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Summary

Summary

The focus of the present study was the charactemrzeof the hydroxyprostaglandin
dehydrogenase 15-(NAD) (HPGD) in CIZD25" regulatory T cells (£g concerning its
regulation and role for the development and suppresfunction of Je4 cells. On the one
hand, HPGD fulfills an important function in the taleolism of prostaglandins and is one of
the major prostaglandim,HPGE)-metabolizing enzymes. On the other hand, HPGD was
reported to be a tumor suppressor. As enhanced ergnolb T4 cells can be found in tumor
tissue and PGEwas shown to activate ] cells and contributes to carcinogenesis, the

expression of HPGD indy cells is of particular interest.

HPGD expression was shown to be significantly higaepressed in human.§ cells
compared to CDLD25 T cells (Teony). Notably, HPGD expression was specific for ndtyra
occurring Teg cells (NTeg as HPGD was not upregulated during CO4cell differentiation
and even induced,d cells (iTeg) do not show an enhanced HPGD expression. Furtrerm
exclusively in nTeq cells, HPGD expression could be specifically mated by different
extracellular stimuli. Even minuscule amounts of2llwere sufficient to strongly upregulate
HPGD expression. These data further support thabBiPBelongs to the ndy cell specific
gene repertoire as low IL-2 receptor signaling aispports thymic development ofJcells.
Thus HPGD might represent a noveldgTell molecule that can be used to distinguish them
from iT.g cells. Besides that, the dependency of HPGD egjmeson the extracellular
microenvironment also indicates a tissue-specKression and potential function of HPGD

in the Teq cell.

Taken together, the present study demonstrateHP&D represents a novel gene, which is
specific for human naturally occurringed cells. Although the relevance of HPGD for thgy T
cell function remains to be elucidated, the presguatly indicates a tissue-specific role of
HPGD in Teg cells and provides a basis for further reseahdetermine the role of. cells

in the tumor microenvironment.
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Introduction

1 Introduction

1.1 Regulatory T cells

The mammalian immune system has many mechanisrmpsotect the body from external
harmful pathogens such as bacteria, viruses anasipes. Moreover, the immune system
regulates immunological homeostasis and protecés hbdy from deleterious immune
reactions against body-own tissue. The well-baldmegulation of immune responses results
from interactions between the different immunescallthe body with T-lymphocytes playing
a central role in the immune response. On the amel,ithey can act as direct effector cells,
on the other hand they can have regulatory funstioncontrol and modulate the immune

reactions and functions of numerous other cellgype

1.1.1 Discovery of T cells with regulatory charactéstics

The first evidence for the existence of cells vitimune regulatory features was provided by
several studies in the seventies of last centdrwaks demonstrated that T cells could also
depress immune responses and were required toandlerance. Tolerance could even be
adoptively transferred to naive recipiefifs Following studies supplied further evidence for
the existence of a specialized T cell subset apgressor T cells were later defined by anti-
Ly antisera, as LyZ3(CD8") T lymphocytes ®,

In the eighties, however, the research into sugpre$ cells was discontinued because of
different reasons. Among other things was the mitha that no coding region corresponding
to the I-J region was displayed in the murine MH&e'°. The I-J region was thought to

encode the (soluble) 1-J molecule, which was assediwith the suppressive function of the

T suppressor cells as a key suppressor molétule

In the early nineties the interest in suppressivecells was revitalized. It could be
demonstrated that BALB/c athymic nude (nu/nu) miseculated with CD25depleted CD4

T cell suspensions (CD&D25 T cells), developed severe autoimmune diseasds asic
thyroiditis, gastritis etc. The progression of thetoimmune disease could, however, be
prevented by the reconstitution with CID25" cells *2. These suppressive CtZD25 T
cells were called “regulatory T cells” and reprdasapproximately 5-10 % of the peripheral

CD4' T cells in normal unimmunized adult mite
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1.1.2 Development of naturally occurring CDACD25'FOXP3" regulatory T cells

1.1.2.1 Development in the thymus

Naturally occurring CDACD25FOXP3 regulatory T cells (nfy can be found in the
thymus and the periphery of naive mic€ and have been isolated from peripheral blood,
tonsils and thymus of healthy hum¥r®. They are generated in the thymus, as it was shown
that neonatal thymectomy at day 3 after birth le@dsransiently reduced numbers ofqT
cells and severe organ-specific autoimmune diseasasnice '® Despite the fact that
regulatory T cells suppress self-reactive T celld Bmit their reactivity to self-antigens, it is
likely that Tieq cells display characteristics of self-specifids@nd show elevated affinity for
peripheral self-peptides™° The reason for this is thated cells have been shown to require
T cell receptor (TCR) stimulation to mediate thsuppressive activitiegn vitro and to
regulate organ-specific autoimmune disedseg@vo ***° It is remarkable that self-reactive
Treg Cell precursors are not depleted in the thymuss &se rule with normal self-reactive T
cells. Instead highly autoreactivg.gicells seem to differentiate into maturggells. It has
been demonstrated that CIoXD25" thymocytes with a high affinity TCR for self-peghi
were more likely to develop into maturgglcells than thymocytes that bear TCRs with a low
affinity for self-antigen®>* Nonetheless the exact signaling events and gesigihatures
that lead to the preference ofeglcells with high avidity for self-peptides remaia be
elucidated. The increased specificity for self-peptide thosgems not to be a requisite for T
cells to develop into g cells. This was demonstrated by means of a tramsgeouse model,

in which the expression of a particular T cell ep& by the thymic stromal cells could be
quantitatively and temporally controlled. TheegTcell differentiation and cell number
occurred to be independent of the dose of T célbpe?. Instead CDACD25' Treg Precursor
cells were rather more resistant to clonal deletimm CD4CD25 T cells. This explains the
enlarged amount of self-reactive cells within th@40CD25" T cell populatior?®. Besides
that additional molecules other than the TCR armgtomechanisms may be involved in the
development of (kg cells in the thymus, since it has been reportatithice deficient in B7-1/
B7-2-(B7") or CD28 show reduced frequencies of COB25" thymocytes compared to mice
sufficient for B7 or CD28*?> Moreover, IL-2 appears to play an important rislethe
development and maintenance @fgTas IL-2RB-deficient mice show a loss of functionabgl
cells ?°. Naturally occurring &g constitutively express CD25, the alpha chain & th-2

receptor, but are in contrast to conventional GI@R5 T cells (Ton) Unable to secrete 1L-2
27
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1.1.2.2 Development of CD@D25' regulatory T cells in the periphery and induceg.dcells

The central role of the thymus in the developmdnED4'CD25" regulatory T cells is well
established but it is not the only site for tharnhation. If the thymus was the only location
for Treg cell development, the number ofgcells in humans would due to thymic involution
decrease with the advance of years. However, thenlimber does not decline but even
increases with agin®. Several studies with transgenic mice have demeatest the peripheral
generation of CDACD25" T,q cells. Mice that were thymectomized at day 3 afiigth
showed a transient absence qfgTat first and later within 3 months theged numbers
increased again to normal amouht#Another study used CDAT cells from OVA-specific
DO11.10 TCR transgenic mice on a Rag-2 deficienkgpund. These cells were transferred
into BALB/c receptor mice with following intravenswr oral administration of antigen to
induce peripheral tolerance. After tolerance inaucfTCR-transgenic CO£ED25 T cells
emerged in tolerized animals with phenotypic chimistics similar to &g, cells %%
Obviously the new 4 cells were induced (idy from the CDACD25 T cells pool towards a
Treg Cell phenotype. Similar results were obtained wimece were tolerized with antigen that
was coupled to the monoclonal antibody (mab) agabtsC205, which is an endocytic
receptor highly expressed by dendritic cells (DES} The regulatory T cells generated in
the periphery were termed ‘adaptive’ or ‘inducediegTcells (iTeg and different

subpopulations of these cells have been descriped\.

CD4" T helper-3 T cells (13) can be induced by TGFn vitro or by antigen feeding in
rodentsin vivo. They lack FOXP3 expression but express TG&Ad suppress via TGF-
secretion®’. Besides that, CD4 positive type 1 regulatory Tisc€lrl) exist. They can be
generatedn vitro andin vivo in the presence of IL-10. Trl cells lack FOXP3reggion and
mediate suppression via IL-10 secretion and PGE- Recently, it was shown that naive
human or mouse T cells can be induaeditro towards the regulatory ‘KB5’ cells by IL-35
treatment. Their generatiom vivo was induced under inflammatory conditions in the
intestines of mice infected witlirichuris muris. These i'k35 cells did not express FOXP3

and mediated suppression via IL-%5

Furthermore, additional subpopulations of T cellghwegulatory activities have been
described like CD4.AP™ T cells, that lack FOXP3 expression but expres&-FGeceptor
type Il and the activation marker CD69, are hypbfaative and exhibit IL-10 and TGB-
dependent suppressive activity vitro 3. Moreover, there are different CD4 negative

subpopulations with regulatory capacities includi@fp8, CD4CD8 (double negative

3
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CD3"), y& T cells and natural killer T (NKT) celf§*. A summary of thymic and peripheral

formation of T4 cells is given in Figure 1.

Thymus Periphery
CD4+ TH naive T _—
Foxp3’ Foxp3’ H ettector

cD4’ nTreg iTreg
Fo)(p3+ Foxp3+ Foxp3+

© —0 0O

Figure 1: Generation of FOXP3 T, cells in the thymus and in the periphery.

Natural FOXP3 T,y cells (nTey differentiate in the thymus and migrate to peei@th tissue. The
differentiation of adaptive FOXPE’reg (iTreg cells as well as FOXP8T ¢4 (Trl, Ty3 and i35 cells) occurs in
the periphery. Also [ effector cells such asyI, T2, T49, T417 etc. differentiate in secondary lymphoid
tissue. The graphic was modified from Curotto déallie et al. 2009

1.1.3 Immunological phenotype and features of regatory T cells

1.1.3.1 Surface molecules specifically expressedaturally occurring regulatory T cells

Naturally occurring CDACD25'FOXP3 regulatory T cells (ny are described as a subset
of CD4" T cells that show constitutively expression of GD#he alpha chain of the IL-2
receptor (IL-2R)*2. The IL-2R consists of three subunits, thCD25, IL-2Ry), B- (CD122,
IL-2RpB) andy-chain (CD132, IL-2R). Thep- andy-chain are constitutively expressed on the
cell surface. Upon antigen activation also thsubunit is expressed and transported to the
cell membrane. All three subunits need to be pteserthat the receptor gains a sufficient
affinity of IL-2 **. In non-immunized, healthy mice CD25 expressiom loa used as a good

marker for nTeg cells. However, CD25 is frequently found on altdlls upon activatiofi*

For this reason several studies were made to fihdrosurface markers suitable for the
characterization of ndg Different surface molecules have been proposedet@ssociated
with the function, development or generation of COB25 FOXP3 regulatory T cells. In
addition to CD25 the most commonly used surfacekerarfor nTey are the cytotoxic T

lymphocyte-associated antigen 4 (CTLAMY® the interleukin-7 receptar-chain (CD127)
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4647 the glucocorticoid-induced TNF receptor (GITEf° and lymphocyte activation gene-3
(LAG-3) *°. But also other surface molecules like the nudtkpstriphosphate
diphosphohydrolase-1 (NTPDase 1; CD39) have beewrstio be primarily expressed by
immune-suppressive FOXP3egulatory T cells’’. The TGFp latency-associated peptide
(LAP) is expressed on the surface of activated mared human FOXP3T,eq and it was
shown that immunosuppression by cell-cell intecaiis mediated via cell-surface bound
TGF °#* The TNFR family members OX40 (CD134) and 4-1BB(B7) have also been
suggested to play a role in controlling the genemnaénd activity of Teg cell, although they do
not have a major role in homeostasis ofegih vivo *>°’. Recent studies have shown that
GARP (or LRRC32), an orphan toll-like receptor casgd of leucine-rich repeats, is highly

expressed on activated gfin comparison to non-activated and activated nge€lls®*>®

However, these surface molecules can also be fonndD4 T cells in different activation,
differentiation and developmental states and umdw no specific surface molecule was
identified to be unique for naturally occurring CIOD25 FOXP3 Tregcells.

1.1.3.2 The transcription factor FOXP3 — a mastavitch for development and function of g cells

In 2003 the transcription factor FOXP3 (forkhead B8), a member of the forkhead/winged-
helix family of transcription factors was describtd be expressed in naturally occurring
regulatory T cells and identified as lineage markernT,e, °°%. Previous studies initially
described~oxp3 as the defective gene in the Scurfy mutant molisis. mouse strain is an X-
linked recessive mutant that is lethal in hemizygmales within a month after birth. Scurfy
mice exhibit fatal X-linked lymphoproliferation thés characterized by hyperactivation of
CD4" T cells, overproduction of proinflammatory cyto&® and a multiorgan
immunopathology’®. The immunodysregulation, polyendocrinopathy, egathy, X-linked
(IPEX) syndrome is the corresponding disease indngrand is caused by a mutation within
the FOXP3 gene. ThEPEX syndrome is an X-linked recessive disordet thacaused by
mutations in the FOXP3 gene located at Xq11.23->X@ k8 the X chromosome. Human
individuals that suffer from IPEX develop variougngtoms and diseases. These can be
eczema, watery diarrhea, type | diabetes mellgysessive cytokine production and chronic

inflammation, which lead to an early de&ti?®

Though FOXP3 is not exclusively expressed in hum#&ng as recent works identified a

transient expression of FOXP3 in activated humag,, Tcells, which however does not

5
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necessarily confer suppressive actiVity® as these FOXP3-expressing T cells did either exert

suppressive activitie® "* or not®®®®

In fact a high and stable expression of FOXP3 daiired for the induction of suppressive
activity in Teony Cells. This was demonstrated with the retrovirahsduction of FOXP3 into
FOXP3 non-regulatory CD%cells. They gained a fully functionaled cell like phenotype;
they became anergic, expresseg ypical surface markers and showed suppressiaitro
andin vivo. These observations demonstrate that FOXP3 istdyhspecific marker for {Eq
cells and that it plays a role as master regulaemause its expression is sufficient and

necessary for the development qf; 72

1.1.3.3 Anergy of regulatory T cells

Naturally occurring &g cells display specific characteristics and fundidy which they can
be characterized. On the one handeqi@ells can be identified by the expression @fyT
associated surface molecules (see 1.3.1) and thresston of FOXP3 (see 1.3.2). On the
other hand, although.d; cells require TCR activation for their functiorattivation, they
possess an anergic phenotype and stay hypoprahlteriowards CD3/CD28 engagement.
Upon TCR stimulation £y will not proliferate or produce IL-2 as for instan Teony Cells
(effector T cells)*"*"® However, protocols have been developed for ilmeiitro expansion.
The expansion is thereby performed via TCR/CD28&gement in the presence of very high
concentrations of IL-2*. Furthermore, kg cells were found to proliferate extensivetyivo

in response to immunization, without losing theupgressive functionn vivo, and they

accumulated locally in response to transgenicalpressed tissue antigén’®

The relationship between anergy and suppressivactgmeeds to be further investigated.
The anergic state in.y can be abrogated by TCR stimulationvitro combined with high-
dose costimulation of IL-2 or CD28 and leads tosslof the suppressive activity Once IL-

2 and CD28 costimulation are removegkg Eells regain their anergic state and suppressive

activity "®. This was also observédvivo °.
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1.1.3.4 Suppressive activity of regulatory T cells

Another feature is their suppressive capagityitro andin vivo. nT,eg Show suppression of
the proliferation and cytokine production of act&e Teony cells and of CD8T cells. But they
can also suppress dendritic cells (DC), naturd¢kiINK) cells, natural killer T cells and B
cells **"®® Various potential suppression mechanisms and qulgle that are used byeJ

cells have been described.

1.1.4 Different suppression mechanisms used by rdgtory T cells

Different suppression mechanisms have been denatedtto be used byf cells to
suppress the proliferation of,gfy cells and their effector cell functions. These hagsms
were shown to be cell-contact-dependent on thenand. Teq cells were not able to suppress
proliferation of T,ony Cells when they were separated by a semi-permeadxhebrane from the
Teonv "% Further evidence for a cell-contact dependenoyet that T failed to suppress
B7-deficient T cell$. On the other hand, also various cell contactjietelent mechanisms
have been described. Concerning the mode of atiiensuppression mechanisms can be

divided into four main groups:

Suppression by cytolysis
Suppression by inhibitory cytokines
Suppression by metabolic disruption

o o T p

Suppression by modulation of dendritic-cell (DC)turation and function.

1.1.4.1 Suppression by cytolysis

Treg Were shown to exhibit cytolytic activity to killJny cells in a granzyme- or perforin-
dependent mannéf®® Also B cells, NK cells and cytotoxic T lymphocyteave been shown
to be killed in a granzyme-B-dependent and perfdépendent manner by.J cells 8%
Furthermore, it was suggested that activateq ifiduce apoptosis of ;§ny cells through a
TRAIL-DR5 (tumor-necrosis-factor-related apoptosiducing ligand-death receptor 5)
pathway®. Another study has shown that human and muripg upregulated galectin-1
(LGALSL1), which can induce T cell apoptosis and thalectin-1-deficient kg had reduced

regulatory activityin vitro ®’.
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1.1.4.2 Suppression by inhibitory cytokines

Besides cell-contact dependent suppression alskiogs like IL-10 or TGH seem to play
an important role, as these cytokines possess irosuppressive characteristics. However,
vitro studies with neutralizing antibodies against ILdd TGFB revealed that IL-10 and
TGF{ are not essential for theg cell function'®'° Contrary to that these cytokines
contribute to suppressiom vivo, because IL-10 deficient . were unable to suppress
inflammatory bowel disease (IBD) in a mouse mdfeFurthermore, blockade of the IL-10
receptor (IL-10R) and neutralization of T@Fdid abolish Jegmediated inhibition of the
disease®. Other studies suggest a crucial role for memblammsmd TGF8. Membrane-
tethered TGH on Teg cells was shown to participate in a cell-cell emtdependent

suppression*®®

Recent studies have identified IL-35 as anotherumosuppressive cytokine. IL-35 is a novel
member of the IL-12 heterodimeric cytokine familydais formed by pairing of the Epstein-
Barr virus-induced gene Eli3) with p35 (112a). Natural FOXP3 Treq cells were shown to
produce predominantly immunosuppressive IL-35 amhd33-deficient Ty were less

suppressivén vivo (in controlling IBD) andn vitro (in a suppression ass&y)

1.1.4.3 Suppression by metabolic disruption

The high expression of CD25 onggland their inability to produce IL-2 themselves gaise

to the studies whether.f cells ‘consume’ IL-2 in order to inhibit effectdr cell responses.
Cytokine deprivation led to apoptosis of dividing[ cells that need IL-2 to survive and was
therefore proposed to be a prominent suppressiochanésm used by g cells 4%
However, other studies suggested that cytokineetiepl is not a fundamental suppression
mechanism of kg The relevance of IL-2 for immunosuppression waallenged by a study
that used human,d cells. It was demonstrated that IL-2 deprivatibona was not required
for suppression of effector T cefld Therefore, the role of IL-2 deprivation as a segpion

mechanism used byf needs to be further investigated.

Besides IL-2 depletion, g cells have been reported to directly transfer icyaenosine
monophosphate (cCAMP) through membrane gap junctionie Tcon, cells. Thereby
intracellular cAMP levels in &, are upregulated, which finally lead to inhibitioh T cell
proliferation and IL-2 formatiofi”.
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Furthermore, &y express the ectoenzymes CD39 (ectonucleoside ospbtate
diphosphohydrolase 1) and CD73 (ecto-5-nucleo@jlahese ectoenzymes catalyze the
generation of pericellular adenosine, which alsppsesses effector T cell function through

activation of the adenosine receptor 2A48) >

1.1.4.4 Suppression by modulation of dendritic-c@IC) maturation and function

Treg Cells have been shown to suppress effector Trwattion by directly affecting these cells
via cell-contact-dependent and -independent meshamniln addition, intravital microscopy
revealed that /Iy cells interact with dendritic cells (DC#&) vivo *®°". T, cells have been
reported to modify the function of APCs especi@gs, that in turn leads to suppression of
effector T cell function®®”. T,y may for example induce the down-modulation of C2a@
CD86 on DCs’. Thereby the co-stimulatory molecule cytotoxicyfphocyte antigen 4
(CTLA-4) plays an important role that is constivelly expressed on.d; cells % This was
demonstrated by use of CTLA-4-specific blockingilamdies or CTLA-4-deficient kg that
suppression mediated via DCs was redul®d. Moreover, Ty cells can induce the
expression of immunosuppressive molecules like thgtophan-degrading enzyme
indoleamine 2,3-dioxygenase (IDO) in DCs. IDO isowm to induce production of pro-
apoptotic metabolites from the catabolism of trgbtan. This leads to the suppression of
effector T cells through a mechanism dependenntaractions between CTLA-4 and CD80
and/or CD86'°*% Other studies have reported thai;Ean modulate and even block the
maturation of DCs via a lymphocyte-activating g8ng&AG-3; CD223) mediated mechanism
%0192 Moreover, the molecule neuropilin-1 was foundptolong interactions with J cells

and immature DC¥2

It has been suggested that thgenTell population maintains immunological tolerarared
amplifies their suppressive function by tirevivo conversion of non-fg into induced Tq
cells (see also chapter 1.1.2.2). This inductiarcess is also called ‘infectious tolerance’ and

is shown to be cytokine-mediated, for instancelb{0 or TGF§ 3*3¢-10410%

see also chapter
1.1.2.2). Natural £q cells were shown to secrete IL-%5 A recent study has shown thatl
cells can be induced towards a T cell subset veitjulatory activities called ‘i35’ cells by
incubation with IL-35in vitro %% This conversion was also observéu vivo under

inflammatory conditions in intestines infected withichuris muris and within the tumor
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microenvironment. Thereby it was shown that apprately half of the regulatory

microenvironment in the tumor consisted ofs86’ cells®.

In view of the plethora of suppressive mechanishes question arises whether all these
different molecules and mechanisms together ar@atrfor the Tegcell function or whether
single mechanisms exist that are used by aliCElls. The dependency on some single
suppressive mechanism used by adl, Tis rather unlikely. So it was demonstrated tiat t
abrogation of one suppression mechanism leadstbstantial but not a complete loss of the
regulatory Tegcell function. Otherwise the lack of a single nwike, for instance IL-10,
would result in a scurfy-like phenotype. It is mthmore presumable that.d cells use
different mechanisms of suppression depending entype of target cell. Furthermore,
different mechanisms may be required or may be nwffective in different tissues
compartments or for different diseases. Therely nlechanisms could also act in concert to
enhance the suppressive efficacy. However, thet éx@raction of the different mechanisms

needs to be further investigated.

1.1.5 Regulatory T cells in the tumor microenvironnent

Various studies have demonstrated the presenaguafatory T cells in tumor tissues as well
as tumor-draining lymph nodes in rodents and alsmancer patients suffering from tumors in
head and neck® lung®®’, liver 1%, in the gastrointestinal tract¥, pancreas'® breast tissue
1 and ovary tissué™ Thereby increased numbers gfglcells can be observed within the
tumor tissue, which correlates with poor progndsipatients with breast canckr, gastric

cancert® and ovarian cancéf®**?

The question of how and whye§ cells are recruited to the tumor and are founthéneased
numbers in the tumor tissue is the focus of sewatalies. It is proposed that the proliferating
and dying tumor cells provide large amounts of-aaligens that may attract and recruiyT
cells. Furthermore the inflammatory environment atso attract £y to migrate to the tumor
site 1'%, Besides that the tumor cells and tumor infiligtiacrophages produce chemokines
like CCL22 that can recruit CCR4-expressingg Eells '™ Finally it is proposed that
FOXP3 Trgq cells are induced from none§ cells in the tumor microenvironment as a result
of the high concentrations of tumor-derived TGE*’

10
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1.2 Interleukin-2 receptor signaling pathways

Interleukin-2 is important for T cell proliferatipsurvival and programmed cell death and is
primarily produced by activated T cells, which atepresent the main target of L2214
Besides, IL-2 is also important for other biolodipaocesses, like growth and differentiation

122

of B cells'??, generation of lymphokine-activated killer celfS, augmentation of natural

124 and proliferation and maturation of oligodendraptells*?> IL-2 consists of

killer cells
133 amino acids with a molecular mass of 15-18 &bd mediates signaling via a multichain
receptor compleX*®. This interleukin-2 receptor (IL-2R) belongs toethype | cytokine
receptor superfamily*®**° It is composed of three subunits: the affinityelatating subunit
IL-2Ra (CD25) and the two signaling subunits IL{£RCD122) and IL-2R (CD132) %
Thereby thep- andy-chain are constitutively expressed on the celfasag: Upon antigen
activation also thex-subunit is expressed and transported to the cefhionane. All three
subunits need to be present so that the receptos gasufficient affinity for IL-2*>. The
binding of IL-2 to the IL-2R can activate a varieatydifferent signaling cascades, which are
depicted in a generalized overview in Figure 22ltan activate for instance the JAK/STAT-
signaling pathway. Phosphorylation of the cytoplasfa andy-chain of the IL-2R provide
docking sites for the janus kinases-1 and -3 (JAtt JAK3)2"28 which are in turn
autophosphorylated and thus provide docking sibesSignal Transducer and Activator of
Transcription-5 (STAT-5). STATS5 is phosphorylatedich leads to dimerisation and nuclear
translocation of STAT5 complexes, where they itdtiaranscription of target genéé’.
Moreover, IL-2 can activate the PI3K/Akt-signalimgathway. Binding of IL-2 leads to
activation of Phosphatidylinositol 3-kinase (PI3Klhis leads to production of inositol
phospholipids Ptdins (3,4,5)P3 and Ptdins(3,4)Ri#chvattract Akt (also known as Protein
Kinase B, PKB) to the plasma membrane, where iplisphorylatei®. Akt in turn
phosphorylates and thus activates Ikinase (IKK), which is comprised of the catalytic
subunits IKKe. and IKKB and the regulatory subunit IKiK- (NEMOY33 KK
phosphorylates the inhibitor @Ba protein (kBa), which leads to ubiquitination okBa, its
dissociation from nuclear facteB (NF-«xB, subunits p50 and p65) and eventual degradation
of IkBa by the proteasome. The release of #-allows its translocation to the nucleus
where it initializes transcriptidf?®** The IL-2R can also activate the MAPK-signaling
pathway as it binds spleen tyrosine kinase (Syk) lgmphocyte-specific protein tyrosine
kinase (Lck), which are activated downstream of JA#nd JAK3'*> This stimulates
association of SHC (Src homology 2 domain contgntnansforming protein 1(Shc), GRB2

(Growth factor receptor-bound protein 2) and SO8n(®f sevenless homologs), which
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further activate signaling via Ras (v-Ha-ras Harvaysarcoma viral oncogene homolog), Raf
(v-Raf-1 murine leukemia viral oncogene homolog NMIEK1/2 (Mitogen-activated protein
kinase 1 and ; MEKs2) and ERK1/2 (Extracellulamsigregulated kinase 1 and 2; ERKS).
This pathway leads to activation of the transooiptiactors such as Elk-1, c-Myc, c-Fos or c-
Jun/c-Fos (AP-1§%¢1%

Cytosol

Degradation
& @O o

Nucleus

Transcription
initiation

I—D

Target gene

Figure 2: Generalized overview of different IL-2 sgnaling pathways.

Binding of IL-2 to the IL-2R (subunitg, B andy in orange) can activate different signaling cassadl_-2 can
activate the JAK/STAT-signaling pathway by actieatiof JAK1 and JAKS3, resulting in the activation of
STAT-5, its dimerisation and translocation to theleus where STATS initiates transcription of targenes.
IL-2R signaling can also activate PI3K/Akt-signalicascade, which leads to activation of Akt. Akttimn
activates IKK that phosphorylatesBa. This results into the degradation @Bl and the release of NEB,
which can now translocate to the nucleus and lid@aranscription. Phosphorylation of JAK1/JAK3ncalso
activate the MAPK-signaling pathways. SYK and LQi¢ activated, which leads to association of SHCB&GR
and SOS that further activate signaling via Ra$, REK1/2 (MEKs) and ERK1/2 (ERKS). This pathwayts
to activation of the transcription factors suchEdk-1, c-Myc, c-Fos or c-Jun/c-Fos (AP-1).The griaplvas
modified from www.proteinlounge.com/Pathway/Defaadpx (01.05.2011).

1.3 The hydroxyprostaglandin dehydrogenase 15-(NAD)

1.3.1 Identification of HPGD as a prostaglandin metbolizing enzyme

The NAD'-dependent 15-hydroxyprostaglandin dehydrogengse-ityHPGD or 15-PGDH)
maintains a crucial role in the metabolism of pagkindins as it is considered as key
catabolic enzyme, which controls their biologicatidty **>**! The first evidence for the
existence of a prostaglandin metabolizing enzyms raught by Anggard and Samuelsson

in 1964. They observed that lung homogenates fromeg-pigs converted prostaglandin E
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(PGE) into the metabolites 13,14-dihydro-prostaglandin and 13,14-dihydro-15-keto-
prostaglandin E The occurrence of metabolites was thereby not tdua non-enzymatic
conversion, as boiled homogenates did not conv@g; fnto its metabolite$®’. Two years
later the same group reported the 11-fold purifbcatof a specific prostaglandin
dehydrogenase from swine Iuffff. Since then HPGD was successful isolated fronewifft
tissues and organisms like human placéfita* rabbit lung**®, rat kidney**® and chicken
heart**”. HPGD is ubiquitously expressed in mammalian &sswith the highest activities for
HPGD detected in lung, kidney and placefita

1.3.2 Genomic location

The HPGD gene encodes the NA@ependent 15-hydroxyprostaglandin dehydrogenase (1
PGDH; HPGD; EC 1.1.1.141), an enzyme that beloagbe short-chain nonmetalloenzyme
alcohol dehydrogenase protein famif{?. Chromosomal localization of the human HPGD
gene revealed that it maps to chromosome 4 witihéurdocation to the bands 4q34-G%5
The HPGD gene contains 7 exons and 6 introns amgppsoximately 31 kb long™®. The
primary structure of the human HPGD was eluciddtggeptide sequencing® and cDNA
cloning **%. The open reading frame of the human enzyme typedes for a protein of
266 amino acids with a molecular weight (M.W.) 8275 Da**%*!

Initial studies on the gene transcription reveated different mMRNA species in human
placenta, with 2.0 kb and 3.4 kb in length, indiogitthe existence of spliced variants or an
alternative gené&®. Further investigation identified two truncatedrfis of the human HPGD
variant 1 in HL-60 and TT cell®3** Variant 2 lacks thereby an alternate exon (théhsi
exon) in the 3’ coding region. This smaller seqerodes for a predicted C-terminal-
truncated form of HPGD of 178 amino acids (19,28k&ad has approximately 64 % identity
with HPGD variant 1*° The third variant is missing the fifth and sixéxon ***. The
truncated variants seemed to be splicing isoformdRGD variant 1, because both showed
N-terminal protein sequence homology but differethie C-termini. However, both truncated
variants are not likely to display enzymatic adtivbecause they lack the catalytically
essential amino acid residues Tyr 151 and Lys?85° The cDNAs for HPGD were also
cloned from other species like mousé rat [145] or guinea pi¢”®. The murine HPGD gene
is approximately 11.3 kb in length and contain® ltke human gene seven exons and six

introns and maps to chromosome 8 (8 B3.£8)
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1.3.3 Protein structure and enzymatic activity

Sequence alignments indicated that HPGD belongs tlee short chain
dehydrogenase/reductase (SDR) famff**> HPGD shows approximately 20 % homology
compared to other short-chain dehydrogenases (SBRgjhe amino acid residues Tyr151,
Lys155 and Serl138 have been demonstrated to beties$er the catalytic activity, because
site-directed mutagenesis leads to a loss of entiymetivity 1>>*°¢ Moreover, the residues
Thrll and Thr188 were found to be important for thieraction with NAD *°%%1 The
primary structures of HPGD from various species largely homologous except for two
regions, the C-terminal domain and the region fr@sidue 205 to 224. HPGD forms a
homodimeric protein to mediate its enzymatic fumetalthough it is also thought to be active

as a monomer?

HPGD plays a crucial role in the metabolism of prgkandins (PGs), because it represents a
major enzyme in the degradation of prostaglandfmestaglandins are rapidly inactivated
vivo by thep-oxidation of their 15-hydroxyl group into a 15-&egroup, catalyzed by HPGD.
The 15-keto-metabolite thereby represents the $iegd in the biological inactivation of PGs
141183 The prostaglandins are then further metabolizgedthe 15-ketoprostaglandin®-
reductase (15-13PGR), resulting in 13,14-dihydreké®-prostaglandins the so called PG(A,
D, F, E, M)***The 13,14-dihydro-15-keto-prostaglandins finalhidergop- andw-oxidation

to form a variety of metabolites that are excretedhe urine'® Two different types of
enzymes have been identified in human tissue thalyze the oxidation of the 15-hydroxy
group of prostaglandins: HPGD type | is descritetié NAD-dependent and uses basically
prostaglandins and related eicosanoids as sulstfat¢iPGD type Il is NADP-dependent
but can also use NADas cofactor. HPGD type Il has a broader subsspeificity and
approximately 20 % homology with the HPGD typ¥3'® This enzyme has also a much
higher K, value for prostaglandins than the HPGD type | emzyand does therefore not
appear to contribute significantly to the catabulisf prostaglandins. HPGD type | is also
believed to be the enzyme primarily involved in tohing the biological activities of
prostaglandins and related eicosanofds™®’ For this reason, only HPGD type | was
considered in the present study and will be refetoeas HPGD in the following. HPGD can
use a variety of different prostaglandins as sabstrsuch as PGEPGE, PGFR,, PGFk,,
PGL and 6-keto-PGfz. PGB2, PGDR and TXB, however, are poor substrates. Besides
prostaglandins also the unsatureated fatty acids dbntain a hydroxyl group at their6
position like 12-L-hydroxy-5,6,10-heptadecatrienoic acid (12-HHT); 15-
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hydroxyeicosatetraenoic acid (15-HETE); 5,15-diloyyr6,8,11,13-eicosatetraenoic acid
(5,15-diHETE); 8,15-Dihydroxy-5,9,11,13-eicosatetraic acid (8,15-diHETE) and
lipoxin A4 were reported to serve as substrates for HFGH?.

1.3.4 Regulation of the HPGD gene expression

The regulation of HPGD has been investigated bjouarstudies in whole animals and also
in isolated cells®**” The induction of HPGD expression and activity Viiest reported in
dimethyl formamide treated HL-60 ceft§". Subsequently the induction of HPGD was also
achieved by 1,25-dihydroxyvitaminsbn human neonatal monocyt&€ and by treatment of
humanerythroleukemia (HEL) cells with phorbol 12+istate 13-acetate (PMA)Y2 Also
dimethyl sulfoxide (DMSO) could stimulate the enzymactivity *’°. Besides that, also
indomethacin increased HPGD mRNA expression in Leells '™ In contrast, HPGD
expression and activity was sustained by glucomads such as cortisol and dexamethasone
172175 and treatment with IL{1'"® or TNF. The effect of IL-B could be reversed by the
concurrent addition of the immunosuppressive cytekiL-10 *’® Similarly, the anti-
inflammatory cytokine IL-4 was also shown to stiatel HPGD activity in the human lung
cancer cell lines A549, H358, H1435 and H460 Bile acids were also shown to inhibit

HPGD transcription in human colon cancer cell li&s

Besides that, several potential regulatory elemieate been identified. The human promoter
regions exhibit key regulatory elements such as EREB, AP-1, AP-2, GRE and Spl,
which may provide potential binding sites for thesents to initiate gene transcriptigi*°
Recently, the forkhead transcription factor hepgi®auclear factor 8 (HNF33) was shown

to regulate HPGD expression, as HI§Fs$howed direct binding to promoter elements of

HPGD in lung cancer celf§"

1.3.5 The role of HPGD in perinatal development anth cancer

In addition to the role of HPGD in inflammation ghprotein maintains a crucial role in
perinatal development. HPGD-deficient mice (Pgddie shortly after birth because of the
defective remodeling of the ductus arteriosus. Unu@mal conditions PGElevels are

significantly reduced due to enhanced pulmonary BR@tivity in late gestation. This results

in the closure of the ductus arteriostfs
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Furthermore, HPGD seems to play an important noleaincer. This was demonstrated in a
study that compared the protein expression profifesormal bladder urothelium with that of
63 transitional cell carcinomas of various histbpétgical grades and tumor stages. Among
other protein biomarkers a loss of HPGD expressias associated with the progression of
human bladder transitional cell carcinond% Also in colon tumor samples, the median
HPGD expression was at least 17-fold below the aretHPGD expression of normal colon
tissue'®. Similar results were found in primary breast tusnehere HPGD was shown to be
under-expresse” and in lung tumors where HPGD gene expressionfowasd to be under-
presented®. Moreover, experiments with a xenograft model ehgtable HPGD-transfected
H358 lung cancer cells were injected into athymicenshowed that tumor formation was
markedly suppressed in mice injected with HPGDsfarted cells compared to empty-
vector-transfected cells. The suppression was blyenmediated by an antiangiogenic
mechanism®. In addition, arin vitro study with SW480 colorectal cells demonstrated tha
HPGD over-expression in these cells resulted inaahsed cell motility and invasive activity
187 These observations indicate a potential roldlBED as tumor suppressor.

