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Summary

The NF-xB/Rel signaling pathway plays &rucialrole in numerousiological processes,
including innate and adaptive immunit4dthough he cytoplasmic regulation of N&B is
well characteried its nuclear regulatioomechanismss only recently started to become
elucidated The nucleatkBs contribute significantlyo the modulation oNF-«xB activity.
IxBns, an atypical &B protein,regulates the proliferation of T and B cells. Furthermore,
the expressiorof various cytokines is modulated viaBys by its ability to spesific
activationor terminationof NF-xB function at certain cytokine promotei&he aim of this
thesiswasto obtain a better understanding of the role«®ns during the regulation of
NF-kB activity in health and disease.

The ativation of the TCRrapidy induces IkBys expressionHowever, it is uknown if
IkBns itself affects this activation cascade ibrit modulates the exyression of NFB
subunits.Analysis of CD4" T cells ex vivorevealed thalkBys doesneither affect the
proximal TCR signallinghor the expressioof NF«xB subunits uportell activation The
nuclearl kB proteinlkB( regulates the proliferation ofyI7 cellsas well as thexpression
of IL17A. This thesisuncovered kBys asa second kB proteinintrinsically involved in the
developmenof Ty17 cells In addition,in vitro experiments revealed thktBys regulates
the expression of IL10 in L7 cells.In in vivo experiments)kBns seems to be almost
dispensable for the course of EARR contrastjn the colitis modes$ | kBys-deficient mce
suffered from more sever inflammation of the gut andvere more susceptible to
Citrobacter rodentiumnfectiors. Additionally, 1kBns wascrucialfor the formation of T;1
and T,7 cellsin gut inflammation as well as infection. Furthermore, the induaifory17
cell wasmodulate by lkBys, while it waslessimportantfor Tyl cell development during
inflammation andnfection of the gut.

In this thesis wasdlemonstrated thalkBys does not only regulate the transition of
immature Treg precursor infmmuno-suppressive Tregells but is also necessary for the
generation of pronflammatory 117 cellsin vitro and in viva. Thus, kBns exhibits
diverse regulatory functions for T cell proliferation and cytokine secretion. Consequently,

lkBns may represent a Telt specific pharmacological targettime future.



Contents

1

INEFOTUCTION. ...ttt ma e e e e s e e e e eme e e e e e e e e s annnneeenan 1
1.1  The key players of the immuNe SYSTEIML............iiiiiiiiiiii e e 1
1.2 Thymic maturation of T CeLS..........oummiiiii e 2
1.3 T helper cell differentiation..............cccooiiiiiiiiieeiiiiiiiii e A
1.4  The differentiation Of L7 CEIIS......oiuniiniiii e 6
1.5 Tyl7 cells, a prénflammatory T cell subset in health and disease......................... 8
1.6  The transcriptio factor nuclear factor (NFIB...........ccooviiiiiiiiiiiiee s 10
1.7  The kB protein family- regulators of NFKB............cooooiiiiiiiiiiiicee e 11
1.8 The cytoplasmic regulation of NdB by kBS...........ouuviiiiiiiiiiiiie, 13
1.9  IxBys-the novel regulator Of NHEB...........coovviiiiiiiiiii e 15
1.10  AIMS O the theSIS...uuiiiiii et e e 17

Material and METNOUS..........coiiiiiii e nr e 18
2.1 Molecular biological MethodS............uoiiiiiiiiii e 18

2.1.1  Eukaryotic RNA or DNA eXtraCtion...........couuiiiiiiiiiieeeiii e eea 18

2.1.2  cDNA synthesis by reverse transcription.............ccooveeiiieeieieiiiiii e 18

2.1.3  Polymerase Chain reacCtion...........ccuuiiieiiiiiiieeeiie e e e e e e e e 18

2.1.4  Agarose geeleCtrOPNOrESIS......ccuuii i ere e 20

2.1.5 Quantitative reaitime detection PCR.........ccooiiiiiiiiiiiee e 20

2.1.6  TranSfOrMELION. ........uviiiiiiiiiiiiieii ettt eee 22

2.1.7  Cell transfection and lentiviral transduction..............cccccoiiiinniii, 22
2.2 Protein biological approach@s............cciveiiiiiiiiieee e 23

2.2.1 Cellysis and determination of protein concentration....................cccoveeervnnnn.. 23

2.2.2  Fractionated Cell IYSIS.......couuiiiiiiiii e 24

2.2.3 SD$polyacrylamide gel electrophoses (SDBPAGE)..........cocviiieiiiiiiiieeeieeeeees 25

2.2.4 WeStern bIOtiNG.... ..o e 26

2.2.5  UFEEPAGE.... .. e 28

2.2.6  IMMUNOPIECIPITALION. ... ittt e e e e e e eeeees 28



227 aAONB[AY1un t NRGSAY...L.2.dzL A3 Y.AL....29
2.3 IN VItrOtECNNIQUES. ... .ttt e e eennnnas 29
2.3.1  Cultivation of A20 Cell INE......ccoiiiiiiiii e 29
2.3.2 Organ isolation and single cell suspension preparatian..................c.ccceeennnnn. 30
2.3.3  FlOW-CYIOMELriC @N@lYSIS.......ciiiieeeiiiiiiiiiiiieee ettt e et e e e e e e e eeennenes 30
2.3.4  Cellisolation by flOW CYIOMETLY........cevuuriiiiiiie e 33
2.3.5 Invitrogeneration of T helper cell SEBLS............ccoovviiiiiiiiiiiiee 33
2.3.6  Invitroexpansion of COZD25T CeIIS..........ccceevviiiuieiriieeeiie e 35
2.3.7 Invitroactivation ofex vivoor expanded T cells............cccovvriiiiiiieniiiiiiiiiiinnnn, 35
2.3.8  Proliferation analysis with alamarBIUE®.................cccoiiiimeiiiiiiii 35
239 t NREAFSNIYGAZ2Y FylLfteéeara @Al [/ C{9..2.86
2.3.10 Enrichment of 17 cells via mouse IL17 Secretion ASSa@y..........ooeeeeeeeeeennnnn. 36
2311 'yrteasa 2F Oeidz21AyS SELNBAA&AZRY..D.B7
2.3.12 Analyses of cytokine expression by FlowCytomix.Kit..............ccoviieeniinnnnns 37
P [ Y)Y o (= Tod o T [V = TS 37
241 MOUSE STTAINS. ..ottt s 37
2.4.2  Dextran sulphate sodium induced chronic colitisrémic DSS colitis)............... 38
2.4.3  Adoptive transfer ColILIS.........viiiiiiii e, 38
2.4.4  Citrobacter rodentiunifeCtioN. .............uuuiiiiiiiiiiiieeeiiiiiieeeee e eeee 40
2.4.5 Experimental autoimmune encephalomyelitis (EAE)........cccoooevviiiiiieeeiiinennnns 41
2.5 SHALISTICS. ...ttt ettt eee ettt en ettt ettt e aee bbb n e e e 42
B RESUIS .ot 43
3.1 Characterisation okBysdefiCiENt MICE......c.uveviieeie e A3
3.1.1 The loss ofdBysaffects the B220B cells frequency but not apoptosis sensitivid
3.1.2  IkBysis not crucial for the activation of COBCellS.........uuveeeeeeeeeeeeeieeeeeeeee 47
3.1.3 Both kBysforms (35 and 7@Da) are stable to denaturation by urea.............. 49
3.2  The role of #Bysin TH17 cell development............coooviiiiiiiiicee e 54
3.2.1  Setup of an efficieni vitro polarisation of [17 cells............ooooiiiiiiiicennnnnnn. 54

