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Abstract

Abstract

Rheumatoid arthritis (RA) is an autoimmune inflantong disease leading to destruction of joint tissue
Malfunction of regulatory T cells (Treg) has bemplicated in a number of diseases including RA, sexkral
studies indicate an increased presence of Tregiovial fluid (SF) from RA patients. The markesbdefining
Treg cells is FoxP3, and two low molecular splicerfs, FoxP32 and FoxP&2A7, have been identified lacking
exons 2 and 7. FoxP3 is an intracellular trandompiactor involved in the development and functadiregs. The
mechanism of function and the importance of theesgbrms are not fully understood.

The major objective of this PhD project was torexee the expression of Treg relevant molecules CD4,
CD25, CTLA-4 and the different splice forms of F&iRA both peripheral blood (PB) and SF CD4+ T cietin
RA patients compared to PB CD4+ T cells from hgattbntrols (HC), and to study the effect of antiH brugs
on the expression of the splice forms in PB CD4zells. A quantitative real-time PCR method was tgyed to
measure the amount CD4, CD25, and CLTA-4, as vedilithlength and low molecular splice forms of P&
MRNA.

In a study including 50 RA patients and 10 HCrarease in expression of FoxP3fl and CD25 mRNA was
observed in RA when compared to HC, but no cormegiog increase in CTLA-4. FoxR2 was slightly increased
in patients compared to HC, and was more abuntlantfEoxP3fl in almost all our patients and in eud€.
However, the increase of Fox®3was less pronounced than that of FoxP3fl, intigahat FoxP3fl is more
relevant in relation to the immunopathogenesis Af RoOXPA2A7 was barely detectable in patient samples and
not at all in HC. These data suggested an inclieabeg cells with a compromised expression of CT14.k RA
patients. Since CTLA-4 is thought to be importamtdontact-dependent suppression by naturally oicguiregs
(nTreg), we propose that the nTregs are unablafpress the ongoing inflammation due to CTLA-4 cleficy.
However, based on our data we cannot exclude tbsilplity of an increase in Treg cells inducedhia periphery
(iTreg) rather than dysfunctional nTregs.

In a second study involving paired samples of R& @F from 17 RA patients we observed a large asae
of 21-fold in expression of FoxP3fl in SF and aodfincrease in PB compared to HC. When compahedSf to
the paired PB sample from the same individualdifference in expression between PB and SF app¢aieel
ranked according to sub-diagnosis: RApos < RAN&gA, reflecting a high expression in both PB andr8f
RApos patients. This observation was interpretea r@flection of an involvement of blood as parthef systemic
nature of this disease and supports previous repbean accumulation of Tregs in inflamed jointR# patients.
Notably, the FoxP3fl expression in SF CD4+ T celés highly increased in all patient groups indimgtihat it is a
common feature of arthritis and not linked to tle&aogy of the arthritis in question. Additionallg gene
expression analysis using DNA Microarray was pentxt on six paired samples (12 arrays) of PB an@34+ T
cells form three RAneg and three PsA patients.arlheey data indicated that the increase in expres#ié-oxP3
and CD25 mRNA was not due to the presence of detiva cells.

In a third study 45 RA patients were followed dgriLl2 weeks of anti-TNF treatment, and the datgestg
that the TNF decoy receptor Etanercept and théadhibased therapies Adalimumab and Infliximabediffi their
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Abstract

effect on FoxP3 expression in responsive pati€éntdy the decoy receptor Etanercept had an influemcde
expression of Treg-relevant markers and reducedxpeession of FoxP3fl and CD25 in the respondeaiigh no
normalization was achieved. This may indicate aicgdn in the number of Treg cells. As Etanerceptl® both
TNF-o and Lymphotoxin (LTe) while the antibodies only target TNE-one can speculate that lilregulates
FoxP3 expression in a subset of RA patients. Fuitimeay be speculated that individual patients magerience
different treatment effect depending on whetherfltN€& receptor ligand is mainly of monocyte/macragarigin
(TNF-a) or T cell origin (LTe), perhaps adding to the disease heterogeneitya®dMaowever, the present

findings support the view that anti-TNF treatmenitriainly symptomatic and not a cure for RA.



Dansk resumé

Dansk resumé

Leddegigt (reumatoid artritis, RA) er en autoimninitammatorisk sygdom, der farer til gdelseggelsesabet i
leddene. Funktionssvigt af regulatoriske T celleefys) har veeret impliceret i en raekke sygdommeiraker RA,
og flere undersggelser tyder pa en gget tilsteddsecaf Tregs i synovialvaesken (SF) fra RA patieien
markgr, der bedst definerer Treg celler, er FO¥®3P3 er en intracelluleer transkriptionsfaktor iveoet i
udviklingen og funktionen af Tregs, og to lavmolkkye splejsningsformer der mangler exon 2 og 7PB&R og
FoxP3\2A7, er blevet identificeret. Funktionsmekanismervigtigheden af spliceformerne er ikke klarlagt.