1.4 Different methods of antibody generation

The immune system produces antibodies with higlciBpgy to their antigen by well-
directed selection processes. To mimic the proseskantibody generatiom vivo, different
methods were developed. One method to produceaaldth is performed by the repeated
immunization of animals, for instance mice, rabbigeats, horses etc. The animals are
injected with an antigenic substance, for exampdeqmbinant) protein or peptide together
with a booster substance such as CFA (Completediédjuvant). The serum is isolated
from these immunized animals and contains polydlanéibodies specific for the antigenic
substancé®®!° Antibodies obtained from serum can be produckdively fast and with low
costs. Disadvantageous of polyclonal antibodig¢sasthey may contain large amounts of non
specific and unspecific antibodies. Besides tln#,droducts are highly dependable on donor
blood availability, both in terms of quantity andgitability, resulting in considerable variation
between batches. With the generation of hybridoetia,ovhich are produced by the fusion of
murine B lymphocytes with myeloma cells, presertigd<thler and Milstein in 1975 a
method to produce monoclonal antibodies was ingeniée hybridoma technique can be
expensive and time consuming because of screeairtgd right hybridoma clones. However,

monoclonal antibodies from hybridoma clones havegh specific antigen recognitiofi®

16



Introduction

Moreover, an unlimited supply of a monoclonal antifp with defined and reproducible
affinity and specificity is permitted once an apmiate hybridoma clone is identifietd”.
Besides that, other methods like the phage disf@akinology have been developed. The
phage display technology was invented when firstrimeu antibody fragments from
lymphocytes of immunized animals were obtained expressed if.coli, whereby either the
variable region of the light (vL) or the heavy ah&H) were used®. Later on the display of
peptides on filamentous phage was demonstrateddoyd the peptide of interest on to gene3
of filamentous phagé®**°* The phage display technology is a relatively fastl simple

method and less cost intensive to produce antifragynents 294

1.5 Objectives

The characteristics and functions of COD25 regulatory T cells (B9 have been
extensively studied — yet further investigatiomaquired to completely resolve howgglcells
mediate their suppressive activity especidlhy vivo and which molecules are actually
involved in their development and function. Variauslecules have been identified, such as
the lineage specific transcription factor FOXP3,ickhregulates the transcription of many
target genes indg However, there are still unknown genes that ageiired for a complete

regulatory phenotype ofi cells.

In order to identify novel target molecules invalvie the development and function ofgl
cells, global gene expression profiling was carnetito designate genes that are specifically
expressed in &y cells in comparison to CD&D25 T cells (Tony cells under different
activation states. Thereby the NABDependent 15-hydroxyprostaglandin dehydrogenase
type-I (HPGD), the major Prostaglandin fPGE)-metabolizing enzyme, was identified as
one of the differentially expressed transcriptse Tdbjective of the present study was the
characterization of the role of HPGD in humagy Tells concerning its regulation and role for
the development and suppressive function gf dells. Therefore, it should be investigated
whether HPGD expression is specific for naturalbguwring Teg cells or whether it can be
also upregulated during T cell differentiation betinduction of adaptived; cells (iTreg).
Moreover, the enzymatic activity of HPGD inedcells and its contribution to thef cell
function should be examined. Besides, it was testbdther HPGD is a target gene of
FOXP3. In addition, this study aimed at charactegzhe influence of extracellular stimuli

on the HPGD expression. Depending on these reshésynderlying downstream signaling
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pathways were further analyzed. Finally, it wasestigated whether the observations made in

the human could be transferred to the murine system

In conclusion the results of the present study @ddlp to better understand the regulatory
phenotype of k4 cells and provide a basis for future experimentddtermine tissue-specific

functions of Teg cells and their function in the tumor microenvinognt.

18



Material and Methods

2 Material and Methods

2.1 Materials

2.1.1 Chemicals and reagents

Name

Manufacturer

30 % Acrylamide/bis Solution 29:1 (3,3%)

Bio-Rad Laboratories, Miinchen
(DE)

Agar

Applichem, Darmstadt (DE)

Agarose

Applichem, Darmstadt (DE)

Ammoniumacetate

Merck, Darmstadt (DE)

Ammonium persulfate (APS)

Sigma-Aldrich, St LouisSA)

Ampicillin

Applichem, Darmstadt (DE)

Bovine serum albumin (BSA)

Sigma-Aldrich, St Lo(i$SA)

B-Mercaptoethanol

Applichem, Darmstadt (DE)

Boric acid

Sigma-Aldrich, St Louis (USA)

Bromophenole blue

Roth, Karlsruhe (DE)

Calcium chloride-Dihydrat (Cagi2H,0)

Merck, Darmstadt (DE)

5,6-Carboxyfluorescein diacetate succinimidyl este
(CFSE)

)rSigma-AIdrich, Minchen (DE)

CD25" Microbeads I

Miltenyi Biotec GmbH, Bergisch-
Gladbach (DE)

CD45" Microbeads

Miltenyi Biotec GmbH, Bergisch-
Gladbach (DE)

CellFix™

BD Biosciences, Heidelberg (DE)

Chloroform p.a.

Applichem, Darmstadt (DE)

Complete mini (Protease Inhibitor cocktail tablets)

Roche Diagnostics, Basel (CH)

1,4-Diazabicyclo[2.2.2]octan (Dabco)

Sigma-Aldri&t,Louis (USA)

Disodiumhydrogenphosphate-Dihydrate {NBRO,
2H,0)

Merck, Darmstadt (DE)

Dulbecco’s Modified Eagle Medium (D-MEM) (Hig

n PAlRaboratories GmbH, Paschin

19




Material and Methods

Glucose with L-Glutamine)

(AT)

Dimethyl sulfoxide (DMSO)

Sigma-Aldrich, Michen (PE

Dithiothreitol (DTT)

Fermentas GmbH, St. Leon-Rot,
(DE)

Dynabead8 M-450 Tosylactivated

Invitrogen Life Technologies,
Karlsruhe (DE)

Ethylendiamintetraacetate (EDTA)

Sigma-Aldrich L8tiis (USA)

Ethanol

Roth, Karlsruhe (DE)

Ethidiumbromide

Applichem, Darmstadt (DE)

Fc receptor blocking reagent

Miltenyi Biotec GmbH, Bergisch-
Gladbach (DE)

Fetal calf serum (FCS)

PAA Laboratories GmbH, Paschin
(AT)

Fluoromount-G

Southern Biotech, Birmingham (U

Formaldehyde solution (37 %)

Sigma-Aldrich, St lO(lWSA)

Gelatin from bovine skin

Sigma-Aldrich, St Louis$#)

Gelatin from cold water fish skin

Sigma-Aldrich, ISiuis (USA)

Gibco distilled water (RNase/ DNase free)

Invitrogen Life Technologies,
Karlsruhe (DE)

Glacial acetic acid

Roth, Karlsruhe (DE)

D (+) Glucose

Merck, Darmstadt (DE)

Glutamax™ (100 x)

Invitrogen Life Technologies,
Karlsruhe (DE)

Glycine

Applichem, Darmstadt (DE)

Glycerol (87 %) p.a.

Applichem, Darmstadt (DE)

Goat serum (normal)

DakoCytomation, Glostrup (DK)

HEPES

Applichem, Darmstadt (DE)

Isopropanol for the molecular biology

Applichem,ratadt (DE)

Isopropanol p.A.

Roth, Karlsruhe (DE)
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Kanamycin

Applichem, Darmstadt (DE)

Laemmli buffer for SDS-PAGE (10 x)

Serva Electrophoresis GmbH,
Heidelberg (DE)

Magnesiumchloride-Hexahydrate (Mg@H,O)

Applichem, Darmstadt (DE)

Magnesium (MgS@7H-0)

Merck, Darmstadt (DE)

Methanol p.a.

Roth, Karlsruhe (DE)

Milk powder

Roth, Karlsruhe (DE)

MOPS

Acros Organics, New Jersey (USA

N,N,N’,N’-Tetramethylethylenediamine (TEMED)

Apphem, Darmstadt (DE)

NuPAGE® Transfer Buffer 20x

Invitrogen Life Technologies,
Karlsruhe (DE)

Odyssey Blocking Buffer

Licor Biosciences, Bad Homburg
(DE)

Odyssey Two-Color Molecular Weight Marker (10
250 kDa)

—_icor Biosciences, Bad Homburg
(DE)

O’Range Rule™ 100+500 bp DNA-Ladder

Fermentas GmbH, St. Leon-Rot,
(DE)

O’GeneRulelM 1 kb Plus DNA-Ladder

Fermentas GmbH, St. Leon-Rot,
(DE)

6x O’Range DNA loading dye

Fermentas GmbH, St. Leon-Rot,
(DE)

Pancoll human (density 1.077 g/l)

PAN Biotech GmbH, Aidenbach
(DE)

Paraformaldehyde

Sigma-Aldrich, St Louis (USA)

Penicillin/ Streptomycin

Invitrogen Life Technologies,
Karlsruhe (DE)

Phosphate buffered saline (PBS)

PAA Laboratories GmbH, Paschin
(AT)

Potassium chloride (KCI)

Merck, Darmstadt (DE)

Potassium dihydrogenphosphat (}D;)

Merck, Darmstadt (DE)

Potassium hydrogen carbonate (KH{gO

Merck, Darmstadt (DE)
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Potassium hydroxide (KOH)

Merck, Darmstadt (DE)

Prostaglandin E(PGE)

Sigma-Aldrich, St Louis (USA)

Propidium lodide (PI)

Sigma-Aldrich, St Louis (USA)

Re-Blot plus mild solution (Chemicon)

Millipore GmbH, Schwalbach/Ts.
(DE)

Rosette Sep CD4T cell enrichment cocktail

Stem Cell Technologies, London
(GB)

RPMI cell culture medium (1640)

PAA Laboratories GmbH, Pasching
(AT)

Sandoglobulin

ZLB GmbH, Springe (DE)

Saponine powder

Sigma-Aldrich, St Louis (USA)

Sodium acetate

Applichem, Darmstadt (DE)

Sodium azide (Nahy

Roth, Karlsruhe (DE)

Sodium dodecylsulfate (SDS) 10% solution

Applich&armstadt (DE)

Sodium dodecylsulfate (SDS) powder

Roth, Karlsr{ibie)

Sodium chloride (NaCl)

Applichem, Darmstadt (DE)

Sodium dihydrogenephosphate-monohydrate
(NaH,PQ; - H,0)

Merck, Darmstadt (DE)

Sodium hydroxide (NaOH)

Merck, Darmstadt (DE)

Trichloroacetic acid

Merck, Darmstadt (DE)

Tris Applichem, Darmstadt (DE)
Tris-HCI Applichem, Darmstadt (DE)
Triton X-100 Applichem, Darmstadt (DE)

Trizol® Reagent

Invitrogen Life Technologies,
Karlsruhe (DE)

Tryptone

Roth, Karlsruhe (DE)

Trypan blue solution (0,4 %)

Sigma-Aldrich, St LeUSA)

Trypsin/ EDTA 10x (0,05 %/ 0,02 %)

Invitrogen Life Technologies,
Karlsruhe (DE)
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Turbofect™ in vitro Transfection Reagent

Fermentas GmbH, St. Leon-Rot,
(DE)

Tween 20

Applichem, Darmstadt (DE)

Yeast extract

Applichem, Darmstadt (DE)

X-vivo 15 cell culture medium

Lonza, Verviers (B)

2.1.2 Kits

Name

Manufacturer

Amaxa Human T Cell NucleofectdKit

Lonza Cologne AG, Kdln (DE)

BCA protein assay kit

Thermo Scientific, RockfoldlS)

Cytofix/ Cytopermi"

BD Biosciences, Heidelberg (DE)

CD4'CD25 Regulatory T Cell Isolation Kit mouse

Miltenyi Biotec GmbH, Bergisch-
Gladbach (DE)

FOXP3 Fix/Perm Buffer Set

BioLegend, San Diego (YSA

FOXP3 staining buffer set

eBioscience, San DiegsA)

Gateway® LR Clonas& Enzyme Mix

Invitrogen Life Technologies,
Karlsruhe (DE)

GenelJet Plasmid Miniprep kit

Fermentas GmbH, St. Leon-Rot,
(DE)

LightCycler 480 Probes Master

Roche DiagnosticseB&CH)

Midi Plasmid HiSpeed Prep

Qiagen, Hilden (DE)

PKH-26 Red Fluorescent Cell Linker Kit

Sigma-AldrjcSt Louis (USA)

Prostaglandin EEIA Kit monoclonal

Cayman Chemicals, Ann Arbor
(USA)

Prostaglandin Emetabolite EIA Kit

Cayman Chemicals, Ann Arbor
(USA)

Qia Quick Gel extraction kit

Qiagen, Hilden (DE)

Qia Quick PCR purification kit

Qiagen, Hilden (DE)

5x siRNA annealing buffer

Dharmacon, Lafayette (JSA

Transcriptor First Strand cDNA synthesis k

it Ro&hagnostics, Basel (CH)

Universal Probe Library Set Human

Roche DiagnosBesel (CH)

2.1.3 Cytokines

Name

Manufacturer

Interleukin B, human recombinant (rhiL{1)

Immunotools, Friesoythe (DE)

Interleukin 2, human recombinant (rhiL-2)

Chiromeé&ryville (USA)

Interleukin 4, human recombinant (rhiL-4)

Immund&d-riesoythe (DE)

Interleukin 6, human recombinant (rhIL-6)

Immund&d-riesoythe (DE)

Interleukin-10, human recombinant (rhiL-1(

D) Immuols, Friesoythe (DE)

Interleukin 12, human recombinant (rhiL-12

?)  Immuoads, Friesoythe (DE)

Interleukin 21, human recombinant (rhiL-2

)  Immuoads, Friesoythe (DE)

Transforming growth factor beta, human

recombinant (rhTGHB)

PeproTech EC Ltd., London (UK)

23



Material and Methods

2.1.4 Enzymes

All enzymes were purchased from Fermentas GmbH,&8in-Rot, (DE). Enzymes that are a

component of a kit are not mentioned here.

Enzyme name

Function

BamHI Restriction enzyme
Notl Restriction enzyme
Ncol Restriction enzyme
Xhol Restriction enzyme
Bcll Restriction enzyme

Pfu DNA Polymerase

DNA Polymerase

Shrimp alkaline phosphatase (SAP)

Alkaline Phosdeat

T4 DNA Ligase

DNA Ligase

2.1.5 Antibodies

2.1.5.1 Antibodies for flow cytometry

Antigen Clone Isotype | Fluorophore | Manufacturer
Anti-human-CD3 | SK7 lgg | APC-Cy7 (BDDE)B'OSC'e”CGS’ Heidelberg
. BD Biosciences, Heidelberg
Anti-human-CD3 SK7 gGxk FITC (DE)
. BD Biosciences, Heidelberg
Anti-human-CD3 UCHT1 lgG Pe (DE)
. BD Biosciences, Heidelberg
Anti-human-CD4 SK3 1gGxk FITC (DE)
. BD Biosciences, Heidelberg
Anti-human-CD4 | SK3 lgG Pe (DE)
Anti-human-CD4 SK3 lgGxk Pe-Cy7 (BDDE)B|OSC|ences, Heidelberg
Anti-human-CD4 | L200 lg& | PerCp-Cys5 | i losciences. Heidelberg
. BD Biosciences, Heidelberg
Anti-human-CD8 SK1 lgGxk APC (DE)
Anti-human-CD8 SK1 lg& PerCP (BDDE)BIOSCIenCGS, Heidelberg
. BD Biosciences, Heidelberg
Anti-human-CD8 SK1 lgGxk Pe (DE)
Anti-human-CD14| NP9 lgGk | FITC (BDDE)B'OSC'G”CGS’ Heidelberg
Anti-human-CD14 | HCD14 Igg | Pe ?L'JOSL:)gend' San Diego
Anti-human-CD19 | SJ25C1 lgés | APC BD Biosciences, Heidelberg

24



Material and Methods

(DE)
Anti-human-CD19| SJ25C1 | Ig& |Pe (BDDE)B'OSC'G”CGS’ Heidelberg
Anti-human-CD25 | M-A251 | Ig@& | APC (BDDE)B'OSC'G”CGS’ Heldelberg
Anti-human-CD25| M-A251 | Ig& | FITC (Bl'JOSLAe)ge”d' =an Diego
Anti-human-CD25| M-A251 | Ig& | Pe (BDDE)B'OSC'G”CGS’ Heldelberg
Anti-human-CD25| 2A3 Jo[®'S Pe-Cy7 (BDDE)B|OSC|ences, Heidelberg
Anti-human- BD Biosciences, Heidelberg
CD45RA L48 19Gik FITC (DE)
Anti-human- BioLegend, San Diego
CD45RA HI100 IgGw | Pe-Cy5 (USA)
Anti-human- BD Biosciences, Heidelberg
CD45RO UCHL1 I9Guk | APC (DE)
Anti-human- BD Biosciences, Heidelberg
CD45RO UCHL1 IgGuk | Pe (DE)
Anti-human-CD56 | MY31 lg& | Pe (BDDE)B'OSC'e”CGS’ Heidelberg
Anti-human- hIL-7R- 1aGrx Alexa Fluor | BD Biosciences, Heidelberg
CD127 M21 91| 547 (DE)
BioLegend, San Diego

FoxP3 206D fo[€N Pe (USA)

Alexa Fluor | BD Biosciences, Heidelberg
Isotype Control MOPC-21 | Igfs 647 (DE)
Isotype Control MOPC-21 lgs Pe (BDDE)Blosuences, Heidelberg
isotype Control | MOPC-21| Ig& | FITC (BDDE)B'OSC'G”CGS’ Heidelberg
lsotype Control | MOPC-21| Ig& | PerCp-Cy5.5 (Bl'JOS"Ae)ge”d' San Diego

Alexa Eluor Invitrogen Life
Anti-mouse 1gG lgGi Technologies, Karlsruhe

647 (DE)

2.1.5.2 Antibodies for Electrophoretic Mobility ShiAssay (EMSA)

Antigen Clone Isotype Manufacturer
Anti-human-FOXP3 | 259D/C7 Igfis BD Biosciences, Heidelberg (DE)
Isotype control MOPC-21| Igfs BD Biosciences, Heidelberg (DE)

2.1.5.3 Antibodies for Western blot analysis

Name Species | Manufacturer

Anti-p-actin (primary antibody) mouse| Chemicon, Teme¢uld)

Anti-mouse 1gG IRDye 680

(secondary antibody) goat Licor Biosciences, Bad Homburg (USA)

Anti-mouse IgG, IRDye 800CW goat Licor BiosciencBad Homburg (USA)
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| (secondary antibody) | |

2.1.5.4 Antibodies for coating of cell culture pks and beads

Name Clone Manufacturer

CD3 OKT-3 Janssen-Cilag GmbH, Neuss (DE)

CD28 93 A kind gift of D_r. James L. R_iley, University
' of Pennsylvania, Philadelphia (USA)

CD28 28.2 BD Biosciences, Heidelberg (DE)

MHC-I W6/ 32 Lab-own hybridoma

2.1.6 Inhibitors

Name

Alternate name

Manufacturer

HPGD-Inhibitor

CKA47A
5-[[4-(ethoxycarbonyl)phenyl]lazo]- 2-hydrox)

benzeneacetic acid

y-Ann Arbor (USA)

Cayman Chemicals,

NF-xB inhibitor
BAY11-7082

BAY11-7082
3-[(4-methylphenyl)sulfonyl]-(2E)-

propenenitrile

Cayman Chemicals,
Ann Arbor (USA)

NF-xB activation
inhibitor

6-Amino-4-(4-
phenoxyphenylethylamino)quinazoline

Merck,
(DE)

Darmstadt

JAKS3 inhibitor

Janex-1

4-[(6,7-dimethoxy-4-quinazolinyl)amino]-phen

pAnn Arbor (USA)

Cayman Chemicals,

PI3K inhibitor LY294002 Merck, Darmstadt
2-(4-Morpholinyl)-8-phenyl-4H-1-benzopyran-| (DE)
4-one

STATS inhibitor | STATS inhibitor Merck, Darmstadt
N’-((4-Ox0-4H-chromen-3-yl)methylene) (DE)
nicotinohydrazide

MEK1 inhibitor | PD98059 Merck, Darmstadt
2’-Amino-3’-methoxyflavone (DE)

2.1.7 Oligonucleotides

Primers were purchased from the manufacturer Sigldaeh (Taufkirchen, DE). The

selection of primers and probes for gRT-PCR werelenaith the tool ‘Universal Probe
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Library Assay Design Center’ offered by Roche Diagjics (https://www.roche-applied-
science.com/sis/ rtpcr/upl/index.jsp?id=UP03Q00@. October 2010). For Real-time PCR
analysis probes were used from the Universal Ptobeary Set Human provided (Roche

Diagnostics, Basel, CH). Other oligonucleotides evpurchased from Biomers.net GmbH
(Ulm, DE).

2.1.7.1 Primer for gqRT-PCR

Name Sequence Probe

Human Beta-2 forward: 5’-TTC TGG CCT GGA GGC TAT-3 (#42)
microglobulin (B2M) | reverse: 5'-TCA GGA AAT TTG ACT TTC CAT TC-3

Murine Beta-actinf{- | forward: 5’-CTA AGG CCA ACC GTG AAA AG-3

actin) reverse: 5-ACC AGA GGC ATA CAG GGA CA-3’ (#64)

Human cAM dFi)n;eSponseforward: 5-CGG TGC CAACTC CAATITACS | oo
. reverse: 5’-ATT GCT CCT CCC TGG GTA AT-3

protein (CREB)

Human CREB-Binding| forward: 5-TGA ACA GCA TGG GCT CAG T-3’ #12)

protein (CREBBP) reverse: 5’-CAT CAT GTT CGG AGG CTG A-3

Human

cAMPCCAAT/enhance forward: 5-GCA AAT CGT GCC TTG TCAT-3 #12)

r-binding protein alpha| reverse: 5-CTC ATG GGG GTC TGC TGT AG-3’

(CEBPA)

Human proto-oncogengforward: 5’-AGG TCC GTG CAG AAG TCC T-3’ (#67)

protein c-fos (FOS) reverse: 5-CTA CCA CTC ACC CGC AGA CT-3

Human Forkhead box | forward: 5’-ACC TAC GCC ACG CTC ATC-3’ (#50)

P3 (FOXP3) reverse: 5-TCATTG AGT GTC CGC TGC T-3

Human GATA binding | forward: 5’- ACT ACG GAA ACT CGG TCA GG- 3 (#36)

protein 3 (GATA-3) reverse: 5-GGT AGG GAT CCA TGA AGC AG-3

Human .| forward: 5-GGT TCC ACT GAT AAC AGA AAC CA-
Hydroxyprostaglandin 3 (#48)

dehydrogenase 15- | o o co. 5 -TTT GGT CAA TAA TGC TGG AGT G-3'

(NAD)

Murine

Hydroxyprostaglandin | forward: 5’-ATC GGA TTC ACA CGC TCA G-3 (#46)
dehydrogenase 15- reverse: 5’-TGG GCA AAT GAC ATT CAG TC-3

(NAD)

Murine

Hydroxyprostaglandin | forward: 5’-GCA GGC GTG AAC AAT GAG A-3’ (#48)
dehydrogenase 15- reverse: 5-AAA CCA AGA TAG GTC CCACTG A-3

(NAD)

Murine hypoxanthine- | forward: 5-TGA TAG ATC CAT TCC TAT GAC TGT
guanine AGA-3’ (#22)
phosphoribosyltransfer reverse: 5’-AAG ACATTC TTT CCAGTT AAAGTT

ase (MHRPT1) GAG-3’

Human Interleukin ) forward: 5’-TGG ACA TCA ACT TCC TCA TCA-3 (#4)
(IL-9) reverse: 5-TGC CCA AAC AGA GAC AAC TG-3

Human RAR-related | forward: 5-AGA AGG ACA GGG AGC AAG-3 #21)

orphan receptor C reverse: 5’-CAA GGG ACT ACT TCAATT TGT G-3’
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(RORyt)

Human T-box 21 (T-
bet)

forward: 5-GAC TCC CCC AAC ACA GGA G-3'
reverse: 5-GGG ACT GGA GCA CAATCATC-3

(#72)

2.1.7.2 Primer for Cloning

Name

Sequence

HPGD forward (Bcll)

5'-TAT GAT CAA CCATGC ACG TGACG GCA AA-3

HPGD 3'GFP reverse
(Xhol)

5-GCG GGG CTC GAG TTT ACT TGT ACA GCT CGT C-3’

HPGD reverse (Notl)

5-TGC GCG GCC GCATTG GGT TTT TGC TTG AAATGG

AGT-3

HPGD forward (Xhol)

5’-ACT ACT CGA GAC CAT GCA CGT GAA CGG CAA AGT

G-3

HPGD reverse
(BamHI)

5-ATC AGG ATCCTCATT GGG TTT TTG CTT GAA A-3’

2.1.7.3 Primer for Sequencing

Name

Sequence

pDest EFlalpha forward

S-TTATGC GAT GGA GTT TCC&’

pDest V5 reverse

5'-ACC GAG GAG AGG GTT AGG GA-3’

T7 promoter forward

5-TAATAC GAC TCA CTA TAG GG-3

Bovine growth hormone (BGH) reverse

5'-TAG AAG GORG TCG AGG-3

CMV forward

5'-CGC AAATGG GCG GTA GGC GTG-3

pIRES reverse

5'-TAT AGA CAA ACG CAC ACC G-3'

2.1.7.4 Oligonucleotides for Electrophoretic molylishift assay

Name Sequence 5‘-Modification:
IRDye

HPGD forward | 5 — TTC TAT GGA TAT TAT CAC TAT TTG | DY-681

FOXP3 BS TTT ACC CAT TTATCT GTT AG — 3

HPGD reverse | 5 — CTA ACA GAT AAA TGG GTA AAC AAA | DY-681

FOXP3 BS TAG TGA TAA TAT CCA TAG AA — 3’

o Foxmg | 5= TTC TAT GGA TAT TAT cCC GGG 6ee | Y78t

i GCG GGC CAT TTA TCT GTT AG — 3

:Eg?ege;’gr;gg 5'- CTA ACA GAT AAA TGG CCC GCG GCC DY-781

s CCG GGA TAA TAT CCA TAG AA — 3

K formard | 5~ TCA AAA ATATTG AAG TGT TAT CAC | DY-781
ATA CAC - 3

K reverce | 5~ GTG TAT GTG ATA ACA CTT CAA TAT | DY-781
TTT TGA-3'
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2.1.8 siRNAs

SiRNAs were purchased from Biomers.net GmbH, (Uh).

Name Target Gene Sequence

HPGD sense HPGD 5’-GCA CAG CAG CCG GUU UAU U-3
HPGD antisense HPGD 5’-AAU AAA CCG GCU GCU GUG C-3
FOXP3 sense FOXP3 5’-GCA CAU UCC CAG AGU ucCcC-3
FOXP3 antisense FOXP3 5’-AGG AAC UCU GGG AAU GUG3C-
Control sense Control siRNA 5-UUC UCC GAA CGU GUCG U-3
Control antisense Control siRNA 5-ACG UGA CAC GUIGG AGA A-3’

2.1.9 Buffers and solutions

Name

Contents

ACK lysing buffer

0,15 M NH4CI, 10,0 mM KHCO3, 0,1 mM Na2EDTA,
pH=7,2-7,4 adjusted with 1 N HCI, solution was iser
filtered

Bead wash buffer

0.02 %w/v NaN3, 0,1 % w/v BSA B pH=7,4

EMSA10 x loading dye

65 % (w/v) Sucrose, 10 mM Tris-HCI (pH7.5), 10 mM
EDTA

EMSA 10 x binding buffer

100 mM Tris, 500 mM Na@Dh mM DTT, pH=7,5

EMSA buffer 2

25 mM DTT, 2,5 % Tween-20

5 x Laemmli loading buffer

0,3 M Tris-HCI pH6,8; 50% glycerol, 25 P
Mercaptoethanol, 2 % SDS, 0,01 % bromophenol blue

5 g yeast extract, 10 g trypton, 5 g NaCl, ad 2OH

LB-medium -

pH=7,5

20 mM Tris-HCI pH=8, 10 % Triton X-100, 100 mM
Lysis buffer NaCl, 1 mM EDTA, 1 M DTT, a Complete Mini Proteag

inhibitor tablet

MACS buffer

1 x PBS supplemented with 0,5 % BSA, 2 mM EDTA,
pH=7,2 sterile-filtered

Protein lysis buffer

1 % Triton-X 100, 0,1 NaCl, 1 mM EDTA, 1 mM DTT,
20 mM Tris-HCI pH=8

Saponine buffer

PBS supplemented with 0,5 % BSA, 0,01 % sodiumeaz
solution and 200 mg saponine powder

10 % separating gel

2,01 ml HBOgesi 1,25 ml 1,5 M Tris-HCI (pH8,8), 50 ul
10x SDS, 1,67 ml 30 % polyacrylamide, 16,65 pl
10 % APS, 7 ul TEMED

4 % native polyacrylamide gel

2.5 ml 40% polyacrylamide (Polyacrylamide-BIS ratio
=29:1), 1 ml 1M Tris (pH=7,5), 3,8 ml 1 M Glycing&Q pl

(for 20ml) 0.5M EDTA, 13 ml H20, 100 ul 10 % APS, 15 ul
TEMED
5 g yeast extract, 20 g trypton, 0,6 g NaCl, OkX3j ad
SOB-medium 11 H,O, Medium was autoclaved and before use furthe

supplemented with 10 ml of a 1 M Mgolution and
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10 ml of a 1 M MgS@solution

SOB-medium was supplemented with sterile filtrated

SOC-medium glucose solution to yield 20 mM glucose solution
1,83 ml HOqes; 0,83 ml 1M Tris-HCI (pH6,8), 25 pl 10 X
4,5 % stacking gel SDS, 0,42 ml 30 % Acrylamide, 17 ul 10 % APS, 3,3 U

TEMED

242 g Tris, 57,1 ml glacial acetic acid, 100 ml M5

50 x TAE buffer EDTA pH=8, ad 1 | HO

1 x TBE buffer 89 mM Tris-base, 89 mM Boric acid, 2 mM EDTA-MNA

pH=8,3
10 x TGE buffer (1 liter) 30,3 g Tris, 142 g glyeir37,2 g EDTA, add 1 | 1D
10 x Tris/ glycine buffer 25 mM Tris, 192 mM gly@npH=8,3

: 30 mM NaAc pH=6, 50 mM MnGx4H,0, 100 mM
TfB | solution NaCl, 10 mM CaCl, 15% glycerol

TfB Il solution 10 mM MOPS, 75 mM Cag;110 mM NacCl, 15% glycerg

Wes_tern blot Fransfer buffer (fq f'55 mM Tris, 192 mM glycine
semi dry blotting)

Western blot transfer buffer (fq

r L , .
wet blotting) 4,8 mM Tris-Base, 3,9 mM glycine, 20 % methanol

2.1.10 Peripheral blood samples

Human blood samples from healthy donors were obtain form of buffy coats from the
Institute for Experimental Hematology and TransfusMedicine of the University hospital of

Bonn (Germany). Isolation of primary cells was aped by the local Ethics Committee.

2.1.11 Eukaryotic cell lines

Human embryonic kidney cells (HEK293) (DSMZ no: AGG5) were purchased from the
“Deutsche Sammlung von Mikroorganismen und Zelldh GmbH” (DSMZ;

Braunschweig, Germany).

2.1.12 Bacterial strains and genotype

Chemically competen€k.coli strains were obtained from Invitrogen Life Teclogés,
Karlsruhe (DE).

E.coli strain | Genotype

DH50 F ®80acZAM15 A(lacZYA-argF)U169recAl endAl hsdR17(k-, mk+)
phoA supE44thi-1 gyrA96 rel A1\

TOP10 FmecrA A(mrr-hsdRMS-mcrBC)
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endAl nupG

p80lacZAM15AlacX74recAlaraD13%A(ara-leu)7697galU galK rpsL

FmcrB mrr hsdS20(g-, mg-) recA

Stbl3 rpsL20(StF) xyl-5 e mtl-1

13 supE44ara-14galK2 lacY1 proA2

2.1.13 Murine tissue samples

Murine spleens from C57BL/6 and BALB/c mice werkirad gift of Dr. Zeinab Abdullah and
Dr. Li-Rung Huang respectively from the team of féssor Percy Knolle, Institutes of

Molecular Medicine and Experimental Immunology (INEM Bonn (DE).

2.1.14 Equipment

Name

Manufacturer

AutoMACS Pro Separator

Miltenyi Biotech, Bergiscla@ach (DE)

Centrifuge Rotina 420R

Hettich, Tuttlingen (DE)

Centrifuge Mikro-200R

Hettich, Tuttlingen (DE)

Centrifuge Avanti” J-20 XP

Beckman Coulter, Brea (USA)

Centrifuge 5810R

Eppendorf GmbH, Hamburg (DE)

Centrifuge 5815R

Eppendorf GmbH, Hamburg (DE)

CO;, Incubator

Heraeus Christ Instruments, Diusseldorf
(DE)

Confocal Laser Scanning Biological FC1000

Olymptamburg (DE)

Dynal magnet MPC-S

Dynal Biotech, Oslo (NO)

Flow cytometer FACS CANT®'

BD Biosciences, Heidelberg (DE)

Flow cytometer FACS LSR Il Special Order
System

BD Biosciences, Heidelberg (DE)

Flow cytometer / cell sorter FACS Aria

BD BiosciescHeidelberg (DE)

Gene pulser XCel

BioRad Laboratories, Minchen (DE)

Electroporator

Amaxa, Kéln (DE)

Heating magnetic stirrer ARE

Velp Scientifica, Usend)

Light microscope Eclipse TS100

Nikon, Tokio (J)

Magnet MACS Multi Stand

Miltenyi Biotech, Bergiséladbach (DE)

Mini-& MidiMACS ™ Separation Units

Miltenyi Biotech, Bergisch-GladbhgdDE)

Microplate reader Infinit& M200

Tecan Austria GmbH, Grodig (AT)

Mini-Protean Electrophoresis System

Bio-Rad Lalmtes, Minchen (DE)

Multi-Detection Microplate Reader Synergy H
Sirius

[ BioTek Instruments, Bad Friedrichshall
(DE)

Neubauer chamber

Roth, Karlsruhe (DE)

Odyssey Infrared Imaging System

LI-COR Biosciences, BadariHarg (DE)

pH-meter S20-SevenEdSy

Mettler Toledo, Giessen (DE)

Pipette Controller Accu Jet Plus

Brand GmbH, Wenth@®E)

Pipette Multipette Plus

Eppendorf GmbH, Hamburg YDE

Pipette Set Ergo One

Starlab, Ahrensburg (DE)

PowerPac HC Power Supply

Bio-Rad Laboratories, M&nqDE)

Real-time PCR system LightCycler 480

Roche DiagossBasel (CH)
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Roller Mixer SRT9D Stuart

Bibby Scientific, Stafttghire (UK)

Scale EL2001

Mettler Toledo, Giessen (DE)

Analysis Scale MS104S

Mettler Toledo, Giessen (DE)

Spectrophotometer NanoDrop 2000

Thermo Scienti¥ialtham (USA)

Steril work bench

BDK, Sonnbuhl (DE)

Thermocycler T3000

Biometra GmbH, Gaéttingen (DE)

Thermomixer comfort

Eppendorf GmbH, Hamburg (DE)

Trans-Blot Semi-Dry Transfer Cell

Bio-Rad Laboraésy Minchen (DE)

Vortexer

Velp Scientifica, Usmate (I)

Water bath

Memmert, Schwabach (DE)

2.1.15 Disposables

Name

Manufacturer

6-well tissue culture plates

Sarstedt, NurnbreDiit)(

12-well tissue culture plates

Sarstedt, Nurnbr¢€Dh)

24-well tissue culture plates

Sarstedt, Nurnbr¢€Dh)

48-well tissue culture plates

Sarstedt, Nurnbr¢Dh)

96-well tissue culture plates

Sarstedt, Nurnbr€Dh)

10 cm plates

Sarstedt, Nurnbrecht (DE)

LightCycler 480 Multiwell Plate and sealing foi

Ble Diagnostics, Basel (CH)

0,5-2,0 ml reaction tubes

Eppendorf GmbH, HambDig)(

0,2 ml PCR reaction tubes

Eppendorf GmbH, HambDE) (

15 ml Falcon tubes

Sarstedt, Nurnbrecht (DE)

50 ml Falcon tubes

Sarstedt, Nurnbrecht (DE)

MACS LS columns (with plunger)

Miltenyi Biotech, Bgsch Gladbach (DE)

MACS LD columns (with plunger)

Miltenyi Biotech, Bgsch Gladbach (DE)

MACS MS columns (with plunger)

Miltenyi Biotech, Bgsch Gladbach (DE)

Nitrocellulose-membrane Hybond-C Extra

GE healtbcRiscataway (US)

Parafilm

Pechiney, Chicago (US)

2, 5,10 & 25 ml Pipettes

Sarstedt, Nurnbrecht (DE)

10, 200 & 1.000 pl Pipette tips

Sarstedt, Nurnbtr¢DIE)

Pre-Separation Filters

Miltenyi Biotech, Bergiscladbach (DE)

10, 20, 100, 200 & 1.000 pl Filter Tips

Starlab résburg (DE)

0,2 um Sterile filter

Sartorius, Hannover (DE)

50 ml Syringe

Braun, Melsungen (DE)

2.1.16 Software

Name Manufacturer

CorelDraw X3 Corel Corporation, CA

dChip Free license, http://www.biostat.harvard.edmiplab/dchip/
FACSDiva" BD Biosciences, Heidelberg (DE)

FlowJo 7.5 and later

Tree Star, Ashland (USA)

KC4 plate reader software

Biotek, Winooski (USA)

LightCycler 480 software

Roche Diagnostics, BaSa#f)Y

Mayday 2.0

Free license, http://www.zbit.uni-tuaed@n.de/pas/mayday

Microsoft Office 2007

Microsoft Corporation, Redmb(USA)

Odyssey V3.0 software

Licor Biosciences, Bad Horgl{dE)
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Statistical software package R

(version 2.9.2) Free license, http://www.r-project.org

Sigma Plot 10.0 Systat Software GmbH (DE)
Vector NTI Invitrogen Life Technologies, KarlsrufieE)
2.2 Methods

Standard methods of the molecular biology weregoeréd according to the guidelines and
protocols of Current Protocols in Molecular Biolo@olume 3, 2000) if not otherwise stated.