/I St ¢



3.2.2 lkBysdrives the differentiation of both 17 and Tl cells.......coovveviviiiiiiininienen, 59

3.2.3 The loss ofdBysalters thein vitro expression of cytokines by 17 cells.............. 65
3.3 Function of #Bysin autoimmunity and inflammation.................ccccceeevveeeinieevennn . 2
3.3.1 IkBysdeficiency mildly delayed the onset of EAE...........ccooovvvviiveeiiiieevvinnn 2

3.3.2  IxBys deficiency results in impairedyI7 development and high susceptibility to

chronic gut iNflamMmMALioN.............oiiiiiii e 73

3.4 Mice defective in #Bys display a high susceptibility t€itrobacer rodentium gut

infection associated with an impaire@Il7 development.............cccovvvvviiiieeeneiiennns 77

N B 1T U 3] [ ] o OO PO P R PP PP 80
4.1  The loss ofdBysalters the deelopment of B cells..........covvvveiiiiiiiiiieeiieee, 80
4.2 Novel isoform ofdBysmay arise from posttranslational modifications................... 82
4.3  IkBysis essential for 17 development and enhances the expression of IL10....... 83
4.4  Tyl7 formation is supported bykBysin the inflamed gut..........ccooooiiiiiiiiiiiiiee e, 87

4.5 IkByspromote the development of L7 cells irCitrobacter rodentiungut infection...88

4.6 CoNnClUdING FEMAIKS.......ui i e e e e e et e e e e e 89
5 ADDIEVIALIONS. ...ttt 91
B REIEIBICES ... s 93
7 ACKNOWIEAGMENTS......uiiiiiiee it e e e e e e e e e e e e s s st e e e e e e e e ame e s s ennnees 106
8 Declaration of OrigiNality..........c..uviiiiire e 107
O CUIMICUIUIM VITBE ...ttt mr ettt mr et mn e e 108



Introduction

1 Introduction

1.1 The key players of theimmune system

From birth, the immune systemis constantly exposed to a rich diversity of
microorganisms.For example100 trillion microorganismscomposed of 500 to G)0
different speciesre present in the human intestih& Nevertheless, most of the organsm
within the intestinal tract arevell-tolerated because of mutual benefifhe human
intestine offersa relatively stableenvironment,well-temperedand nutrientrich, to the
commensal bacteridn turn human benefit from an increased digestiveapaciy and
increased protectiormgainst pathogenic organism$>* During the course of livea
disruption of this balance byhangeof diet, antibiotic treatmenbr invasion of pathogens
canresult inimmunemediateddiseases. For instanaglammatoy bowel disease(IBD),
ike Crohnds di sease aenlitkedtolaadyaegalated intestinahadciod t i s
environment. Furthermoreexperimental autoimmune encephalomyelitis (EAFES,
rheumatoid arthritis' and diabetes® have also beensuggestedo be associated with a
change of thecommensal gut floraTherefore, he immune systenmeeds to tolerate
commensal organisnas well aselfantigens buthasto defend the body fromathogenic
microorganismdgrom outside and tumoufsom theinside.

During evolution, vertebrateslevelopedhe adaptivémmune system imdditionto innate
immune responsedhis was an essential step, becausih the rapidity of the innate and
the divesity of the adaptive immune resperare crucial for effective protection of the
human organism. The innate immune systenf the vertebrates is able t@cognise
conservedpathogerassociated molecular pattern (PAMRY)invading microorganisms.
This is possiblevia the pattern recognition receptofBRR) of cells of the innate immune
system.Thereby,innate immune cellglistinguish pathogenic componentand harmless
antigens®*° Thus, atigenpresentingcells (APG) recognise and engulbathogenic
microorganisms Afterwards, APCs degrade andprocess the microbial proteins
intracellulaty and subsequentlythe foreign antigensare presenéd via the major
histocompatibility complex (MHC) clas$ 1°. Additionally, thetranscription factor nuclear
factorkappa B (NFkB) becomes activateby therecognition of pathogen®llowed by
cytokine expression angp-regulation of cestimulatory moleales on APG in perpheral
lymphoid organsThe produced cytokines attracts T and B cells, which are pattgeof
adaptive immune responseheteby creating a link between innate andadaptive

immunity. *° Naive T cells recognise éhAPC-bound norself antigen via theifl cell

1
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receptor (TCR).The recognition of the cognate antigen together with the bindirgp-0
stimulatory molecules of the APC activates the T cell and initiates a new gene expression
program.This initiatesan expansion phasef T cells Within this phase Tells startsto
proliferate andinally differentiate into effector T cells, which mi@e to the infected areas

of the body.When allpathogensantigens have been cleayéde immune system enters

the contraction phas&\Vithin this phasemost of the effector cells die by apoptasigeturn

to homeostasisThe surviving cells differentiatinto longlasting memory cellsyhich are
available fora faster and stronger response the next timeimmune system is challenged

with this specifigpathogen!**2

1.2 Thymic maturation of T cells

The T cell life beginsas a hematopoietic stem cd(C) in the bone marrow.He HSCs
leave the bone marrow, circulate ithe blood and entethe thymus as thymussettling
progenitors (TSPs}**°. The development of CD4or CD8 T cells depends on the
microenvironment of the thymusit which @ch of the dur major thymiccompartments
(subcapsular zone, cortex, medulla, corticomeduljunction) is involved ima specific
stage ofthethymocyte developmenf 2. TheT cell developmenin the thymuss a tightly
controlled cascade of separate developmental $téfisThe most mportant cellsurface
markes, which allow theidentification of different developmental stage$ thymocytes
areCD4, CD8, CD3, CD44 and CD117. The expression of these manetasnswithin
the rearrangemenstepsof the T cell receptor (TCR) chain¥*° After tiny numbers of
TSPs enterghe thymus they go through four CD4/CD8 doublenegative (DN) stages
(DN1-DN4) *192022 The earliest DN cells, DN1 express high levels of CDag ¥vell as
CD44 but are negative for CD25". The DN1 cells arefirst detectablein the
corticomredullary junction(CMJ) of the thymus, where theyndergo proliferation®*®*°,
Furthermore, via Notchl signalling the DN1 cells dm@e a more T cellrestricted
progenitor and less multipotent, a process callegllineage commitmen*°> The DN1
thymocytes migrate tthe subcapsulazone(SCZ), deepein the cortex**®!’ Stirrulatory
signals from cortical thymic epithelial cells(cTECs) and fibroblasts induce the
differentiation into DN2 cell{CD25'CD44'CD117™) *?° The DN2 thymocytes further
proceed in T cell lisage commitment*?° Furthermorethis stepis characterised by the
TCR B-chain rearrangemefit?® This process is also call@dselection ands finished in
the DN3 stagé*®® The DN3 (CD25CD44°CD117°) thymocytes are still presentithin
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the SCZ and mature to DN4 cell (CD25D44CD117) *****"% During the migration
back to the thmic medulla, DN4 thymocytes uggulateCD4 and CD8&after successful
preTCR signalling within the outer corté%'®'"?° In these doublepositive (DP)
thymocytesthe rearrangement of the TGRchain occurs*?® Furthermorejn the DP
stagethe devéoping T cellsundergoa process calledositive selectiod*?%?® During this

process DP thymocytes recognisingeH-peptides presented by MH&omplexesof

cTECs, DCs and fibroblast§?°?% Those DP cells which recogniself-peptides with low
affinity survive and further diffrentiate into singkpositive (SP) thymocyteseither
expressing CD4 or CD&%°%*% Additionally, thosethymocytes with a low affinity to
seltpeptides are protected fromeglect and switch offurther TCR a-chain gene
rearrangement. The newly formed SP thymocytesigrate into the thymic medulfd®°