Formalet med dette PhD projekt var at undersggpreksionen af de Treg relevante markgrer CD4, CD25
og CLTA-4 samt de forskellige FoxP3 splejseform&bid+ T celler fra bade blod og SF fra RA patiemtgr
sammenligne disse med CD4+ T celler fra blod fskezontrolpersoner (HC). Yderligere var det forehalt
undersgge effekten af anti-TNF gigtmedicin pa edsgionen af FoxP3 splejseformer i CD4+ T cellebfeal fra
RA patienter i behandling. En kvantitativ real-tiR€ER metode blev udviklet for at male meengden o4,GID25
og CTLA-4 samt fuldleengde (FoxP3fl) og de lavmoledse splejseformer af FOxP3 mRNA.

| et studie med 50 RA patienter og 10 HC blevateserveret en stigning i ekspressionen af FoxRgfl o
CD25 mRNA i CD4+ T celler fra blod fra patienterirferhold til de raske kontroller, men vi sa ingéavarende
foragelse af CTLA-4 mRNA hos patienterne. FOAR3nRNA var lidt gget hos patienter, sammenligned iHE,
og var til stede i starre maengder end FoxP3fl leolledte af patienterne og i alle HC. Men stignimgEoxP3\2
var mindre udtalt end FoxP3fl, hvilket indikerer faldlaengde FoxP3 er mere relevant i forhold éitqgenesen af
RA. FoxP3\2A7 kunne knapt detekteres i patientprgverne, ogkilethos HC. Disse data tyder pa en stigning i
antal Treg celler med en kompromitteret ekspresafd@TLA-4 hos RA patienter. Eftersom CTLA-4 mems
veere vigtig for de naturligt forekommende Tregsréu) cellekontaktafhaengige inhibering, foreslas aehTregs
ikke er i stand til at inhibere den igangveerendlammation pga CTLA-4 mangel. Baseret pa de fogaigle data
kan muligheden for tilstedeveerelsen af et gget anég celler induceret i periferien (iTreg) snarend
dysfunktionelle nTregs ikke udelukkes.

| et andet studie med parrede prgver af blod ofé&5E7 RA patienter blev der observeret en signsig i
ekspressionen af FoxPfl pa 21-fold i SF og en @idgh PB i forhold til HC. Nar man sammenligner
ekspressionen i SF med den parrede blodprgverfirmmeandivid, ser forskellen ud til at veere rang@atdefter
subdiagnose: RApos < RAneg < PsA hvilket afspeitehgj ekspression i bade blod og SF hos RAposrati
Denne observation tolkes her som en afspejlingtafen systemiske karakter af denne sygdom ogsévarer
blodet, og den stgtter tidligere rapporter om emobyming af Tregs i inflammerede led hos RA patieritavnlig
den voldsomt forggede ekspression af FoxP3fl i BBCT celler hos alle patientgrupper antyder, dteder et
feelles treek ved RA og ikke er knyttet til aetiologegf den specifikke subdiagnose. Derudover blev en
genekspressionsanalyse ved brug af DNA Microarddgrti pa seks parrede praver (12 arrays) af blogfg
CD4+ T celler fra tre RAneg og tre PsA patientea @lisse array data kan det konkluderes, at stigmim
ekspression af FoxP3 og CD25 ikke skyldtes tilsteztelsen af aktiverede T celler.

| et tredie studie blev 45 RA patienter fulgt undi2 ugers anti-TNF behandling, og data tyder paN&



Dansk resumé

decoy receptoren Etanercept og de antistofbaséedtndlinger Adalimumab og Infliximab er forskedligderes
effekt pa FoxP3 ekspressionen i de responderertimfea. Kun decoy receptoren Etanercept pavirkede
ekspressionen af Treg relevante markgrer og reddeerkspressionen af FoxP3fl og CD25 i de respensiv
patienter, selvom ingen normalisering blev opn@ette indikerer en reduktion i antallet af TredeelEftersom
Etanercept binder bade TNFeg lymphotoxine. (LT-o), mens antistofferne kun binder TNEkan man overveje
om LT-u pavirker FoxP3 ekspressionen i en delmaengde gia&ianterne. Yderligere kan man spekulere om
enkelte patienter kan opleve forskellig virkningoahandlingen, afhaengig af om TNF receptor liganden
hovedsageligt er af monocyt/makrofag oprindelseRTiNeller T celle oprindelse (L%). Overordnet set statter de
foreliggende resultater det synspunkt, at anti-dRandling primeert er symptomatisk og ikke en leelblse for
RA.
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List of abbreviations