2.2.1 Prokaryatic cell culture

2.2.1.1 Culture conditions and storage of E.coli

Bacteria colonies were grown on LB-agar plates (B€e9) containing the appropriate
antibiotic (e.g. 100 pg/ml ampicillin or 50 pg/mbakamycin) overnight at 37°C in an
incubator. For long-term storage of transformedtdrser, a single colony was grown in 4 ml
overnight culture with the appropriate selectabiéibéotic and frozen in liquid nitrogen in

1 ml LB-medium, supplemented with 0,5 ml 80 % $tegiycerol.

2.2.1.2 Generation of chemically competent E.coli

E.coli were made competent by means of the calcium cdariethod. Therefore, 50 ml LB-
Medium were inoculated with 500 pl of an overnightture and grown to a cell density of
ODs50nn=0,5-0,8. Bacteria were resuspended in 20 ml ailstéfB | solution (see 2.1.9),

incubated for 10 min on ice, centrifuged and resndpd in 10 ml of TfB Il solution (see

2.1.9) and finally frozen as 100 ul aliquots irulid nitrogen and stored at -80°C.

2.2.1.3 Transformation of E.coli

Chemically competenE.coli (strains TOP10, DHb or Stbl 3) were transformed using the
heat shock method. Therefore, bacteria were thawic®, mixed with 1 to 5 pl (10 pg to
100 ng) of vector DNA, incubated on ice for 30 nenpsequently heat-shocked at 42°C in a
water bath for 90 sec (30 sec for TOP10) and ineabtor another 2 min on ice. Afterwards
bacteria were incubated for 60 min in 400 pl (25@n TOP10) pre-warmed SOC-medium
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(see 2.1.9) at 37°C with shaking them at 300 rpohthen seeded agar plates containing the
appropriate antibiotic.

2.2.1.4 Plasmid-DNA extraction

‘Mini’-plasmid extractions were performed by measfsthe isolation kit of the GeneJEY
Plasmid Miniprep Kit (Fermentas GmbH) according thee manufacturers’ instructions.
‘Midi’-plasmid extractions were performed using tlgagen HiSpeed Plasmid Midi Kit
(Qiagen GmbH) according to the manufacturers’ uwtions. ‘Maxi’-plasmid extractions
were performed using the isolation kit Qiagen M&tasmid Prep Kit (Qiagen GmbH)
according to the manufacturers’ recommendations. ddmcentration of the isolated plasmids

was measured with a spectrophotometer NanoDrop.2000

2.2.1.5 General cloning procedure

For the present study different hydroxyprostaglandehydrogenase 15-NAD expression
vectors were generated. The vector maps of plasused during the present study are listed

in Appendix A.

2.2.1.5.1 Preparative polymerase chain reaction (R}

The HPGD gene was amplified in a polymerase cheaotion (PCR) with the reaction mix:

Table 1: Preparative PCR reaction mix

Reagent (stock concentration) Amount

Template (cDNA) 0,25 pul (ca. 50pg — 500 ng)
dNTPS (2 mM) 3,75 ul

Primer forward (20 uM) 0,75 pul

Primer reverse (20 uM) 0,75 pl

10x PCR buffer (with MgS©) 2,5 ul

Pfu DNA Polymerase (2,5 u/ul) 0,25 pl

H>O ultrapure Ad 25pl

The PCR reaction was performed according to tHeviahg program:

34



Material and Methods

Table 2: PCR reaction program

Incubation step Temperature Duration | Cycles
Initial denaturation| 95°C 3 min 1x
Denaturation 95°C 45 sec

Annealing 56-66°C, depending on the primer paiusege | 30 sec 35 X
Elongation 72°C 1-2 min

Cooling 72°C 10 min 1x

The PCR products were loaded onto a 1,5 % agarekseantaining ethidium bromide
(0,5 pg/ml), separated at constant 100 V for hé réspective bands (at 800 bp) were excised
and the PCR product was eluted with the Qiaquidlegiaction kit (Qiagen) according to the

manufacturers’ instructions.

2.2.1.5.2 Preparative restriction digest

A double digest was performed with the purified P@Rduct and the circular vector for
1 hour at 37°C with the respective restriction enay according to the manufacturers’
instructions. The vector DNA was additionally depploorylized with shrimp alkaline
phosphatase (SAP) to prevent re-ligation. Tablev&syan overview of the restriction
enzymes used for each plasmid and correspondiregtinéhe digested DNA fragments were
purified with the PCR Purification Kit (Fermentas)ccording to the manufacturers’

instructions and redissolved in a volume of 30 pl.

Table 3: Survey of restriction enzymes used for thdifferent plasmids and inserts

_ Restriction enzymes| Restriction enzymes
Plasmid Insert ) )
for plasmid for insert
pPENTR4 GFP 3’ HPGD BamHI & Notl Bcll & Noitl
pcDNAG6/V5-His B HPGD BamHI & Notl Bcll & Notl
pcDNAG6/V5-His B HPGD-GFP BamHI & Xhol Bcll & Xhol
pIRES2-AcGFP1 HPGD BamHI & Xhol BamHI & Xhol
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2.2.1.5.3 DNA ligation

Following the preparative digest and purificatitne tdigested DNA insert and the digested
dephosphorylated plasmid were ligated at 22°C w#hLigase for 1 h. The reaction mix
consisted of 2 pl vector DNA (=50 ng), 10 ul indéNA (~500 ng), 2 pul 10x ligation buffer
and 0,4 ul T4 ligase.

2.2.1.5.4 Transformation inE.coli and plasmid extraction

After ligation of insert and vector, 10 pl of thgdtion approach were used for transformation
in E.coli (strains TOP10 or DR as described in 2.2.1.3 and plasmid extractiors wa

prepared as described in 2.2.1.4.

2.2.1.5.5 Control digest and DNA sequencing

Purified plasmids were subjected to a control digéke restriction enzymes were thereby
chosen that specific fragments were created. Tgestkd plasmid-bands were separated on a
gel (see 2.2.1.5.1) and compared to a computertaiatlgel run with program Vector NTI
(Invitrogen). Constructs that had performed positivestriction digest analysis were
sequenced. Therefore 30 pl of plasmid solution @0ng/ul) and 30 ul of forward and
reverse primer (10 uM) were sent for sequencirtbeacompany GATC biotech.

2.2.1.5.6 Recombination

PENTR4 constructs were used as entry clone for espnt recombination reactions.
Therefore, the Gateway® LR Clond¥eEnzyme Mix (Invitrogen) was used according to the
manufacturers’ recommendations. The reaction mmtained 100 ng/ul pENTR4 construct,
150 ng/ul pLenti6/VV5-Dest Eledlentivector, 1 pul 5XLR Clonase reaction buffegyliClonase
and filled up to 5 pl with TE-buffer (pH 8). Theaaion was performed at 25°C for 1 h and
terminated by adding of 1 ul proteinase K for 1@ rat 37°C. The recombination samples
were transformed into the.coli strain Stbl3 (see 2.2.1.3), plasmid was prepased 2.2.1.4)

and control double digest as well as sequencing werformed with the constructs.
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2.2.2 Eukaryotic cell culture

2.2.2.1 Cell Culture

All cells were maintained in an incubator at 37ACGan atmosphere humidified with 5 % CO2.
Human embryonic kidney cells (HEK293) were culturied Dulbecco’s Modified Eagle
Medium (D-MEM), containing 4500 mg/L glucose andyltiamine but no sodium pyruvate,
supplemented with 10 % fetal calf serum, 5 % glaanand 5 % penicillin/streptomycin.
HEK293T cells were splitted every 2-3 as 1:5 or. Péimary human lymphocytes were
cultured in X-vivo 15 medium supplemented with 5glatamax. Cells were counted in a
Neubauer-Counting chamber and were, thereforetedilwith trypan blue as 1:10 or 1:100, to
distinguish dead from living cells. By means of thengraved quadrates in each chamber the

cell number per ml was calculated on the basis@fallowing formula:
Cells/ml=Viable cells x chamber factor (here*Y10dilution factor (e.g. 10 for 1:10 dilution)

For cryoconservation cell lines were harvested wieing 80 % confluent and frozen in the
adequate cell culture medium supplemented with IDM&O and 20 % FCS in a cell density
of 3-10*1 cells per ml. Primary cells were frozen in FCSmemented with 10 % DMSO.

Frozen cells were thawn at 37°C in a water batished with 20 ml normal cell culture and

then used for normal cell culture.

2.2.2.2 Transfection of eukaryotic cells via Turleaft™ Reagent

HEK293 cells were transfected by using the Turbtedn vitro Transfection Reagent
(Fermentas). The cells were seeded 24 h prioratwstection to yield 70 % confluency and
were transfected according to the manufacturesdiuations. After 8 h the transfection was
stopped by substitution of the culture medium. $gmme expression was analyzed 24-48 h

later and transfection efficiency was assessedoy dytometry.

2.2.2.3 Isolation of human Peripheral blood mononiear cells

Peripheral blood mononuclear cells (PBMC) wereatad by density-gradient centrifugation.
Therefore, human peripheral blood obtained fronfybedats was diluted 1:3 with 1xPBS and

overlaid on Pancoll. The centrifugation was perfednat 900 x g for 30 min at 20°C without
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break. After centrifugation the interphase contagnihe PBMC was carefully extracted and

cells were washed with 1XxPBS and counted befotaduprocessing.

2.2.2.4 Isolation of human CD4T cells

CD4" T cells were isolated by combining human RoseteSB4 enrichment cocktail and

Pancoll density-gradient centrifugation. Human jpleeral blood obtained from buffy coats
was mixed with RosetteSep CDZ Cell enrichment cocktail (45 pl/ml blood) and sva
incubated for 20 min at RT with mixing every 5 mixollowing the incubation the blood was
diluted 1:3 with 1xPBS, overlaid on Pancoll andtaofiged at 900 x g for 30 min at 20°C
without break. After centrifugation the CDA cells containing interphase was carefully
removed, cells were washed with 1xPBS and counéfdré further processing. The purity

was checked by flow cytometric analysis and celtb @0 % purity were regularly obtained.

2.2.2.5 Isolation of human CD4T cell populations

CD4" T cells were obtained as described in 2.2.2.4neageparation into subpopulations was
achieved by positive selection with magnetic a¢@idacell sorting (MACS) using CD25 and
CD45RA microbeads (Miltenyi Biotec, Bergisch GladbaDE). The cells were labeled with
antibody-coupled microbeads (10 pl microbeads, I9RS per 10 cells) and separated on
LS, MS or LD MACS columns in a magnetic field aatiog to the manufacturers’
instructions (Miltenyi Biotec, Bergisch GladbachH]J). The following subpopulations were
purified: regulatory CD4ZCD25 T cells, conventional CO€D25 T cells, naive CD4D25
CD45RA™ T cells and memory CDED25CD45RAT cells. After purification cells were
washed with PBS, counted and checked for purityfldmy cytometry. Purities of 80-90 %

were regularly obtained.

2.2.2.6 Differentiation of primary human T cells

Naive CD4CD25CD45RA" T cells (Thaivd Were isolated as described under 2.2.2.5 and were
differentiated into different T helper cell subs€Tg1/2/9 or 17) or towards an induceggl
cell (iTreg phenotype by incubation with CD3/CD28/MHC-I-cadtieeads (3 beads: 1 cell)

together with an adequate cytokine mixture for $sd@s controls untreated T cellsy{dim)

38



Material and Methods

or T cells only stimulated with CD3/CD28/MHC-I-cealt beads ({0) were used. Table 4

shows the different cytokines that were used folfedintiation and the respective

restimulation on day 3:

Table 4: Cytokines used for T cell differentiation

T cell subset

Cytokine mix after isolation

Restimulation (day 3)

T 10 ng IL-12/ ml 10 ng IL-12/ ml &
10 U IL-2/ ml 10 U IL-2/ ml
T2 20 ng IL-4/ ml 20 ng IL-4/ ml
T.9 20 ng IL-4/ ml 20 ng IL-4/ ml
1,0 ng TGFB/ ml 1,0 ng TGFB/ ml
.17 25 ng IL-21/ ml 25 ng IL-21/ ml
5,0 ng TGFB/ mi 5,0 ng TGFB/ ml
T 10,0 ng TGH3/ ml 10,0 ng TGH3/ mli

300 U IL-2/ml

300 U IL-2/ml

On day 5 cells were harvested and differentiatibthe cells was controlled by gRT-PCR.
Therefore, the upregulation of lineage specificng@iption factors was controlled and
compared to the expression [&f microglobulin (B2M). {1 cells were assessed for T-bet
expression, g2 for GATA-3, T49 for Pu.l, T,17 for RORt and iTeq cells for FOXP3

expression.

2.2.2.7 Isolation of murine CD4T cell populations

Murine CD4CD25' regulatory T cells and conventional Clo25 T cells were isolated
from murine spleens of C57BL/6 and BALB/c mice ngsa protocol modified from a method
published by Kruisbeek 200%° The freshly removed spleens were extruded thraagh
100 um mesh to gain a single cell suspension. €iesgspension was further incubated for
5 min in 5 ml/spleen ACK lysing buffer (see 2.1®j}th occasional shaking, to remove
remaining red blood cells, and then cells were wddiwice with RPMI. Further separation
into Treg and Tonv Cells was achieved by magnetic activated cellirspfMACS) using the
CD4'CD25 Regulatory T Cell Isolation Kit mouse (Miltenyi @&ec, Bergisch Gladbach,
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DE) according to the manufacturers’ instructionge Tprinciple of this kit is a two step
procedure which first enriches CD4T cells by depletion of unwanted cells and then
positively selects CD25from the enriched CD4T cell fraction. Small aliquots of the
purified cell populations were collected and puritgs checked in flow cytometry. Purities of

higher than 90 % were regularly obtained.

2.2.2.8 Generation of synthetic, artificial antigepresenting cells (aAPCs)

An optimal activation of T cells requires the iatetion of a specific antigen with the T cell
receptor (signal 1) and concomitant costimulatisigr(al 2). These signals were mimicked
invitro by means of artificial antigen-presenting cell&R&), comprised of tosylactivated
magnetic beads (Dynal Biotech, Oslo, Norway), whigare coated with the following
monoclonal antibodies: anti-CD3 (OKT3), anti-CDZBJ), anti-PD-1 (1-17), anti-CTLA4
(ER5.3D6) and anti-MHC-I (W6/32). Thereby, suboglrevels of anti-CD3 antibody (5 %)
and suboptimal levels of anti-CD28 antibody (14Weye coated on the beads together with
either anti-MHC-1 antibody (CD3/CD28/MHC-I) or with anti-PD-1 antibody
(CD3/CD28/PD-1) or with anti-CTLA4 antibody (CD3/@B/CDTLA4), which constituted
the remaining 81 % of coated protein. This shouldrgntee that the bead is not completely
coated with anti-CD3 and anti-CD28 to achieve a amphysiological T cell activation.
Magnetic beads were mixed with the designated adi#s (150 pug antibodies per ml beads),
diluted in 0.1 M boric acid and incubated at 4°Cemnght under constant rotation.
Afterwards beads were washed four times with beadhwbuffer (see 2.1.9) for 10 min at
30°C and one time at 4°C overnight. The beads Wese counted and stored in fresh bead
wash buffer at 4°C. Before application in cell audt, aAPCs were washed three times with
the appropriate culture medium to remove the sodamde. The method was previously
described by Chemnitz et af°.

2.2.2.9 Flow cytometry

Flow cytometry is a method to gain information abauodividual particles (e.g. cells)
concerning size and granularity as well as qualgaiand quantitative analysis of the
expression of different surface markers. For rausnrface staining, 2x16- 5x16 T cells
were stained in a volume of 100 ul PBS with 0.5 6f each labeled antibody for 20 min at
4°C. Cells were washed with PBS and measured inatedgion a flow cytometer FACS LSR
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Il (Becton Dickinson, USA) or were stored until saeement at 4°C in the dark to minimize
cell modifications or dye degradation. For overnigtorage, cells were resuspended in 1 x
CellFix™. The antibodies with their respective conjugatibat were used can be found in
2.1.5.1. Cell viability was determined by staininglls with 1 pl propidium iodide (PI)
(2 mg/ml) immediately before analysis. Pl is a flegcent molecule that enters only dead or

dying cells. Data were analyzed with the FlowJa\Bafe.

2.2.2.10 Protocols for intracellular staining in dw cytometric analysis

2.2.2.10.1 Intracellular FOXP3 staining

Intracellular staining of FOXP3 in T lymphocytes svperformed with the FOXP3 staining
buffer set (eBioscience, USA) according to the nfacturers’ instructions. Typically
1x1C cells were stained. Blocking was performed witleapermeabilization with 2 % (2 pl)
normal mouse or rat serum and cells were stainéld ¥6 pl FOXP3 antibody or with the

respective isotype control.

2.2.2.10.2 Intracellular HPGD staining

Intracellular staining of HPGD was performed eitiveth the eBioscience FOXP3 staining kit
described above, using HPGD antibody instead of F®&ntibody. In addition, intracellular
HPGD staining was performed with the Cytofix/Cytop&” kit (BD, USA) according to the

manufacturers’ instructions or with an approachebasn a formaldehyde buffer for fixation
and a saponine-based buffer for permeabilizatiordifea from a method published by

Assenmacher et al. 199%.

For staining with the Cytofix/Cytoper kit typically 5x10 cells were stained. Blocking
was performed before and after permeabilization ¥6rmin at 4°C with irrelevant Ig
(sandoglobulin 20 pug/ml) and cells were stainedrgiermeabilization for 30 min at 4°C with
either the unconjugated or the directly labeled BP&htibody. Different HPGD antibody
concentrations were used, with an initial stoclusoh of 0,25 mg/ml. The staining with the
Alexa Fluor 647-labeled secondary antibody wasqueréd for 30 min at 4°C, cells were
washed with 1 x Perm/ Wash buffer and then subjetiteflow cytometry within the next
30 min.
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For intracellular staining with the formaldehydedasaponine-based buffers, 1%¢8lls were
washed with PBS, stained for 30 min at 4°C with desired surface marker, washed with
PBS and fixated at RT with 400 pl 4 % formaldehyd®BS. After 20 min of fixation cells
were washed with PBS and incubated for 10 min atkfm 400 pl 0,1 M glycine solution.
Following that cells were washed with PBS, incubat) min at RT with 400 pl of
0,5 %BSA/0,01 % sodium azide in PBS and then peboifizad for 30 min at RT in 100 pl
saponine buffer (see 2.1.9), supplemented witht@adil 10 pl blocking serum (mouse or rat
serum). Afterwards cells were stained for 20 minhwHPGD antibody (unconjugated or
labeled with Alexa Fluor 647) at RT. Then cells evgrashed with saponine buffer, incubated
for 20 min at RT with the secondary antibody, waslagain with saponine buffer and
0,5 %BSA/0,01 % sodium azide in PBS and were fyjnafleasured in flow cytometric

analysis within the next 30 min.

2.2.2.11 Suppression assay

A suppression assay was performed in order to timate the suppressive function ofgl
cells. Therefore, CFSE-labeled .y, cells (see 2.2.2.11.1) were activated with
CD3/CD28/MHC-I-coated beads (see 2.2.2.8) in arafil cell: 3 beads. PKH-26-labeled
Treg Cells (see 2.2.2.11.2) were titrated to thenTin different ratios. After 72-96 h

proliferation of the CFSE-labeledf, cells was measured by flow cytometry.

2.2.2.11.1 CFSE staining of [, cells

Teonv Were stained with 5,6-carboxyfluorescein diacesatecinimidyl ester (CFSE), a green
fluorescent cytoplasmic dye that covalently binalsntracellular macromolecules. With each
cell division the CFSE-labeled macromolecules areably segregated in such a way that each
daughter cell contains half of the CFSE amountefgarent cell. This principle can be used
to visualize proliferation and can be analyzed oy fcytometry'®®, For CFSE staining
1x10 cells/ ml were mixed with CFSE until a final contmtion of 0,5 mM was reached and
incubated for 8 min at RT by shaking it constaniliie reaction was stopped by adding 2 ml
heat-inactivated FCS and 25 ml RPMI medium suppleete with 10 % FCS. Cells were
washed again with 10 %FCS/RPMI, counted and resufgukin X-vivo 15 as 1xfaells/ ml

for further application.
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2.2.2.11.2 PKH-26 staining of T, cells

Treg Cells were stained with PKH-26, provided with tRed Fluorescent Cell Linker Kit
(Sigma-Aldrich, USA) according to the manufactur@mtocol. PKH-26 is a red fluorescent
cell dye with long aliphatic tails that can be $yabcorporated into lipid regions of the cell
membrane!®. After staining, cells were washed with 10 %FCYRP counted and

resuspended in X-vivo 15 as 1X1lls/ ml for further application.

2.2.2.12 siRNA knockdown

SiRNA-mediated gene silencing was used to downetdguthe expression of HPGD or
FOXP3 in human &4 cells. Small interfering RNA duplexes (siRNA) aelass of double-
stranded RNA molecules with a length of typicall9-25 nucleotides and a base-paired
structure characterized by two-nucleotide 3’ovegzansiRNAs are involved in RNA
interference (RNAI) a mechanism that causes segugpecific MRNA degradation of single-
stranded target RNAs without changing the transioriprate of the target ged& %! Single-
stranded siRNA was dissolved as 1.000 uM soluticsterile RNAse free water for storage at
-80°C. For siRNA annealing 30 pl of each 500 uMgknstranded siRNA were mixed
together with 15 pl annealing buffer and was intetbafor 1 min at 90°C, slowly cooled
down to RT, heated again for 1 min at 90°C and timeubated of 1 hour at 37°C. The
annealed siRNA was stored as 10 pl aliquots inG80he knockdown of HPGD or FOXP3,
respectively, was performed in freshly isolated QD@25 T4 cells (see 2.2.2.5). Therefore
5-10x10 cells were mixed with 100 pl of Human T cell Nuafliector Solution and 5 pl of
annealed siRNA, and cells were electroporated atiAMAXA electroporator for 5 sec with
the Nucleofector program Ul4. Immediately afterleafection cells were transferred into
fresh, pre-warmed culture medium. After 24-48 h dktmwn efficiency was assessed by
gRT-PCR or flow cytometric analysis. The FOXP3 Katmwvn data was generated in part by

Anne-Christine Flach, a former diploma student.

2.2.2.13 Inhibitor assays

Chemical inhibition of HPGD and intracellular siing molecules in CDACD25 T cells
(Treg Was achieved by incubation for 24 h with spedifibibitors that target the respective
molecule. All inhibitors were dissolved in DMSO acding to the manufacturer’s
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instructions. For inhibitor experiments, freshlyleéted Tey (isolation see 2.2.2.5) were
incubated as 1xf0cells/ ml with varying concentrations of the ditfat inhibitors. As a

control, Teg Cells were incubated with DMSO alone. Notably, éxperiments investigating
the IL-2R signaling pathways, .} cells were pre-incubated with the inhibitors fdr réin

before additional costimulation with IL-2 was imifed, to avoid activation of the IL-2
signaling pathway before the inhibitor achievescibenplete effect. After 24 h of inhibitor
treatment the cells were extensively washed witlts RBd used for further applications in

suppression assays, flow cytometry or gqRT-PCR arsaly

2.2.2.14 Immunofluorescence staining

For immunofluorescence experiments 50.000 suspermgibs were spun onto glass slides by
centrifugation. Adherent cells were seeded intoeB-ahamber slides as 3-4x1€ells/ well,
transfected on the next day and subjected to imftuorescence staining 24 h later. In
general cells were fixated for 10 min with 4 % parmaldehyde at RT, washed with PBS
and permeabilized for 10 min in 0,1 % Triton-X 180RT. Then glass slides were washed
with PBS and unspecific binding sites were bloci@d0 min at RT, either with 3 % BSA in
PBS or with 1 % cold fish gelatin and 10 % goatisein PBS. Afterwards cells were stained
in a dark and humidified atmosphere for 1 h at Rihwirectly-conjugated or unconjugated
antibodies against HPGD or FOXP3. After incubatimn 1 h the slides were washed
extensively with PBS and if the antibodies wereampggated, the cells were further stained
for 1 h at RT with the secondary antibody. All &otlies were diluted in PBS with dilutions
varying from 1:100-1:1.000. Finally the glass stideere washed and stained for 10 min at
RT with DAPI (4’6-Diamidino-2-phenylindole), dilute1:3.000 in PBS. DAPI is used to stain
the nucleus as it forms fluorescent complexes wiétural double-stranded DNA. The slides
were extensively washed with PBS and one drop aintiog medium and a cover slip were
applied. The mounting medium was supplemented wBO ug Dabco (1,4-
Diazabicyclo[2.2.2]octan) per ml mounting mediunfdoe usage, as additional bleaching
protection. The glass slides were dried overnighhe dark at RT and analyzed on a confocal

laser scanning microscope on the next day.
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2.2.3 Molecular biological methods

2.2.3.1 RNA isolation

RNA was isolated with Trizol-Reagéhfrom Invitrogen Life Technologies according to the
manufacturers’ instructions. This single-step mdthe based on an acid guanidinium
thiocyanate-phenol-chloroform extraction, descriigd Chomczynski and Sacchi?. The
RNA quality and quantity were determined with a ctpmphotometer Nano Drop 2000
(Thermo Scientific, Waltham (USA).

2.2.3.2 Quantitative real-time polymerase chain ctan (QRT-PCR)

Gene expression of selected genes was analyzed gs@ntitative real-time polymerase
chain reaction (QRT-PCR). Therefore, 100 ng to RMNA were reverse transcribed using the
‘Transcriptor First Strand cDNA Synthesis’ kit (Rm) following the manufacturers’
instructions. The gRT-PCR reaction approach cogsist:

- 4 ul template cDNA or water as control

- 5 ul ready-to use reaction mix ‘LightCycler 480 Be#e Master containing FastStart
Tag DNA polymerase, dNTP mix and MgQiontaining reaction buffer

- 0,1 pl forward primer (20 pM stock solution)

- 0,1 pl reverse primer (20 uM stock solution)

- 0,1 pl appropriate Universal ProbeLibrary probe

- 0,7 ul RNase/ DNase-free water

Each reaction was run in duplicate in 96 well [daia the Real-time PCR system LightCycler

480 with the program recommended by the manufagtsee table 5.

Table 5: Standard program for gRT-PCRs

Program Temperature | Acquisition mode | Duration | Ramp Rate Cycles

Pre-incubation| 95°C None 5 min 4.4 (°Cls) 1x
95°C none 10 sec 4.4 (°Cls)

Amplification | 60°C single 30 sec 2.2 (°Cls) 45 x
72°C none 1 sec 4.4 (°Cls)

Cooling 20°C None 30 sec 2.2 (°Cls) 1x
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2.2.3.3 Cell lysates and protein concentration

Cells were harvested, washed with PBS and inculdate80 min on ice with ice-cold lysis
buffer (see 2.1.9) as 20 pl buffer/ 5%%6r T cells and 40 pl buffer/ 1xi@ells for cell lines.
Cell debris were removed by centrifugation at 16.9@ in a table centrifuge at 4°C and
protein concentrations were determined, using 8@ Brotein assay kit (Thermo Scientific)
according to the manufacturers’ instructions. Thgoabance was measured at 562 nm and the

protein concentration was calculated by compatingth the absorbance of a standard curve.

2.2.3.4 Sodium Dodecylsulfate-Polyacrylamid-Gelétebhoresis of proteins (SDS-PAGE)

The SDS-PAGE is a procedure to separate protecw@iag to their electrophoretic mobility
203 15-50 pg of protein were mixed with laemmli lasglibuffer (5x) (see 2.1.9), incubated
for 5 min at 95°C and then applied onto the elgtiavesis gel, consisting of a 4,5 % stacking
gel and a 10 % separating gel (see 2.1.9). Thevgelrun in Laemmli buffer for SDS-PAGE
(1x) (see 2.1.1), protein bands were collected2fbmin at constant 100 V and separated for
1-1,5h at constant 180 V. After the run, the gelswtransferred onto a nitrocellulose
membrane using a semi-dry blotting or a wet-blgtsgstem.

2.2.3.5 Western Blot

Western blotting was used to transfer protein, iptesly separated by SDS-PAGE, onto nitro
cellulose membranes. For semi-dry blotting thegirotransfer was carried out at 20-25 V for
20-40 min. Wet-blotting was conducted at 100 V Ids h. Membranes were blocked 1 h at
RT in Licor blocking solution. For immunodetectitme blot was incubated overnight at 4°C
with the primary antibody, diluted in Licor bloclgrsolution. Afterwards the blot was washed
three times for 10 min with PBS + 0,1% Tween-20$%FBat RT and incubated for 1 h in the
dark at RT with the secondary antibody that wasted in Licor blocking solution at 1:5.000.
The blot was washed three times with PBST, oncé WBS and then the membrane was
scanned on an Odyssey Imager. The secondary antvasl coupled to one of two different
infrared dyes (IRdye), which allow near-infraredR) fluorescence detection. The Odyssey
Scanner images the membrane in two IR channel$, swhultaneous laser excitation at
680 nm and 780 nm. Emitted light is detected at mA0and 820 nm by two avalanche
photodiodes and images are generated for eacheficence channel. The expressiorp-of
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actin was analyzed to guarantee equal loading enntembrane and as a house-keeping
protein, B-actin served to determine differences in protexpression. Membranes were
stripped with Re-blot mild solution 1:10 diluted BBS for 10 min at RT, blocked for 30 min
at RT with Licor blocking solution and further peats were detected. Membranes were

stored at -20°C wrapped in an air-tight plastit. foi

2.2.3.6 Electrophoretic mobility shift assay (EMSA)

Protein-DNA-interactions were studied by electragtic mobility shift assay (EMSA).
Synthetic oligonucleotides, labeled with infrargebsl, were diluted to a final concentration of
20 pmol/ul and 5 pl of reverse oligonucleotide &nal forward oligonucleotide were mixed
and then annealed by incubation at 100°C for 3 feoillgwed by slowly cooling it down to
RT. Annealed oligonucleotides were diluted 1:20GhwiH,O (‘oligonucleotide working
solution”) and stored at -20°C for further applioat For the binding reaction the following

components were mixed together and incubated fonigGat RT in the dark:

1 pl EMSA 10x binding buffer (see 2.1.9)
2 ul EMSA buffer 2 (see 2.1.9)

- 1 ul oligonucleotide working solution

- 5 ug FOXP3 recombinant protein

- Optional: 1 pl of competitor oligonucleotide worgisolution

- Optional: 1 pl of antibody for supershift reacti®fOXP3 or isotype control)
- Add sterile ddHO to 10 pl

Afterwards the samples were mixed with 1 pl EMSA Idading dye (see 2.1.9), loaded onto
a 4% native separation gel (see 2.1.9) and ru® &/ tm for about 40 min in 1XTGE buffer
(see 2.1.9).

2.2.3.7 Enzymatic activity assay of HPGD

The enzymatic activity of the NARdependent 15-hydroxyprostaglandin dehydrogenase wa
assessed in humaned and Tonv cells, which were stimulated for 24 h with IL-2h&
enzymatic activity was determined by means of #oeadive assay that measures the transfer
of tritum from 15(S)-[15°H]PGE, to glutamate by coupling HPGD with glutamate
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dehydrogenas&®2°42% The assay was performed by Professor Andrew dn&wberg and
Dr. Kotha Subbaramaiah, Department of Medicine \Af&dll Cornell Cancer Center (Cornell
University), 525 East 68th St., Rm.F-206, New Yd\l; 10065 (USA).

2.2.3.8 Whole-genome gene expression of human &n NK cells as well as monocytes

For the present study the gene expression datafroner projects was used. The microarray
data can be accessed under GSE15390. Data geneaatioanalysis was conducted by Dr.
Susanne Schmidt and Dr. Michael Mallmann as welbyashe former group members Dr.
Sabine ClalRen and Dr. Daniela Eggle. Details comegrsample processing, data collection,
data assessment and statistical analysis can beettfrom the Ph.D. thesis of Dr. Sabine
ClaBen and Dr. Daniela Eggle. In brief PBMCs and4CD cell populations were isolated
from human peripheral blood as described under2&2to 2.2.2.5. Human CD19B
lymphocytes, CD3 T lymphocytes and CDI4monocytes were isolated from PBMCs by
positive selection with magnetic activated celltisgy (MACS), using CD19, CD3 or CD14
microbeads (Miltenyi Biotec, Bergisch Gladbach, 2y NK cells with the human NK cell
isolation kit (Miltenyi Biotec, Bergisch GladbaclQE) according to the manufacturers’
instructions. RNA isolation and quantification wegyerformed as described in 2.2.3.1. The
amplification, labeling and hybridization of thengales were performed on Illlumina WG6
Sentrix Bead Chips V1 or V3, respectively, accaogdio the manufacturers’ instructions
(lumina) using an lllumina Bead Station. The datere analyzed with the Bioconductor for
the statistical software R (http://www.r-projecghr Gene expression values were quantile
normalized. In brief, differentially expressed gerie human CD4T cell populations were
identified by a combined t-test/fold change analysith the following criteria: fold change

2, absolute difference in signal intensity betwgeoup means 100 and p-value 0.05. A

detailed description can be found in the Ph.D.ithesDr. Daniela Eggle.

2.2.4 Statistics

Statistical analysis of the sample data was pesddriwith the free software package R
(version 2.12.1, www.r-project.org). Given that ggenvalues belonging to one group are not
inevitably distributed normally, sample data wesstéd beforehand for normal distribution
using the Shapiro-Wilk test. Normally distributedngple values were subjected to the
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student’s t-test. The Wilcoxon signed-rank test vaaplied to data showing no normal
distribution. If not otherwise mentioned studertttest was used for analysis of statistical
significance. Differences between sample groupsewtdereby assumed as statistically
significant when the p-value was below 0.05 (p 85). Analysis of variance between more
than two sample groups was tested with a one-wa@¥ A test. No variance between the

sample groups was assumed when the p-value was &ty (p > 0.05).
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3 Results

3.1 Identification of HPGD as differentially expresed in human T4 cells

In order to identify novel target molecules invalven the development and function of
human regulatory T cells, global gene expressianfilprg was carried out. In contrast to
previous approaches from other grodlfs’ the present study integrateggland Tony cells

in the resting state as well as cells under adtigabr inhibiting conditions. Furthermore,
T cells were used from healthy individuals as wadl patients suffering from chronic
lymphocytic leukemia (CLL). By the use ofo}y cells under different conditions, genes could
be excluded that were unspecifically upregulate@dgcells. Thus it was assured to identify
only genes being specifically expressed jg @ells in comparison tocd,, cells. Global gene
expression profiling of human CDA4T cells, CD4CD25 T cells (Ton), regulatory
CD4'CD25" T cells (Teg and expanded regulatory CIZD25'FOXP3 T cells (expanded
Treg), isolated from peripheral blood of healthy indivals or cancer patients (CLL) was
performed as described in the methods section 2s28.8). The cells were either left
untreated (resting) or incubated with differentmstii (activated). In total 34 different
experimental conditions (summarized in Appendixith 2 — 4 replicates of each condition
were assessed. In Figure 3, a generalized overgfethie experimental setup for the gene

expression profiling approach is given.
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Peripheral Blood
H / CLL donor

CD4'" Teff CD4'CD25 Teff CD4°CD25" Treg
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CD3/CD28 + TGF-B
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v
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Figure 3: Generalized overview of the experimentadetup for the global gene expression profiling.

Human CD4 T cells (Te), CDACD25 Tep cells (Te) and CDACD25" Tieq cells (T,e9 Were isolated from
peripheral blood of healthy (H) donors or cancdigmés (CLL) in order to identify genes specifigadixpressed
in Treg cells. CD4CD25 T cells (A-D) were either used directly as CBD25 T cells (D) or were
additionally further separated according to theipression of CD25 into CDED25™ T cells (A),
CD4'CD28™ Teq cells (B), CDACD25™™ T cells (C). CDACD25" T, cells were either used directly for
following stimulation experiments or were addititpa@xpanded with rapamycin (exp-Rapa) or withcexp)
before they were used for further treatment. Allscavere either rested (unstimulated) for 0-26 hware
stimulated (activated) with different substancesujp to 26h (indicated as 0 h, 8 h, 12 h, 18 h, 19 h, 204ty 2
or 26 h). The cells were stimulated with 1 pg/nti-&D3 (CD3), 1 pg/ml anti-CD3 in the presence 6f2 IL-
2/ml (CD3+IL-2), with beads coated with anti-CD3/MH (CD3), anti-CD3/CD28/MHC-I1 (CD3/CD28), with
beads coated with anti-CD3/CD28/PD1 (CD3/CD28/PDiijh beads coated with anti-CD3/CD28/CTLA4
(CD3/CD28/CTLA4), with beads coated with anti-CDBZ8/MHC-I in the presence of 30 ng/ml T@GF-
(CD3/CD28+TGFB), with beads coated with anti-CD3/CD28/MHC-I inethpresence of 1 uM PGE
(CD3/CD28+PGE) or with beads coated with anti-CD3/CD28/MHC-I the presence of 50 ng IL-10/ml
(CD3/CD28+IL-10). In total, 34 different experimahtconditions were used, which are summarized in
Appendix B. Gene expression was assessed using\gkabme microarrays

The gene expression values were normalized withgtentile method and differentially
expressed genes were identified as described irPthB. thesis of Dr. Daniela Eggle, a
former group member. A group of 41 genes could dentified that were significantly
differentially expressed indy compared to &, among all experimental conditions. One of
the differentially expressed transcripts was therbyyprostaglandin dehydrogenase 15-
(NAD) (HPGD or 15-PGDH). HPGD plays an importantleran the metabolism of
3,167

prostaglandins and is one of the major prostaghabgl(PGE)-metabolizing enzyme

In Figure 4, the average gene expression of thesdifferentially expressed genes across 34
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experimental conditions (summarized in Appendix iB) visualized. The graphic was
generated with pre-analyzed data that was nornehith the quantile method (therefore see
also methods 2.2.3.8). Before visualization, therage gene expression was Z score
transformed (mean=0, standard deviation=1). HPGDnigs to the group of genes that show
a higher expression in} cells but a lower expression inody during all experimental

conditions (Figure 4).
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Figure 4: Differentially expressed genes in [y compared to T, cells.