The medulla is the place for negative selection, eliminating S®vegii a high affinity to
self-peptidespresented by medullary TECs (mTEC$Y°?*%. Consequentlynegative

selectionis an process to eliminagaitoreactive T cell§"292%2°,
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Figure 1. Thymic migration of maturating T cells: Hematopoietic stem cel(HSC) leave the
bone marrow, circulate inlood and entethe thymus ashymussettling progenitors (TSPs)} the
corticomedullary junction (CMJ)TSPs run through four CDB@D8 doublenegative (DN)
maturationstages Via Notchsignalling DN1 cells (CD25CD44'CD117") start tobecomemore
committed tothe T cell linage. DN1 cells migrate tihe subcapsular zone (SCand mature to
DN2 cells wupon sthulation by thymic epithelial cells (cTECs). In DN2 cells
(CD25'CD44'CD117™) the PB-selection starts and is completed in DN3 cells
(CD25'CD44°CD117°). The DN3 cells mature to DNeklls (CD25CD44CD117), which start to
migrate back to thymic medulla. tNin the outer cortex DN4 cells become doulplesitive (DP)
for CD4 and CD8. Within DP cells the rearrangement of the BGfRiain occurs Selfantigens
presented by cTECs induce the positive selection of DN cells, vaffietwardsmature to single
positive (SP) cellsThe negative selection &8P cells takes plaaeithin the medullaand eliminates
highly autoreactive cellsThe newly formed CD4and CD8 T cells exit the thymus.

1.3 T helper celldifferentiation

The presenceof two distinct CD4 T cell subset was first describetly Mosmannet al.
showing auniquecytokine expressioby these T cell$®. Hence, Mosmanet al. named
them T helper 1 and T helper 2 (1.1 and Ty2) cells according to their cytokine
production®®. A further peripheralTy cell subset was discovereecentlyand named 17

4
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27133 These three major Ty cell typesare distinguishable by their unique cytokine

cells
production and their functioA®*°334%> The T,1 cells, which predominantly express
interferonry (IFN y) are essential iprotecting the host agest intracellular viruses and
bacteria?®3°3%3% T,2 cells on the other handare important for thedefenceagainst
extracellular pathogen&.g. helminthsyand produce interleukin 4 (IL4), IL5, IL9, IL13
and 1L252%30313¢ 7,17 cells areharacterised by the produatiof IL17A, IL17F as well
as IL22 and control extracellular bacteria and fungi>'*% Next to thér immune
protective functionpoth Tyl andTn17 cells areimplicated in autoimmune diseases and
Th2 cells are involved in allergic responsgs® The fourth Tcell subset known as
regulatory T(Treg) cells can either differentiate from peripheral naive CD4cells
(induced Treg; iTreg)as theother Ty cells or develop in the thymughymic derived
Treg;tTreg)?®3%337% |n contras to other T cells, which promote immune responses,
Treg cells are immune suppressfié’31373,

After triggering of the TCR,Hhe differentiation ofTy cells is directed byseveral T cell
subset specific requirements. Firstlige surrounding cytokinemilieu at the time of TCR
stimulation plays a critical role in determining theyTcell commitment?® %, A unique
combination of cytokines is requirddr the differentiation of a specifi¢y cell lineage
(Figure 2) 231 Secondly members of thesignal transducerand activator of
transcription(STAT) family and master transcription factorsollaborate in T cell
differentiation and expangio (Figure 2) 3% Thirdly, the T cell commitment is
additionally supported by one of the effector cytokines of the particylacell subset
thereby providing a powerful positivieedback loofFigure2) 23 Finally, cytokines of
the IL1 family are suggested to induce the effector cy®kpnoductiontogether with
STAT activatos in a TCRindependent manndiL18 for Thl, IL33 for Th2 and IL for
Th17 cells) *%. Consequently the commitment of T cell subsetskes place, they
selectively maturate and the master regulator ottremittedT cell actively suppresan
alternative lineage fat€®. For instance]FNy and IL27 activate STAT1, which initiates
the development of JL cells?*3! The master transcription factor ofyT cells, Toet is
induced by STATI1together with TCRactivatedtranscription factors and Thet in turn
initiates the production of IFN 2°3% Furthermore, 1L12 secreted by APQictivates
STAT4, whichinduce together with Thatducesthe expression of IFNwithin Tyl cells.
Hence, via a positivéeedback loop IFN intensifiesthe T4l cell commitment by further
activation of STAT(Figure2) 3!
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Figure 2: T helper cell differentiation. Upon the TCR activation triggered by antigamsenting
cells (e.g. DCs) a naive CD7Z cell can differentiate ito four subsets, namgl Ty1, T2, T417 or
Treg cell. Each T cell differentiatiomlepends on a critical combination of cytokines: IL12 and
IFNy for Tyl, IL4 and IL2for T2, TGFB and IL6 (IL21/1L23) for T17, andTGF3 and 1.2 for
iTreg cells. The lineage commitment involves the-tggulation of lineage characteristic master
transcription factors (highlighted in orange) and the activation of Sp@ieins (highlighted in
yellow). Each committed cell expresss aunique combination of effector cytokingsdghlighted

in blue), and one ofhesecytokines promotes furthdineage commitmentwritten in blug. In
addition, committed T cells expreseceptos directed tolL1 cytokine family members (red
rimmed), which induceraeffector cytokine expression in a T@Rdependent way.

