg specific markers and cytokieesentagef A) iTregs

(n=10-15)and B IL-10- a nd T G F¥5) pfodusidjTrecs. Fold change was normalized to WT cells. Bars
represent mean +* sd and statistics were evaluatedwoyaope ANOV A f ol |l owed my Dunnett 0:¢
(compared to WThs: not significant.

Therefore, the differentiation of Thl cells @mdgs wasnot altered irantigen specific CDA
cellswith an IL-:18 orlL-1Rdeficiencyand potential differences to WT cells can only be mediated
by external 18 and I:1 A, which <can inter alia be su

microenvironment.

4.5 Influence of | L-18R and IL-1R signaling in CD4+* cells on T cells in a murine

pancreatic ca ncer model

4.5.1 Influence of IL -18 and IL-1R signaling in CD4+ T cells on abundancies of

T cell population sin a murine pancreatic cancer model

In vitroexperiments during this study revealed thdBlacilitated Thl differentiation but
suppressed iTreg differentiation. Theretbeze is a possibility that1l8 strongly influences the
Th1l/Treg ratio in vivoand therefore shifts the immunological E®ee in the tumor
microenvironment towards a tunmejecting typeAdditionallylutz et al. confirmed a prominent
role of IL-18 signaling ophenotype anéunction of adoptively transferred CTLs in a murine
pancreatic cancer modélutz et al. 2023)Therefore the influenceof NLRP3dependent

cytokineon adoptively transferred CDZ# celk in the same context was of particular interest.
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In order to study these effects, PancOVA tumorsin@ealated into the left flank of Ly5.1 mice
and naive OTl CD4" T celk were isolated fro@T-Il WT, 1118r”- and ll1r /- mice and

intraperitoneally injected at day 0 and 5 of tumor inoculation. Mice were sacrificed at day 10 and

cells from blood, tunmaraining lymph node, spleen and tumor of those mice were staihed for

cellpopulationgFig. 20A).

A 1.) PancOVA cells s.c.

2) OTIUNT vs [/ & / Ity CD4*ip.  OT-ILWT vs [/18 / Ilr CD4*ip.

FACS analysis of T-cell populations
3 in blood, tumor draining lymph node

do ds

Tumor

Tumor draining lymph node

Spleen

OT-TTWT
CD4*

OT-11 IL18r
CD4*

[

dio

0.3

»
spleen & umor

0.3

OT-IT ILIr
Ch4*

ns = OT-TWT CD4”

o ns = O[T TS CD4”
;% o = LWL e CD4”
P
3 104
2
-
£
4
£
Eos
=
[=]
(&)

0.0-!

Blood

Tumor draining
lymph node

Spleen

Figure 20 IL -1&R or IL -1R deficiency of adoptively transferre®@T -1l CD4+ T cells does not influence their
abundancyin lymphoid organs of tumorbearing mice. A) Schematic of experimental procedure. PancOVA
Tumor cellsvereinjecteds.c.into the left flank of Ly5.1 mice. @TWT, 118r7- or ll1r /- naive CD4 T celswere
injected.p.at day 0 and day 5. Migeresacrificed at day 10 ahdellpopulations in blood, tumor draining lymph
node and tumor of mice were analyzed via FACS. B) Amount of adoptively trad&friér, 1118r7- or I11r 7
CD4* T celk fourd in blood, tumodrainingymph node, spleen, and tumor (+i:8j. Bars represent mean + sd and

statistics werevaluated byonreay ANOVA f ol |l owed

by

Dunnet 6GI-lwva)l t i pl e

(B: blood, spleen, tum@T-Il WT vs.OT-II 1118r7- or ll1r - CD4*) or KruskatWallis test followed by Dunn's
multiple comparisons (comparedX®-1l WT CD4+) (B: tumor draining lymph no@& -1l WT vs.OT-Il 1118r7"

or ll1r /- CD4). ns: not significant.
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Adoptively transferre@T-1l CD4" T celswere found in the blood, tumdraining lymph node,

the spleerand tumas of tumorbearing micaith no differences between IV and receptor
deficient cell§-ig.20B). Nevertheless, the number of adoptively transfeirdtl CD4" T celb

was very loywhich made further analysis of transcription factor and cytokine patterns of those
cells difficult. For that reason, the focus ekéstudies waput on the effect of adoptively
transferredT-1l CD4" T celk with or without IE18 orIL-1R deficiency oendogenous cell

populations.

The adoptive transfer of tumspecificOT-Il WT CD4 T cels did not alter the amount of
endogenous CDA celk in the blood, the tumairaining lymph node, the spleen, or the tumor
itself Fig.21A). AdditionallyQT-II 1118r'-andll1r’-CD4" T cels did not have an impact on this
T cellpopulation compared ©T-1l WT CD4 T celk Fig.21B).

The amount of endogenous CDO8celk, which migrated into the spleenthe tumor was also
neither changed by adoptive transfer of ttspecificOT-II WT CD4 (Fig. 21C)nor by the
adoptive transfer @T-II 1118r-andlllr’-CD4" T celk Fig.21D).

In summary, the adoptive transfer of tuspecific CD4AT celk causetbw populations of these
cells in the organs of turdeearing mice. Additionally, adoptive transfer of naive Tk did

not have an impact on endogerbaslipopulations, no matter if the adoptively transferred CD4
T celbk had an I£18 orlL-1Rdeficiency or not.
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Figure 21 IL -18&R or IL -1R deficiency of adoptively transferreddT-Il CD4* T cells does not influence the
abundancy of endogenous T cell populations lymphoid organs of tumorbearing mice. . PancOVA Tumor
cellswereinjecteds.c.into the left flank of Ly5.1 mice. @MWT, 1118r7- or Il1r’- naive CD4T celbwereinjeded
i.p.at day 0 and day 5. Mweresacrificed at day 10 ahdellpopulations in blood, tumor draining lymph node and
tumor of mice were analyzed via FAESE) Amount of endogenous CB# cels found in bloodtumor-draining
lymph node, spleen, and tumor () andC+D) Amount of endogenous CDB cels found in spleen and tumor
of mice (n=610). Bars represent mean iasdstatistics werevaluated byoneay ANOVA f ol |l owed
multiple comparisorsompaed toOT-Il WT) (B: blood, tumor draining lymph node, spl€ehll WT vs.OT-II
118r7-or ll1r -, D: OT-Il WT vs.OT-II 1118r”- or Il1r - CD4*), KruskalWallis test followed by Dunn's multiple
comparisongcompared t@T-Il WT CD4*) (B: tumor OT-Il WT vs.OT-II 1118r”- or Il1r 7 CD4"), twotailed,
unpaired-test A: blood, tumor draining lymph node, splées OT-1l WT CD4*, D: 6 vsOT-Il WT CD4) or
MannWhitney testA: tumord vsOT-Il WT CD4*). ns: not significant.
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