Visualization of the average gene expression vatfiggenes that were identified to be differentiakpressed
in Treq cells compared with J,. Gene expression was assessed in 34 differentrimgueal conditions
(denoted on top of the diagram), which are sumredrin Appendix B. The abbreviations for the differeell
types and experimental conditions are consistetiit Rigure 3. The different genes are indicatedhgjrtgene
symbol on the right side of the graphic. Pre-anedydata, normalized by the quantile method, wasl tse
create the graphic. The average gene expressioes/alere further processed using Z score transfamma
Expression values are color-coded. A high geneesgion is depicted in red color, low expressiorblue
color, respectively. The microarray data can bessed under GSE15390. The graphic was createdi®tiip

software®®®.

In addition to Figure 4, the HPGD expression is vamoseparately in Figure 5 A in

comparison to FOXP3 expression across the 34 differexperimental conditions
(Figure 5 B). A high HPGD expression was detecte@D4 CD25" T4 cells, whereas a low

53



Results

HPGD expression was observed in COB25 T.o cells. Notably, the expression pattern of

HPGD was similar to the expression of FOXP3.
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Figure 5: High expression of HPGD and FOXP3 in &4 compared to Teon, Cells.

The average gene expression A) HPGD or B) FOXP3 respectively, was obtained by DNA microgrra
experiments. Human CDA4T cells, CD4CD25 T cells (Ton), regulatory CDACD25 T cells (T.9 and
expanded regulatory CD@D25’ T cells (expanded &) were therefore isolated from human peripherabtlo
of healthy or cancer patients (CLL) and either laftreated or incubated up to B4with different stimuli.
34 different experimental conditions with 2-4 replies of each condition were analyzed. The 34 tiondiare
consistent with those described in Figure 3 andsaremarized in Appendix B. The graphic was creatid
pre-analyzed data, which was normalized with thantjle method. The layout was adapted from a graphi
originally designed by Prof. Dr. J. L. Schultze.

Remarkably, the high HPGD expression g, Cells appears to be morgfspecific than for
instance the expression of the molecules CTLA4 @1%Z7 (shown in Figure 6 A or

Figure 6 B), which are commonly used as surfacekenarto characterize and discriminate

Treg Cells.
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Figure 6: Differential gene expression of CTLA4 andCD127 in Teg compared to Teony cells.

The average gene expression A) CTLA4 or B) CD127 respectively, was obtained by DNA microgrra
experiments. Data were analyzed and processed &sgure 5. The layout was adapted from a graphic
originally designed by Prof. Dr. J. L. Schultze.
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Next, qRT-PCR of &g and Tonv cells purified from human peripheral blood wasfpened
to assess the relative mMRNA expression of HPGDdyCElls. Consistent with the microarray
data, gRT-PCR revealed a significantly higher HPGIRNA expression in &y cells
compared to dony cells (Figure 7). HPGD expression igd cells was reduced by a factor of

eight compared todq cells.

Figure 7: Differential expression of HPGD in human
Treqg cOMpared to Teony Cells.

Human CDACD25 T,y and CD4CD25 T, were
purified from human peripheral blood and relative GD
MRNA expression, compared to B2M expression was
assessed by gRT-PCR. Samples are normalizedfo T
cells. Data represent mean values and standaratibens

of ten independent experiments. Statistically digant
differences are marked with an asterisk (* p < ©)00

relative HPGD
expression (MRNA)

O O O O =~ =

N A OO 0 O N

Treg Tconv

HPGD mRNA expression was furthermore analyzed sting Teg Or Teony Cells Over a period
of 72 h to investigate possible variations in unstated cells. Therefore,f or Teony Cells
were purified from human peripheral blood, cultureditro without additional stimulus for
12 h, 24 h, 48 h and 72 h and HPGD mRNA expressasiassessed by qRT-PCR (Figure 8).
Although a strong decrease of HPGD mRNA expressias observed already after 12 h in
untreated kg cells, HPGD mRNA expression ined was significantly higher for all time
points compared to .§, cells. HPGD mRNA expression in,fy cells remained relatively
constant over 72 h. These data show that the HPiRession is specific for Jy cells, as
HPGD expression remains constantly higher g dompared to &n cells, although HPGD

expression declines in restingglcells over time.

Taken together, this indicates that there migheXiernal influences that maintain high levels
of HPGD expression indy cells in peripheral blood that are not presentinitro culture

conditions.
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—o— Treg  —O— Tconv Figure 8: HPGD expression in Teg and Teon cells over
time.

Human CDACD25 T,y and CD4CD25 T, Were
f 1 purified from human peripheral blood and relativBGD

. 1.2 * % % * * mMRNA expression, compared to B2M expression, was
< 1.0- assessed by gRT-PCR at different time points (D2hh,
) E 24 h, 48 h & 72 h). Samples are normalized tg, Gells
E £ 0.8 (O h). Mean values and standard deviations of five
T independent experiments are shown. Statistically
o5 0.6 significant differences are marked with an astefish <
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3.2 Generation of an antibody specifically detectmn HPGD

HPGD expression in {y cells should be also assessed on protein levélVbgtern blot

analysis, immunofluorescence as well as flow cytioyneHowever, since no monoclonal
antibody (mab) suitable for the above mentionedr@pghes was commercially available,
mabs specific for human HPGD were generated in @@dppn with Ravi Hingorani and

Robert Balderas, both Becton Dickinson Bioscien&sst of this thesis was the analysis of
binding specificity of the HPGD antibodies in flogytometry, Western blot analysis and
immunofluorescence while the generation, purifmatiand labeling of the monoclonal

antibodies was carried out by Ravi Hingorani.

In the following paragraphs the transfection of HEPR cells with HPGD will be described,
which served for the subsequent analysis of bingdpecificity and application spectrum of

the HPGD specific antibodies.

3.2.1 Transfection of HEK293 cells with HPGD-GFP fothe screening of HPGD antibodies

Antibodies were produced using the classical amroaf generating antibody-producing
hybridomas after immunization of BALB/c mice withcombinant protein as antigen.

The murine sera and later on the generated hybaddones were tested by Ravi Hingorani
for production of the desired antibodies and faogmition of HPGDin vitro by ELISA and
Western blot analysis. For the purpose of ELISA &vestern blot analysis, we provided
human embryonic kidney (HEK) 293 cells, which wiensfected with a pLenti 6.2/V5-Dest
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EFlo/HPGD-GFP vector encoding a fusion protein of thgdrbxyprostaglandin

dehydrogenase 15-(NAD) and 3'-green-fluorescenttemo (GFP). Transfections with
different vectors, which encode a fusion proteionsisting of HPGD and GFP, are
abbreviated with the acronym HPGD-GFP throughois thesis. Transfections with a GFP
encoding vector will be abbreviated with GFP. Th@ression of recombinant eukaryotic
HPGD protein was carried out in mammalian cells nunimize differences in

posttranslational modifications and processing betwrecombinant and wildtype HPGD.
Transfection efficiency was determined by flow eytiry (see Figure 9) and only cells with
transfection efficiencies of at least 50 % weredugar further processing. As a positive
control for the transfection, HEK293 cells werenstected with pcDNA6/V5-His B/GFP

vector, encoding GFP (see Figure 9).

GFP HPGD-GFP

/\ 94% 62%

[ Untransfected
O Transfected

Percentage of max.

Fl (log,,) GFP

Figure 9: Control of transfection efficiency of HP@-GFP or GFP transfected HEK293 cells

HEK293 cells were transfected either with pLen2/@5-Dest EF&/HPGD-GFP vector encoding a HPGD-
GFP fusion protein or with pcDNA6/V5-HisB/GFP vectencoding a GFP protein as positive control for
transfection. Transfection efficiency was analybgdlow cytometry and transfected HEK293 cells (ojpeea)
are depicted in a histogram in comparison to ustesnted HEK293 cells (grey area). The numbers @ th
histograms indicate the percentage of transfeat#id in the gate. One representative experimenobtiiree is
shown.

In addition to flow cytometric analysis, the protegéxpression of positive HPGD-GFP-

transfected HEK293 cells was assessed by Westetrabalysis as a further quality control

(Figure 10). The blot was incubated with an antP&ihtibody to determine the correct size
of the over-expressed HPGD-GFP fusion protein immarison to GFP-transfected cells.

Untransfected cells served as negative control. &3tenated band size of the HPGD-GFP
fusion protein is 55.8 kDa (Figure 10) and onlyHRGD-GFP transfected cells a respective
band was detected. In contrast a band at 26.9 k&a anly detected in GFP-transfected
HEK?293 cells, indicating GFP protein expression.
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c 1 | G"”:P HP%D Figure 10: Analysis of HPGD-GFP protein expressiorin
ontro GFP HPGD-GFP-transfected HEK293 cells

HEK293 cells were either left untransfected (Colurhn
HPGD-GFP  Control) or were transfected with GFP as contral(@n 2:
GFP) or with HPGD-GFP (Column 3: HPGD-GFP)
respectively. The expression of the respective gimotvas
detected with an anti-GFP antibody (red bands). &dignated
band size of the fusion protein HPGD-GFP is & and the
GFP band size of GFP is 26iDa. B-actin (green bands; 42xa)

was used as loading control. One representativerarpnt

out of three is shown.

55,8 kDa

42 kDa B-Actin

26,9 kDa

HEK293 cells being at least 50 % positively trantdd with HPGD-GFP and exhibiting the
right band size on Western Blot were sent eithecedispellet or alive for further processing
and subsequent testing of polyclonal and monoclantibodies to BD. Different hybridoma
clones were tested for production of the desirdtbadies and for recognition of HPGID

vitro by ELISA and Western blot analysis. The pre-saedehyridoma supernatants that
showed positive results in both assays were thenbsek to us for further tests determining

binding specificity.

3.2.2 Initial specificity tests on HPGD antibody cotaining hybridoma supernatants

Initial quality experiments performed by BD withude hybridoma supernatants had shown
positive resultsin vitro in ELISA tests and Western blot analysis concernamtibody
production and specific binding of the antibodiesHPGD antigen. These pre-screened
antibody-containing hybridoma supernatants werel @isefurther binding specificity tests in
flow cytometry. HEK293 cells were therefore lefttigated or transfected with HPGD-GFP.
After 24 h the transfected and untransfected eatie used for candidate clone screening via
flow cytometric analysis. For this purpose, thdscelere fixated and permeabilized and then
stained with the respective antibody containingridgma supernatants. In total 16 different
hybridoma supernatants were tested. In FigurelElrdsults of the flow cytometric analysis
are shown. The staining quality of each HPGD anlybdone was determined by HPGD- and
GFP-signal intensity. HPGD-GFP-transfected HEK2@Hscare GFP positive and should
therefore ideally show a linear correlation betwé®sn HPGD staining, visualized as HPGD

signal intensity, and the GFP signal intensity. $hpernatants of clone 1, 2 and 3 showed the
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best staining performance in intracellular flow ayietric staining and were consequently

used for further antibody screening.

Untransfected-  HPGD-GFP- HPGD-GFP- HPGD-GFP-
Unstained Unstained sec.ab Isotype-sec.ab
0 q o 0.5 0.6

.
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Figure 11: Binding specificity of HPGD antibodies @ HPGD-GFP-transfected HEK293 cells

HEK293 cells were left untransfected (Untransferted transfected with HPGD-GFP. HEK293 cells were
stained with one of the supernatants 1-16 (S.16)3ogether with the secondary antibody (sec. AdXxontrol,
cells were left untreated (Unstained), stained withsecondary antibody (sec. ab) alone or in coation with

the isotype control (Isotype). The x-axis represghe GFP fluorescence intensity and the y-axisvshihe
HPGD fluorescence intensity. The numbers in thedouts represent the percentage of cells. One
representative experiment is shown.

3.2.3 Optimization of the staining conditions for fow cytometric analysis

Initial intracellular flow cytometric staining waserformed with fixation and permeabilization
buffers from the BD Cytofix/Cytoperf{ Fixation/Permeabilization kit. Most of the
commercially available kits for intracellular flowytometric stainings contain similar
compounds, such as formaldehyde for fixation amqbisae for permeabilization. However,
differences in the concentrations of the chemicals lead to varying staining results. Thus

three different staining protocols were tested:
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1. Protocol and staining buffers from the initially eds BD Cytofix/Cytoperm”
Fixation/Permeabilization Kit

2. Standard staining protocol with saponine and fodelayde — based buffer (see 2.2.3.7
Intracellular staining for FACS analysis and 2.B@fers and solutions — Saponine
buffer)

3. Protocol and staining buffers from eBioscience FQ>3Raining Kit.

HEK293 cells were transfected with HPGD-GFP anthsthwith the three supernatants (S.1,
S.2 & S.3) that had performed best under 3.2.2Figure 12, it is shown that the initial
conditions with the BD Cytofix/Cytopertt Fixation/Permeabilization kit performed best in
intracellular HPGD staining. The standard protobaked on saponine and formaldehyde,
however, showed poor staining results and the FOs{&8ing buffers from eBioscience even
led to a loss of the HPGD signal. Therefore, thetqmol and buffers from the BD
Cytofix/Cytoperm™ Fixation/Permeabilization kit were used for suhssy intracellular

flow cytometric stainings with the HPGD antibodies.

Only sec.ab Isotype- S.1- S.2- S.3-
A sec.ab sec.ab sec.ab sec.ab
0.8 25 [B6

Cytofix/ Cytoperm
protocol

Only sec.ab Isotype- S.1- S.2- S.3-
sec.ab sec.ab sec.ab sec.ab
12 75

Saponine-
Formaldehyd
protacol

Only sec.ab Isotype- S.1- S.2- S.3-
8 sec.ab sec.ab sec.ab sec.ab
a 0.1 i1 [65 0.6
I
i FOXP3 staining
_8" 1 protocol
=
c 1 o 0.3

v

Fl (log..) GFP

Figure 12: Optimization of staining conditions forintracellular staining with HPGD antibodies

HEK?293 cells were transfected with HPGD-GFP andhier processed with one of the following staining
protocols: Cytofix/Cytoperm protocol, Saponine-Fatdehyd protocol or FOXP3 staining protocol. Celkye
stained with one of three supernatants (S.1 - ®g@3ther with the secondary antibody (sec. ab)cérol
cells were stained with the secondary antibody.é&gcalone or in combination with the isotype cohtr
(Isotype). The x-axis represents the GFP fluorese@ntensity. The y-axis shows the fluorescencenisity of
the HPGD stained cells. The numbers in the quasireyresent the percentage of cells. One repréisenta
experiment is shown.

60



Results

3.2.4 Specific binding of unlabeled HPGD antibodies

As the initial screening mentioned above had idiewti3 clones producing HPGD antibodies
as being appropriate for flow cytometric applicatp these three hybridoma clones were
subcloned and the resulting antibodies were pdriiead concentrated by Ravi Hingorani.
Subsequently, these concentrated antibodies (dpeand 3) were tested for their binding
specificity in flow cytometric applications. Forishpurpose HEK293 cells were left untreated
or were transfected with either HPGD-GFP or withPGIS a control. Afterwards, intracellular
staining with one of the three antibodies in defardilutions (1:100, 1:300, 1:500, 1:1.000 &
1:3.000) was performed. In Figure 13, the staimnitp HPGD antibody clone 1 is shown, in
Figure 14 the staining with HPGD antibody clonend &n Figure 15, the staining with HPGD

antibody clone 3 is shown.

All three HPGD antibody clones showed a linear éase in HPGD signal intensity with
increasing GFP signal intensity for HPGD-GFP-trang#d cells. For untransfected or GFP-
transfected cells, however, this was not obsemlicating good and specific staining of the
HPGD antibodies and that the antibodies did notl ko the GFP part of the HPGD-GFP
fusion protein. Appropriate staining results webéained up to a dilution of 1:500 by all three
clones and HPGD clone 2 even showed HPGD stainitig avdilution of 1:1.000. With a
dilution of 1:100, however, a high background stagnand only a marginal increase in the
HPGD staining were observed, compared to the s@irgsults when a dilution of 1:300 was
used. These results indicated an unspecific s@iniwhich might be due to a highly
concentrated antibody dilution. In contrast, good @pecific HPGD staining results were
obtained with a dilution of 1:300 and the backgmbistaining decreased to levels of the
isotype control staining. Therefore, only dilutiomslow 1:100 were regarded as appropriate

for further flow cytometric stainings.
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Figure 13: Binding specificity of unconjugated HPGDantibody clone 1 to HEK293 cells.

HEK293 cells were left untransfected (Untransfectetls) or were transfected with GFP (GFP transféct
cells) or HPGD-GFP (HPGD-GFP transfected cells)IsCeere stained with HPGD antibody clone 1 (Srl) i
different dilutions (1:100, 1:300, 1:500, 1:1.0001&3.000) and the secondary antibody (sec. ab). stbek
solution was 0,25 mg/ml. As control, cells werd lefitreated (Unstained) or stained with the isotgpetrol
(Isotype) and the secondary antibody (sec.ab)ldghd) GFP indicates the fluorescence intensity of thePG
signal, FI (logg) HPGD indicates the fluorescence intensity of iHeGD stained cells. The numbers in the
guadrants represent the percentage of cells. mesentative experiment out of three is shown.
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Figure 14: Binding specificity of unconjugated HPGDantibody clone 2 to HEK293 cells.

HEK?293 cells were transfected, processed and asdlgs described in Figure 13. HPGD antibody clone 2
(S.2) was used instead of clone 1. The stock swmlutias 0,25 mg/ml. The axis annotation is consisiétn
Figure 13. The numbers in the quadrants repreberpiércentage of cells. One representative expetiog of
three is shown.
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Figure 15: Binding specificity of unconjugated HPGDantibody clone 3 to HEK293 cells.

HEK?293 cells were transfected, processed and asdlgs described in Figure 13. HPGD antibody clone 3
(S.3) was used instead of clone 1. The stock swlutias 0,25 mg/ml. The axis annotation is consisiétin
Figure 13. The numbers in the quadrants repreberpiércentage of cells. One representative expetiog of
three is shown.

3.2.5 Endogenous HPGD mRNA expression in HEK293 ¢l

HPGD expression can be found in various tissuescatidypes'*:. Jurkat cells for instance
express HPGD mRNA at a level comparable with tesnsin placenta®. In the previous
staining experiments a slight staining of untracisfd, GFP- as well as HPGD-GFP-
transfected cells was observed when concentratéabdy solutions were used. Although the
observed effects could represent background staitiat was caused by an over-saturated
antibody staining solution, the slight staining kcbde also due to endogenous HPGD
expression in HEK293 cells. To test this hypothettie relative expression levels of HPGD
in HEK293 cells were examined as a control expemimeEK293 cells were left untreated

(Control) or were transfected with HPGD-GFP or w@lirP as a control. In Figure 16, the
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relative HPGD mRNA expression, assessed by qRT-PQittransfected, GFP- or HPGD-
GFP-transfected cells is shown. Untransfected aféP-teansfected cells showed similar
levels of endogenous HPGD expression, whereas HBEP-transfected cells demonstrated
a strongly enhanced HPGD expression, that is oW£.000-fold higher compared to

untransfected and GFP-transfected cells.

Although these results demonstrate that HEK293 clow HPGD mRNA expression, the
observed background staining of untransfected dP-@&nsfected cells in flow cytometry is

rather not due to staining of HPGD protein. As HRGBP transfected cells show a much
higher HPGD mRNA expression than untransfected leP-@&ansfected cells, it is unlikely to

observe these differences likewise on protein levidius, the observed staining of
untransfected or GFP-transfected HEK293 cellsaw ftytometry is unspecific and due to an
oversaturated antibody solution.

5004 T Figure 16: Endogenous HPGD mRNA expression in

—~  400- HEK293 cells
a <JZ: 300 HEK293 cells were left untransfected (Control) or
ox transfected either with GFP (GFP) or with HPGD-GFP-
%é 200+ (HPGD-GFP). Relative HPGD mRNA expression was
©5  100- assessed by qRT-PCR BRafter transfection and is plotted
2 g compared to B2M. Mean values and standard deveatbn
% g one representative experiment are shown.

% 0.005- _

o

Control GFP HPGD-
GFP

3.2.6 Binding specificity of directly-conjugated HESD antibodies

In addition to the unconjugated HPGD antibodies &i®GD antibodies directly labeled with
Alexa Fluor 647 were obtained from Beckton DickinsBiosciences. These conjugated
HPGD antibodies were also used for intracellulawfcytometric stainings to determine their
binding specificity. For this purpose HEK293 cellere left untreated or were transfected
with pcDNA6/myc-HisB/HPGD-GFP (HPGD-GFP), a furthdPGD-GFP encoding vector,
which gave better transfection efficiencies duatsosmaller size. Furthermore, as control,
cells were transfected with GFP or as additionahtrad with the vector pIRES2-
AcGFP1/HPGD (HPGD-IRES-GFP), where HPGD is sepdrdtg an IRES-site (internal

ribosome entry site) from AcGFP1 (a green fluorasgeotein fromAequorea coerulescens).
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This permits the simultaneous expression of theegehinterest (here: HPGD) and the
fluorescent reporter gene (here: AcGFP1) from glsihicistronic mRNA. The control served
to exclude unspecific binding of the HPGD antibddyan antigen specific for the HPGD-
GFP fusion protein. Following transfection aftert24cells were stained intracellularly with
the conjugated HPGD antibodies clones 1, 2 and @ffaerent dilutions (1:1.000, 1:2.000,
1:5.000 and 1:10.000). In Figure 17, the stainiog HPGD antibody clone 1 is shown, in
Figure 18 the staining for HPGD antibody clone 2 am Figure 19, the staining for HPGD

antibody clone 3 is shown.

Similar to the unconjugated antibodies tested Ileefdhe directly-conjugated HPGD
antibodies showed specific staining of HPGD-GFdfected cells, whereas untransfected or
GFP-transfected cells remained unstained. Also HPRES-GFP transfected cells were
specifically stained and the intensity of the HP&Bining increased with the amount of GFP-
signal. However, the binding affinity of the thraetibody clones strongly differed. With a
dilution of 1:1.000 and 1:2.500 the HPGD antibodiésne 1 and clone 2 showed only a
marginal staining for highly HPGD-GFP-transfecteslls; which displayed a high GFP-
signal. In contrast, HPGD antibody clone 3 exhibigwod and specific staining of HPGD-
GFP- and also HPGD-IRES-GFP-transfected cells,gugiase dilutions. Staining of HPGD-
GFP- and also HPGD-IRES-GFP-transfected cells was @bserved with clone 3 for the
dilutions of 1:5.000 and 1:10.000, whereas this was achieved with the other HPGD
antibodies clone 1 and clone 2, using these coratemis. For these reasons only HPGD

antibody clone 3 was further used for the followegperiments.
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Figure 17: Binding specificity of directly-conjugated HPGD antibody clone 1 to HEK293 cells.

HEK293 cells were left untransfected (Untransfectetls) or were transfected with GFP (GFP transféct
cells), pcDNA6/myc-HisB/HPGD-GFP (HPGD-GFP transéek cells) or pIRES2-AcGFP1/HPGD (HPGD-
IRES-GFP transfected cells). Cells were stainett WiPGD antibody clone 1 (HPGD-ab) in different tddns
(1:1.000, 1:2.500, 1:5.000 and 1:10.000, stock temiu0,25 mg/ml). As control, cells were left urated
(Autofluorescence) or stained with the isotype omin{lsotype). FI (logy) GFP indicates the fluorescence
intensity of the GFP signal; FI (la§y HPGD indicates the fluorescence intensity of #RGD stained cells. The
numbers in the quadrants represent the percenfagdis One representative experiment out of tiseshown.
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A
HPGD Clone 2: Antibody concentration
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Figure 18: Binding specificity of directly-conjugated HPGD antibody clone 2 to HEK293 cells.

HEK293 cells were transfected, processed and aedlgg described in Figure 17. HPGD antibody clomag
used instead of clone 1. The antibody stock salutias 0,25 mg/ml. The axis annotation is consistetit
Figurel7. The numbers in the quadrants represent themtage of cells. One representative experimendbut
three is shown.
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HPGD Clone 3: Antibody concentration
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Figure 19: Binding specificity of directly-conjugated HPGD antibody clone 3 to HEK293 cells.

HEK?293 cells were transfected, processed and amdlgz described in Figure 17. HPGD antibody clon&8
used instead of clone 1. The antibody stock salutias 0,25 mg/ml. The axis annotation is consistetit
Figurel7. The numbers in the quadrants represent themtage of cells. One representative experimendbut
three is shown.

3.2.7 HPGD staining of peripheral blood mononucleacells

3.2.7.1 Staining of peripheral blood mononuclearlisewith a HPGD specific antibody

HPGD antibody clone 3 had demonstrated specific effidient staining of HEK293 cells,
which were transfected with HPGD or HPGD-GFP, fowfcytometric experiments. In the
following experiment, the binding of this antibodiiould be further tested in extracellular
and intracellular staining of peripheral blood mondear cells (PBMC), to examine the
binding intensity of the HPGD antibody towards eli#int cell populations such as CDe¥
CDS8' T cells, B lymphocytes, natural killer (NK) cetts monocytes. Therefore, PBMC were
isolated, pre-stained with different surface mask@D3, CD4, CD8, CD14, CD16, CD19
and CD56) and stained extra- or intracellularlyhwiiPGD antibody clone 3 in different
concentrations according to the concentration uisgatevious experiments (1:500, 1:1.000,
1:2.500 and 1.5.000).

In Figure 20, the extracellular staining of CD&hd CDS8 T cells, B lymphocytes, NK cells or
monocytes with HPGD antibody is shown. 5 % of thenotytes were stained with HPGD
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antibody (dilution: 1:500), while other cell poptitas displayed only marginal extracellular
staining with the HPGD antibody. These data shoat the HPGD antibody does not bind
unspecifically to CD4 and CD8 T cells. The slight staining of B cells, NK celsd

monocytes could be due to antibody binding to Eepeors that were not efficiently blocked.
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Figure 20: Extracellular HPGD staining of CD4 T cells, CD8 T cells, B cells, NK cells and monocytes.
PBMC were isolated from human peripheral blood staéhed with surface markers for CD3, CD4, CD8, ¢p1
CD16, CD19 and CD56 to distinguish between CD4ells, CD8 T cells, CD19B cells, CD56 NK cells and
CD14" monocytes. Cells were stained with HPGD antibddye 3 in varying concentrations (1:500 — 1:5.000,
stock solution 0,25 mg/ml). The staining with HPGtibody is depicted in a histogram (open area) in
comparison to the isotype control (grey area). itmmbers in the histograms indicate the percentag&P&GD
stained cells. Fl (log) HPGD indicates the fluorescence intensity of H&GD signal of HPGD stained cells.
One representative experiment out of three is shown

In Figure 21, the intracellular HPGD staining of £and CD8 T cells, B lymphocytes, NK
cells or monocytes is shown. 4,5 % of the CO4cells were positive for HPGD with an
antibody dilution of 1:500. Also CDST cells (10.1 %), B cells (30.5 %), NK cells (94)
and monocytes (53.4 %) were stained by the HPGibady using a dilution of 1:500. The
number of positively stained cells decreased whih iext antibody dilution and cells were

only stained marginally or not with higher dilut®than 1:1.000.
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In addition to the intracellular HPGD staining, HB@ene expression in different PBMC
subsets was examined (see Appendix C), to determivether HPGD expression can be
observed in these cell populations and thus thergbd HPGD signal in flow cytometry
could be due to intracellular staining of HPGD. HP&xpression levels were compared with
those of Teg cells, which show a high HPGD mRNA expressioncdtld be demonstrated
that the mean HPGD expression values in the PBMI(populations were below or near the
background level compared to the high expressiealdeof T4 cells. Only NK cells showed
a slightly enhanced HPGD expression. Therefore atheve mentioned results indicate that
the observed HPGD signals in flow cytometry werspatific and could be due to a highly
concentrated antibody solution or binding of theGPantibodies to unblocked Fc receptors
in monocytes, B lymphocytes and NK cells.
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Figure 21: Intracellular HPGD staining of CD4" T cells, CD8 T cells, B cells, NK cells and monocytes.
PBMC were isolated from peripheral blood as desdtim Figure 20. Cells were stained intracellulaxiyh
HPGD antibody clone 3 in varying concentrationQ0: — 1:5.000, stock solution 0,25 mg/ml). Therstej
with HPGD antibody is depicted in a histogram (opeea) in comparison to the isotype control (gresaa
The numbers in the histograms indicate the pergentd HPGD stained cells. FI (Ia§y HPGD indicates the
fluorescence intensity of the HPGD signal of HPGa&ined cells. One representative experiment othreg is
shown.
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3.2.7.2 Teg and Teony Cells are not differentially stained by the HPGDhébody in flow cytometry

The previous results had demonstrated that HPGiDaahyt clone 3 specifically stains HPGD-
GFP- and HPGD-IRES-GFP-transfected cells in flovwomyetric experiments. However,
HPGD staining of CD4T cells was not observed, although differentialGPexpression in
Treg cOMpared to &ny had been observed on mRNA level. To answer thetiuns whether
Treg Cells can be stained with the HPGD antibody arttlig cell population was just missed
among the CD4T cells, it was tested whether the HPGD antiboaylier show differential
staining of Teg and Tony cells. Therefore, CD4T lymphocytes were isolated from human
peripheral blood as described in 2.2.2.4 and et with different surface markers (CD3,
CD4, CD8, CD25 and CD127). Furthermore, cells watagned extra- or intracellularly with
HPGD antibody clone 3 in different concentratiods500, 1:1.000, 1:2.500 and 1.5.000).
The flow cytometric analysis revealed only margiaatracellular staining of [y and Tony
cells with the HPGD antibody, as depicted in Fige@e This result further demonstrates the
specificity of the HPGD antibody, as surface molesare not bound.
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Figure 22: Extracellular staining of Tieq and Teony Cells with HPGD antibody clone 3

CD4" T lymphocytes were isolated from peripheral bl@dl stained with surface markers for CD3, CD4,
CD8, CD25 and CD127 to distinguish between CBH25 T, cells and CDACD25 Ty cells. Cells were
stained with HPGD antibody clone 3 in varying carteations (1:500 — 1:5.000, stock solution 0,25miy/
The staining with HPGD antibody is depicted in atbgram (open area) in comparison to the isotyptrab
(grey area). FI (log) HPGD indicates the fluorescence intensity offRGD signal of the HPGD stained cells.
The numbers in the histograms indicate the pergemdd HPGD stained cells. One representative exysti is
shown.

The intracellular HPGD staining ofef and Teony is displayed in Figure 23. 13.4 % of thggT
cells were stained with HPGD antibody (dilution 0% compared to the isotype control,
whereas only 3.4 % of thecf, were stained. However, with increasing antibodwytain

almost no HPGD stained cells were further deteetabl
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Figure 23: Intracellular HPGD staining of T,eq and Teony Cells with HPGD antibody clone 3

CD4" T lymphocytes were isolated and treated as desttiib Figure 22. Cells were stained intracellulavith
HPGD antibody clone 3 in varying concentrationQ0: — 1:5.000, stock solution 0,25 mg/ml). Therstej
with HPGD antibody is depicted in a histogram (opeea) in comparison to the isotype control (gresap

FI (log;,0) HPGD indicates the fluorescence intensity of HRGD signal of the HPGD stained cells. The
numbers in the histograms indicate the percentddeéPg&sD stained cells. One representative experingent
shown.

Next, the mean fluorescence intensity (MFI) of HP@DTcon and Teg Was assessed to
determine whether the HPGD antibody staining waeliiect the differences observed on
MRNA level. However, no differences in the MFI betm Ty and Tony cells could be
observed (Figure 24). Although the staining of HfeGD antibody was shown to be specific
using, transfected cells, the HPGD staining coudt distinguish HPGD stained,¢f cells
from Tcony Cells. This suggests that the antibody probably twaly a low affinity for the
HPGD antigen and cannot be used to display diftenvhen low protein amounts are
present. Therefore, the HPGD antibody was not @iseturther flow cytometric staining of
CD4' T cells.

HPGD-ab Figure 24: The MFI of HPGD in T,eq and Teon, cells is equal

CD4" T lymphocytes were isolated and further processsd
described in Figur@3. Cells were stained with HPGD antibody
\ clone 3 in a dilution of 1:500 (stock solution O0)28/ml).
&T Intracellular HPGD staining of J; (grey area) andcJ,, (open area)

5 "™ was analyzed by flow cytometry and is depicted ihistogram.

| FI (log,g) HPGD indicates the fluorescence intensity of HRGD
signal of HPGD stained cells. One representativeesment is
> shown.
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3.2.8 Application of the HPGD antibody for immunofluorescence staining

Although, HPGD antibody clone 3 had demonstratestiggiaining results in flow cytometry,
using HPGD-GFP- and HPGD-IRES-GFP-transfected HEBKeélls, the antibody showed
poor staining results for primary cells. Only higlotein amounts in HPGD overexpressing
cells were sufficiently stained, indicating a lo¥firaty of the antibody for HPGD. Thus, the
HPGD antibody could not be used for flow cytomestainings of primary cells. Despite the
negative results in flow cytometry, the antibodyswalso tested for immunofluorescence
staining. Different fixation and permeabilizatioropedures are used for immunofluorescence
staining, which might change the confirmation of HHPGD protein, thereby enhancing the

accessibility of the epitope and thus the staimesylt.

HEK293 were therefore left untreated or transfeetétd HPGD-GFP or as control with GFP
or HPGD-IRES-GFP, respectively. Cells were staingith the conjugated HPGD antibody
clone 3 in different dilutions, decreasing from@®® 1:1.000 (stock solution 0,25 mg/ml).
Unstained cells served as autofluorescence cor8talning of HPGD-GFP transfected cells
with the HPGD antibody is depicted in Figure 25lyOsells that displayed GFP fluorescence
were also positive for HPGD staining and in additibe signal intensity for HPGD correlated
with the GFP signal intensity. In contrast to flawtometric staining, higher antibody
dilutions were required for adequate immunofluoeese stainings of transfected HEK293
cells. With decreasing antibody concentration tHGD staining attenuated and was almost

undetectable using a dilution of 1:500.
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Figure 25: Immunofluorescence staining of HPGD-GFRransfected HEK293 cells with HPGD antibody
clone 3.

HEK?293 cells were transfected with pcDNA6/myc-HIBB/GD-GFP (HPGD-GFP). Cells were left unstained
(Control) or were stained with HPGD antibody cléhe different dilutions (1:1.50, 1:100, 1:200, @@Gand
1:1.000, stock solution 0,25 mg/ml). The first roepresents the GFP fluorescence, depicted in dgi@en
transfected cells (GFP signal). The middle row espnts the HPGD fluorescence, depicted in red RGH
stained cells (HPGD staining). The third row (Mengith DAPI) shows an overlay of both images togethe
with DAPI, which visualizes the nucleus. Magnificet for all pictures: 60x. One representative ekpent out

of two is shown.

The staining of HPGD-GFP-transfected cells seemdmktspecific as untransfected and GFP-
transfected HEK293 cells did not exhibit specitaising by the HPGD antibody even at high

concentrations, as depicted in Figure 26 or Fi@ire
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Figure 26: Immunofluorescence staining of untransfeted HEK293 cells with HPGD antibody clone 3
Untransfected HEK293 cells were stained and andlgzein Figure 25. The row annotation is consisteétit
Figure 25. Magnification for all pictures: 60x. Orepresentative experiment out of two is shown.
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Figure 27: Immunofluorescence staining of GFP trarfected HEK293 cells with HPGD antibody clone 3
HEK293 cells were transfected with GFP and staiaerd analyzed as in Figure 25. The row annotation is
consistent with Figure 25. Magnification for allchires: 60x. One representative experiment outwof is
shown.

In addition, HPGD-IRES-GFP-transfected cells weresedu as further control for
immunofluorescence staining, as depicted in Fi@&:eThis control allows the simultaneous
expression of the two separate proteins HPGD and. @n the one hand this excludes that
the antibody recognizes a HPGD-GFP fusion protpeeiic epitope and thus leads to false
positive binding results. On the other hand thisswut the possibility that the real epitope is
hidden and not accessible due to a HPGD-GFP-spqmifitein confirmation. Besides that,
the localization of HPGD protein in the cell candeamined, which may be different from
that of the HPGD-GFP-protein. Similar to the obaéinns made for HPGD-GFP-transfected
cells, only HPGD-IRES-GFP-transfected cells thateM8FP-positive cells were also stained
for HPGD. The HPGD staining could thereby be mergath the GFP signal. With
decreasing antibody concentration the HPGD staiattenuated and was almost undetectable
at a dilution of 1:500. In comparison to HPGD-Géhsfected cells the HPGD staining was
weaker in HPGD-IRES-GFP-transfected cells, althooglts were processed in parallel. An
explanation for this phenomenon could be an entthdegradation rate of HPGD compared
to GFP. Moreover, the expression rates of the tarieg might be different, as it was shown
for example that the expression of the IRES-depeingicond gene in a bicistronic vector can
vary 2%, In conclusion, the results show that the HPGDbany specifically binds to HPGD
in HPGD-GFP- and HPGD-IRES-GFP-transfected celimmmunofluorescence staining.
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Figure 28: Immunofluorescence staining of HPGD-trasfected HEK293 cells with HPGD antibody clone

3.