1.4 The differentiation of Ty17 cells

The differentiationof Ty17 cells(Figure 2) is a subject of ongoing research dadher
investigations are necessary to decrypt the exact mechaniéfi’®% Tul7 cell
differentiationis independent of cytokes and transcription factorshich areimportant in
Thl and T2 development®*®*2 |FNy and IL4 are essentialcytokines in Fi1 or T2
differentiation, but inhibit the development ttL.17 producing T cell§**°*2 Furthermore,
the cytokinelL2, which is required for Ty2 and Tregcell developmentand clonal
expansion blocks Ty17 cells by the activation of STAT5"*** During Ty17 cell
differentiationthe secretion of IL2 is suppressed by binding of Aiolos, a member of the

Ikaros transcription factor family, to thi2 locus®:.
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The member of the STATamily STAT3 and theretinoicacidreceptofrelated orphan
receptoro t  (ytR @d&essentialproteirs in Tyl7 cell differentiation (Figure 2) **%’.
RORyt is the master transcription factor ofII7 cells*®>!. The necessity oRORyt in
Tw17 cellformation was detecteoly analysingmice deficient for ROR, which showed a
reduced development of IL17 expressing céfi§®*2 Furthermore, the isruption of
STAT3 in mice resulted ithe absencef Ty17 cells*®°%°3 Fork-head boX°3 (Foxp3, the
master transcription factor of Treg celishibits the mastetranscription factor of §17
cells,R O R by direct binding andthus,blocks the ;17 celldifferentiation®®. Both the
transforming gowth factorfp (TGH3) and IL6 are essential tgromote the 17 cell
differentiation at the time of TCR activation®®*°®. While TGF3 inhibits the
differentiation of 1 and {2 cells, itpromotes Treg andglL7 celldevelopmenby the
induction of thetranscription factor§oxp3 andR O R 3%£%44°4°55738The |evel of TGB
is one pivotal factor of the L7 or Treg fate decisioti. The induction of Foxp3 for Treg
developmentequires high concentrations of TGP, while a low level of TGP promote
Tul7 cell differentiation®®. In contrastto TGHB, IL6 induces the development of J17
cells, while inhibiting Treg cell developmerif>#°°°9° Thys, the presence of TGF
together with IL6induces Ty17 cell developmentby the activation ofSTAT3 #6261
STATS itself leads to the induction of R@Rexpressiorf>*® Subsequentlyadditionally
to its ability to support ROR expressiofi>*® STAT3 inhibits the expression of Foxp3 and
its interaction withRORyt *°°°>®2 The increased availability of RQR enhance the
commitmentof the Ty17 lineage fatéd®*®°%% Furthemore, upon the initiation oT17
differentiation STAT3 together withIL6 induce the expression of IL2and the I1L23
receptor (IL23RY°°3%1% The three cytokines IL6, IL21 and IL23 are activators of
STAT3%5408063 Thys, a positivdeedback loop leads texacerbatedSTAT3 expression
via endogenous 1L21 as well #PC-derived IL6 and 1L23%°%%%%%3 Dye to the lack of
IL23R on naie CD4 T cells, IL23 is not essential foryI7 cell differentiation but for
their survival and expansiofi*>*¢ Furthermore, 1L21 and I1L23 promotae expansion of
Thl7 celsand finalizeTy17 celldevelopment®® The expression dhe effector cytokine
of Tyl7 cells IL17A is induced byRORyt and STAT3%°*%4%>! Fyrthermore, ROR
synergistically regulates the IL17A expression together wathi-related transcription
factor 1 (Runx1)“®. The gtimal expression oRORyt is induced by Runxiboth bind to
thell17 locusand induce the expression of IL17A and ILI¥F
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Recently theparticipation of IL1p to the 17 differentiation was identified *4°°°*¢7,
Mice deficient forlL1p or its receptor faiéd to generate a robustyI7 cell responsén

infections (e.g.Candida albicanps °*®°

Furthermore, IL1Rleficient mice are less
susceptible texperimental autoimmune encephalomyeliB\E) induction since Ty17
cells in contrast to J1 and T2 cells were defective to become autoreactiire these
mice®®. Moreover IL1p actstogether with TN and synergizewith IL6 and 1L23 to
promotethe inductionas well ashe amplification othe T;17 cell commitment**°¢%467,
IL13 may support 17 cell differentiation due to its ability to antagonise the effects of
IL2 **and 1L12%. In addition, IL1B contributes tor417 celldifferentiationby induction of

the transcription factor IFN regulatory factor 4 (IRF4) which is involved inIL21-

mediatedT17 celldevelopment®®®,

1.5 Ty17 cells, goro-inflammatory T cell subsetin health and disease

Tw17 cellscan befoundthroughoutthe body andnost of themare present ithelung and
intestinal tracf*. An incompletematurel immune responsas well aghe absence of 117
cells were found in adult micethat grow up ina germfree environment as well as in
neonate$*™ ' It was shown, that gut dendritic cells from geinee mice were reduced in
their ability to induce proinflammatory T cells Within days, a robust J17 cell
compartment isnduced by he administration of commensal microorganistogermfree
mice '°. Especially the gut colonisingegmeted filamentous bacteri®&EB) wereable to
promote the %17 cell differentiation>” "2 The intestinal microorganisms indutéhe
expression of IL1 by intestinal macroges, which in turn initiatedTyl7 cell
development®. Hence, the composition of thgut microflora reglates the {17 cell
differentiation®"°>"°"2_ On the other hand,IL7-derivedcytokinessuch agL17 and IL22
contribute tothe regulation ofthe commensal gut microflora Furthermore, host
protectionto extracellular pathogensould be linked to 17 cells and theireffector
cytokines’. For instancelL17 activates epithelialcellsto produce antimicrobid peptides
and monocyteecruiting chemokine<®*’% Parenchymal cellsare initiated by IL17to
release inflammation mediatmfike cytokines and chemokiné$™. In addition, IL17R-
signaling promotgethe generation, attraction andti@ation of neutrophd and monocytes
to clear infection by phagocytos®’™. SecretedL22 induces the proliferation of epithelial
cells for repairing invasicinduceddamage angromotes the expression of anticrobial

peptides’. T417 cels are necessary to promote the defemgainst a immensdiversity of

8
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pathogens e.g. Candida albicans Citrobacter rodentium Klebsiella pneumonige
Salmonella typhimuriurand Staphylococcus aure§&"3 78

First Tyl cdls were thought to éthe inducers of autoimmunity, butee the discovergf
IL17 secreting cellsnumerousautoimmune diseas were shown to depend piafty or

736.73,7509184 A crycial role of IL23 rather than

mainly ona Ty17 cellimmuneresponsge
the Tyl cytokine IL12 was suggested EAE, arthritis, inflammatory bowel disease and
psoriasis® >8> Fyrthermore,in vivo studies indicate that the protective immune
respons of Tyl7 celb as well as their autoimmunity depend on 1L23 rather than IL6 and
TGFB “°% For instance, inCitrobacter rodentiuminfection the 17 differentiation
depend on TGF and IL6 but not 1L23™. However, 1L23 is ssential in host protection,
since IL23deficient mice are more susceptible @itrobacter rodentiuminfection
compared tawildtype mice*’. The disruption othe myelin in the central nepussystem
during multiple sclerosis andthe correspondingmouse model EAE depends on

82184 Similar to Citrobacter rodeiotm infection, sudies of

autoreactive 1 and T,17 cells
EAE suggest that the pathogenic function g1 7 cells depends on 1L23 rather on IL6 and
TGF . Myelin-autoreactive T ced| stimulated with IL6 and TGF, were present in the
central nervous system of immunised mice, but were not able to induce demyeliffsation
On the contrarymyelin-specific T cel stimulated with IL23 establig inflammationof

the central nervas systeni®. IL6 and TG stimulated T cell produced asitiflammatory
IL10 in contrast to IL23 stimulated cellsvhich was suggested to reduce the -anti
inflammatory function of the myelispecific T;17 cells®. Additionally, mice deficient for
IL23 are protected from EAE, supporting the essential role of IL23 in autoimnfiiniy
similar pattern of resistance to autoimmunity was identified in mickcielt for
granulocytemacrophage colongtimulating factor (GMCSF)®"®® The studies on GM
CSF showed that 1L23 together with R@HRlirect the expression of GI@SF in 417 cells
and by a positive feedback loop GOBF of T417 cells activates APCs to produce
IL23 8788 T,17-secreated GMCSF itself sustained the neuroinflammations in EAE,
beause it activate myeloid cells to infiltrate the central nervous sy&t&hiThus, the
manipulationof the Ty17 lineage commitmentay provide new opportunities fahe

erhancement ofnucosal immunity anthe treatment chutoimmune disease
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1.6 The transcription factor nuclear factor (NF)-xB

In 1986 the nuclear factekB (NF-xB) was first describedby Sen and Baltimoras a
transcription factor interactingvith the immunoglbulin « light chain enhancer in B
cells®. Since thent has been showthat NF«B is a key mediator oinducible gene
expression ima wide range of cellular processé®. The NF-«xB network is a global
mechanism regulating cedurvival anddifferentiationas well asthe interaction between

90i

cells®® . NF-kB is crucial in the immune system fdsoth innate and adaptive immune

response&>® For instance, NiB regulateslymphocyte survival, development and

93,9597

activation . Moreover, it is esential in the formation otissues important for

lymphocyte development andtavation®*%3 %,

The mammalianrNF-xB (also namedRel) proteinfamily (Figure 3) includesthe five
members p5@105 (NF-kB1), p52p100 (NF-xB2), p65 (RelA), cRel and RelB*8

Both p105 and p100 are precursargdthe two Rel proteins p5@ndp52 are generated by
posttranslational cleavager later dimerisatior?**>¢ All membersexhibit an N-terminal
Reklhomology domain(RHD) including a nucleatocalisdgion signal (NLS), a DNA
binding motif anda dimerisation domaiff-°®® Via the latter domain two NF«B proteins
form a dimer and th®NA-binding motif allows the binding of the dimdp kB sites on

the DNA %29 Moreover, he Rel family membersp65, dRel and RelBhave a
transcription activation domain (TAD), which is essential for the binding of co
activators’®®® NF«B dimers containing at least one TAD can induce the transcription of
the target gem®®*® The TAD is missing in p50 and p5& thatthese two Rel proteins are
only transcriptiontly active when forming heterodimers with p65, cRel RelB %%
When bound taB sites on the DNA, tmodimers of p50 or p52 repretie transcription

of the correspondingere %°*°
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e G — G-
RelB @ —C> 579%a
cRel H:.: 619aa
P100/p52 (NF-xB2) HW@OO:F 899aa
PIOS/F’SO(NF'KBI)% 96%aa

Q Rel homology domain (RHD) ' Glycin-rich region (GRR) I Degron motif

‘ Leucin zipper (LZ) O Ankyrin repeat O Death domain (DD)

- Transcription activation domain (TAD) 4 Cleavage site

Figure 3: The members of the NFxB family: The five members of the Ni&B/ Rel protein
family p50/p105 (NFkB1), p52/p100 (NFB2), p65 (RelA), cRel and &B are illustrated. The
posttranslationalcleavage of the precursor protepps05 and pl0@eads to the generation of the
two proteirs p50 and p52 (cleavage sites are marked avitarrovy. The Nterminal Relhomology
domain (RHD) include a nuclearlocalisation signal (NLS), a DN#inding motif and a
dimerisation domain. The Rel famimembers p65, cRel and RelB havéranscription aovation
domain (TAD).

1.7 The IkB protein family - regulators of NFxB

The activity of NF«kB is regulated by the inhibitors of NEB (IkBs) protein family. The
classical function of thékB family memberqFigure4) is to retain NFkB dimers inthe
cytoplasm by masking theMLS and thereby inhibiting its transcriptional functigri® 1%
Over the years of extensive research, it became apparent thakBhé&rily is a
functionally heterogeneous group of /B regulators, which can either inhibit or enhance
its activity 7100102

The common structurahotif of all 1kBs is the ankyrin repeat domain (ARD) containing
six to eight single ankyrin repeats®®%:100:10404 Each ankyrin repeat comprises 33 amino
acids folded into a heliloop-helix conformation'®!°® The ARD is essential for the
protein stability and the interaction with the RHDs of-NE dimers*°>*° Furthermore,
classical kBs exhibit an unfolded structure-tdrminal of the ARD with a signal response
domain (also called degramotif), containing serine residues for stimulatependent
phosphorylation by IKK!® In addition, the polyubiquitination of typicakB proteins
occurs at lysine residues, located upstream of the phosphorysitésh’®. Two of the
typical IkBs have a region called PESTcfri in proline, glutamic acid, seanand

11
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threonine), which is suggested to mediate fast protein turn8%efhe NFxB family
members p100 and p105 contairte@minal NF«B-inhibiting ankyrin repeats as well as
an Nterminal Rel homology domain. Hence, they belong to both the Rel andBhe |
protein family®**%

The kB protein family is divided into twagroups theclassical kBs (IkBa, 1xBp, IxBeg)

and the atypicaldBs (Bcl3, kBE, IkBys, 1kBn, 1kBL) (Figure4) 919192 |n contrast to

the manly cytoplasmic classicakBs, the atypicaldBs are predominantly located in the
nucleus’>*%?1%2  The cytoplasmic ¥Bs primarily inhibit basal NFxB activity in
unstimulated cells and are degraded upon stimulation to releas# Mimers for rapid
transcriptional activity'% Atypical IkBs on the other handavea low expression level

in resting cells, which drastically increase upon cell stimulafiof{®*%? Furthermore,
nuclear kBs can act as inhibitors or enhancers ofiff~and thereby provide a firt@ning
mechanism for transcriptional respong&&%1%? The atypical kB proteinBcl3 was first
identified as grotooncogene in chronic lymphatic leeknia'®. Later it was eported that
Bcl3 is important to promote B cell proliferation and development, germinal centre
formation, humoral immune responses as well as formation of arggoific
antibodies®®*” In stimulated macrophages, Bcl3 is detectable in the nucleus and inhibits
lipopolysaccharidénduced [PS-induced TNFo production, but not ILE%. It is known

that Bcl3 preferentially associates with p50 and p52 homoditiet¥ and thereby either
activates or inhibits their functioit” ***. The activation of p50 homodimers is mediated by
the transcription activation domain (TAD) of Bcl%8. Next to Bcl3, the onlydB protein

with a TAD is the nuclear«BC (also called MAIL), which mediates a gespecific
recruitment of NF«B to its target promoter™*¢ Furthermore,¥B¢ negatively regulates

the activity of p65/p50 heterodimers and p50/p50 homodiMéts® kB¢ is induced by

cell stimulation with LPS and ILfi, but not TN *****°and seems to be important for the
regulation & apoptosis®*?® Furhermore, IL6 and 1L12p40 are regulated &B& **°.