HEK293 cells were transfected with HPGD-IRES-GFHR atained and analyzed as in Figure 25. The row
annotation is consistent with Figure 25. Magnificatfor all pictures: 60x. One representative eipent out

of two is shown.

Finally it was tested whether the differences inGEPmMRNA expression betweened and
Teonv could be also observed on protein level, using tHEGD antibody for
immunofluorescence staining. Therefore, CD& lymphocytes were isolated and stained
intracellularly with FOXP3 antibody to distinguidheg from Teony Cells. Furthermore, cells
were stained with the HPGD antibody in two diffdreancentrations (1:50 and 1:100) or left
untreated (Control). In Figure 29, it is shown thath, Teg and Tony Cells were marginally
stained with the HPGD antibody but no differenaeshie staining intensity betweep.gand

Teonv Cells could be observed.

This result indicates that the affinity of the HPGDtibody is too low for appropriate
intracellular staining of HPGD in primary cells. ®nhigh protein amounts in HPGD-
overexpressing cells, such as HPGD-GFP- or HPGDSHIEP-transfected cells, were
sufficiently stained. Therefore, the HPGD antiboglgs not used for immunofluorescence

staining.
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Figure 29: Similar staining of Teq and Tcony Cells by the HPGD antibody in immunofluorescence.

CD4" T cells were isolated from human peripheral blood atained intracellularly with HPGD antibody
clone 3 in different dilutions (1:1.50, 1:100, dtosolution 0,25 mg/ml) and with FOXP3 antibody ¢Fit
conjugated) to locate FOXPJ 4 cells. As control, cells were stained with allibaties except the HPGD
antibody (Control). The first row (FOXP3 stainirgf)ows the FOXP3 stained.Jcells displayed in green. The
middle row (HPGD staining) displays the HPGD stdigells in red. The third row (Merge with DAPI) st®
an overlay of both images together with DAPI, whit$ualizes the nucleus. Magnification for all picts: 60x.
One representative experiment out of two is shown.

3.2.9 Application of the HPGD antibody for Westernblot analysis

3.2.9.1 Detection of HPGD in HPGD-transfected HEK2@ells

Despite the poor staining results foregl and Tony cells in flow cytometry and
immunofluorescence, HPGD antibody clone 3 shouldlbe tested for Western blot analysis,
to answer the question whether the differencesRPGEE mMRNA expression indy and Tony
cells would be also observed on protein level.dntast to the previous methods, the protein
is highly and irreversibly denaturated for Westklot analysis by the treatment with sodium
dodecylsulfate (SDS). The epitope and its abilityriteract with the HPGD antibody can be
altered by this treatment and consequently chamgetaining result. Furthermore, additional

epitopes may be uncovered, which can then be bbwutide HPGD antibody.

Therefore, HEK293 cells were left untransfecteavere transfected with HPGD-GFP or with
GFP as control. Protein lysates were prepared ftells showing a transfection rate above
50 % as determined by flow cytometry. Subsequemrdifferent HPGD antibody dilutions

were tested in Western blot analysis with HPGD-GfaRsfected cells to determine the
concentration range for specific binding of the HP@htibody and define an optimal working

concentration. The relative binding affinity for BB, normalized td3-actin is depicted in
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Figure 30 and demonstrates a concentration deptn@enease in the detection of HPGD.
Nevertheless, even minuscule amounts of antibosiyltel in a clear signal. Taken together
these results suggest that a dilution of 1:1.0@@esents a convenient working concentration
for the HPGD antibody.

N
w

Figure 30: Low HPGD antibody concentrations detect
HPGD-GFP protein by Western blotting.

HEK293 cells were transfected with HPGD-GFP (vector
pcDNA6/myc-HisB/HPGD-GFP) and equal amounts of
protein were blotted on several blots. Different GIFP
antibody dilutions were then tested for the detectf HPGD-
GFP protein on Western Blot. Antibody dilutions 1fLl00 -
1:20.000 (stock solution 0,25 mg/ml) were appliethe
fluorescence intensity (FI) is shown for each HP&tibody
dilution. Samples were normalized to the FI of thading
control B-actin. One representative experiment of two is

—r—— T shown.
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In addition, also HPGD-IRES-GFP-transfected cellsevused as control on Western Blot.
This control should proof specific binding to an GIP-specific epitope and exclude that the
antibody unspecifically binds to an epitope specfor the HPGD-GFP fusion protein or

GFP. Thus HEK239 cells were left untreated or weaasfected either with HPGD-GFP,

HPGD-IRES-GFP or GFP. HPGD antibody clone 3 wasl uise dilution of 1:1.000, as this

dilution had proven to be a convenient working solufor Western blot analysis for HPGD-

transfected cells. The HPGD antibody detected dpeaed size of HPGD (28,9 kDa) in

HPGD-IRES-GFP-transfected cells as well as the HREHP fusion protein (55,8 kDa) in

HPGD-GFP-transfected cells, but did not bind to GE®9 kDa) in GFP-transfected cells as
shown in Figure 31 A. Additionally, the Western Blwas incubated with an anti-GFP
antibody to control the size of the HPGD-GFP fuspyotein and display the GFP protein
expressed by HPGD-IRES-GFP or GFP-transfected. CElls expected size of HPGD-GFP
(55,8 kDa) in HPGD-GFP-transfected cells and GRR9RDa) in GFP- and HPGD-IRES-

GFP-transfected cells were detected by the anti-@f#iBody, as shown in Figure 31 B.
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A Control GFP HPGD-HPGD- B  Control GFP HPGD-HPGD-
GFP IRES- GFP IRES-

GFP GFP

1 2 3 4 1 2 3 4

HPGD (28,9 kDa) GFP (26,9 kDa)

‘ —— -—-‘ B-Actin (42 kDa) ‘ P ————— -—-‘ B-Actin (42 kDa)

Figure 31: Detection of HPGD expression using the PGD antibody clone 3 by Western blotting

HEK?293 cells were either left untransfected (ColumrControl) or were transfected with pcDNA6/mycsHi
B/GFP as transfection efficiency control (ColumnGEP), with pcDNA6/myc-His B/HPGD-GFP (Column 3:
HPGD-GFP) or with pIRES2-AcGFP1/HPGD (HPGD-IRES-G&spectively. &) The expression of HPGD
(28,9 kDa) or HPGD-GFP fusion protein (55,8 kDa)sveetected with the HPGD antibody (green bands) on
Western Blot. Dilution of the antibody was 1:1.0(8ock solution 0,25 mg/ml).B) As control anti-GFP
antibody was applied (red bands) for detection Bf3®D-GFP or GFP protein (26,9 kD@}actin (black bands;

42 kDa) was used as loading control. One repreemtxperiment out of two is shown.

3.2.9.2 HPGD protein expression in human regulatofycells

The previous results had shown that relative HPGENaA expression is higher in humag.gl
cells in comparison to ¢§,. Moreover, HPGD antibody clone 3 had demonstrafeetific
staining of HPGD in lysates of HPGD-transfected 28K cells. Consequently, this antibody
was tested for Western blot analysis withgTand Tonv cells to examine whether the
differences in HPGD mRNA expression would be alsseoved on protein level.

For this purpose HPGD expression of freshly isdldteman Joq and Tony Cells was analyzed
by Western blot analysis. HPGD protein expressi@s significantly higher in gy than in
Teonv Cells, as shown in Figure 32 A. In Figure 32 Bjsitshown that the HPGD antibody
detected the expected size of HPGD (28,9 kDa)dgCElls and that HPGD expression was
less intensive in &,y cells. However, a higher antibody concentratior2@@) had to be
applied to visualize bands in T cells, than théahconcentration (dilution 1:1.000) that was
used for HPGD-GFP-transfected HEK293 cells. Furtltee, more protein had to be
subjected to the Western Blot (50 pug of T cell tgsecompared to 15 pug of HEK cell lysates)
to obtain good results. Taken together the resshiisv that, consistent with the mRNA
expression data, & cells also display a significantly higher HPGD tein expression
compared to dny cells. Moreover, it was demonstrated that the HRBDbody specifically

detects HPGD protein on Western Blot and can ba ased for analysis of primary cells.
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Figure 32: HPGD protein expression is higher in g4 cells than in Teony

Human CDACD25' T4 cells and CDACD25 T, Were purified and HPGD protein expression was ssesk
by Western blot analysisAf Relative amounts of HPGD were measured densitica#ly in comparison tf-
actin. Data represent mean values and standarditoas of four independent experiments. Statidiical
significant differences are marked with an asteffg < 0.01) B) One representative Western blot experiment
is shown.

3.3 HPGD is expressed specifically in human naturakgulatory T cells

3.3.1 HPGD expression in T cell subsets

Human Teq cells were shown to exhibit a higher expressiofiBGD on mRNA and protein
level than Ton Following that it was investigated whether HPGIpression was unique for
Treg Cells or if HPGD would be also expressed in ot@®4" T cell subsets, depending on
their activation and differentiation state. The GBA surface molecule represents, for
instance, a suitable marker to distinguish naivenfractivated or memory T cells. The
leukocyte specific transmembrane glycoprotein CDg5a protein tyrosine phosphatase
(PTPY* and was shown to be required for efficient T anade antigen receptor signal
transductiorf**?*2 Several isoforms of CD45 can be generated bynaitive splicing of the
exons 4 (A), 5 (B) and 6 (C) and expression ofrdspective isoforms is dependent on cell
type, stage of differentiation and activation statehe cell?**?*3 In humans, the isoform
CD45RA is expressed on naive T lymphocytesid, which represent mature T cells that
have not yet encountered antigen. Upon encountiéreaf cognate antigen,die cells acquire
an activated phenotype, characterized by upregulaif activation markers such as CD25,
CD44, and CD69 and down-regulation of CD62L and 6RA **%'® The activated T cells
may further differentiate into a memory T cellnghor), Which represents an ‘antigen-
experienced’ T cell that has already encounteredrasponded to its cognate antigéfi?'8
Besides activated T cells als@.ehory are CD45RA and express the shortest CD45 isoform
CD45RO0, which lacks RA, RB and RC exoftd?* Thus CD45RA represents a suitable
marker to distinguish naive from activated or memar cells. To address the question

whether HPGD expression is enhanced during T céllation and differentiation, ¢§,, cells
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were isolated from human peripheral blood and &réeparated into CDE@D25CD45RA
Tmemory Cells and CDACD25CDA45RA" Tnaive Cells. HPGD mRNA expression levels were
assessed by qRT-PCR in freshly isolate@mby and Thaive cells and compared toe§ cells.
HPGD mRNA expression inkmory Cells was slightly higher than in\dve as depicted in
Figure 33. However, HPGD expression was constdotler for memory and naivegdy in

comparison to naturald cells (see Figure 33).

The differential HPGD mRNA expression imalle cOmpared to femory Cells indicates that
HPGD expression might be upregulated during T diffiérentiation. Furthermore, the results

support that an enhanced HPGD expression mighpdafe for Ty cells.

Figure 33: Tmemory Cells reveal a higher HPGD

10 e expression than T cells

—_ Human natural £y Tconw Tmemory & Tnaive CEllS were
a < 08 purified and relative HPGD mRNA expression,
(DDE: compared to B2M expression, was assessed by qRT-
& 061 PCR. Mean values and standard deviations of three
o _5 independent experiments are shown. Data are
= @ 0.4 - normalized to T4 cells. Statistically significant
T 5 differences (wilcoxon signed-rank test; p < 0.08 a

o 021 marked with an asterisk.

0 -

T Tconv Tmemory Tﬂalve

reg

3.3.2 HPGD expression is not upregulated during Tedl differentiation

Human naive CD4T cells can differentiate into a number of difierd helper cell subsets
with distinct effector cell functions, such agiT T+2, T49 and 17 %% T,1 cells, for
instance, are characterized by production of hayels of IFN and are involved in cellular
immunity against intracellular microorganisft§?% In contrast, %2 cells produce IL-4, IL-
5, IL-9 and IL-13 and are required for humoral immty to protect against parasitic
helminthes and other extracellular pathog&fi$®? Tn9 are characterized by production of
IL-9 and IL-10 and are involved in allergic inflanation and defense against extracellular
parasites as nematodés?** T,17 cells produce IL-17A, IL-17F, IL-21, IL-22, IL;6INFo.
and CCL20 and play an important role in cleararfaextracellular bacteria and fungi, mainly
at mucosal surface€g®?*>??? As higher expression levels of HPGD were detedt€bhemory
cells in comparison tonkive One could postulate that HPGD expression migireisse during

T cell differentiation. To test this hypothesisvas investigated whether HPGD expression is
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upregulated during differentiation towards differ@nhelper cell subsets such aglT T2,
Tu9 or Tyl7. This question was addressed in the followingeexnent: CDACD25
CD45RA’ naive T cells were purified and differentiated &émels the desired T cell subset by
stimulation with CD3/CD28/MHC-I-coated beads togethvith the appropriate cytokines for
5 days. Unstimulated five cells (Tinsim) as well as Tave cells only stimulated with
CD3/CD28/MHC-I-coated beads (0) served as control. To monitor successful
differentiation the expression of lineage spedifanscription factors, such as T-bet fqs1T
cells, GATA-3 for 1,2, PU.1 for T;9 and RORt for Ty17 cells were assessed by qRT-PCR
(see Appendix D). HPGD expression was assesseifféneditiated T cell subsets, as shown
in Figure 34. Relative HPGD expression levels, sss@ by gRT-PCR are presented in
comparison to freshly isolatedohy and Teg cells (time point O h). HPGD expression ipOT
was equal to freshly isolatedof, and Tinsiim Cells. Differentiation of naive T cells intayT,
Tu2, T9 or Ty17 cells did not result in the induction of HPGD.

Taken together these results indicate that HPGDresgmpn remains low in n, cells
independent of TCR/CD28 stimulation and their paktion towards different [J cell

lineages. Moreover, the enhanced HPGD expressemse be specific for.dy cells.

n.d.

relative HPGD
expression (MRNA)
N w B (&) D ~l

|
N il ﬁ Ensm Em
o 1 Towsn Tie Tws T Te Tum

Oh Oh

Figure 34: HPGD expression is not upregulated durig T cell differentiation

Human T, cells were purified and differentiated with anB8CD28/MHC-I-coated beads together with the
appropriate cytokines towards, T, T42, T49 and F17 cells. Unstimulated Live CellS (Tunsim) @nd Thaive ONlY
stimulated with CD3/CD28/MHC-I-coated beads withadtitional cytokines (J0) served as control. Freshly
isolated Teg (Treg O) and Tony (Teonv Oh) served as additional controls. Relative HPGRNA expression,
compared to B2M expression, was assessed by gRT-R&R&n values and standard deviations of three
independent experiments are shown. Data were nimadalo T.,,, cells (time point ). n.d.: no statistically
significant differences (one-way ANOVA; p > 0.0%tlveen the sample groups were observed.
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3.3.3 HPGD expression is not upregulated in induceckgulatory T cells

Regulatory T cells are generated in the thymusaaisrally occurring Teg cells (n'IFeg)l’m, but
there also exist so called induced or adaptivg dells (iTeg that are generated in the
periphery®®3%% Similarly to nTq cells these iE, display high FOXP3 expression levels,
anergy and suppressive functiomvitro andin vivo **??’. But on the other hand i cells
also differ from nTeq cells. Although they exhibit high FOXP3 expresslewvels, iTeg cells
were shown to lack a part of the gene signature ithapecific for nTy cells %2 Still
differences remain to be elucidated that are sjeoif NTeq Or i Treg CellS.

In this context it was investigated whether HPGPression would be upregulated inejl
cells or whether HPGD expression is specific foremi€ells. Therefore, naive T cells were
purified from human peripheral blood and differated into iTeg cells by stimulation with
CD3/CD28/MHC-I-coated beads together with the appate cytokines for 5 days.umktim
and T40 cells served as control. To monitor successfdudation of adaptive (& cells the
expression of the lineage specific transcriptiactda FOXP3 was assessed by gRT-PCR (see
Appendix D). HPGD mRNA expression was assessed g ¢ells, as shown in Figure 35.
Relative HPGD mRNA expression levels, assessedRIyRCR are presented in comparison
to freshly isolated &nv and Teq cells (time point 0 h). HPGD expression inOTcells was
equal to freshly isolated.dn and Tinsim Cells. Differentiation of naive T cells intot§ cells

did not result in the induction of HPGD. Similarsalvations were made for gene expression
profiling (see Figure 72, Appendix D), asods Thaive and iTeg cells revealed low HPGD
expression levels, whereagglcells displayed high HPGD expression levels.

Figure 35: HPGD expression is not upregulated in
induced T4 cells
Human T cells were purified and differentiated
with anti-CD3/CD28/MHC-I-coated beads together
with the appropriate cytokines towards.jTcells.
Tunsim @and TH0 cells as well as freshly isolatedegl
n.d. (Treg On) and Tony (Teony Oh) served as controls.
Relative HPGD mRNA expression, compared to
B2M, was assessed by gRT-PCR. Mean values and
standard deviations of three independent expergnent
11 |—T—| are shown. Data were normalized tg,J cells (time
0 |J_| ﬁ point Oh). n.d.: no statistically significant differences
T T T IT (one-way ANOVA; p > 0.05) between the sample
o Unstim  Ho =0 groups were observed.

relative HPGD
expression (MRNA)
N w BN (&) D ~l

conv
Oh Oh
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Taken together, these results indicate that HPGession is specific for naturaled cells
and belongs to the R, specific gene expression program. HPGD expredsigls seem to
be settled during T cell maturation and can no déorige induced in JLive cells by extracellular

stimulation.

3.4 Influence of PGE, TGF-p and IL-10 on HPGD expression in human T cells

HPGD plays an important role in the metabolism afspaglandins and is one of the major
prostaglandin E(PGE)-metabolizing enzyme¥***” Furthermore, PGHs a known potent
immunosuppressive, soluble molecule, which is pceduby tumor cell$* and cells of the
immune system as for instance monocytes, macrophageeutrophil$*. Moreover, tumor-
secreted PGHENduces FOXP3 expression as well as a regulatoepgtype in Tony cells %
Notably, pre-incubation with PGEdid also increase FOXP3 expression as well as the
suppressive activity of dy cells 232 For these reasons, a possible influence of P& Ethe
HPGD expression in g cells was investigated (Figure 35). Humag, €ells were isolated
from peripheral blood and incubated for 72 h witBE or left untreated. After 24, 48 and
72 h cells were harvested. Expression of HPGD omlNARvels was analyzed by gRT-PCR.
Stimulation with PGE did not significantly influence HPGD expressionmygared to
unstimulated &4 cells as depicted in Figure 35, suggesting thaBBIRxpression in 4 cells

is independent of PGEsignaling.

—0O— Unstimulated Figure 36: HPGD expression is not influenced by
—e— PGE, stimulation with PGE,
12 Human CD4CD25" T, cells were purified and left
—_ untreated (Unstimulated) or stimulated with 1 uM
< 10 PGE (PGE). Relative HPGD mRNA expression,
8 o compared to B2M expression, was assessed by gqRT-
a £ 089 PCR after 24h, 48h and 72h. Samples are
% S 06- normalized to g4 cells (O h). Data represent mean
= -g ' values and standard deviations of three independent
T2 04 experiments.
QO <
C g
s 0.2
0 T T T
0 24 48 72
Time (hours)
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Besides that, tumor cells or cells in the tumorrmeeavironment can produce T@Fand IL-

10 ?*°, which were reported to inducgeg cells in the periphery*®. Consequently it was
examined whether these factors might have an effiacHPGD expression inf cells.
Therefore, Jeq cells were isolated from human peripheral blood excubated for 72 h with
TGF$ or IL-10, respectively, or left untreated. HPGD NR expression was assessed by
gRT-PCR after 24, 48 and 72 h. No significant iafluae could be observed when cells were
stimulated with TGH, as shown in Figure 36. However, IL-10 stimulatidid modulate
HPGD expression, as HPGD expression was significanigher after 24 h in IL-10
stimulated cells compared to unstimulated cells.

This result indicates that IL-10 receptor- signglimodulates HPGD expression, whereas

TGF4 signaling has no influence on the HPGD expresisidineg cells.

A —O— Unstimulated B —O— Unstimulated
—8— TGF-B —— IL-10
1.2
3 g .
of o
o E o E
v S 05
2n 2 ?
T 2 T 2
RG] - O
s s
x x
(] (0]
0 T T T 0 T T T
0 24 48 72 0 24 48 72
Time (hours) Time (hours)

Figure 37: HPGD expression in human kg cells is influenced by IL-10 but not TGFg

Human CDACD25 T4 cells were purified and left untreated (UnstimedBtor stimulated withA) 10 ng/ml
TGFH (TGFP) or B) 50 ng/ml IL-10 (IL-10). Relative HPGD mRNA expsisn, compared to B2M
expression, was assessed by gRT-PCR after 24thadél 72 h. Samples are normalized tg dells (0 h). Data
represent mean values and standard deviationdedsttthree independent experiments. Statistisédiyificant
differences (p < 0.05) are marked with an asterisk.

3.5 Influence of interleukin-2 on HPGD expressionn human regulatory T cells

3.5.1 TCR activation in the presence of IL-2 enhams HPGD expression in g cells

Regulatory T cells require previous activation ttoe induction of their suppressor function
vitro, as it was shown by Thornton et al. 266% Best induction results were achieved when

Teq Cells were pre-cultured for at least 24 h withi-@id3-antibody (0.5-1 pg/ml) in the
presence of IL-2 (at least 12.5 U/ml) and the absasf Tony cells ?*%. Since the previous
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results of this study had shown that HPGD expresdexreases in unstimulateggicells, it
was consequently investigated whether this presatodn with TCR signaling and activation
of the IL-2 receptor would influence HPGD expressio T4 cells.

To address this question, humagyBnd Tony Cells were isolated from peripheral blood and
incubated for 24 h in medium supplemented with lar2l anti-CD3 antibody. HPGD mRNA
expression was assessed by qRT-PCR. TCR stimulistithe presence of IL-2 significantly
upregulated HPGD mRNA expression irglcells, as shown in Figure 38 A. In contrast,
HPGD mRNA expression ingdny cells was unchanged (Figure 38 B). These reshitte shat
HPGD expression indy cells is differentially regulated than inoh and can be influenced
by TCR/IL-2R activation. Furthermore, these resslipport that HPGD expression ipegl

cells is dependent on extracellular stimuli.

>
w

3.0 1 3.0 7

< J < ]
o o

o E 2.0 1 o E 2.0 1
I I

oS 1541 o5 159
> = > =
=0 =0

T8 1.0- T8 1.0-
s T s

< 0.51 < 0.5-4
4] [0}]

0 0 Ll N = wiwm sem
a-CD3 & IL-2 = = + a-CD3 & IL-2 = = +
Oh 24h Oh 24h

Figure 38: HPGD expression is specifically upregutad in T, cells upon IL-2/anti-CD3 stimulation.

(A) Human Teg (grey columns) andB) Tcqny cells (black columns) were purified from humanipleeral blood

and left untreated (-) or stimulated with 1.0 pganti-CD3 antibody and 20 U/ml IL-2 (IL-2 &-CD3) for

24 h (+). HPGD mRNA expression, compared to B2Mreggion, was assessed by gRT-PCR. Samples are
normalized to T4 cells (0 h). Data represent mean values and stndeviations of three independent
experiments. Statistically significant differen¢ps< 0.05) are marked with an asterisk.

The inducing effects of CD3/IL-2-stimulation on egpsion of HPGD in [y cells were
further examined over time. Therefore, humagy Bnd Ton cells were isolated and
stimulated for 12 h, 24 h, 48 h and 72 h with llasad anti-CD3. HPGD mRNA expression
was assessed by qRT-PCR and it could be establishe®#PGD is significantly upregulated
approximately 2-fold in g cells already after 12 h (Figure 39). This upragah remained
relatively stable over a period of 72 h. In conirddPGD mRNA expression was not

enhanced in &y cells upon the stimulation with anti-CD3 and IL-2.

87



Results

This result shows that HPGD expression jg, Tells is differentially regulated than inohy
cells, as TCR activation and IL-2R signaling speaify enhance HPGD mRNA expression
in Treg cells. Moreover, these data show that HPGD exjmess T4 cells can be modulated
by extracellular stimuli.

A —©@— Unstimulated B —0O— Unstimulated
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Figure 39: HPGD is specifically upregulated in reglatory T cells upon CD3 & IL-2 stimulation.

(A) Human T and 8)Tcony Cells were purified from human peripheral blood #eft untreated (Unstimulated)

or stimulated with 1 pg/ml anti-CD3 antibody and@nl IL-2 (a-CD3 & IL-2) for 12 h, 24 h, 48 h and 72 h.
HPGD mRNA expression, compared to B2M expressias assessed by qRT-PCR. Samples are normalized
to Tg cells (0 h). Mean values and standard deviatiepsesent four independent experiments. Statisgicall
significant differences between unstimulated a+@D3/IL-2-stimulated samples are marked with aersit (*

p < 0.05).

3.5.2 HPGD upregulation is IL-2 dependent and indegndent of TCR signaling

Activating pre-culture of kg cells with anti-CD3-antibody in the presence of2lwas shown

to specifically induce HPGD expression ipglcells. However, it might be possible that the
observed upregulation of HPGD was induced, foraims¢, by stimulation with IL-2 alone.
This assumption is supported by the observatioas tie transcription factor activating
protein-1 (AP-1) that can be activated by IL-2Rnsiing via MAPK signaling pathways
136139 has potential binding sites in the promoter of3EP**°. It was therefore investigated
whether induction of HPGD expression ipglcells was a result of TCR or IL-2R activation
or due to synergistic effects of both signalinghpatys. To assess the relevance of IL-2R
signaling for HPGD expression ine§ cells it was investigated whether HPGD expression
could be upregulated by IL-2 stimulation alone. rEfiere, Teg and Tony Cells were isolated
from human peripheral blood and stimulated for 124h, 48 h and 72 h with IL-2. The
analysis revealed that HPGD was upregulated 2ifolfieg cells upon stimulation with IL-2

alone after 12 h with a maximum of 2.5-fold expressafter 48 h (Figure 40). HPGD
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expression in Jny cells on the other hand was not influenced by Ktighulation. This result
shows that HPGD expression inegl cells is dependent on IL-2 signaling and HPGD
upregulation can be also mediated by IL-2R sigigaditone.
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Figure 40: IL-2 stimulation specifically upregulates HPGD expression in regulatory T cells.

(A) Human Teq and 8) Tcony cells were purified from peripheral blood and lefttreated (Unstimulated) or
stimulated with 20 U/ml IL-2 (IL-2) for 12 h, 24 B8 h and 72 h. HPGD mRNA expression, compared?id B
expression, was assessed by gRT-PCR. Samples ranalized to T4 cells (O h). Data represent mean values
and standard deviations of four independent exparima Statistically significant differences between
unstimulated and IL-2 stimulated samples are mavkgdan asterisk (* p < 0.05).

HPGD mRNA expression values ofdcells, stimulated with IL-2 alone or in the presemf
anti-CD3 antibody were compared with each othet nousignificant differences between the
two different stimulations were observed, as alpregsion values were relatively similar
(Figure 41). This result further supports that lisamportant for the induction of HPGD and
shows that HPGD upregulation can be also mediayetL42 stimulation alone and is not
exclusively dependent on the combined effects dR'B@Ad IL-2R signaling.
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Figure 41: Induction of HPGD mRNA expression is eqal after IL-2 or IL-2/ anti-CD3 stimulation.

Human Tqcells were purified from peripheral blood and stiated with 20 U/ml IL-2 alone (IL-2) or together
withl pg/ml anti-CD3 antibody (IL-26-CD3) for 12 h, 24 h, 48 h and 72 h. HPGD mRNA esgion,
compared to B2M expression, was assessed by qRT-B@Rples are normalized tglcells (0 h). Mean
values and standard deviations of four indepené&periments are shown. n.d.: no statistically Sicgunt
differences (one-way ANOVA,; p > 0.05) between sagroups were observed.

In the previous experiments it was shown that Ite@eptor signaling alone was sufficient to
upregulate HPGD expression ineglcells. In the following part it was therefore bt
whether TCR activation alone would be also ablenttuce HPGD expression ineg§ cells.
To answer the question whether TCR signaling cdnda HPGD mRNA expression, human
Teg and Tony cells were isolated from peripheral blood and -@i3-antibody was
administered over a period of 72 h. Cells were lnated either with soluble anti-CD3-
antibody or CD3-conjugated beads, which represantwre physiological way of inducing
TCR signaling, as they mimic the contact of T ceNgh antigen-presenting cells, to
determine possible differences between the twousdtion methods. After 12 h, 24 h, 48 h
and 72 h cells were harvested and HPGD mRNA exjoresgas assessed by qRT-PCR. As
shown in Figure 42, HPGD expression was not upeggdlin Teq cells by any stimulation
over a period of 72 h. As expecteg| cells showed no enhanced HPGD expression upon
TCR stimulation with soluble or bead coupled arfi3zantibody. This result suggests that
HPGD expression is not influenced by TCR signalargd further supports that HPGD
expression in g cells is only dependent on IL-2 signaling.
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Figure 42: HPGD is not upregulated in Teq Or TonyCells upon TCR stimulation.

(A) & (C) Human T, and B) & (D) Teony Cells were purified from peripheral blood and wesit untreated
(Unstimulated) or stimulated with 1 pg/ml solublatisCD3 antibody ¢-CD3 soluble) or with bead coupled
anti-CD3 antibody -CD3-Bead; 2 beads: 1 cell) for 12 h, 24 h, 48 0 @& h. HPGD mRNA expression,
compared to B2M expression, was assessed by qRT-B@Rples are normalized tq.glcells (0 h). Data
represent mean values and standard deviationdedsttthree independent experiments.

In addition to TCR activation the influence of dosilation on HPGD expression ine§and
Teonv Cells was examined. Previous studies had demdedtrihat T cell proliferation is
differentially regulated in &y and Tonv cells and this could apply likewise to HPGD
expression. Thornton et al. 2004 for example hamlvshthat activation of &4 cells was
independent of CD80/CD86 costimulation and the tamlthl stimulation with exogenous IL-2
could replace costimulatiéf. However, this observation was different for aation of Tony
cells, where IL-2 was not sufficient as a subsgitittr costimulation, demonstrating that the
induction of T cell proliferation, even in the peese of IL-2, is different for &y and Tony
cells **. To examine a potential influence of costimulatmm HPGD expression, g and
Teonv Cells were purified from human peripheral blooddastimulated with anti-
CD3/CD28/MHC-I-coated beads for 72 h. Cells weresésted after 12 h, 24 h, 48 h and 72 h
and HPGD mRNA expression was assessed by gRT-PC&nul&ion with
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CD3/CD28/MHC-I — coated beads did not enhance HRPGENA expression neither inef
nor in Teony Cells, as shown in Figure 43 A and B.

These data suggest that HPGD expression is indepenfl TCR signaling and costimulation
in Treg as well as Jony cells and further support that HPGD expressioit &g cells is only
dependent on IL-2R signaling.

A B
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—@— CD3/CD28-Bead —@— CD3/CD28-Bead
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Figure 43: Costimulation via CD28 does not enhancdPGD expression in TCR-stimulated Teg Or Tcony
cells.

(A) Human Tegand B) Teny cells were purified from human peripheral blood &eft untreated (Unstimulated)

or stimulated with CD3/CD28/MHC-I-coated beads (BDR328-Bead; 3 beads: 1 cell) for 12 h, 24 h, 48t a
72 h. HPGD mRNA expression, compared to B2M exjwasswvas assessed by gRT-PCR. Samples are
normalized to g cells (0 h). Mean values and standard deviatidrag east three independent experiments are
shown.

Next, HPGD mRNA expression levels oggcells were compared after stimulation for 24 h
with the previously mentioned stimuli, to furthezndonstrate that HPGD mRNA expression
in Treg cells is dependent on IL-2 signaling but not TCignaling with or without
costimulation (Figure 44 A). In contrast, HPGD mRNe&xpression in &, cells is
independent of any of these stimulations, as lteéatment and also TCR ligation with

costimulation cannot induce HPGD expressiondgells (Figure 44 B).

Taken together these results clearly illustraté HRGD mRNA expression is differentially
regulated in g and Tonv Cells and that IL-2 signaling plays an importaoterfor HPGD
expression in Eqcells.
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Figure 44: Influence of TCR ligation, costimulationand IL-2 on HPGD expression in Teg and Teony after
24 h stimulation

(A) Human Teg and 8) Tcony cells were purified from peripheral blood and lefitreated (Unst.) or stimulated
for 24 h with 20 U/ml IL-2 (IL-2) alone or in comimtion with 1 pg/ml anti-CD3 antibody (IL2/CD3), thi

1 pg/ml soluble anti-CD3 antibody (CD3 sol.), withad bound anti-CD3 antibody (CD3-Bead; 3 beadsll) c
or with CD3/CD28/MHC-I-coated beads (CD3CD28, 3dsalcell). HPGD mRNA expression, compared to
B2M expression, was assessed by qRT-PCR. Sammesoamalized to L4 cells (0 h). Data represent mean

values and standard deviations of four independepériments. Statistically significant differenaee marked
with an asterisk (* p < 0.05).

3.5.3 HPGD protein expression after stimulation wi IL-2

HPGD mRNA expression was shown to be significanflyegulated upon stimulation with
IL-2 in human Teg cells. To determine if the upregulation of HPGD mifRNA level also
resulted in an increase of HPGD protein expressiag,and Ton cells were purified from
human peripheral blood and stimulated with IL-2edt untreated. After 48 h and 72 h cells
were harvested and HPGD protein levels were inya&td by Western blotting. Assessment
of HPGD protein expression ine§ and Tony Cells after 48 h and 72 h showed an enhanced
HPGD expression upon IL-2 stimulation irglwhereas this effect could not be observed for
Teonv Cells, depicted in Figure 45.

These results show that HPGD expressiondpcElls is highly dependent of IL-2R signaling,

as both HPGD mRNA and protein expression are sggmfly enhanced after stimulation
with IL-2.
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Figure 45: HPGD protein expression is specificallypregulated in T4 cells upon IL-2 stimulation.
Human Teg and T,ny cells were purified from peripheral blood and lefitreated (-) or stimulated with 20 U/ml
IL-2 (+). Cells were harvested after 48 h and 7&nkd protein expression of HPGD afiehctin as loading
control was analyzed by Western blotting) (The relative HPGD protein amounts, compare@-#axtin, were
measured densitometrically. Data represent mearesadnd standard deviations of at least three evtkmt
experiments. Data were normalized tg, D h. Statistically significant differences are ket with an asterisk (*
p < 0.05). B) One representative Western Blot is shown.

3.5.4 HPGD expression in regulatory T cells is eveanduced by very low levels of IL-2

The cytokine IL-2 is vitally important fordy cells because on the one hand they are unable to
produce IL-2 themselved and on the other hand they are highly dependdhle?, in terms

of their development and functiéi***> Moreover, it was recently shown that also low2IL-
concentrations were sufficient to maintain generesgion of IL-2-dependent target genes in
Treg cells *°. In view of these observations it is of high ierto determine the effects of
different IL-2 concentrations on the HPGD expressibo elucidate whether increasing IL-2
concentrations would further enhance HPGD exprasaid define in addition a minimum
IL-2 concentration that would still be able to uputate HPGD expression,e§ cells were
stimulated with different IL-2 concentrations, viawy from 1.000 — 0.5 U IL-2/ ml and
relative HPGD mRNA expression was analyzed by gi&RRifter 12 h, 24 h, 48 h and 72 h.
Even very low IL-2 concentrations were able to emleaHPGD expression in.j cells
(Figure 46). Notably, maximum HPGD expression waliced using as low as 5-10 U IL-2
per ml while no further increase in HPGD expresswas observed when higher IL-2

concentrations were used.

This result suggests that HPGD expression g ells is coupled to a low IL-2R signaling
threshold and only low amounts of IL-2 are requitedsaturate the signaling pathways that

lead to HPGD upregulation.
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Figure 46: Influence of different IL-2 concentrations on the relative HPGD mRNA expression in [ cells
Human T4 cells were purified from peripheral blood and lefitreated (Unstimulated) or stimulated with
different IL-2 concentrations (IL-2). Cells werecitbated with concentrations of 1.000, 200, 100,240,10, 5,

1 and 0.5 U/ml IL-2. HPGD mRNA expression was assésby qRT-PCR, compared to B2M expression.
Samples are normalized to.d cells (0 h). Data represent mean values and stndeviations of five
independent experiments in row 1-2 and two indepenhdxperiments in row 3. Statistically significant
differences are marked with an asterisk (* p < D.05

In addition the HPGD expression at 24 h for alltédslL-2 concentrations is depicted in
Figure 47. No further increase in HPGD expressisimgi IL-2 concentrations higher than
5 U/ml could be observed. These data further iaistthat even low IL-2 amounts can
enhance HPGD expression ipglcells and a minimum of 5 U/ml IL-2 is requireditmluce
the maximum of HPGD expression ipglcells.
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Figure 47: HPGD expression at 24 h in [, cells stimulated with increasing IL-2 concentratios

Cells were treated and assessed as describedgiare8 Data represent mean values and standaiatides
of five independent experiments for 10 — 1.000 YJ&mnld two independent experiments for 0.5-5 U/md.:mo
statistically significant differences (one-way AN@)p > 0.05) between the sample groups were obderve

3.5.5 IL-2 stimulation does not upregulate HPGD ex@ssion in differentiated T cells

Previous results had demonstrated that HPGD expressas not upregulated during T cell
differentiation. As HPGD expression ined cells was shown to be induced by IL-2R
signaling, the question was whether IL-2 stimulatieould also have an influence on HPGD
in Ty cell subsets. To answer the question whether ILs@Raling would similarly induce
HPGD expression in differentiated T cells, varidyscell subsets were stimulated with IL-2
to investigate the effect on HPGD expression.