The deelopment of ;17 cells depends oxBZ, shown in kBE-deficient mice exhibiting

a defect in {17 proliferation and resistance to EAE inductith Additionally, 1<B¢
cooperates with ROR and ROR to bind to the IL17A gene and inducets
expressiont?. 1kBn *#? and kBL **'*are two recently identified atypicakB proteins.

The expression ofkBn is stimulationdependent (e.g. LPS), as it was shown for atypical

IkBs '?2 |xBn associates with p50 NEB subunits and regulates the expression of

12
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proinflammatory cytokines such as IL6 and pL¥?% IxBL prevents the development of

experimental autoimmune arthritis and is suggested to suppress thadueg&d NF«B

adivation and transcription of TNFand IL6, but not ILp *2*1%

Cvytoplasmic IxBs

IkBe = 0.0:0-0:0:0: 361aa

pl00/p32 (NF-xB2) 899%aa
Ly

p105/p30 (NF-xB1) HWOOOO:' 96%aa

Nuclear IxBs

b -00—000 -
KBNS =0:0:0:0:0:0= 327aa
TKBL 000-000 381aa

Q Rel homology domain (RHD) ' Glycin-rich region (GRR) I Degron motif

. PEST O Ankyrin repeat O Death domain (DD)

- Transcription activation domain ( TAD) 4 Cleavage site

Figure 4: The pleiotropic 1xB protein family: The kB family is divided into thecytoplasmic
(IkBa, IkBp, IkBe, p100, pl0band the atypical nucleakBs (Bcl3, kBE, IkBys, 1xBn, IkBL).
All members contairankyrin repeat (ANK). Bcl3 andIxBE exhibit a transcription activation
doman (TAD). The proteins p100 and p105 have both ankyrin repeats as well-asmRalogy
domain (RHD). Consequently, they are grouped into both Rdikdhgroteinfamilies.

1.8 The cytoplasmic regulation of NFxB by I1kBs

In urstimulated cellsNF-xB dimers areinactivated via bindingo cytoplasmic &Bs,
which mask the NLS of the Relrotein (Figure5) °3°°!?> Several celactivating signals
can initiatethe NFxB pathway These signalsangefrom proinflammatory cytokines

(e.g. TNF, IL1, IL17), cell stress (e.geactive oxygen spexs, DNA doublestrand breaks)
13
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andPAMPs (e.g. nucleic acids, peptides, lipoprotein) to TCR or BGgagement. Upon
cell activation the NF«kB-bound IkBa becomes phosphorylatedt the two serine
residues32 and36 °®1%1% This phosphorylation is conductéy the IxB kinase (IKK)
complex,which consistf the regulatory subunits IKK(NEMO) and two catalytic units
IKK o and IKKp 999101126 The phosphorylatiomf [kBo inducespolyubiquitination and
its proteasomal degradatidn®®!**'? This allows the translocation of hie functionaly
active NF«B into the nucleswhereit binds to its cognatexB-binding motif on the DNA
and inducs gene expressiofi?*1%31% Onetarget ofNF-«B is its own inhibitor kBa., the
prototypical member of thexsB family, andthe intracellular level ofdBa. is refilled upon
gene induction by N&B %% SubsequentlylkBo mediate, via its nucleocytoplasmic
shutling properties the translocation of N&B back to the cytoplasnand thereby
contributes to the termination dhe NF-xB-induced gene transcriptiom a negative
feedback loop®1%°1% Beside the #B proteins, sveral mechanismessential for the
termination of transcription and thdisplacemenbf NF-«xB from the DNA have been
described®. This includes thealteredbinding of cofactors, the degdation of NFkB
after ubiquitination, andhe displacement of NkB dimers from the DNA by mall
ubiquitin-like modifiers(SUMOylation)®®.

In addition to thecanonical or classical pathway, which is outlined above, there exists
second NFB pathway'?91101103.104.126This hon.canonical or alternativRel pathway is
induced by thegumour necrosis factorTNF) cytokine family including CD40 ligands,
BAFF and lympbtoxin B ®%. In contrast to the canonicpathway, the nowanonical
NF-kB pathway isindependent of IKK, but depensl on IKKo °%*%1% |n canonical
NF-kB signalling, TRAF/RIP complexes process and transfer the activation signals to
IKK 9119319 On the ontrary, the nostanonical pathway depends on the-d& inducing
kinase (NIK), which phosphorylates and activates KR 119319% The activation of
IKK oo causes the phosphorylation of p100 followedlpyoteasomal processing of p100 to
p52 91101103104 Tha 5100 s processed until a glycine rich region (GR®hich serves as
protesomal termination signal’’. Subsequently, theegerated p52/RelB heterodirser
translocate into the nucleugind to xB sites and initiate the expression ahe

corresponding gerfg101103.104
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TCR
TNFR
TLR

Cytoplasm \N ucleus ,

Figure 5: The canonical NF-xB pathway: Two NF«B subunitproteins form a dimerwhich is
sequestered fa the cytoplasm byinding toinhibitors of NFxB proteins (kBs). The kB kinase
complex (IKK), consistingof IKK a,, IKK and IKKy becomes activatagponcell stimulation The
IKK phosphorylates thexB protein at the séme residues 32/36 and ifollowed by
polyubiquitination angbroteasomal degradatiarfi [xB. ThenthereleasedF-xB dimer translocate
into the nucleusbindsto specifick B-sites andnduces gene expression.

1.9 I1kBys- the novel regulator of NFxB

The product of the NFkBene kBys is also known as T cell activation NéB-like protein
(TA-NFKBH). It is the smallest member of the nucleaBIproteinfamily andconsistsof
327amino acids*?’. Fiorini et al. showed the TCRnduced expression of #Bys in
thymocytes for the first time in 20022’ Beside the TCRriggered induction of
IkBns 27?8 it is now known that the expression afBys as well as Bcl3 is also inducible
by 1L10 *°12° Furthermoreupon IL10 productioran elevated expression afBys and
Bcl3 was observed in LPS triggeresjulatory DCs, whiclexpress less proinflammatory
cytokines and instead preferentially 1L10 comgsh to usual DCs™° Fiorini and
colleagus identified thatlkBns transcriptionwas activated by peptides triggering negative
but not positive selectioff’. Thus, it was first suggested thatBks might play an
important role in central tolerancelnterestingly the transcription of NxB reporter
proteins was blocked byBys. In addition,the interaction of #Bys with NF-xB was
observed within the nucleds’.
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In contrast to the suggested central role «Bns in negative selectioin the thymus
IxBns-deficientmice did not developautoimmune diseas@nd nochangesn thymocytes
or T cell subsetsvere detectable'®®*3! However, B ceB from kBys-deficient animals
were defective in their proliferation upon LPS stimulatidif**® In addition to the
proliferation defect of#Bys-deficient B cells, the serum IgM and Ig®@&re drastically
reduced upon the loss ofBys 2% Furthermore, the defect okBys inducel a
reduction of antibodyproducing cells and diminished leselof influenzaspecific
antibodieswere detectedpon infection'*2. Additionally, IkBns-deficientT cellsreveaed

a proliferation defect upoiPS stimulation *2%*%?