For this purpose Live cells were differentiated towardsyl, T2, Tq9 and {17, as
previously described (see section 3.3.2) and thenukted with IL-2. Relative HPGD
MRNA expression was determined by qRT-PCR in thecdll subsets after 48 h with or
without IL-2 stimulation. Relative HPGD expressitavels are presented in comparison to
Teonv @nd Teg cells with or without IL-2 stimulation. HPGD exgson was not significantly
altered upon IL-2 stimulation in the differentiat€ctell subsets and HPGD expression levels
were comparable tocJdny cells, as shown in Figure 48. In contraskg Eells displayed a

significantly higher HPGD expression upon IL-2 treant.

Taken together these data show that regulationRBB expression is distinct ine§ cells
compared to { cell lineages and that IL-2R signaling does ndtagice HPGD expression in
differentiated T cells. Furthermore, the resultppart the hypothesis that elevated HPGD

expression levels are specific fagglcells.
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Figure 48: IL-2 stimulation does not enhance HPGDxpression in different T helper cell subsets.
Human CD4CD25CD45RA" T..ve Cells were purified and differentiated with CD3/Z8MHC-I-coated
beads together with the appropriate cytokines tdwafyl, T42, T49 and 117 cells. Tnsim represent
unstimulated T.w. and served as control together withOT cells which were only stimulated with
CD3/CD28/MHC-I-coated beads without additional ¢ytes. T, cells were left untreated (-) or stimulated
with 20 U/ml IL-2 (+) for 48 h. Relative HPGD mRNe&xpression, compared to B2M expression, was agkesse
by gRT-PCR and data are plotted compareddg (B8 h) and I, (48 h). Mean values and standard deviations
of three independent experiments after normalimat® unstimulated &, cells (48 h) are shown. n.d.: no
statistically significant differences (one-way AN@)p > 0.05) between the sample groups were obderve
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3.5.6 HPGD expression is not enhanced in & cells upon IL-2R signaling

Similarly to Ty cell subsets also idy cells did not displayed an enhanced HPGD expressio
comparable to [, cells. On the one hand,t§ cells were shown to lack a part of the gene
signature, which is specific for pg cells ?®. On the other hand they displayeglspecific
characteristics such as high a FOXP3 expressi@nggrand suppressive functiomvitro and

in vivo %7 Although T, cells did not show enhanced HPGD expression thightnstill
upregulate HPGD upon activation with IL-2. To answhe question whether HPGD
expression can be induced ine¢yfupon IL-2R signaling, Jaive Were differentiated towards
iTreg Cells, as previously described (see section 3.88) stimulated with IL-2 for 48 h.
Relative HPGD mRNA expression was determined by-§&R after 48 h with or without
IL-2 stimulation. Relative HPGD expression levete paresented in comparison tg,, and
Treg Cells with or without IL-2 stimulation. Notablytisiulation with IL-2 did not result in the
induction of HPGD mRNA expression iny¢ cells, as it was observed fordcells, shown in
Figure 49. In fact HPGD expression levels ofdells, with or without IL-2 stimulation,

were comparable with those ofndim THO and Tony cells.

Apparently, polarization towards an induced reguhlatphenotype was not sufficient to
activate the essential gene expression programshwdad to enhanced HPGD expression in
Tieg Cells and thus IL-2R signaling could also not icellHPGD expression. Obviously,
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HPGD expression and regulation irglcells are distinct from iZy cells and HPGD seems to
belong to the natural dyspecific gene signature. Taken together these iddieate that a
high HPGD expression is specific for natural Tells.

12 Figure 49: IL-2 stimulation does not
10 l enhance HPGD expression in ikg
94 cells.
O% 8- Cells were treated and assessed as
ox 74 described for Figure 48. Jstim
%é 6 i represent unstimulated . and
9_5 5] e served as control together with
=9 4- cells, which were only stimulated with
° L CD3/CD28/MHC-I-coated beads
= 37 without additional cytokines. HPGD
2+ ’l mMRNA expression was assessed,
14 I_] — |l|l\ compared to B2M, by gRT-PCR. Data
0 == H— are shown compared tq.J (48 h) and
IL-2 = 4§ - o+ - I S Teonv (48 h) ceII_s. _Mean values and
standard deviations of three
Teorn T T nstim T,0 Wiy independent _experiments are shown
48h 48h after normalization to unstimulated

Teonv Cells (48 h). n.d.: no statistically
significant  differences  (one-way
ANOVA; p > 0.05) between the
sample groups were observed.

3.6 HPGD is enzymatically active in human regulator T cells

The HPGD is one of the major enzymes that metabgipstaglandin £42%” The critical
step is thereby thp-oxidation of the 15-hydroxyl group of PGihto a 15-keto group. The
conversion into the 15-keto-metabolite thereby espnts the first step in the biological
inactivation of PGE % Enzymatically active HPGD degrades RGmBhich leads to
accumulation of PGEmetabolites. However, expression of the HPGD pmot#bes not
necessarily result in functional enzymatic activityp prove that HPGD is functional inef
cells, the enzymatic activity of HPGD was tested human Teg and also Tony cells.
Therefore, these cells were isolated from humaipperal blood and stimulated with IL-2 for
48 h in order to upregulate HPGD expression gy €ells prior to further processing.
Successful HPGD upregulation was confirmed by giERRFigure 50). Enzymatic activity
of HPGD was determined in cellular lysates by atiaactive assay, which measures the
transfer of tritium from 15(S)-[18H]PGE to glutamate by coupling HPGD with glutamate
dehydrogenas&’®?% T, cells show a high enzymatic activity of HPGD inmguarison to

Teonv Cells (Figure 50). The levels of enzymatic acyivihereby reflect the differences
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between Teg and Tonv Cells in HPGD mRNA expression, asod cells with a low HPGD
MRNA expression also display a low enzymatic agtjviwhereas high HPGD mRNA
expression and high enzymatic activity are obsemdg, cells. These data show that human

Treg Cell express an active and functional enzyme spigcific activity.
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Figure 50: HPGD is enzymatically active in human Eq cells.

Human Ty and Tony cells were purified and stimulated with 20 U/ml-2Lfor 48 h prior to assessment of
enzymatic activity. &) Enzymatic activity of HPGD was measured by anaadiive assay that measures the
transfer of 15(S)-[15H]PGE to glutamate by coupling HPGD with glutamate debgenase. The specific
activity of HPGD is depicted as pmol/min/mg protefB) Relative HPGD expression was assessed by gRT-
PCR in Teg and Tony Cells and data are normalized to the house keepdmirol B2M. One representative
experiment of two is shown.

3.7 Increased HPGD expression in {, by IL-2 is dependent on JAK3/STATS and
PI3K/NF-«B signaling

In the previous experiments it was demonstratetl HRGD expression was significantly
enhanced in (kg cells upon stimulation with IL-2. Binding of IL-Bb its receptor leads to
activation of different signaling cascades, suchtles MAPK and PI3K pathways or
JAK/STAT signaling (see also 1.2 Interleukin-2 retoe signaling pathway&¥2** The
contribution of the above mentioned signaling cedes&o upregulation of HPGD ine§ cells
was examined by targeting key molecules of theeesge pathways with specific inhibitors
to elucidate which signaling cascades are in pdaidnvolved in IL-2-mediated upregulation
of HPGD.

3.7.1 MAPK signaling is not involved in IL-2 mediaed HPGD upregulation

To test if signaling events via mitogen-activategdt@in kinases (MAPK) were involved in
IL-2 mediated HPGD upregulation, humaggkcells, were treated with increasing doses of a
MEKZ1 inhibitor (PD98059) with or without additiondil-2 stimulation. Teq cells were pre-
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incubated with the inhibitors for 1 h before adufital costimulation with IL-2 was initiated.
Thus an activation of the IL-2 signaling pathwaysveaoided before the inhibitor could attain
its complete inhibitory effect. HPGD mRNA expressiwas assessed by qRT-PCR after 24 h.
In addition, to exclude effects by the inhibitor cgll death and apoptosis rate, cell viability of
human CDZ T lymphocytes was assessed by measuring incorporaf propidium iodide
(P1), after incubation with the inhibitor for of 24 Thereby, no toxic effects were observed at
the indicated concentrations (see Figure 73, Appeled No reduction in the IL-2-mediated
upregulation of HPGD was observed upon treatmetit Wie MEK1 inhibitor (Figure 51).
Although incubation with the MEKL1 inhibitor togethwith IL-2 slightly enhanced HPGD
expression in comparison to DMSO-treated contrdlscéhis increase was not statistically
significant. These results therefore suggest tidudtion of HPGD expression ined cells by
IL-2 is independent of MAPK signaling.

O Unstimulated B 1L-2 stimulated Figure 51: Unchanged upregulation of HPGD in T, cells

after MEK1 inhibition .
Human CD4CD25 T cells were purified from peripheral
blood and pre-treated with 50 or 100 pM MEKZ1 intabi

normalization to unstimulated control cells.

= ] (PD98059) or with the respective amount of DMSO r{ttal)
oF for 1 h. Then 20 U/ml IL-2 (IL-2 stimulated) or miadh
cE 3 (Unstimulated) was added. Relative HPGD mRNA exgies
2 § compared to B2M expression, was assessed by qRTZECR
T3 2 after inhibitor treatment. Mean values and standidations
3 ﬁ of three individual experiments are presented, rafte

Control 50pM 100pM

MEK1 Inhibitor

3.7.2 Inhibition of PI3K and NF-kB decreases IL-2 mediated HPGD upregulation

In the experiments described above it was showhM#ePK signaling was not involved in
IL-2-mediated HPGD upregulation. However, upon R-Activation besides activation of
MAPK also signaling molecules such as the Janusskirl and -3 are activated, which lead to
subsequent activation and recruitment of the phatighflinositol 3-kinase (PI13K)2%2%3
Therefore, a potential role of the PI3K pathway wasestigated. Human & cells were
treated with increasing doses of a PI3K inhibiloyZ94002) with or without additional IL-2
stimulation. To avoid effects of IL-2 signaling be¢ the inhibitor could mediate its inhibitory
effect, Teg cells were pre-incubated with the inhibitor foh before additional costimulation
with IL-2 was initiated. HPGD mRNA expression wassessed by qRT-PCR after 24 h of
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inhibitor treatment. Moreover, human CDZ lymphocytes were stained with PI, after
incubation with the inhibitor for 24 h, to test aexclude effects of the inhibitor concerning
cell death and apoptosis rate. No toxic effectsewsyserved at the indicated concentrations
(see Figure 73, Appendix E). In Figure 52, it i®wh that inhibition of PI3K blocks IL-2
mediated HPGD upregulation, as a concentration ®fiK PI3K inhibitor significantly
reduced IL-2-mediated HPGD upregulation. Theselt®sndicate a potential role for the
PI3K signaling pathway in IL-2-mediated upregulataf HPGD.

O Unstimulated M IL-2 stimulated Figure 52: Inhibiton of PI3K decreases IL-2

* mediated upregulation of HPGD in T4 cells
Human CD4CD25 T cells were purified from
peripheral blood and pre-treated with 10 or 20 uM
PI3K inhibitor (LY249002) or with the respective
amount of DMSO (Control) for 1 h. Then 20 U/ml IL-
2 (IL-2 stimulated) or medium (Unstimulated) were
added. Relative HPGD mRNA expression, compared
to B2M expression, was assessed by qRT-PCR 24 h
after inhibitor treatment. Data are shown as mean
1 values and standard deviations of four individual
experiments. Statistical significant differences <p
0.01) are marked with an asterisk.

relative HPGD
expression (MRNA)
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The activation of PI3K upon IL-2R signaling leads groduction of inositol phospholipids
PtdIns (3,4,5)P3 and PtdIns(3,4)P2, which attrddt(also known as Protein Kinase B, PKB)
to the plasma membrane where it is phosphorytdtedkt in turn phosphorylates and thus
activates B kinase (IKK), which is comprised of the catalyiabunits IKKe. and IKK
and the regulatory subunit IKIK(NEMO)**** |KK phosphorylates the inhibitor ofBo
protein (kBa), which leads to ubiquitination okBa, its dissociation from nuclear factoB
(NF-«B, subunits p50 and p65) and eventual degradatidmBu by the proteasome. The
release of NRB allows its translocation to the nucleus wheiiaittalizes transcriptiot?***
As IL-2-mediated upregulation of HPGD ined cells was shown to be dependent of PI3K
signaling, the next question was whether ®B-inhibition would impair the inducing effect
of IL-2 on HPGD expression. To answer this quesiiQg cells were purified from human
peripheral blood and treated with increasing dagdsF-«B inhibitor BAY11-7082 or with
an alternative NReB activation inhibitor. As described aboveeglcells were pre-incubated
with the inhibitors for 1 h before additional cestilation with IL-2 was initiated, to avoid

activation of the IL-2 signaling pathway before timhibitor could mediate its inhibitory
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effect. HPGD mRNA expression was assessed by qRR-&ft@r 24 h. Incubation with 1 pM
of NF«B inhibitor BAY11-7082 did reduce IL-2-mediated epulation of HPGD, although
this effect was not statistically significant. Howee, incubation with 20 uM of the NkB
activation inhibitor did significantly reduce thd.-2 induced upregulation of HPGD
expression. To exclude toxic effects of the inlitgtwith regard to cell death and apoptosis
rate, human CD4 T lymphocytes were incubated with the inhibitor 84 h and the
percentage of dead cells was analyzed by (PI)istaiMhe inhibitors did not show toxic
effects at the indicated concentrations (see Fig8reAppendix E). Taken together, these
results point to a potential role of the PI3K patiyvin IL-2 mediated HPGD upregulation, as
both blockade of PI3K and NiB signaling resulted in a significantly impairedregulation

of HPGD expression after IL-2 administration.
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Figure 53: Inhibition of NF-kB blocks IL-2 mediated upregulation of HPGD in Teq cells

Human CD4CD25' T cells were purified from peripheral blood ané-treated with different concentrations of
one NF«B inhibitor or with the respective amount of DMSQoftrol) for 1 h. Then 20 U/ml IL-2 (IL-2
stimulated) or medium (Unstimulated) was addedafRed HPGD mRNA expression, compared to B2M, was
assessed by gRT-PCR 24 h after inhibitor treatnféntRelative HPGD mRNA expression after treatmenhwit
NF-«B inhibitor BAY11-7082. B) Relative HPGD mRNA expression after treatmenhwit-«B activation
inhibitor. Data represent mean values and standiadations of four individual experiments. Statati
significant differences (p < 0.05) are marked veithasterisk.

3.7.3 JAK3 and STATS signaling are involved in IL-2mediated HPGD upregulation

Besides activation of the PI3K or MAPK pathwaystiation of the IL-2 receptor also
initiates subsequent activation of JAK3 which irrntuactivates STATS. This leads to
dimerisation and nuclear translocation of STATS5 rehieinfluences the expression of various
genes'®. To address how JAK3 and STATS5 signaling contebuto the upregulation of
HPGD after IL-2 stimulation, /&, cells were treated with specific inhibitors of JAKr
STATS5 before stimulation with IL-2 was conductea @xclude toxic effects of the inhibitor,
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regarding cell death and apoptosis, human TD4ymphocytes were stained with PI, after
incubation with the inhibitor for 24 h. Both inhibrs revealed no toxic effects at the indicated
concentrations (see Figure 73, Appendix E). To éadfects of IL-2 signaling before the

inhibitor could mediate its inhibitory effect,c§ cells were pre-incubated with the inhibitor
for 1 h before additional costimulation with IL-Zag/initiated. HPGD mRNA expression was

assessed by gRT-PCR after 24 h of inhibitor treatme

In Figure 54, it is shown that the stimulating etée of IL-2 on HPGD expression were
significantly reduced by inhibition of JAK3 usindpe selective JAK3 inhibitor Janex-1.
HPGD was not upregulated upon IL-2 stimulation wivells were incubated with 100 or
150 uM JAKS3 inhibitor.

Figure 54: Inhibition of JAK3 decreases IL-2 mediaed
upregulation of HPGD in T, cells

Human CD4CD25 T cells were purified from peripheral
blood and pre-treated with 100 or 150 uM JAKS3 iitioib
Janex-1 or with the respective amount of DMSO (@unfor
1h. Then IL-2 (20U/ml) (IL-2 stimulated) or mediu
(Unstimulated) was added. Relative HPGD mRNA exgioes
compared to B2M expression, was assessed by qRTZCR
14 after inhibitor treatment. Data are shown as meglnes and
standard deviations of four individual experimergsatistical
significant differences (p < 0.01) are marked veithasterisk.
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As JAKS signaling was shown to be involved in Ilxzdiated HPGD upregulation, we next
asked whether inhibition of STAT5 might impair ILh2duced upregulation of HPGD
expression in [y cells. To answer this questioregcells were treated with increasing doses
of a STAT5-specific inhibitor. g cells were pre-incubated with the inhibitors foln before
additional costimulation with IL-2 was initiatedp &avoid activation of the IL-2 signaling
pathway until the inhibitor could mediate its inidsy effect. HPGD mRNA expression was
assessed by gRT-PCR after 24 h.

Similar effects as for experiments with JAK3 inldsi were obtained wheng] cells were
treated with the STAT5S inhibitor. The STATS inhitit blocked IL-2-mediated HPGD
upregulation, as cells treated with 300 uM STAThihitor significantly reduced IL-2-
mediated induction of HPGD (Figure 55), while lowencentrations of the inhibitor even

resulted in a minor increase of HPGD expression.
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These results confirm that JAK3/STATS signalingygla role in IL-2 induced upregulation
of HPGD expression in g cells. Taken together the experiments addressiegthree
different signaling pathways for IL-2 signaling ¢dshow that the induction of HPGD ined
cells is dependent upon PISK/NiB- and JAK3/STATS signaling but MAPK signaling istno

involved.

77 Figure 55: STAT5 inhibition decreases IL-2
mediated upregulation of HPGD in T4 cells
Human CDA4CD25 T cells were purified from
5+ peripheral blood and pre-treated with 100, 200 or
300 pM JAKS inhibitor or with the respective amount
of DMSO (Control) for 1 h. Then 20 U/ml IL-2 (IL-2
34 stimulated) or medium (Unstimulated) was added.
Relative HPGD mRNA expression was assessed by
2 gRT-PCR 24 h after inhibitor treatment. Mean and
14 standard deviations of four individual experimeats
presented. Statistical significant differences (p.85)
Control _100pM__ 200uM _ 300uM are marked with an asterisk.

Stat5 Inhibitor

relative HPGD
expression (MRNA)

O Unstimulated m IL-2 stimulated

3.8 IL-10 and PGE, can augment the IL-2 dependent upregulation of HPG

It could be demonstrated that IL-2 stimulation endes HPGD expression. Besides that, also
IL-10 stimulation did modulate HPGD expression,HBGD expression was significantly
higher after 24 h in IL-10 stimulated.d cells compared to unstimulated cells. In contrast,
stimulation with PGEor TGFf did not influence HPGD expression ipglcells, suggesting
that HPGD expression ingf cells is independent of PGEnd TGFp signaling. In the
following it was investigated whether the upreglatof HPGD expression in.d; cells after
IL-2 treatment would be influenced by costimulatwith IL-10, PGE or TGF{$ over time.
Human Teq cells were therefore stimulated with IL-2 and ibated with the respective
molecules. After 24 h, 48 h and 72 h HPGD mRNA esgpion was measured by gRT-PCR.
Additional stimulation with PGfor IL-10 further enhanced HPGD expression in caispa

to Treq cells treated with IL-2 alone, as shown in Figbée In contrast, co-stimulation with
TGF{ decreased HPGD expression.

These rather unexpected results suggest that Iarkd PGE in combination with IL-2
costimulation have positive synergistic effectdHiiGD mRNA expression in,d cells, as no

or only slight effects were observed when cellsstimaulated with IL-10 or PGEalone. On
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the contrary, TGH revealed a negative effect on IL-2 mediated udedgun of HPGD
MRNA expression in & cells, despite that no effect was observed whdis aeere
stimulated with TGH3 alone. These data indicate that TG partially blocks IL-2R signaling
and thus attenuates the inducing effects of IL-2 WAGD expression in dy cells.
Furthermore, these results indicate that TGKignaling might interfere with HPGD
upregulation during the induction of andgcell phenotype and represent a reason for a low
HPGD expression in {dycells compared to nd; cells.
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Figure 56: Stimulation with PGE, or IL-10 further enhances IL-2 mediated HPGD upregilation

Human CD4CD25 T cells were purified from peripheral blood andubated with 20 U/ml IL-2 alone or in
combination with A) 30 ng/ml TGFB, (B) 1 uM PGE2 orC) 50 ng/ml IL-10 for 24 h, 48 h and 72 h. Relative
HPGD mRNA expression, compared to B2M expressiasg assessed by qRT-PCR. Mean values and standard
deviations of one representative experiment ofetlane presented, after normalization tg ells Oh. Statistical
significant differences (p < 0.05) between IL-2rsilated cells and cells treated with IL-2 in conation with
TGF, PGE2 or IL-10 are marked with an asterisk.

3.9 Murine regulatory T cells show no upregulatiorof HPGD

3.9.1 HPGD is expressed at similar levels in mou3g,,, and T4 cells from C57BL/6 or BALB/c
mice

3.9.1.1 Low HPGD expression in.f, cells from C57BL/6 mice compared tQ.f, cells

After characterizing expression of HPGD in humag, Tells, we wanted to determine its
expression in murine 4y cells, to see if the observations made in the mueauld be
transferred to the murine system. Therefore, mufiggand Tonv Cells were isolated from
spleens of C57BL/6 mice and relative HPGD mRNA esgpion was assessed by qRT-PCR
analysis. Remarkably, muringeJshowed a lower HPGD expression compared.tq, Tells

(Figure 57). This stands in sharp contrast to peviobservations made in the human system,
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as human kg4 cells showed a significantly higher HPGD mRNA ardtein expression than
Teonv Cells. This result therefore suggests that HPGpression in human g cells differs

from that in murine cells.

10~ n.s Figure 57: HPGD expression in murine T, from C57BL/6
- mice is lower compared to T, cells.
a <z( 0.8 1 Murine Teq (White column) and &, (grey column) cells were
Q ﬂé isolated from spleens of C57BL/6 mice. Relative HIPARNA
= 0.6 1 expression, compared to B2M expression, was asbbysgRT-
2 = 0.4 - PCR. Samples were normalized tq.. cells (0 h). Data
% o represent mean values and standard deviations af fo
= g 0.2 independent experiments. n.s. — not significant.
0 .
Tconv Treg

3.9.1.2 Comparable HPGD expression levels g, &nd Tencells from BALB/c mice

Next, expression levels of HPGD were investigatednurine T cells from BALB/c mice to
exclude that low HPGD expression ineglcells was due to the genetic background of
C57BL/6 mice. Therefore, dy and Tony Cells were isolated from spleens of BALB/c mice
and relative HPGD mRNA expression was assessedRIyRLCR analysis. HPGD mRNA
expression was slightly higher ineJ cells compared to n cells, as shown in Figure 58.
Although this result differs from the observatiansade in T cells from C57BL/6 mice, the
differences in HPGD expression betweeg, @&nd Tonv cells from BALB/c mice were not
statistically significant, but expression levelsreveéather comparable. These results further

support a differential expression of HPGD in muriig cells compared to humanedcells.

20 - ns. Figure 58: Comparable HPGD expression levels in

. T murine T g and Teony Cells from BALB/c mice
= < 161 Murine Tieq (White column) and &n, (grey column)
g Dé cells were obtained from spleen of BALB/c mice and
T 12 relative HPGD mRNA expression, compared to B2M
28 0.8 1 expression, was assessed by gRT-PCR. Samples were
88 normalized to J,,, cells (0 h). Data represent mean
e é 0.4 - values and standard deviations of three independent

o experiments. n.s. — not significant.

0
Tconv Treg
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3.9.2 Interleukin-2 does not increase HPGD expressi in murine T4 cells

3.9.2.1 HPGD expression is not induced upon IL-28rgling in T4 cells from C57BL/6 mice

In the previous experiments, it could be demonrstrabat IL-2 receptor signaling alone was
sufficient to upregulate HPGD expression in humag, €ells. Therefore, it was tested
whether the same could be observed in muriggcélls. For this purpose. and Teony Cells
were purified from spleens of C57BL/6 mice and sellere either left untreated or were
stimulated with IL-2. After 24 h cells were hanesgtand HPGD mRNA expression was
assessed by qRT-PCR. In Figure 59, it is depidtatIt-2R signaling did not induce HPGD
expression in murine &y cells. IL-2 stimulated [y cells showed only a slight but not
significant increase in HPGD expression, comparedréshly isolated and untreategegl
cells. As expected, IL-2 stimulation did also nptegulate HPGD expression inqly cells.
These results show that IL-2R signaling is insigfit to enhance HPGD expression in
murine T cells and further support that expressiod regulation of HPGD in murineee§

cells differ from the human system.
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Figure 59: IL-2R signaling does not enhance HPGD gxession in murine T4 from C57BL/6 mice.

Murine T4 (White columns) and ., (grey columns) cells were isolated from spleen€%7BL/6 mice. Cells
were either left untreated or stimulated with 20nUAL-2 for 24 h. Relative HPGD mRNA expression,
compared to B2M expression, was assessed by qRT-B&mRples were normalized tQ,J, cells (0 h). Data
represent mean values and standard deviationsiofrfdependent experiments.

3.9.2.2 IL-2R signaling does not enhance HPGD exgg®n in T4 cells from BALB/c mice

In contrast to the observations made for humagcElls, IL-2 stimulation is insufficient to

induce HPGD expression in muringeglcells. Next, HPGD expression levels of murine T
cells from BALB/c mice were investigated after ILuZ2atment to exclude that low HPGD
expression and unresponsiveness to IL-2 stimulatiere due to the genetic background of

C57BL/6 mice. Therefore, dy and Tony Cells were isolated from spleens of BALB/c mice
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and cells were either left untreated or were statad with IL-2 for 24 h. HPGD expression
was not upregulated upon IL-2 treatment neitheilig nor Teony Cells (Figure 60). These
results show that the regulation of HPGD expressianurine Teq cells is independent of IL-
2 and that the IL-2-mediated upregulation of HP@bBserved in human,d cells, cannot be

confirmed in the murine system.
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Figure 60: HPGD expression is not enhanced in muri T,y from BALB/c mice upon IL-2 stimulation.
Murine T (White columns) and i, (grey columns) cells were isolated from spleeBALB/c mice. Cells
were either left untreated or stimulated with 20nUAL-2 for 24 h. Relative HPGD mRNA expression,
compared to B2M expression, was assessed by qRT-B&mRples were normalized tQ,J, cells (0 h). Data
represent mean values and standard deviationsesf thdependent experiments.

3.10 Transcriptional regulation of HPGD expression

Regulatory CDACD25" T cells express the transcription factor FOXP3kfiead box P3), a
member of the forkhead/winged helix family of tramgtion factors. FOXP3 not only is a
specific marker for &g cells, but FOXP3 plays an important role as mastgulator in the
expression of various importantefcell associated genes and is crucial for the dgveéent
and functional phenotype ofe cells >’ Moreover, FOXP3 is sufficient to induce agl
phenotype in conventional C@D25 T cells **®. FOXP3 modulates the expression of
various target genes ineg cells, as it can repress as well as induce gepeession”**>*
For this purpose FOXP3 can bind to the promoter emigancer regions of the respective

7

genes®*’ either alone but it can also form a DNA-bindingmplex together with other

transcription factors, for example NFAT (Nuclearcta of Activated T cells)®*®
AML/Runx1 (Runt-related transcription factor 4 or NF«B (Nuclear FactokB) ?*°. In a
complex with NFAT, FOXP3 negatively regulates t@ansion of IL-2, but positively
regulates other genes, suchGiz?5 andCTLA4 %%, Furthermore, FOXP3 can influence gene

expression through epigenetic mechanisms, suchhasmatin remodeling and histone
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deacetylatioff*? In the following section the influence of FOXP8 the expression of
HPGD in human %4 cells was investigated and whether FOXP3 can tartle HPGD locus

to modulate gene expression.

3.10.1 Silencing of FOXP3 in human (E cells enhances HPGD expression

As HPGD expression was shown to be specificallyaaohd in human Jy cells compared to
Teonw it was of interest to determine whether HPGD target gene of FOXP3. To answer the
guestion whether HPGD expression is under the cbmtr FOXP3, it was investigated
whether HPGD expression in humapgTcells would be changed after silencing of FOXP3
expression. Therefore, humaneglcells were isolated from peripheral blood and RN
mediated knockdown of FOXP3 in.g cells was performed. Relative HPGD mRNA
expression was assessed by gRT-PCR 48 h after@Qé* 8 knockdown. The efficiency of
the FOXP3 knockdown was assessed by analysis ofFBOKXRNA expression in gRT-PCR
analysis and protein expression in flow cytometrgl a reduction of FOXP3 expression could
be observed 24 h after knockdown (see AppendidrF)igure 61, it is shown that HPGD
expression is significantly enhanced irgkells after silencing of FOXP3 in comparison to
Treg Cells treated with control siRNA. This result steothat FOXP3 partially blocks HPGD
transcription, either by directly or indirectly tdgting HPGD expression.

41 * Figure 61: HPGD expression is augmented after sileing

of FOXP3 in T4 cells.

Human CDACD25 T4 cells were isolated from peripheral
blood and electroporated with 10 pug control SIRNAQ@XP3
siRNA. After 24 h relative HPGD mRNA expression was
assessed by gRT-PCR, compared to B2M expressiom Da
were normalized to control SiRNA transfectegd, Tells. Mean
values and standard deviations of at least thrdep@ndent
control FOXP3 experiments are shown. Statistical significantedéhces (p <
siRNA  siRNA 0.05) are marked with an asterisk.

relative HPGD
expression (MRNA)
N

3.10.2 FOXP3 can bind to the HPGD promoter

FOXP3 can influence gene expression either by tineeraction with the DNA alone or in a

complex with other transcriptional factgfé2*’

or by indirect mechanisms, such as chromatin
remodeling and histone deacetylafirif>® Previous experiments had shown that HPGD

expression increases indcells, after silencing of FOXP3, indicating regida of HPGD by
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FOXP3. Therefore, it was tested whether FOXP3 dad to the HPGD locus and HPGD

represents a direct target gene of FOXP3.

To answer the question whether FOXP3 can bind ¢oHRGD locus, the sequence of the
HPGD locus was screened for binding sites of FOXR#g bioinformaticin silico
approaches and several potential FOXP3 bindings sitere predicted upstream of the
transcription start site (TSS) as well as in theageic locus of HPGD. Five of the predicted
binding sites are depicted in an overview of theGBPlocus in Figure 62. In addition, the
location of HPGD on chromosome 4, the exon striecadrHPGD, a CpG island identified at
the HPGD locus, as well as promoter- and enhargsesated histone modifications are
displayed. The promoter of HPGD was identified bg presence of the CpG island and the
promoter specific histone modification H3K4Me3 rftathylation of lysine 4 on histone
H3)?>3 which was assessed in 9 different cell lines,efcmmple the lymphoblastoid cell line
Gm12878, human mammary epithelial cells (HMEC) oornmal human epidermal
keratinocytes. An enhancer area was identified hg tnhancer-associated histone
modification H3K3Mel (Monomethylation of lysine 3 duistone H33 which was also
assessed in different cell lines. The above meatiatata were obtained from the UCSC web
site. FOXP3 binding to the HPGD locus was assebgepromoter arrays (Prof. Simon C.
Barry, unpublished data) and notably four of thedmted FOXP3 binding sites could be
verified by FOXP3 ChiP tiling arrays (Figure 62)homan expanded.é] cells, see therefore
also Sadlon et al. 206"
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Figure 62: FOXP3 binding sites within the HPGD locs.

The location of the human HPGD gene on chromosoif@&h#4 g34.1) is illustrated at the top of the figuThe
HPGD gene with exon 1 to 7 was obtained from thevéimity of California Santa Cruz (UCSC) genome
assembly web site (http://genome.ucsc.edu), hgiflialized are the predicted FOXP3 binding sitesdS$5
(red bars), the CpG island (green bar), FOXP3 bipdites in the locus of HPGD were obtained froomputer
tiling arrays (orange bar) and from FOXP3 Chimhglarrays (blue bars B1 to B4) in expandeg dells, which
confirmed four of the predicted FOXP3 binding sitEsirthermore, histone modifications that are pramo
associated (H3K4Me3) or enhancer-associated (H3K3Massessed in different cell lines (for example
Gm12878, HMEC or NHEK cells), are shown. These dagee obtained from the UCSC web site.

One of the FOXP3 binding sites was predicted -15kbf the transcription start site in the
potential enhancer area. This respective FOXP3ifgnsite was selected to exemplify that
FOXP3 can bind to the HPGD locus, using an elebwogtic mobility shift assay (EMSA).
FOXP3 protein bound to the selected FOXP3 bindingfftHPGD) as depicted in Figure 63,
illustrated by the shift in fluorescence intensitylane 2. To test if the binding is specific a
mutated HPGD (mut-HPGD) oligonucleotide was usedlrambinding of this oligonucleotide
to FOXP3 could be detected (lane 6). Furthermdre,signal intensity was reduced in the
presence of an oligonucleotide with a known FOXP8ling motif (FKH), which was used as
a competitor (lane 3). In the presence of the mRGB oligonucleotide, however, signal
intensity was not reduced (lane 4). As further manto proof specific FOXP3 binding, an
histidin-specific antibody was included in the binglreaction of HPGD oligonucleotide and
FOXP3 protein (Figure 76, lane 2 Appendix H). Birgliof the histidin antibody to the His-
tag within the recombinant FOXP3 protein, resuli@d a second, supershifted band, which
indicated specific binding of FOXP3 to the HPGDgohucleotide. Taken together the results
show that the binding of FOXP3 to the HPGD oligdeatide was specific. Moreover, this
analysis shows that FOXP3 can bind to the HPGD doand thus might influence the
expression of HPGD.
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HPGD
mut.-HPGD
FKH

Protein

Figure 63: Specific binding of FOXP3 to the HPGD gee.

An EMSA was performed with recombinant FOXP3 pnotéProtein) and the following oligonucleotides:
(HPGD): a dimer of the HPGD gene with a FOXP3 higdmotif, labeled with the infrared dye DY-681
(shown in red, lanes 1-3 & 4). (mut.-HPGD): a dinoérthe HPGD gene with the mutated FOXP3 binding
motif, labeled with infrared dye DY-781 (shown iregn, lanes 4 & 6). (FKH): a dimer of the forkhda¢H
binding motif in the GM-CSF enhancer, labeled witik infrared dye DY-781 (shown in green, lanes 3)&
One representative experiment out of three is shown

3.11 HPGD plays no role for the expression of FOXP8r the suppressive function
of human T cells

3.11.1 FOXP3 expression in [ cells is not influenced by silencing of HPGD

The role of HPGD for the /&y cell function was examined in the following senticas
significantly higher HPGD expression was found uman Teg cells compared to cgn Th
cell subsets and jdy cells, which indicated a specific function in thigg cell. Although
FOXP3 was shown to partially block HPGD expressioi e cells and FOXP3 binding to
the HPGD locus was demonstrated, we examined thsilplity that HPGD could regulate
the expression of FOXP3. To answer this questi@XF3 expression levels in humagegl
cells were examined after silencing of HPGD. Thar@fhuman &g cells were isolated from
peripheral blood and siRNA-mediated knockdown ofGHPIn T.q cells was performed.
Relative FOXP3 mMRNA expression was assessed by REBER- and FOXP3 protein
expression was examined by flow cytometric analgsigtracellular FOXP3 staining, 24 h
after the knockdown of HPGD. The efficiency of tH®PGD knockdown was assessed by
analysis of HPGD mRNA expression and a signifiaqaaduction of HPGD expression could

be observed 24 h after knockdown (Figure 64).
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127 * Figure 64: Efficiency of the HPGD knockdown in
aS 104 human T cells.
gﬂé 0.8 - Human CDA4CD25 T cells were purified from
EET i peripheral blood and treated with control siRNA or
28 ™ HPGD siRNA. Knockdown efficiency was assessed
% 8 041 by gRT-PCR in comparison to B2M expression 24 h
=g 0.2- after knockdown. Mean values and standard
@ deviations of seven individual experiments are
control  HPGD presented. Data were normalized tgq Tells treated

siRNA  siRNA with control siRNA. Statistical significant diffemees

are marked with an asterisk (* p < 0.05).

Silencing of HPGD did not significantly influenc®KP3 expression on mRNA and protein
level, as Teg cells displayed comparable FOXP3 expression lewdter the HPGD
knockdown compared tocf; cells treated with control siRNA, shown in Fig®:

These results suggest that HPGD has no influen¢ea¢P3 expression in humandcells.
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Figure 65: Relative FOXP3 mRNA and protein expressin after HPGD knockdown in human Teq cells.
Human CD4CD25" T cells were purified from peripheral blood andatied with control siRNA or HPGD
siRNA. (A) Relative FOXP3 mRNA expression, compared to BX@ression, was assessed by gqRT-PCR 24 h
after knockdown.E) Relative FOXP3 protein expression was assesséuttagellular FOXP3 flow cytometric
staining 24 h after HPGD knockdown. Data are shawmmean and standard deviations of seven individual
experiments.

3.11.2 Silencing of HPGD does not influence the spiessive function of T4 cells

One characteristic of regulatory T cells is theipressive functiom vitro andin vivo 878
Thus, a possible role of HPGD ford cells might be that HPGD expression is critical fo
their suppressive function. To answer the questidrether HPGD is crucial for the
suppressive function of & cells, the suppressive activity was examined adiancing
HPGD by siRNA-mediated knockdown inedcells. The suppressive activity ogJcells was
examined in a suppression assay, which representstlaod to determine their functional

status. In brief, human. cells were purified from peripheral blood, treatedh HPGD
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siRNA or control siRNA, respectively, and 24 h aftee knockdown these] cells were
further used for a suppression assay. Therefor8Edkbeled T, cells were stimulated with
anti-CD3/CD28/MHC-I-coated beads (3 beads per ) aeld siRNA-treated (&4 cells were
titrated to the Tony cells in different ratios. Proliferation of.gf, cells was assessed by flow
cytometry after 72 h. Silencing of HPGD ineglcells did not influence their suppressive
capacity, as kg cells displayed a similar suppressive capacitgrafteatment with control
siRNA as well as HPGD siRNA (Figure 66). This réswmldicates that HPGD plays no

important role for the suppressive function @fyEells at leasin vitro.

O— Control siRNA —@— HPGD siRNA Figure 66: Knockdown of HPGD in human T, cells does not

influence their suppressive capacity.
120 7 Human CD4CD25" T cells were purified from peripheral blood
and a siRNA-mediated HPGD or control knockdown was

= 100 performed. Suppressive function of humag, Was assessed 24 h
< goA after knockdown in a suppression assay. ThereRRNA-treated

kS Treg Cells were titrated in different ratios to CFSIBdéed Ton, cells,

® 604 which were stimulated with anti-CD3/CD28/MHC-I cedtbeads (3
£ 10 beads: 1 T cell). Proliferation of.h, cells was assessed after 72 h
ne_ by flow cytometry. Data are presented after normaidon to Tony

20 - cells, which were incubated with beads but withdyg cells. Data
are shown as mean values and standard deviatioatsleést three
individual experiments.
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3.11.3 Chemical inhibition of HPGD has no significat effect on HPGD mRNA expression in T4
cells

The role of HPGD for the regulatory phenotype @f; €ells was further investigated when
HPGD was chemically inhibited. Chemical inhibitioh HPGD was tested as an alternative
approach to the siRNA mediated knockdown of HPGBer&fore, the inhibitor CK47A (5-
[[4-(ethoxycyrbonyl)phenyl]azo]-2-hydroxy-benzeneac acid; CAY10397) was used.
CK47A is a potent, selective inhibitor of HPGD win 1G;, of approximately 10 uM. The
inhibitor was pretested on CDZ cells to define an optimal concentration, whieBults in
no unspecific side effects. 20 uM was found to [siigable concentration that did not have
toxic effects on CD4T cells, as shown in Figure 67, and was used psoppate working

concentrations for the following experiments.
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120 1 Figure 67: An HPGD inhibitor concentration of
9 100 A 20 uM represents a suitable working
S 804 concentration.
5 Human CD4 T cells were purified from peripheral
S 607 blood and treated with different HPGD inhibitor
S 401 concentrations for 24h or DMSO (control).
> 204 Consequently cell viability was measured by
propidium iodide incorporation in flow cytometry.
Control  2uM  20pM  100pM 500uM Data are shown as mean values and standard

deviations of three individual experiments after

HPGD Inhibitor concentration X .
normalization to DMSO treated control cells.

Next, it was examined whether chemical inhibitionHPGD in human &g cells would
influence HPGD expression. The inhibition of HPGIA dot significantly change HPGD
MRNA expression in g cells, compared to DMSO treated control cells (Fég68). HPGD
MRNA expression showed a slight positive tenderitar &lPGD inhibitor treatment, which
might indicate that HPGD expression is regulatesl avifeedback loop in humanegcells.

However, further experiments would be necessaagdtiyess this in more detail.

207 Figure 68: HPGD expression is enhanced upon
O% 16 '|' chemical inhibition of HPGD in human T4 cells.
gﬂé Human CDA4CD25 T cells were purified from
EET 1.2 peripheral blood and treated with 20 uM HPGD
22 08 - inhibitor CK47A (20 uM inhibitor) or with the
%@ respective amount of DMSO (Control) for 24 h.
=g 044 Relative HPGD mRNA expression, compared to B2M
@ expression, was assessed by gRT-PCR. Data are
control  20uM normalized to DMSO treated f cells. Standard
Inhibitor deviations and mean values of three individual

experiments are shown.

3.11.3.1 FOXP3 expression ingf cells is not influenced by chemical inhibition {PGD

The previous results had demonstrated that FOXRB8esgion was not influenced by
silencing of HPGD. As an alternative approach t® $iRNA mediated knockdown, HPGD
was chemically inhibited to determine a potenti#luence on FOXP3 expression ifegl
cells. Human kg4 cells were isolated from peripheral blood and bated with 20 uM HPGD
inhibitor or the respective amount of DMSO for 24Relative FOXP3 mRNA expression
was assessed by qRT-PCR and FOXP3 protein expnessi® examined by flow cytometric
analysis of intracellular FOXP3 staining, after wheal inhibition of HPGD. In Figure 69 it is
shown that FOXP3 mRNA and protein expression wemehanged in [y cells after
inhibition of HPGD.
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This result indicates that HPGD has no influenc&@XP3 expression in humansgcells.
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Figure 69: FOXP3 expression is not influenced by @mical inhibition of HPGD in T ¢4 cells.

Human CD4CD25" T cells were purified from peripheral blood anedatied with 20 uM HPGD inhibitor
CK47A (20 pM inhibitor) or with the respective anmiuwof DMSO (Control). A) Relative FOXP3 mRNA
expression, compared to B2M expression, was asbdssegRT-PCR 24 h after inhibitor treatmenB) (
Relative FOXP3 protein expression was assessedttacellular FOXP3 staining 24 h after inhibitogdatment.
Data are normalized to control cells and are shassmean values and standard deviations of threeidndl
experiments.

3.11.3.2 No change in suppressive function gfs&fter chemical inhibition of HPGD

Although the former results had shown that sileg@hHPGD in Teg cells does not influence
their suppressive function, the suppressive agtioit T cells was also examined after
chemical inhibition of HPGD, to answer the questighether the enzymatic function of
HPGD is crucial for the suppressive activity ofegTcells. Chemical inhibition should
guarantee the complete blockade of the enzymatictifon of HPGD. In brief, humancf
cells were isolated from peripheral blood and #dawith 20 uM HPGD inhibitor CK47A
(20 uM inhibitor) or with the respective amount@¥SO (control) for 24 h. Following this
treatment the suppressive activity of thegg dells was examined in a suppression assay, in
which these &g cells were titrated in different ratios to CFSBdéed Ton cells, stimulated
with anti-CD3/CD28/MHC-I coated beads (3 beadsJpeell). The proliferation of &, cells
was assessed after 72 h by flow cytometry. In Egir, it is shown that chemical inhibition
of HPGD in Teg cells did only slightly enhance their suppressiegvity compared to DMSO
treated control [k cells. These results therefore indicate that thppessive capacity ofiefy
cells is not dependent of the enzymatic activitH®fGD. This result is further supported by
the observations of the previous siRNA-mediateensing of HPGD in &g cells, which did
not significantly affect their suppressive activity
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—O— Control  —@— 20pM Inhibitor Figure 70: Chemical inhibition of HPGD in human

Ty cells does not significantly change their

120 1 suppressive capacity.
Human CDA4CD25 T cells were purified from
100 peripheral blood and were treated with 20 uM HPGD
3 inhibitor CK47A (20 uM inhibitor) or with the
= 801 respective amount of DMSO (Control) for 24 h.
o Subsequently the suppressive activity ofyTwas
g 60 1 assessed in a suppression assay. Data were analyzed
= and processed as described in Figure 66. The
o 401
& pregented data are mean val_ues and standard
20 - deviations of three individual experiments.
O T T T T T
01 1:5 1:3 1.2 11
Treg - Tconv

Taken together, the experiments addressing theofd#PGD for the T4 cell illustrate that
HPGD and its enzymatic activity seem to be neitteessary for the FOXP3 expression in
Treg Cells nor for their suppressive function at leastitro. However, the enzymatic activity
of HPGD may still mediate other important functiomishin the cell or might be required for

the suppressive activity ofiefy cellsin vivo and could not yet be elucidated with the present
experiments.
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4 Discussion

4.1 Specific expression of HPGD in human regulatory cells

The characteristics and functions of CB®25" regulatory T cells have been extensively
studied — yet further investigation is requirecttompletely determine howcf cells mediate
their suppressive activity especiaityvivo and which molecules are actually involved. Up to
now various molecules have been identified to lieial for the function and development of
Teg cells and to serve as marker molecuféd Among these is the lineage specific
transcription factor FOXP3 that influences as aterasegulator the transcription of many
target genes in humans and mf¢&2*® However, there are still unknown genes that are

required for a complete phenotype @fyCells with full regulatory function.

In order to identify novel target molecules invalven the development and function of
human regulatory T cells, global gene expressiafilprg was carried out. Therefore,ed
and Tonv cells from healthy individuals as well as patiergsffering from chronic
lymphocytic leukemia (CLL), under resting as wedl eells under activating or inhibiting
conditions, were integrated. This approach shouddighate novel genes specifically
expressed in &, cells in comparison togn cells. In contrast to previous approaches from
other groups?2% the use of o cells, kept under a wide variety of different citioahs,
should exclude genes that are unspecifically regdlan Teony and Teg cells. In this context
HPGD was identified as a gene that was highly esgae in Jgq cells in comparison tocdny
cells. HPGD represents a key enzyme in the mewhaodif prostaglandins and is one of the
major PGE-metabolizing enzyme®3%” Remarkably, the expression pattern of HPGD was
similar to that of the transcription factor FOXR@th a high expression specifically ined
cells and a low expression iRy cells (Figure 5). This stands in contrast to otinetecules
such as CTLA4 and CD127, which are commonly usedeszribe and distinguished from
Teonv Cells. In fact, CTLA4 and CD127 displayed evenhhexpression levels fordn, cells
and did not reveal the samegdl or Teonrrestricted expression pattern, as it was the fase
HPGD (Figure 6). Moreover, these molecules arestiittly TegsSpecifically expressed, as
CTLA4 is transiently upregulated on CD4and CD8 T cells, 2-3 days following
activatior?®?*®> and CD127 was recently shown to be downregularedCB4 T cells in
general upon activati6hi*® For these reasons CTLA4 and CD127 are insuffidiertheir

qualities as Egspecific marker molecules.
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Consistent with the gene expression data relatR&Bl mRNA expression was shown to be
significantly higher expressed in humapgkells than in humancJ,, cells (Figure 7). The
differential expression of HPGD in.j cells compared to g, cells was also validated on
protein level by Western blot analysis (Figure 3®)th these results it was demonstrated that
Treg Cells express the enzyme HPGD, which might mainggiecific functions within thed

cell.

Since no monoclonal antibody for detection of HP@Dtein was commercially available at
the time the thesis was conducted, a monoclonabaht specific for human HPGD was
generated in cooperation with Ravi Hingorani andé&tb Balderas, both Becton Dickinson
Biosciences. Within this context several antiboliynes were tested, concerning their binding
specificity and staining performance in flow cytdnge Western blot analysis and
immunofluorescence staining. For all three methbest results were achieved with HPGD
antibody clone 3 that demonstrated specific anttiefit staining of cells transfected with
HPGD or a HPGD-GFP fusion protein. However, the BP@&htibody appeared to be not
suitable for flow cytometric and immunofluorescestainings of primary cells, becausgyT
and T.ony cells did not appear to be differentially stairmdthe antibody and HPGD staining
was either absent or equally distributed in allscéDne reason we might not have detected
staining of HPGD in primary cells, could be thaé thrimary cells do not express HPGD
protein. This hypothesis, however, stands in cehti@ the results of Western blot analysis,
which detected HPGD protein ined cell lysates (Figure 32). Furthermore, enzymatiovay

of HPGD was demonstrated ined cells during this study which also nicely reflettde
differences between. and Tonyv Cells, concerning their relative HPGD mRNA express
(Figure 50). High enzymatic activity in.ef cells was accompanied by high HPGD mRNA
expression and vice versa iRyl cells. Another reason for the absence of HPGDisigi
might be low affinity of the HPGD antibody. This wld be supported by the fact that only
highly transfected HEK293 cells, overexpressing IBRgotein, were sufficiently stained. In
addition, high protein amounts ofed cell lysates had to be subjected to Western hipin
order to efficiently detect HPGD on Western Blotlthdugh, HPGD expression in
untransfected HEK293 cells could be detected by-§RR data (Figure 16) and in addition
these cells were slightly stained in flow cytometngh high HPGD antibody concentrations
(dilution 1:100, Figures 13-15), this staining cahbe considered as evidence for endogenous
staining of HPGD in these cells. One argument agdims is the 100.000 fold higher HPGD
MRNA expression in HPGD-GFP transfected cells coegpdo untransfected cells. It is

rather unlikely that these differences might be @lsserved on protein level. Even more so as
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highly HPGD-GFP transfected cells, visualized by PGBignal intensity, were only
appropriately stained with the HPGD antibody. Amostargument is that HPGD was likewise
undetectable in untransfected HEK293 cells on Westlot. These results, therefore,
indicate that the observed slight background stginbbserved in flow cytometry, was rather
caused by unspecific staining due to an oversadrantibody solution and support the
hypothesis of a low affinity of the HPGD antibodgimilarly, the results obtained from
immunofluorescence support a low affinity of the &P antibody, as FOXP3 positive CD4
T cells showed no differential HPGD staining congobto FOXP3 negative CDA cells. A
third reason for the unsatisfying HPGD stainingutissof primary cells in flow cytometry and
immunofluorescence might be the differential treztitrof the cells. For Western blot analysis
the protein is treated with SDS, which leads t@uersible denaturation of the protein
structure. This may alter the structure and avditgtof the epitope and thus its ability to
interact with the HPGD antibody, consequently clmgghe staining result. On the contrary,
in flow cytometry and immunofluorescence the thd@eensional protein structure is
conserved by the treatment for instance with fodalayde. Potential epitopes might thereby
be covered or less accessible, which impairs tterdation with the HPGD antibody and in
turn the staining result. Supporting this hypotbhesithe fact that HPGD protein expression in
Treg Cells was only detected by Western blotting. Theopes might have become better
accessible for the HPGD antibody on Western Blesuiting in an improved detection. In
conclusion, the analysis frame of the HPGD progxpression was very limited due to a low
affinity of the HPGD antibody. The antibody was dise Western blot analysis for the
detection of HPGD in primary cells. For flow cytome or immunofluorescence staining,
however, it was uneligible, because only HPGD-oxeressing cells were appropriately

stained.

Although HPGD expression was shown to be highdrdgcells on mRNA as well as protein
level than in Tony cells, we wanted to determine whether HPGD expyessas specific for
Treg Cells or could be also found in other CDR cell subsets, with regard to their activation
state and differentiation stage. Therefore HPGD mMRdXpression was assessed Wenfory
and Thaive Cells, which were distinguished during this stiogytheir differential expression of
the leukocyte specific transmembrane glycoprotddd®& The isoform CD45RA allows the
discrimination of naive from activated or memoryc@lls ?*° asthe isoform CD45RA is
expressed on human naive T lymphocytes. Upon eteowh their cognate antigenyale
cells acquire an activated phenotype. They uprégudativation markers such as CD25,
CD44, and CD69 but down-regulate CD62L and CD45®X® These activated, ‘antigen-
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experienced’ T cells can further differentiate irgomemory T celP'®?*® which is also
CD45RA and expresses the shortest CD45 isoform CD45R&* First examinations had
revealed a higher HPGD expression level igmbry cells than in Tave cells, indicating that
HPGD expression might be upregulated during Tasivation and differentiation. However,
when the assumption was tested whether HPGD expregsuld be upregulated during T
cell activation or differentiation, enhanced HPGIpression was neither detected in activated
T cells (T40 cells, Figure 34) nor in the different T helpetl subsets, {1, T42, T49 as well
as Ty17 cells (Figure 34). Instead, HPGD expressionlsedid not increase but remained
constantly lower compared toed cells. This result indicated a.§ cell specific HPGD
expression, which seems to be fixated already duearly thymic differentiation and
establishment of the & cell phenotype. The polarization of thegel cells seemed to be
already so strong and established that even thereutonditions that induce an.dJ cell

phenotype were not sufficient to induce HPGD exgigesn vitro.

Remarkably, also induced.g cells did not upregulate HPGD expression, as shioyvgene
expression profiling and qRT-PCR data (Figure 38 @R). This is of special interest as on
the one hand induced.§ and naturally occurring {dy cells have certain characteristics in
common, such as a high FOXP3 expression and sigigeeiinctionin vitro andin vivo
30227 On the other hand i cells also strongly differ from ng; and differences in gene
expression between & and nTeq Still remain to be elucidated. A study by Hill @t 2007
demonstrated for instance thatelcells lack a part of the gene signature, spe@aficnT,eq
cells, despite their high FOXP3 expressf6h Thus, the specific HPGD expression ingT
cells indicates that HPGD represents a novel mari@ecule for njeq cells. Over the last
years several molecules were proposed as potensieker molecules to differentiate g
from iT.g cells and different marker molecules for human amarine nTey cells were
summarized by Yi et af>”. However, these potential markers failed as réalcell markers,
as they were either upregulated on activatggh, Tcells or expressed by naive or other
regulatory T cell subsefS’. Nonetheless, it is of high interest to distinguizetween Ny
from iT.eq4 cells, to designate the origin of the enhanceg fumbers that are found, for
instance, in the tumor microenvironméfit'*?*{see also Introduction 1.1.5). Up to now it
remains unclear whether thesgyTells are induced from none§ cells, promoted by tumor-
secreted cytokines, or if pre-existingglcells migrate into the tumor tissue and eventually
proliferate there. Besides that, a specific mafeemT,eq cells would be beneficial for their
detection in various disease models. Moreover, gaenamolecule specific for ndy cells

could help to define a cell population with a statdgulatory phenotype that is not lost during
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the following Teg cell expansion, because large cell amounts ofr@ P cell population are
required in clinical trials for cell-based tolerage therapy of autoimmune diseases, graft
rejection or graft versus host disea$&2°? Although, highly purified human & cell
populations (greater than 90% CIBOXP3 cells) can be obtained by fluorescence-activated
cells sorting on CDZ2%" the percentage of FOXP8ells decreases already after 2 weeks of
expansion to 50%°°. Moreover, FOXP3 expression can be induced in FEIXR,n, cells by
stimulation of the TCR in the presence of T@&Fwithout inducing suppressive activity in
these cell$®%. Thus even highly purified FOXP2ell populations may represent a mixture of
Treg @and non-Teg cells. For these reasons adyEell specific molecule could help to define a
pure Teg cell population with a stable regulatory phenotyRecently, the transcription factor
Helios was identified as specifically expressethymic derived Teq cells and was therefore
proposed to be a R specific marker®?®2 Notably, Helios expression was absent in
induced Teg cells and was shown to influence FOXP3 expresaihsuppressive activity in
Treg cells 2°22%% However, this statement was soon challenged kthan study, which
demonstrated coexpression of Helios in inducgglCElls and claimed that Helios expression
is dependent on the method of activation and naherorigin of the celf®”. Therefore, a true
NTeq Cell specific marker still remains to be identfiAlthough HPGD expression in thymic-
derived Teq cells needs to be examined, we might have idedt$uch a novel molecule that
is specific for nTeq cells, as the present study demonstrates an HR§Hexpression in ndy

cells but low expression in i, activated Tonyand T helper cell subsets.

4.2 Regulatory function of T cellsin vitro is independent of HPGD

Since HPGD was specifically expressed inef€ells, compared to {g Tconv and Ty cell
subsets, various questions arose from these fiadifg instance, what function HPGD
fulfills in Ty cells. As pre-incubation with PGRipregulates FOXP3 expression and even

232 the high expression levels of a PGE

enhances the suppressive function @f; Tells
metabolizing enzyme&™ in T4 cells seem to be contradictory. However, the eraim
activity of HPGD might be involved in the regulatiof various signaling pathways, which in
turn might influence FOXP3 expression. For thisscer FOXP3 expression was examined
after silencing HPGD in humanej cells by siRNA knockdown. Alternatively, the enzstic
function of HPGD was chemically inhibited by theesjfic HPGD inhibitor CK47A, which is

a potent, selective inhibitor of HPGD. First we eh®d that HPGD knockdown did not

influence FOXP3 mRNA and protein expression in carngon to control knockdown
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(Figure 65). Also chemical inhibition of HPGD didbtnalter FOXP3 mRNA or protein
expression in comparison to DMSO treated contrdlscé-igure 69). Hence, FOXP3
expression in g cells seemed to be independent of the enzymatictibn of HPGD. Yet,
the enzymatic function of HPGD might still be remui for the regulatory phenotype of the
Treg cell. Baratelli et al. 2005 reported P&Rre-treated By cells could still suppress
proliferation of Tony Cells, which were separated by trans-well insédtstably, neither anti-
IL-10 nor anti-TGFB neutralizing antibodies did reverse these effestgygesting the
contribution of additional soluble factors othemrthlL-10 or TGF8 *?. As PGE can be
metabolized by HPGD, these soluble factors migptegent metabolites of P@Ehat might
be secreted and also have immunosuppressive pespelMoreover, PGEsecretion was
suggested to be a suppressive mechanism usedepyells °>?°° and PGE inhibits the
proliferation of CD4 T cells?*"?°® Thus HPGD might repel the suppressive effecBGE

in the Teg cell, while at the same time an effective suppoessf Tcony is guaranteed. For
these reasons we sought to investigate the cotibtbhaf HPGD to the suppressive phenotype
of Treg cellsin vitro. However, silencing of HPGD by siRNA knockdownTirg cells did not
affect their suppressive activity (Figure 66), ag Tells treated with control siRNA equally
inhibited proliferation of o,y cells. Similar results were obtained for chemiadiibition of
HPGD, which did not significantly change the supgiee function of &g cells (Figure 70).
Although these observations suggest that suppredsyoT.q cells is independent of the
enzymatic activity of HPGD, it might be still reged for anin vivo function. Moreover, the
in vitro measurement of suppressive activity might notesgnt the optimal read-out, to
determine a potential role of HPGD for the regutafonction of Tq cells. For instance, cell-
contact dependency was postulated fgg @ells, as indicated hiy vitro assay$® 2 but at the
same time several cell-contact-independent suppressechanisms have been described to
be used by (g cells in vivo (see Introduction 1.1.4). Besides, blocking onetlugse
mechanisms might not necessarily increase or intpaicomplete suppressive capacity and
so the contribution of HPGD to the regulatory phgpe of Tey cells remains to be

elucidated.

4.3 Influence of extracellular stimuli on the HPGDexpression in human Tgq cells

Regulatory T cells can be influenced by varioussti, for example by TCR stimulation and
additional signals via costimulatory and cytokieeaptors are also involvéd Especially the

cytokine IL-2 was shown to be important for the @lepment and function of.d cells. Mice
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deficient in IL-2, IL-2Rx or IL-2RB have strongly reduced numbers afgTcells and die
prematurely from a severe lymphoproliferative andtoanmune syndrome?3423%
Furthermore, it was shown that blocking the IL-2R B4 cells leads to a loss of their
regulatory activity, suggesting a possible rolello® for suppressor functior Treg Cells
were further shown to require previous activatiam the induction of their suppressor
functionin vitro ?*. Pre-cultured for at least 24 h with anti-CD3-hady (0.5-1 pg/ml) in the
presence of IL-2 (at least 12.5 U/ml) and the abseaf T.on Cells guaranteed best induction
results®®. Since unstimulated humaned cells in the present study downregulated HPGD
MRNA expression already after 12 h, indicating peshelency on extracellular stimuli, the
influence of TCR ligation in the presence of IL-2 @D28 costimulation on HPGD
expression were consequently examined. Notably, Tig&Rion in the presence of IL-2 did
significantly upregulate HPGD expression irgTbut not in Tony cells (Figures 38 & 39).
Moreover, the enzymatic activity of HPGD was alabanced by IL-2 stimulation and a high
enzymatic activity in &gy cells was accompanied by a high HPGD mRNA expoessi
comparison to the low activity and HPGD mRNA exgies in T.ony, cells (Figure 50). As the
suppressive function and FOXP3 expression,gfcells can be also induced upon TCR/ IL-2

stimulation 2

, these findings indicate a potential role of HP®ID the Teq cell function,
despite the previous negative results from ith@itro suppression assays. Soon it became
evident that HPGD upregulation was due to IL-2 hat TCR stimulation. Notably, the
inducing effect of IL-2 on HPGD expression seentetéd restricted to g cells as F1, Tu2,

TH9 or Tyl7 did not upregulate HPGD expression upon IL-ghskation (Figure 48). Even
induced Teq cells did not enhance HPGD expression upon ILigRading, as it was observed
for nTeg cells (Figure 49). These results show that IL-2ignaling in Teg cells is
differentially regulated than in other T cell sutsseMoreover, these results once more
demonstrate that HPGD expression seems to be ispferiinaturally occurring &g cells, in
comparison to other CD4T cell subsets and further indicate @y Tell specific function for

HPGD.

Remarkably the effects of IL-2 on HPGD expressioaraveven observed at low IL-2
concentrations (10 U IL-2/ml) (Figure 46). This uktscorresponds to earlier studies, which
demonstrated that IL-2-dependent targets iy dells are coupled to a low IL-2R signaling
threshold®®. As T cells are unable to secrete 11>2and only few IL-2 producing cells are
in the thymus and these cells are furthermore hohdant in the periphef® 2"} T, cells

need to utilize IL-2 effectively in an environmewhere this essential cytokine is only

transiently and minimally expressed. Additionatlye grade of IL-2R signaling is associated
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with different functional activities of ndy cells, as for instance low IL-2R signaling support
thymic development or the induction of FoxP3, whsrbigh IL-2R signaling is required for
Treg cell growth 2’2 These observations explain why even low IL-2 emitions did
upregulate HPGD expression. Moreover, no correaiatietween the HPGD expression level
and the amount of IL-2 was observed, as increasiogcentrations of IL-2 (10U -
1.000 U/ml) led to similar HPGD expression leveisTjeg cells. This indicates that only low
amounts of IL-2 are required to saturate signghathways that lead to an upregulation of the
HPGD expression and no further HPGD increase caach&ved by increasing amounts of
IL-2.

Besides TCR/IL-2R activation the influence of costlation on HPGD expression iRedand
Teonv Cells was examined, as T cell proliferation wasvah to be differentially regulated in
Treg and Teony Cells and this could be likewise for the HPGD esggion. The activation ofiel
cells was shown to be independent of CD80/CD86 iroo¢dtion, as stimulation with
exogenous IL-2 could replace costimulafinHowever, this observation was different for
the activation of I, cells, where IL-2 was not sufficient as a subgitior costimulation, to
induce T cell proliferatiorf*®. Thus, HPGD expression in.gh, cells might be influenced by
TCR/CD28 activation. However, stimulation with a@ib3/CD28/MHC-I-coated beads did
not affect HPGD mRNA expression inqhy cells (Figure 43). Iy cells did also not enhance
HPGD expression upon this stimulation. This resudis expected and is in line with the

observation that I, cells are unable to produce IL-2 even after TCRZEBctivatiorf”.

Investigations into the underlying pathways of IR-8ignaling revealed a crucial role of PI3K
and NF«B signaling for the IL-2 mediated upregulation oP&D (Figures 52 & 53). This
was demonstrated by incubation with inhibitors #pmdly targeting these signaling
molecules, which in turn impaired IL-2 mediated HPGpregulation in kg4 cells. However,
this observation is in contrast to a study by Begei et al. 2004 demonstrating that
CD4'CD25" Teq cells stimulated with exogenous IL-2 failed to ieate the PI3K-Akt
pathway and exclusively activated STAT5, becaudevamon (phosphorylation) was not
observed for Akt and only for STAT8® In addition, the same study also shows that
proximal IL-2R signaling in CDZCD25" Ty cells is sufficient to activate PI3K and that the
negative regulation lies downstream of PI3K andus to the lipid phosphatases PTEN and
Src homology 2-containing inositol polyphosphatph®sphatase (SHIP)A® Therefore, it
can be speculated that PI3K could still activateeottargets than Akt, thus leading to the
observed effects. Another explanation for the okestresults could be that other signaling
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molecules than PI3K were inhibited by the PI3K bitaur. Although the PI3K inhibitor
LY294002 used in this study is reported to be #llyigelective one that does not inhibit other
lipid and protein kinases such as P14 kinase, PMAR kinase or c-Src, it cannot be excluded
that the observed results with the PI3K inhibitoe &aused by inhibition of signaling
molecules other than PI3K. Similar events can lseiragd for NF<B. On the one hand NF-
kB could be activated by other IL-2-dependent sigigakevents and inhibition of NkB
downmodulated IL-2-dependent HPGD expression. @natiher hand inhibition of NkB
might also have targeted other signaling eventsnected with IL-2-mediated HPGD

upregulation.

Nonetheless, in accordance with the study of Bgesiret al. 2004 is the observation that
inhibition of JAK3 and STAT5-signaling did down-madte IL-2 mediated HPGD
upregulation (Figures 54 & 55). This result indesatan important role of STAT5 in the
regulation of HPGD expression. Potential bindingssifor STAT5 were predicted in the
HPGD promoter area and future experiments shouldstigate whether STATS binds to
these sites in the HPGD promoter and directly antsiPGD expression. In contrast to these
findings, MAPK signaling was not required for the2 dependent induction of HPGD ined
cells. As expected, chemical inhibition of MEK1 dmbt significantly change the IL-2
influenced HPGD expression (Figure 51). This resulin line with the above mentioned
observation of Bensinger and colleagfé that IL-2 stimulation does not activate the

MAPK- pathway in Teq cells.

In addition to IL-2 the influence of PGBn HPGD expression inf cells was investigated.
Prostaglandin Eis a soluble, immune suppressive molecule thapregduced by many
different cell types including cells of the immusgstem, such as monocytes, macrophages
and neutrophils™®, but also by tumor cellé®. PGE plays thereby an important role in
carcinogenesis as it inhibits for instance tumdlraq@optosis, induces tumor-cell proliferation
and increases tumor progressfofi*’> Furthermore, PGEnhibits the proliferation of CD%4

267,268

T cells and notably, pre-incubation with P@Hid increase FOXP3 expression as well

as the suppressive activity ofed cells 232 |n addition, tumor-secreted P&®as shown to
induce FOXP3 expression as well as a regulatonngtiype in CDACD25T cells 31232

Human CDACD25 adaptive Teq cells that were induced by Pgln vitro, did express
cyclooxygenase 2 (COX-2) and FOXP3 and produced ,P@Esuppress effector T cell
response$®®. For these reasons the enhanced expression &fGlemetabolizing enzyme

HPGD in Teg cells seems to be counterintuitive. It could bgdigesized that HPGD is
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required to protect thed cell from T cell inhibitory effects of PGBy inactivating PGE
while at the same time this would enable the attwaof Ty specific functions. PGE
signaling occurs through 4 classes of receptoesEtiprostanoid receptors EP1 to EP4, which
have been reported to be expressed on T €&’ It was shown that EP2 and EP4 were
required for PGEmediated induction of {dy cell FOXP3 gene expressiGit. Furthermore,
EP3 and EP4 were recently identified in the nucleawvelope of porcine cerebral
microvascular endothelial cells, suggesting thesgmee of functional nuclear receptors for
PGB 2’8 although these receptors have not yet been slomthe nuclear envelope iNed’
cells to my knowledge. For these reasons it coeldsireculated that PGEignaling might
influence HPGD expression in theegcell. Therefore, we investigated whether incubmatio
with PGE would influence HPGD expression iredcells. However, the treatment of human
Treg Cells with PGE alone did not significantly modulate the HPGD mRBbpression in &g
cells in comparison to unstimulategeglcells, as HPGD expression decreased under both
conditions to 40 — 30 % over a period of 72 h (FegB6). In addition to the EP receptors also
prostaglandin specific transporters (PGT) have Escribed’®?%! however, PGT have not
been specifically shown onef cells. Assuming that PGEould enter the g4 cell via PGT
the present HPGD expression level seems to becwuffito prevent suppressive effects of
PGE on the Tegcell.

Other immune suppressive molecules such as FGE2® or IL-10 #**?% have also been
detected in several tumors or tumor cell lines aede reported to induce.j cells in the
periphery®**> In addition, IL-10 was shown to maintain FOXP3%mession and suppressive
capacity of regulatory T ceff¥ and is produced by cells and Trl celS. Similarly, TGF-

B was also shown to induce FOXP3 expression anddheersion of CDACD25 T cells into
regulatory CDACD25 T cells (T3) **'* Furthermore, secretion of TGF-* and
membrane-tethered TGFon T cells were shown to be involved in suppressio @fy
cells >*® Therefore, an influence of TGFand IL-10 on the HPGD expression ipglells
cannot be excluded and the importance of theseawlele for the HPGD expression imegl
cells was consequently investigated. Similar to mbsults obtained by PGEstimulation,
TGF4 alone did not reveal a significant influence onGilPexpression in /&, cells compared
to unstimulated cells (Figure 37). However, IL-Iimsilation positively influenced HPGD
expression, as the HPGD expression was still sagmfly higher after 24 h with IL-10
stimulation in comparison to unstimulated cellg(ife 37). These results indicate that HPGD
in Treq Cells is responsive to IL-10 signaling. Positiieets of IL-10 were also previously

demonstrated with villous trophoblasts that showdedreased HPGD expression in the
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presence of IL-g but effects were antagonized by IL-10 stimulat/@nIL-10 receptor
signaling activates the Janus tyrosine kinases J&kILTyk2 that lead to an activation of the
transcription factor STAT3®® and in mice it was shown that selective deleGdSTAT3 in
Treg Cells led to spontaneous intestinal inflammatihjch was associated withyI7 cell
increaseé®®. Therefore, it is possible that IL-10 acts on HP&fpression via STAT3. With
specific inhibition of STAT3 in &g cells this issue could be investigated. MoreofSA
and ChiP assays could provide further evidencdii@ct binding of STAT3 to the HPGD

promoter.

In addition to these experiments, it was examinaétiver stimulation with TGB; IL-10 or
PGE would impair or reverse the inducing effects of2lon HPGD expression inef cells.
TGF{ thereby significantly reduced IL-2-mediated HPGIpragulation after 24 h,
suggesting a negative regulatory role of TIFigure 56). Besides that TGFplays an
important role in the induction of regulatory T lsednd participates in the suppression of
Teonv Cells (as mentioned before), it was also repatttet TGFf together with IL-2 enhances
the suppressive effects of gfcells 2°*' The observation that TGF-impairs the IL-2-
mediated upregulation of HPGD expression might éfoee indicate that HPGD is not
necessary for the suppressive capacitygfCells but maintains another function. Otherwise
HPGD expression would be further enhanced, dueheo dctivation of the respective
suppression programs. In contrast to TjiRhe presence of PGEnd especially IL-10 did
further increase IL-2-induced HPGD expression (Fedge6), compared to cells stimulated
with IL-2 only (Figure 40). These rather unexpeatesults suggested that IL-10 and BGE
combination with IL-2 costimulation have positivgnsrgistic effects on HPGD mRNA
expression in kg cells, as no effect on HPGD expression was obdewigen cells were
stimulated with IL-10 or PGEalone and also IL-2 stimulation alone resultetbimer HPGD
expression levels than in combination with IL-10 BGE. One explanation for this
phenomenon could be that negative signaling patbwayhich partially block HPGD
expression, are compensated by IL-10 or P&l§naling and consequently HPGD expression
is further enhanced. Moreover, IL-10 signaling aldmad already demonstrated positive
effects on HPGD expression. As mentioned above, Dile@ression might be regulated by
IL-10R signaling via for example STAT3. Assumingtiboth, the induction of STAT5 by
IL-2 and STAT3 by IL-10R signaling, lead to upregivn of HPGD expression, the inducing
effects of these two signaling pathways might ptidée
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Besides that STAT5 and STATS3 could directly bindHBGD, IL-2R and IL-10R signaling
might alternatively activate the same target gemistinct from HPGD, which in turn
upregulate HPGD expression. AP-1 represents swandidate, for which potential binding
sites were identified and validated in the promaierHPGD *®°. Notably, AP-1 can be
activated not only by IL-2R signaling®**® but JunB, a potential AP-1 componérf, was
shown to be also a target gene of STAT3

In conclusion these results demonstrate that HP&Gidession is dependent on extracellular
stimuli and further indicate that HPGD expressionTieg cells is adapted to the present
microenvironment in which the cells remain. Thu$GD might be necessary for tissue-

specific or disease-associated functions of thgcéll (see therefore Discussion 4.6).