and are highly susceptible to LPS
induced endotoxin shock as well as intestinal inflaninat®’. Furthermore, the PS-
triggered expression ofiL6 and IL12p40, but not TNf is increasedin macrophages
lacking 1kBns *2°*! The IL6 expression is regulated byBiys by its association witp50.
Both proteinsare recruited to the IL6 promoter and inhibit as well as terminate the binding
of p65 *?**3 |n contrastto the inhibitory effect ofikBys on the IL6 production it is
dispensable fothe expression oTNFa *2*!3! |t has been reported thaRel and kB¢
regulate the activity of NdxB in an opposite mannecompared toBys. For instancein
contrast to kBns, Bcl3 inhibits the expression of TNFby its cooperative bindingvith
p50 tothe TNF. promoter®® Furthermore, \Wile IxBys inhibits the expression of IL6,
Bcl3 is dispensable for thies expression'®® and kB¢ enhancethe IL6 production **°.
kB regulates this iduction by its associationwith p50 (presumably p50 of p50/RelA
heterodimers)Both arerecruited to the IL6 promoter astipportthe IL6 expressiort*®. In
addition, IkBys is important for theexpression of IL2 and IFNin thymocytes and T
cells*®® IxBns enhancs the expression of IL2 via thassociation toits promote,
presumablyby the interaction to cRel or p50ut also other still unknown DNAinding
proteirs are suggestetf®. Since kBys itself has no DNA binding domairit needsto
cooperate wittDNA-binding proteins to bind to promotéers.

Interestingly, arecent report onkBys revealed its function fofreg celldevelopment>*
IkBns-deficient mice shoved a significantreduction of mature Treg cells, althougheg
precursor cellsGITR'CD25 Foxp3) accumulatd in the thymusFurthermorea transient
expressionof 1kBys during thymic Treg developmentas observedit was shown that
IkBns is essential for the transition of immature thymic Treg precursor cells into mature
Foxp3 Treg cells,but does not modulate the suppressive capacity of Treg bellgs
associates with p50 and cRel on the Foxp3 promoter and the conserveddnan
16
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sequence 3 (CNS3) of the Foxp3 gene and, thereByslinduces Foxp3 expressiolt.
was further suggestetdt kBys coordinates chromatin remodelling at the Foxp3 locus via
recruitment of histone modifying enzymés* Taken together xBys specifically regulates
cytokine expression by modulating the NEB activity at certain promoters. Furthermore,
it is importantfor the transition of Treg celprecursos to mature Treg cells via the
induction of Foxp3.

1.10 Aims of the thesis

The transcription factor NkB is essential in ceburvival and development. Furthermore,
NF-xB induces host defence during pathogenic invasion by activating the transcription of a
broad range of protein§®®*°" Diverse cancers, inflammatory arautoimmune diseases
are initiated by a dysfunction of lymphocytaaduced by a hangred NFxB
signalling®™*> For this reason NKB became @ important target for pharmaceutical
treatment”. Most promising are the members of th8 Iprotein family, due to their ability
to modulate the function of a specific MB subunit or specific N&B
pathways 2192126136 The aim of this thesisvasto obtain a betteunderstanding ofhe
role oflkBns in theregulation ofNF-xB activity in health and disease.

Since kB proteins regulate the developmemd functionality of B and T cellgs well as
the expression of cytokines, in this thesis it was analysekBifd has an effect on the
compositionof the B cell subsets vivo. Furthermore, it was investigatad| kBys is
involved in the TCRriggered cell activation or the expression of-NE subunits.It is
known that the nucleaxB( is importantin Ty17 cell developménand the expression of
IL17A, therefore thanvolvement of kByns in Tyl7 cell differentiation was analysed
in vitro. Furthermore, the effect of th&Bys deficiency onthe cytokine expression of
Twl7 cells wasexamined The function of kBns within the progression of disease adlwe
as Ty17 cell formation wasnalysed/examined by induction oEAE, DSS and transfer

colitis in mice defective fordBys or by infecting these mice wit@itrobacter rodentium
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2 Material and methods

2.1 Molecular biological methods

2.1.1 Eukaryotic RNA or DNA extraction

Eukaryotic primary cells were isolated and purified. RNA was isolatedh@aQiagen
RNeasyE Mini Kit and QI A shredder E dhecordir
RNA concentration was determined by absorption measurement at 260 nm with the
spectrophotometer Nanodrop 1000 (peqlab).

Tail biopsies from mice were used for the isolation of FE&Jy DNA. The mouse tissue

was lysed using the KAPA mouse genotyping hot start kit from peqglab as described in
instruction manual. 1ul of the DN&Aontainirg supernatant was used directly in

polymerase chain reaction to determine the genotype of the particular mice.

2.1.2 cDNA synthesis by reverse transcription

For PCR analysid00ng ofthe previously purified RNA(2.1.1) was transcribé into
complementary DNA (cDNA) according to the protocol of the ReveftAlremium First
Strand cDNA Synthesis Kit (Thermo Scientific). For RNA transcription etifoprimers
were used. The cDNAynthesis mix was incubated in the peqSTAR 96 Universal

thermocycler (peqglab).

2.1.3 Polymerase chain reaction

After the reverse transcription step of mMRNA itidbNA (2.1.2 or the isolation of DNA
(2.1.1, the cDNA was amplified using the readg-use 2x KAPA2GFast ReadyMix
(peqglab). Like a normal wildype Taq polymerase the KAPA2G Fast DNA polymerase
has no proofading activity and the specificity with 1 error per 1.7 X it@orporated
nucleotides isimilar too. For one polyarase chain reaction (PCR) ttemponentshown

in Table1l weremixed in the indicated order.

The PCR was performdd the peqSTARY6 Universal thermocycler (peglabhd various
salt free primer (Eurofins MWG Operphable2) wereused to identify the expression of
different gemrs. The chosen annealing temperature w&s Below the melting temperature

(Twm) of the particular primer pair. Below fable3 a usual ER program is shown
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Table 1: Components for polymerase chain reaction.

Component Amount Final concentration
cDNA template 1-2 ul 50-100ng

2x Kapa2G Fast ReadyMix 12.5pl 1x

Forward primer 100 uM 1pl 0.4 uM

Reverse primer 100uM 1pl 0.4 uM

Dest. water Add to 25pl

Table 2: Oligonucleotides used in PCR.