4.4 Transcriptional regulation of HPGD expressionm T4 cells

In context with the above mentioned studies we almaght to investigate the influence of
FOXP3 on HPGD expression in humaggtells. With FOXP3 being the lineage marker of
Treg Cells and controlling their development and fumetiia regulating the expression of
many target genes®? FOXP3 might similarly control the expression d?@D. Silencing of
FOXP3 by siRNA- knockdown in Jy cells resulted in significantly enhanced HPGD
expression levels, indicating that HPGD expressisnpartially blocked by FOXP3
(Figure 61). These results were rather unexpe@asddPGD expression was significantly
higher in Teg than in Tony Similarly to FOXP3 expression. Therefore, it abble assumed
that the knockdown of FOXP3 should lead to the domadulation of HPGD, in case that
HPGD would be a direct target of FOXP3. However, abserved the contrary as HPGD
expression was upregulated upon FOXP3 knockdowrth&umore, the fact that HPGD is
upregulated after a FOXP3 knockdown would rathdrcete that FOXP3 negatively regulates
HPGD expression. But this does not explain theiogmtly higher HPGD expression ine§
compared to &n, Which show a low FOXP3 and HPGD expression. Asiiids explanation
for the observed effects could be that FOXP3 hadirext influence on HPGD ind; cells
but regulates other factors, which in turn influemtPGD expression. Knockdown of FOXP3
might lead to an imbalance in the expression cdahaher factors and consequently HPGD is
upregulated. IL-2 expression ined cells, for instance, is repressed by a complek@XP3
and NFAT?* Upon silencing of FOXP3, this blockade is abaredband IL-2 can now be
activated by a newly formed complex, consistingN6fAT-AP1 %8 |L-2 is transcribed and
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consequently induces upregulation of HPGD expressise demonstrated above. Moreover, it
cannot be excluded that the siRNA-mediated FOXR&kdown did also affect other genes
than FOXP3 and thus HPGD expression was enhanckdth®er reason could be that FOXP3
keeps the HPGD expression on a fine regulated aptxpression level, which is disturbed
by the loss of FOXP3 and thus leads to enhancedH&@ression.

To further elucidate the observed effects we ingastd whether FOXP3 can bind to the
HPGD locus and thus directly influence HPGD expgmssTranscription factor binding site
prediction identified several potential FOXP3 bimglisites upstream of the transcription start
site (TSS) as well as in the genomic locus of HRGiQure 62). We could confirm binding of
FOXP3 to a potential enhancer area at the HPGDslolcuaddition to EMSA (Figure 63),
further FOXP3 binding sites were confirmed in theGD locus by FOXP3 ChiP tiling arrays
(Figure 62). Taken together, these findings inédichat FOXP3 can bind to the HPGD locus
and could thus influence HPGD expression by dimgetraction. The data obtained from the
FOXP3 ChiP tiling arrays were, however, generatadbasis of expanded,f cells and
therefore differences to naturally occurringgicells cannot be excluded. Although it was
demonstrated that FOXP3 can bind to the HPGD Idattker experiments are required to
clarify whether binding of FOXP3 to HPGD conseqleigads to gene transcription or not.
Thus a luciferase reporter assay should be perfbrfoe the identified FOXP3 binding

regions to prove functional consequences of FOXR@ithg to the HPGD locus.

Besides the regulation of gene expression by FOXB8 other transcription factors and
control mechanisms should be closer examined to fyather insight into the differential
HPGD expression betweensdand Tony Cells. Gene expression in eukaryotic cells is #-we
regulated process and can be controlled on diffelevels, such as transcription, RNA
splicing, translation and post-translational magifion of the protein. The transcriptional
processes are thereby highly dependent of theartiens of transcription factors with their
cognate regulatory sequences but also epigenettbanesms influence gene expression. For
instance, Baron et al. 2007 had demonstrated @t i€lands were specifically demethylated
in Treg Cells within the gene locus of the human FOXP3egem particular in an evolutionary
conserved element in the 5 untranslated region,chvhthey named ‘Egspecific
demethylated region’ (TSDR), while this region waethylated in naive CD4T cells.
Notably, when the authors analyzed the methylastatus of the FOXP3 TSDR of activated
Teonvand TGFB-induced Teq cells, the selected CpG motif remained compleatedyhylated,
despite that cells upregulated CD25 and displayigti FOXP3 expression levefS*. In
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addition, they could further demonstrate that ti¢ADmethylation status in TSDR not only
regulatedFOXP3 gene transcription but was also critical for eoaEFOXP3 expressioft-.
Similarly, a methylation-specific PCR with bisuéfitreated DNA could be performed to
examine the methylation status of the HPGD locu§,gfcells and compared it with those of
Teonv @and iTeg cells. Demethylated CpG islands in the HPGD bodyn®.y cells in
comparison to methylated regions ofgjlor Teony Cells would provide an explanation for the
lower HPGD expression in these cells.

Moreover remodeling of the chromatin structureif@mtance by modification of histone tails
plays an important role in gene expressfoh Trimethylation of lysine 4 on histone H3
(H3K4me3) thereby represents a permissive histomalifioation, which marks active
promoters®3. The same can be observed for acetylation of mésta4 (H4Ac), which was
shown to enhance transcription factor binding telemsomal DNA?’. In contrast di- and
trimethylation of lysine 27 or 9 on histone H3 (HB8MMe2/3 or H3K9Me2/3) and
trimethylation of lysine 20 on histone 4 (H4AK20MgB®pwever, are associated with gene
silencing®®®2?%? Permissive and repressive histone modificatioriseaHPGD locus should be
compared between.];and Tonw as this could provide further explanations fdfedences in
gene expression. Therefore, a chromatin immungpitation with specific antibodies for the
respective histone modifications could be conductaminbined with a subsequent gPCR
(ChIP-gPCR) which overspans the promoter area spttific primer pairs. Alternatively to
the qPCR, the immunoprecipitated DNA fragments d¢dué sequenced (ChIP-Set]) %
Preliminary ChIP-Seq data generated by our groupt gowards no significant differences
between Teg and Tonv cONcerning the permissive histone modification&K#de3 and H4Ac
and the repressive modification H3K27me3. Howewddferences in histone modifications
can only give an indication for a possible regulat@cenario. A permissive histone
modification does not necessarily correlate with tavel of gene expressiéi’. Both cell
types may show the same permissive histone motidicaregardless of their differences in
gene expressioff®. Further insight into the regulation of HPGD geranscription could be
provided by another approach, combining chromatimunoprecipitation with an antibody
specific for RNA polymerase Il (RNAPII) with follomg ChIP-Seq. RNAPII is essential for
DNA transcription as it catalyzes the synthesisn®¥NA precursors®®. Interestingly, stalled
RNAPII at the promoter region of many genes wasplexl and it was suggested that this
served to facilitate rapid gene expressith Notably, the level of RNAPII occupancy at the
promoter region could be correlated with the attioif the respective gene. Genes that either

lack RNAPII binding or show an high enrichment d{I&PII at the transcription site, were
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found to be silent or weakly express&d In contrast, genes that show a distribution of
RNAPII throughout the transcription unit are higlelypressed®®. RNAPII occupancy at the
HPGD promoter region could therefore provide furtimsight into transcriptional regulation
of HPGD. Regulatory T cells might show RNAPII ocanpy throughout the transcriptional
unit whereas no RNAPII binding or only occupancytta transcription start site of HPGD
would be expected forcdn, Or iTreg Cells. Additionally, DNase | hypersensitive sitesild be
examined at the HPGD locus ofeJand Ton as these sites also indicate active gene loci,

similar to DNA methylation and histone modificatifi®.

In conclusion the following model of HPGD regulatin T.eq could be proposed: Constant
IL-2 signaling, which is essential for theed cell, is required for an enhanced HPGD
expression in g Thereby, FOXP3 maintains HPGD expression in e-fegulated balance.
Upon silencing of FOXP3, however, this balancerigaited. Other transcription factors that
were previously blocked by FOXP3 may now have radting effect on HPGD expression,
with the consequence that HPGD expression is ufatsgli Moreover, IL-2 expression that
was previously repressed by the FOXP3-NFAT compkex now be activated by the newly
formed NFAT-AP1 complex*® resulting into enhanced IL-2 expression levels passibly
IL-2 secretion. Extracellular IL-2 increases umtikritical level of 5 to 10 U/ml is reached,
which is sufficient for upregulation of HPGD. Thehanced IL-2 concentration activates
signaling cascades, such as JAK3/STAT5 signalifgchvin turn overrule the influence of

FOXP3 and activate gene transcription. HPGD exprass consequently upregulated.

Further studies, however, are required to completieicidate, which transcription factors and
signaling events are actually involved in the ragoh of the HPGD expression ined cells

under resting as well as activating conditions.

4.5 Differences of HPGD expression between humand@murine T4 cells

After characterizing expression of HPGD in humag, Tells, HPGD expression was also
assessed in muringed cells in comparison tocgny cells, to see if the observations made in
the human could be transferred to the murine sysRemarkably, a lower HPGD expression
was found in murine /&y cells in comparison to cJ, isolated from C57BL/6 mice
(Figure 57). Although [y cells from BALB/c mice displayed a slightly highétPGD
expression compared tQ.k, the expression levels were not significantly leig{Figure 58).

Furthermore, HPGD expression in murine T cells matsspecifically upregulated ing] cells
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upon IL-2 stimulation, independent of C57BL/6 dBALB/c genetic background (Figures 59
& 60). On the one hand these results demonstrategine expression in murine and human
Treg Cells is not necessarily congruent and that spespecific differences may exist. This was
already observed for other molecules, which shosgetific and constitutive expression in
murine or human g4 cells, but were not expressed at all or only isuaset of human or
murine Teg cells. Expression of neuropilin-1 (Nrp-1) was showfor instance, to be
specifically and constitutively expressed on munigq cells, independent of their activation

status3%*

, Whereas human,g cells did not express Nrp-1, regardless of theigins %
Another example is the ectoenzyme CD39 that isoumly expressed on muringed cells,

but is only expressed by a subset of humagcetlls with an effector/memory-like phenotype
51

On the other hand murine cells for the presentystudre isolated from spleen, whereas
human cells were isolated from peripheral blooder€fore, one could hypothesize that
HPGD expression indg cells is dependent on the tissue and its particunleroenvironment.
This assumption is supported by a study of Feueteal. 2009, which demonstrated that
murine fat tissue-derived,df cells displayed a distinct and specific gene esgom profile,
which clearly differed from the expression pattefil,eq cells derived from spleen or lymph
nodes, with HPGD being one of the transcripts Was$ specifically enhanced in fat-derived
Treg cells®®. Future experiments should focus on HPGD exprassiionurine and human,
cells derived from various tissues to answer thestion of a tissue-specific HPGD
expression in g cells. Moreover, the results obtained from theseliss would elucidate
differences between murineed and human &g cells concerning their HPGD expression
levels. Assuming that dy cells exhibit a tissue-specific expression patt®@mHPGD, the
contribution of HPGD to a potential tissue-specHitd also disease-associated role @f T

cells needs to be investigated (see thereforengsbsection 4.6).

4.6 Role of HPGD for tissue specific functions of J; cells

Taken together, in the present study it was shdwah HPGD represents a novel gene, which
is specific for human naturally occurringedcells. Although the relevance of HPGD for the
Treg cell function remains to be elucidated, the pressindy indicates a tissue-specific
expression and thus a potential tissue-specifie odl HPGD for Te4 cells. Tissue-specific
expression was indicated by the observation tHaesgerived murine Jy cells did not show
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a higher HPGD expression compared to murigg,Cells as it was observed for human T
cells, which were purified from peripheral bloodoiMover, it was clearly demonstrated that
HPGD mRNA expression of humaned cells can be modulated by various extracellular
stimuli, such as the cytokines IL-2 and IL-10 orE2@& combination with IL-2, while HPGD
MRNA expression levels decreased in the absenaryo$timulus. HPGD expression may be
adaptedn vivo, depending on the particular microenvironmentaafretissue in which thef
cell resides. To elucidate whether HPGD expressioilq cells is tissue-dependent and
facilitates a tissue-specific role of theglcells, different questions have to be answereut Fi
the expression levels of.§ cells derived from different tissues need to bsessed. As
mentioned earlier, differences in HPGD expressietwben the murine and human system
could thereby be investigated, to determine patkrdgpecies specific differences. In this
context HPGD expression levels of thymus deriveg dells would throw further light on

whether HPGD expression is indeed specific for ticyterived nTeq cells.

Depending on these results, the next step shoutd brgamine whether HPGD expression in
Teg cells is modified in certain disease models. Défdial expression of a PGE
metabolizing enzyme in & cells might be of interest especially in the tumor
microenvironment, as on the one hand increasednimolmucosal levels of PGEwere

407308 and on the

reported in patients with adenomatous polyps andrectal carcinoma
other hand increased numbers afyTcells were observed in various tumors (see also
introduction 1.1.5)°**%113 Notably, HPGD seems to play an important roleancer as a
tumor suppressor, because a loss of HPGD expregswmarious tissues was associated with
the progression of the particular tumor, whereas-@xpression of HPGD in these cells could

reverse tumor progressiofr *#’(see also introduction 1.3.5).

Besides, PGEwas reported to inhibit the proliferation of CD# cells ?°"?°® Hence, in a
microenvironment enriched with Pg@BHPGD might protect the d; cell from the negative
effects of PGE Moreover, T4 cells were suggested to exert their suppressivetifun also

by PGB secretion®®>?°® Thus, the protective effect of HPGD might be arpquisite for
efficient suppression of T cell proliferation byetfieq cell. In addition to that, the enzymatic
activity of HPGD might play a role for the supprigssfunction of Teg cellsin vivo, despite
the negative results in the presantitro experiments. As HPGD was shown to be functional
in Treq Cells it could be investigated whether PGEetabolites are generated ipglcells and
whether these metabolites maintain certain funstidor the cell itself. These PGE

metabolites, for instance, might be secreted amdb&xmmunosuppressive characteristics or
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maintain other functions. Preliminary data genetdtem our group with 13,14-dihydro-15-
keto PGE indicated that this PGEmetabolite also inhibits proliferation of.gf, cells
similarly to PGE. Since PGEis rapidly convertedn vivo into 13,14-dihydro-15-keto PGE
309319 secretion of PGEmetabolites might represent a further mechanisin g, cells might
use to suppress the proliferation qfl cells. Unfortunately, the metabolite 13,14-dihydro
15-keto PGEis not very stable and a variable amount of nonseratic degradation is
observed resulting into 13,14-dihydro-15-keto BGA®'? Thus, it is rather unlikely that the
metabolite 13,14-dihydro-15-keto P&Haintains an immunosuppressive function, but that

other, more stable metabolites might be involved.

Besides various prostaglandins, such as P8EE, PGk, PGk,, PGL and 6-keto-PG#f,
HPGD can also use other molecules as substratels, amilipoxin A or unsaturated fatty
acids, for instance 12-HHT or 15-HETE (see alsoobhction 1.3.3)°**® The metabolites
of these lipid mediators might be also importamithe T4 cell itself or be involved in tissue-
specific functions. Furthermore, HPGD expressioghtnbe also important for a potential role
of Tieq Cells in the adipose tissue and in obesity. Adpissue of lean individuals was found
to be highly enriched with {4 cells with a specific gene expression profile &RIGD being
one of the transcripts that were specifically emeari’®. However, an altered constitution of
T cells, resident in the adipose tissue, was oleseduring obesity, with reduceded cell
numbers®®® whereas enhanced numbers @fLTcells and CD8T cells were reported™
Notably, obesity and metabolic dysfunction are eisded with a low-grade chronic
inflammation. Thereby, evidence is accumulatingt thpid mediators (mentioned above)
play an important role in the induction of low-geathflammation®“ This assumption is
supported by the observation of high levels of laidanate in adipose tissue of obese human
individuals ****'® Moreover, lipid mediators can activate immuneepgors, such as G-
protein-coupled receptors and Toll-like receptofd.R) and might induce low-grade
inflammation **’. Thus, HPGD expression might be required fgy Tells to control and
suppress inflammatory reactions in the adiposeudisand thus prevent adipocyte and
metabolic dysfunction, which causes obesity antietis. In addition, lipid mediators are also
involved in other human diseases, including rheoidatarthritis, multiple sclerosis and
various chronic inflammatory diseas&s and HPGD might similarly play a role for the

maintenance of immune homeostasis in the respetssiges.

Finally, to gain further insight into the functiof HPGD for the Teq cell and its relevance for

the regulatory phenotype,.hy cells could be transduced lentivirally with HPGDuédto

135



Discussion

over-expression of HPGD, .4 cells might gain Egassociated features, such as an anergic

and suppressive phenotype or the upregulationaracieristic marker molecules.

In summary the results of the present study progithasis for future experiments to examine
the role of HPGD for a potential tissue-specifiadtion of Teq cells and moreover could help

to determine their function in the tumor microeowiment and in other diseases.
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5 Zusammenfassung

Fokus dieser Studie war die Charakterisierung deatrékyprostaglandin dehydrogenase 15-
(NAD) (HPGD) in CD4CD25 regulatorischen T-Zellen (&) im Hinblick auf die
Regulation von HPGD und seine Rolle fir die supgwesFunktion von &y Auf der einen
Seite Ubernimmt HPGD eine essentielle Funktion imstglandin-Metabolismus und ist
dabei eines der Hauptenzyme, die Prostaglang{(P&E,) verstoffwechseln. Auf der anderen
Seite wurde gezeigt, dass HPGD ein Tumor Supprassobie Expression von HPGD in
regulatorischen T Zellen ist von speziellem Intsegsda erhdhte Mengen vonegt im
Tumorgewebe gefunden werden kénnen und PGiEse Zellen aktiviert und zudem zur

Karzinogenese beitragt.

Die vorliegende Studie zeigt, dass HPGD signifika@her in Tegs exprimiert wird als im
Vergleich in CD4CD25 T-Zellen (Teony). Insbesondere war die HPGD Expression spezifisch
far nattrlich vorkommenden,dys (NTreqd, da HPGD wahrend der T-Zelldifferenzierung nicht
hochreguliert wurde und auch induzierte regulathies T-Zellen  (iTey
bemerkenswerterweise keine erhdhte HPGD Expressigten. Des Weiteren konnte die
HPGD Expression ausschlie3lich in &I durch verschiedene extrazellulare Stimuli
spezifisch moduliert werden. Sogar kleinste Mengan Interleukin 2 (IL-2) waren
ausreichend die HPGD Expression stark zu erhohé&seDDaten weisen daraufhin, dass
HPGD zum spezifischen Genrepertoire voneglgehort, da eine niedrige IL-2 Rezeptor-
Signaltransduktion auch die Entwicklung vorgdim Thymus fordert. HPGD stellt daher ein
neues Tegspezifisches Molekll dar, das zur Unterscheidumgs@hen nTegs und iTregs
verwendet werden kann. Zusatzlich weist die Abhgkejt der HPGD Expression vom
extrazellularen Mikromilieu auch auf eine Gewebezfische Expression und potentielle
Funktion von HPGD in derdy Zelle hin.

Zusammengefasst zeigen die Ergebnisse dieser Studies HPGD ein neues Gen
reprasentiert, das spezifisch in natirlich vorkomdesn regulatorischen Zellen exprimiert
wird. Obwonhl die Bedeutung von HPGD fir die Funhktion Tegsnoch unklar ist, liefert die

vorliegende Studie eine Basis fiir nachfolgende Ewpmte, die eine Gewebe-spezifische

Funktion von Tegsals auch deren Rolle im Tumormikromilieu aufklakeamn.
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A. Vector charts

Vector charts of plasmids that were used and g&teuring this work are listed in Table 6

and 7.

Table 6: Vector charts of plasmids used during th@resent study

1. pcDNAG6/V5-His B (Invitrogen Life
Technologies, Karlsruhe (DE))

2. pENTR4 GFP 3’ (Invitrogen Life
Technologies, Karlsruhe (DE))

bla promoter

Amp(R) CMV promoter

~N

pcDNA6/V5-His B

5148bp

CMV forward primer

T7 primer

}\\\

V5 epitope
V5 reverse primer

6xHis

A

>

T7 promoter
MCs

GH reverse primer

BGH pA

1 origin

PpUC origin

AN

SV40 early promoter
SV40 pA EM7 premoter
Bsd(R)

attlL2

f )
Kan(R)
e
cch‘@ PENTR4 eGFP 3'
3441bp

attL1 ‘*Q

.
rrnB T2 transcription terminator pUC origin

rrnB T1 transcription terminator

3. pLenti6.2/V5-Dest EF1 (Invitrogen
Life Technologies, Karlsruhe (DE))

4. pIRES2-AcGFP1 (Clontech

Laboratories, US)

attR1
EF-1alpha promoter cm(R)

splice acceptor
splice acceptor \ ccdB

HIV-1Rev response elemant TR iij/ attR2
,@//<v5 epitope
HIV-A pi packaging signal

/\/5 reverse primer
splice dunerk—_ plenti6/V5-DEST EF1alpha 3 stops
HIV-1 8' LTR o273 ﬂ SV40 early promoter
RSV/5' LTR hybrid premexeﬁ% \EMT promoter
RSV promoter \ Bsd(R)
deltaU3
% @ deltaU3/3' LTR
PUC origin HIV-1 3'LTR
SV40 pA
' origin
oter

Amp(R)

MCS
(591-685]

HSVTK

poly A IRES

pIRES2-AcGFP1 Bst X! (1254)
an' 53kb  rcgey
N r
* SV4D ori Svao
P f1 poly A
Vi, poe | Not | (1576}
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Table 7: Vector charts of plasmids generated duringhe present study

5. pLenti6.2/V5-Dest EF/HPGD-GFP 6. pcDNA6/V5-His B/HPGD (generated
(generated during the present study) during the present study)

V5 epitope
attB2 5 reverse primer T7 promoter

GFP 3 stops CMV promoter

\ [/ SV40 early promoter
&2‘ qy@? promoter c-myc epitope
Bsd(R) / 6xHis
\ @%emw //:EGH reverse primer
ol

deltaU3/3' LTR BGH pA

attB1

HIV-1.3' LTR o
EF-taipha me.%(E(E? e/pLent\G/VS-F)EST EFialpha/ :E\Ent?p;x pCDNAG/myc-His B/HPGD /H origin
2196 by » Amp(R)
1 origin 5880 bp
splice acceptor bla promoter
splice acceptor =" T Amp(R) ﬂ
X

SV40 early promoter

HIV-1 Rev response element ‘h\:\
HIV-1 psi packaging signal = % EM7 promoter
splice derm'\:l;/ \ \
HIV-1 5" LTR pUC origin \ Bsd(R)
RSVI&' LTR hybrid promoter
SV40 pA

pUC origin

RSV promoter

7. pcDNA6/V5-His BIHPGD-GFP

_ 8. pcDNA6/V5-His B/eGFP
(generated during the present study)

c-myc epitope
BxHis
GFP BGH reverse primer

R1 Xho!
BGH pA
Spacer. Xba |
Yﬂ erigin BamH | apat
SV40 early promoter 9x His BGH reverse priming site
%,— EM7 promoter Flag WH polyadenylatio
- Kozak 1 origin

Hind |% %’svw promoter + origin

T7 promoter — Bsd(R) romoter primingsite’. A/ i< EM7promoter
—4& | pcDNAS/myc-His B/HPGD-GFP Xl 7 prometer prining s gl promet

CMV promoter
6617 bp PCDNAG/myc-His B/ eGFP | Blasticidin Res ORF
]\_\\ s830bp
CMV promoter SV40 pA
SV40 early polyadenylation sequence

/\ Amp Res ORF ;\ =

Acll(3831) pUC origin 'pUC origin
Amp(R)

Acll (3438)

B. Experimental conditions for the gene expression pifding approach

CD4" T cells were isolated from human peripheral bladchealthy individuals or cancer
patients (CLL). The cells were either left untrelfeesting) or were incubated with different
stimuli up to 24 h. The experimental conditions &s¢ed in Table 8. Details concerning
stimulation, coating and generation of the beatl®(@APCs) can be found under 2.2.2.8. In

general the beads were used at a ratio of 3 béalsell.
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Table 8: Different experimental conditions for geneexpression profiling

Condition | Abbreviation Cell type Treatment Donor
1 Teff-H-Oh-unstim CDAT cell Rested for 0 h Healthy
2 Teff-H-8h-unstim CDAT cell Rested for 8 h Healthy
3 Teff-H-12h-unstim CDA4T cell Rested for 12 h Healthy
4 Teff-H-18h-unstim CD4T cell Rested for 18 h Healthy
5 Teff-H-19h-unstim CD4T cell Rested for 19 h Healthy
6 Teff-H-20h-unstim CD4T cell Rested for 20 h Healthy
7 Teff-H-26h-unstim CDA4T cell Rested for 26 h Healthy
8 Teff-H-8h-CD3 CDAT cell CD3/MHC-I-beads for 8 h Healthy
9 Teff-H-8h- CD4" T cell CD3/CD28/MHC-I-beads for 8 h Healthy
CD3/CD28
10 Teff-H-20h- CD4" T cell CD3/CD28/MHC-I-beads for 20 h Healthy
CD3/CD28
11 Teff-H-8h- CD4 T cell CD3/CD28/PD1-beads for 8 h Healthy
CD3/CD28/PD1
12 Teff-H-8h- CD4 T cell CD3/CD28/CTLA4-beads for 8 h Healthy
CD3/CD28/CTLA4
13 Teff-H-8h- CD4" T cell CD3/CD28/MHC-I-beads Healthy
CD3/CD28+TGFB + TGF{ (30 ng/ml) for 8 h
14 Teff-H-8h- CD4" T cell CD3/CD28/MHC-I-beads Healthy
CD3/CD28+PGE2 + PGE (1 pM) for 8 h
15 Teff-H-8h- CD4" T cell CD3/CD28/MHC-I-beads Healthy
CD3/CD28+IL10 + IL-10 (50 ng/ml) for 8 h
16 Teff-H-A-Oh-unstim | CDACD25°"T Rested for 0 h Healthy
cell
17 Teff-H-B-Oh-unstim | CDZCD25™ T | Rested for 0 h Healthy
cell
18 Teff-H-C-Oh-unstim| CDZCD25°"™ T | Rested for 0 h Healthy
cell
19 Teff-H-D-Oh-unstim | CDZ4CD25 T cell | Rested for 0 h Healthy
20 Teff-CLL-D-Oh- CD4'CD25 T cell | Rested for 0 h CLL
unstim
21 Teff-H-D-24h- CD4'CD25 T cell | Rested for 24 h Healthy
unstim
22 Teff-H-D-24h- CD4'CD25 T cell | CD3(1pg/ml) + IL2(20U/ml) for 24 h Healthy
CD3+IL2
23 Teff-CLL-D-24h- CD4'CD25 T cell | CD3(1ug/ml) + IL2(20U/ml) for 24 h CLL
CD3+IL2
24 Teff-H-D-24h- CDACD25 T cell | CD3(1pg/ml) + IL2(20U/ml) for 24 h Healthy
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CD3+IL2
25 Treg-H-Oh-unstim CDL€D25T cell | Rested for 0 h Health
26 Treg-H-6h-unstim CDL€D25T cell | Rested for 6 h Health
27 Treg-H-0Oh-unstim CDZ€D25T cell | Rested for 0 h Health
28 Treg-CLL-Oh-unstim CDZD25T cell | Rested for 0 h CLL
29 Treg-H-24h- CD4'CD25T cell | CD3(1ug/ml) + IL2(20U/ml) for 24 h Healthy
CD3+IL2
30 Treg-CLL-24h- CD4'CD25T cell | CD3(1ug/ml) + IL2(20U/ml) for 24 h CLL
CD3+IL2
31 Treg-H-24h-unstim | CDE€D25T cell | Rested for 24 h Healthy
32 Treg-H-exp CDZCD25T cell | Ty expanded (CD3/CD28/MHC-I- Healthy
beads + 1L2(300U/ml))
33 Treg-H-exp-Rapa CDED25Tcell | T, expanded with  RapamycinHealthy
(CD3/CD28/MHC-I-beads +
IL2(300U/ml) + Rapamycin (100ng/ml)
34 Treg-H-exp-24h- CD4'CD25T cell | T,ey expanded (CD3/CD28/MHC-Ir Healthy
CD3/CD28 beads + IL2(300U/ml)) and additionally
stimulated with CD3/CD28/MHC-
beads for 24 h

C. HPGD gene expression in L4 cells is higher compared to other PBMC
subpopulations

HPGD expression levels in CD1#onocytes, CDI9B lymphocytes, CD3T lymphocytes
and CD56 NK cells were examined to answer the question drethese PBMC subsets
show HPGD expression and on account of this theerebd HPGD staining in flow
cytometry might be due to intracellular stainingPGD. In addition, HPGD expression
levels in the PBMC subsets were compared with tlidsEeg and Tony Cells. PBMC were
isolated from human peripheral blood as describe®.2.2.3 and separated into CD14
monocytes, CD19B lymphocytes, CD3T lymphocytes and CD56\K cells. Furthermore,
CD4" T cells were isolated as described in 2.2.2.4 semhrated into CDED25" T,y and
CD4'CD25 Teony as described in 2.2.2.5. In Figure 71, it is shdhat the mean HPGD
expression values in the different cell populatiarese below or near the background level
(dotted line) compared to the high expression el Ty cells. Only NK cells showed a
slightly enhanced HPGD expression. This resultcatis that the observed HPGD signals in
flow cytometry were unspecific and due to bindirighee HPGD antibodies to unblocked Fc

receptors.
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Figure 71: Differential HPGD expression in differert PBMC populations

The average gene expression of HPGD in differenM@Bpopulations was obtained by DNA microarray
experiments. Therefore, CDZ cells and PBMC were isolated from human periphbtood. CD4 T cells
were separated into CD@D25" T,.; and CD4CD25 Ton Cells, PBMC into CD1%4 monocytes, CD19B
lymphocytes, CD3 T lymphocytes and CD56NK cells. The graphic was created with pre-analydata,
which was normalized with the quantile method. Meatues and standard deviations of three individual
experiments are shown. The dotted line indicatesbiéickground level of 72.56 arbitrary units, whighs
calculated with the R statistical software packang the quantile normalized data.

D. HPGD gene expression is not upregulated during i, cell differentiation

HPGD expression levels of induced regulatory Tscelére compared with those of different
CD4" T cell subsets. Therefore CD7Z cells were isolated as described in 2.2.2.4weack
left untreated (Thstim) OF Stimulated with anti-CD3/CD28/MHC-I coated dedTy). CD4 T
cells were further separated into CBD25" Tieq, CD4CD25 Teony CD4CD25CDA5RA’
Thave and CDACD25CD45RA Tmemory Cells as described in 2.2.2.5 andak were
differentiated towards iy cells as described in 2.2.2.6. In Figure 72, islidwn that the
mean HPGD expression values in the various celluladipns was below or near the
background level compared to high expression levElgeq cells. This result further supports

the assumption that HPGD expression is specifid fgrcells.
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Figure 72: HPGD expression is not upregulated during differetiation towards iT ¢4 cells

The average gene expression of HPGD in differenM@Boopulations was obtained by DNA microarray
experiments. Therefore CDA cells were isolated from human peripheral blamdl left untreated (Fsim),
stimulated with anti-CD3/CD28/MHC-I coated beads,{J or separated into CD@D25 T, CD4CD25
Teonw CDACD25CD45RA" Thaive aNd CDACD25CD45RA Timemory CellS. Thaive Were differentiated into il
cells. The graphic was created with pre-analyzed, dahich was normalized with the quantile methidiean
values and standard deviations of three individergberiments are shown. The dotted line indicates th
background level of 72.56 arbitrary units, whichswalculated with the R statistical software paekagsing
the quantile normalized data.

E. Expression of lineage specific transcription facta as read out for successful
T-cell differentiation

Successful differentiation towards different T rezlpcell subsets was controlled by

upregulation of lineage specific transcription €ast depicted in Figure 73.
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Figure 73: Upregulated expression of lineage speitftranscription factors as read out for successfull

cell differentiation towards a Ty1, Ty2, T49, T417 and iT.q cell phenotype

Human CD4CD25CD45RA" Tave cells were purified and stimulated with anti-CDBZB/MHC-I-coated
beads and the appropriate cytokines to inducerdifteation towards T1, Ty2, Ty9, Tyl7 or iTeg cells. T,0
cells represent control cells that were only stated with anti-CD3/CD28/MHC-I-coated beadsnsim
represent unstimulated control cells. Relative mRédpression was assessed by gRT-PCR after 7 days of
T cell differentiation in comparison to B2M expriggs (A) Relative T-bet mRNA expression i T, T,0 and
Tunstim Cells. B) Relative GATA-3 mRNA expression ingZ, T40 and Tsim Cells. C) Relative PU.1 mRNA
expression in 19, T40 and T.sim Cells. D) Relative RORt MRNA expression in J17, T40 and Tsim cells.

(E) Relative FOXP3 mRNA expression indd T40 and Tnsim Cells. Mean values and standard deviations of
three independent experiments are shown. Data negraalized to the respective T cell subset.

F. Test of toxic effects of different inhibitors on CB¥ T lymphocytes

In the previous experiments it was shown that HR&pression was significantly enhanced
in Treg cells upon stimulation with IL-2. Binding of IL-20 the IL-2 receptor leads to
activation of different signaling cascades, suchtles MAPK and PI3K pathways or
JAK/STAT signaling. The contribution of the aboveemtioned signaling cascades to
upregulation of HPGD in dg cells was examined by targeting key moleculesiefrespective
pathways with specific inhibitors to elucidate whgignaling molecules are involved in IL-2-
mediated HPGD upregulation. To exclude effects H®y respective inhibitors on cell death
and apoptosis rate, the different inhibitors westdd on cell toxicity by assessment of cell
viability of CD4" T lymphocytes. Therefore, CD4T cells were purified from human
peripheral blood and incubated for 24 h with thdfedent inhibitors in increasing
concentrations (see Figure 74). After 24 h celbiiey was measured by means of propidium
iodide incorporation in flow cytometry. The inhibrs showed no toxic effects at the indicated
concentrations, as shown in Figure 74.
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Figure 74: Cell viability of CD4" T cells after treatment with different inhibitors in different
concentrations

Human CD4 T cells were purified and stimulated for 24 h wdlifferent inhibitors or the respective amount of
DMSO. Following inhibitors were usedA) JAK3 inhibitor (Janex-1) as 100 & 150uMB)(STATS5 inhibitor
as 100, 200 & 300uMQ) PI3K inhibitor (LY249002) as 10 & 20uMP) MEK1 inhibitor (PD98059) as 50 &
100uM, €) NF«B inhibitor BAY11-7082 as 0.5 & 1uM andF( NF«B activation inhibitor as 1, 10 & 20uM.
The percentage of dead cells was analyzed by pgropitbdide (PI) staining. Data represent mean \alaed
standard deviations of three experiments.

G. Control of the siRNA mediated FOXP3 knockdown in hunan regulatory T
cells

The transcription factor FOXP3 can influence theregsion of various target genes iggT
cells, as it can repress as well as induce geneessipr?**%*® As HPGD expression was
shown to be specifically enhanced in humag dells compared todn, it was of interest to
determine whether HPGD is a target gene of FOXB3ariswer the question whether HPGD
expression is under the control of FOXP3, it waste® whether HPGD expression in human
Treg Cells would be changed after silencing FOXP3 bgiRNA knockdown. Therefore,
human Teg cells were isolated from peripheral blood and siRiNediated knockdown of
FOXP3 or a control knockdown ingj cells was performed. FOXP3 mRNA expression was

assessed by gRT-PCR analysis and protein expressiomtracellular flow cytometric
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staining 48 h after the knockdown, to examine tiieiency of the knockdown. A reduction
of FOXP3 expression could be observed on mRNA dkaseprotein level after knockdown,
as shown in Figure 75 A and B, indicating efficignbckdown of FOXP3.

>
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Figure 75: Efficiency of siRNA-mediated FOXP3 knockown in T4 cells

Human CD4CD25 T cells were purified from peripheral blood andatted with control siRNA or FOXP3
SiRNA. (A) Relative FOXP3 mRNA expression was assessed ByRER in comparison to B2M expression
48 h after the control or FOXP3 knockdowm).( Relative FOXP3 protein expression was assessed b
intracellular FOXP3 staining 48 h after the contool FOXP3 knockdown. Data were normalized to cdntro
siRNA transfected cells and are shown as meantandard deviations of at least three individualezipents.

H. Electrophoretic mobility shift Assay — Supershift

Previous experiments had shown that HPGD expressaaases in g cells, after silencing
of FOXP3, indicating regulation of HPGD by FOXP3hefefore, it was tested whether
FOXP3 can bind to the HPGD locus and HPGD represzulirect target gene of FOXP3. To
answer the question whether FOXP3 can bind to B€DBl locus, the sequence of the HPGD
locus was screened for binding sites of FOXP3 ubingqformaticin silico approaches and
several potential FOXP3 binding sites were predietpstream of the transcription start site
(TSS) as well as in the genomic locus of HPGD. Gfnihe FOXP3 binding sites, which was
predicted -15kb 5’ of the transcription start sitea potential enhancer area, was selected to
exemplify that FOXP3 can bind to the HPGD locusngisan electrophoretic mobility shift
assay (EMSA). FOXP3 protein bound to the select&€Xm3 binding motif (HPGD), as
depicted above in Figure 63. The binding was smeei$ a mutated HPGD (mut-HPGD)
oligonucleotide showed no binding to FOXP3 and roeee the signal intensity was reduced
in the presence of an oligonucleotide with a kndv@XP3 binding motif (FKH), which was
used as a competitor. The recombinant FOXP3 praisad for these experiments has a
histidin tag. As a further control experiment ani-stidin antibody was therefore added to

the reaction mix. As control an isotype controlilmdy was used. Incubation with the anti-
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histidin antibody led to a shift in fluorescenceemsity of a part of the band, as shown in
Figure 76 (lane 2), which was not observed for loadion with isotype control antibody

(lane 3) or when no histidin-antibody was addeadgld). This result further shows that
FOXP3 bound specifically to the HPGD oligonucleetidnd that FOXP3 can bind to the
HPGD locus.

Figure 76: Specific binding of FOXP3 to the HPGD
gene.

An EMSA was performed with recombinant FOXP3
protein (Protein) and a dimer of the HPGD gene with
a FOXP3 binding motif (HPGD), labeled with the
infrared dye DY-681 (Lane 1). An anti-histidin
antibody (His-ab, Lane 2) or isotype control antipo
(Isotype control-ab, Lane 3) were added to the
reaction mix. One representative experiment out of

HPGD + + + two is shown.
His-ab - + -
Isotype control-ab - - +

Protein + + +
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