Primer name Sequence (A 3") Twm Application
B-actin fwd TGTTAC CAACTGGGACGACA 60.4 RT PCR
B-actin rev TCTCAGCTGTGGTGGTGA AG 62.4 RT PCR
| «Bns fwd GCT GTATCC TGAGCC TTC CCT GTC 66.1 RT PCR
lxBns rev GCT CAG CAG GTC TTC CAC AAT CAG 64.4 RT PCR
|xBns fwd CTCCTCCCAGGC TGT GTT TA 59.4 genotyping
xBns rev CAT TTAGTG CCC CTG GAC AT 57.3 genotyping
xBns Neo AAG CGCATG CTC CAGACTGC TT 64.2 genotyping
IFNy fwd TT GAG GTC AAC AAC CCACA 58.3 RT PCR
IFNy rev CGC AAT CAC CGT CTT GGC TA 60.4 RT PCR
GATA3 fwd CTT ATC AAG CCC AAG CGA AG 60.4 RT PCR
GATAS rev AGA GAT GTG GCT CAG GGA TG 62.4 RT PCR
Tbet fwd GGT GTC TGG GAA GCT GAG AG 64.5 RT PCR
Tbet rev TCT GGG TCA CAT TGT TGG AA 58.3 RT PCR
RORYy fwd TTT TGA GGA AAC CAG GCATC 58.3 RT PCR
RORy rev TTG GCAAAC TCC ACC ACATA 58.3 RT PCR
IL17 fwd GCC CTC CAC AAT GAA AAG AA 58.3 RT PCR
IL17 rev TTT CAC CCC ATT CAG AGG AG 60.4 RT PCR
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Table 3: Program flow of PCR.

Cycle step Temperature Time Number of cycles
Inital denaturation 94 °C 5 min

Denaturation 94 °C 30 sec

Annealing x °C 30 sec 25-32
Elongation 72 °C 30 sec

Terminal elongation 72 °C 10 min

2.1.4 Agarose gel electrophoresis

PCR products were separated by size by gel electrophoreses. Theref@é/@magarose
gel containing 0.5 pug/ml ethidium bromide in TAE buffer (40 mM Tris Base, 20 mM
acetic acid, 1 m EDTA, pH 8.5) was prepared. For sepamatthe gel electrophoresis
system perfectBIU& (peglab) and the power supply EPS 301 (Amersham Bioscience) was
used at 12V for 4560 min. The gel was documented in a gel documentation system from
Intas viaultraviolet light (A=254 nM). The GeneRulBf Low-Rage DNA ladder from

Thermo Scientific was used to determine the DNA fragment size.

2.1.5 Quantitative reaktime detectionPCR

For quantitativereattime detection PCR RCR) 1x16 in vitro differentiated T cells (see
2.3.5) were harvested and washed. The RNA was isolated as describddliand used
for cDNA syntheses (seR.1.2). The cDNA was used as templategRCR usng the
cyanine dye SYBER Green (Roche). During t®CR progression the SYBER Green
intercalates into doublstranded DNA. The resulting DNAluorescent dyecomplex is
absorbing blue light (494m) and the emitted light was measured after egrfbRcycle.
Ubiquitin C (UBC) was used as housekeepingegen later normalisationMeasurements
were run in duplicates using the LightCycler® 4&bche)system and the primers shown
in Table4. ThegPCRwas performed togther with PhD student Carlos Pla3avent from

the department Systerogsiented Immunology and Inflammation Research at the HZI

(Braunschweig).
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Table 4: Quantitative r eattime detection PCR primer.

Primer name

Sequence (A 3)

GM-CSFfwd and
rev

IFNy fwd
IFNvy rev
IL10 fwd
IL10 rev
IL17A fwd
IL17A rev
IL17F fwd
IL17F rev
IL2 fwd
IL2 rev

IL6 fwd
IL6 rev

| kBns fwd

| xBns rev
MIPla fwd
MIP1lo rev
RORyt fwd
RORyt rev
Thbet fwd
Thet rev
UBC fwd

UBC rev

QuantiTect primer assaym_Csf2_1 SGCat.Nr.QT00251286
(NM_009969) Qiagen

ATC TGG AGG AAC TGG CAA AA

TTC AAG ACT TCA AAG AGT CTG AGG TA
TGC CAAGCC TTATCG GAA ATG
CCC AGG GAATTC AAATGC TCC
CAG GGA GAG CTT CAT CTG TGT
GCT GAG CTT TGA GGG ATG AT
CTGTTG ATG TTG GGA CTT GCC
TCA CAG TGT TAT CCT CCA GG

CCT GAG CAG GAT GGA GAATTACA
TCC AGAACATGC CGC AGA G

GGT ACATCC TCG ACG GCATCT
GTG CCT CTT TGC TGC TTT CAC
GGG CTCTTTT CCCATTCTCT

GGA CAC AAT CCAGCC TGT CT

ATG AAG GTC TCC ACC ACT G
GCATTC AGT TCC AGG TCA

TGC AAG ACT CAT CGA CAA GG
AGG GGATTC AAC ATC AGT GC

CAA CCA GCA CCAGAC AGAGA
ACA AACATCCTG TAATGGCTT G
AAG AGA ATC CAC AAG GAATTG AAT G

CAA CAG GACCTG CTG AACACT G
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2.1.6 Transformation

For the trangirmation of plasmids into competeriE. coli ToplO bacteria (Life
technologies) the bacteria were thawed on ice. 100 tmg@Q@fasmid DNA was added to
the E. coli. The bacteria were incubated with the plasmid DNA atC4#r 30sec
followed by incubation on ice for 2@in. For heat shock the bacteria were incubated in a
water bath at 42C for 30sec followed by relaxing an ice forr@in. After the addion of
500ul LB-medium (1% w/v tryptone, 0.5%w/v yeast extract, 85.6M NaCl, 1mM
NaOH) the lcteria were incubated at 3Z, 800rpm in the Thermomixer comfort
(Eppendorf) for 45nin. The bacteria were plated to {#gar plates containing the suitable
antibiotics (100ug/ml ampicillin or 50ug/ml kanamycin). The plates were incubated at
37°C over night. The next day, colonies were picked intol 8B medium and incubated

at 37°C, 280rpm over night. 50@ of the previous culture was inoculated into 200.B-
medium containing flasks and incubated at'G7 180rpm over night. The plasmid DNA
was isolated using the QlAfilterE Plasmid
manual. After isolation the DNA concentration was determined ahsorption
measurenent at 26@&nd 280nm using theNanodrop 100@pectrophotometer fropeglab.

2.1.7 Cell transfection and lentiviral transduction

A20 cells were stably transduced by lentiviral infectiorsloiRNA (Table5) which targets
IkBns. The kBns ShRNA was generated and purchasgdAddgene using the pLKO.1
(puro) cloning vector. The shRNA was cloned into the lentiviractor pLKO.1 which

were transfected together with the lentiviral envelop vector pMD2.G (Addgene) and the
lentiviral gagpol expression plasmide pCMiR8.2dvpr (Addgene) into HEK293T cells
using JetPEI (polyplus transfection) accoglito the manufacturer’'s manualfter 24h

the medium (DMEM containing 10% fetal calf serum and ug0Onl penicillin/
streptomycin) was>@hanged. 48 after transfection, the lentiviral particle were collected,
filtered (0.45um PVDFH-ilter, Merck Millipore) and frozen. A20 cells were infected by
adding 1ml lentiviral particle plus @g/ml polybrene (Sigma Aldrich) to 2*f0cells
followed by centrifugation at 2,006pm at 25°C for 2h. After the incubation over night at

37 °C, stably transfected cells were selected by adding RPMI1640 (10% fetal calf serum,
50 ug/ml penicillin/  streptomycin, 0.081M p-mercaptoethanol) containing pg/ml
puromycin (Sigma Aldrich) for 2 weeks. The specific knockdownk®Ns was verified by

Western blotting.
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