Anti-CCP Anti-cyclic citrullinated protein antibaabs
CD Cluster of differentiation

CRP C-reactive protein

CTLA-4 Cytotoxic T lymphocyte-associated antigen-4
DAS28 Disease activity score 28 based on CRP (ng/L
FoxP3 Forkhead box protein 3

FoxP3fl Full length FoxP3 mRNA

FoxP3\2 FoxP3 mRNA lacking exon 2
FoxP\2A7 FoxP3 mRNA lacking exon 2 and 7
GAPDH Glyceraldehyde-3-phosphate dehydrogenase
HC Healthy controls

IDO Indoleamine 2,3-dioxygenase

IFN-y Interferon gamma

iTreg Treg induced in the periphery

LT-a Lymphotoxine

MNC Mononuclear cells

MonoA Monoarthritis

MRNA Messenger RNA

MTX Methotrexate

nTreg Naturally occurring Treg

PB Peripheral blood

PCR Polymerase chain reaction

PsA Psoriatic arthritis

QRT-PCR quantitative real-time RT-PCR

RA Rheumatoid arthritis

RAneg Seronegative RA

RApos Seropositive RA

SF Synovial fluid

TCR T cell receptor

Thl T helper 1 cell

Th2 T helper 2 cell

TNF-a Tumour necrosis factor alpha

Treg Regulatory T cell

10



Short Introduction

Short Introduction

Rheumatoid arthritis (RA) is a chronic inflammataligease with autoimmune manifestations (AletaH®DRRA
is characterised by inflammation in multiple joiteading to destruction of joint tissue and, consadly, serious
impairment of joint function. The inflammation ing joint capsule of RA patients is often accompzibig an
increased amount of synovial fluid (SF) enrichethwiells (Feldmann 1996). Among these cells aralaggry T
cells (Tregs) which are engaged in the maintenahoemunological self-tolerance by direct or indite
suppression of self-reactive T and B cells (Font@003; Hori 2003; Shevach 2006; von Boehmer 2085).
paradoxical accumulation of Tregs has been reptaéain a number of tumours (Yu 2006), and assite
inflammation such as the synovial fluid of RA pat®(Cao 2004; Raghavan 2009), and malfunctiorre§d may
play a role in the pathogenesis of RA (Cao 2006tdd-Borja 2008), making Treg cells an interestoggc for
further research. Are they different in RA? Whytbey not suppress the ongoing inflammation?

A relatively new and very expensive therapy of €hsists of targeted intervention against processte
immune system, most often by blockade of proinflatory cytokines, e.g. TNE-(Doan 2005; Fox 2000)
Treatment with these drugs is limited to patient®ware not responding sufficiently to other treattaeOnly
about two thirds of the patients achieve an acbépffect of the treatment (Papagoras 2010) asallig patients
should be screened in advance to sort out whdetikfit the most from the treatment. The persauatial, and
economic consequences of RA are enormous (Alb&8) 1% the patients live with pain and disabiliéecting
their quality of life, functional capacity and wamk ability. Many questions still remain unansweredarding the
pathogenesis of RA - the origin of the diseasethadhain of events leading to the disease - hgoiris
inflammation initiated? Why does it persist anddrae destructive? Is specific treatment possible?edtly there
is no cure for RA, and it is therefore importankéep studying the disease mechanism in orderttmise and

possibly individualize treatment for the patients.
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Aim

Aim

The overall aim of this study was to gather infatigraon the role of key factors in the pathogenesRA in order

to improve the molecular understanding of the disea

The specific objectives of the present study were:

To establish a quantitative real-time RT-PCR metioosheasure the relative amount of Treg-related ARN
including alternative splice forms of FoxP3 as veallICD4, CD25 and CTLA-4 mRNA.

To compare the presence of alternative splice fai®xP3 mMRNA in blood CD4+ T cells from RA patign
and healthy controls.

To investigate the presence of alternative sphicm$ of FoxP3 mRNA in CD4+ T cells in synovial flurom
RA patients and compare the results to paired sssygdlperipheral blood CD4+ T cells.

To clarify the effect of anti-TNF drugs on the exgsion of the different splice forms of FoxP3 mRINARA
patients.

To investigate if the patients who did benefit frime anti-TNF drugs displayed a different exprasgiattern
of FoxP3 mRNA splice forms during therapy.

To correlate the relative amount of the differgrlice forms of FoxP3 mRNA to disease activity afidical

parameters.

On the hypotheses that:

A difference in the distribution of FoxP3 mRN#aforms reflects selective recruitment and activatf Tregs.
The expression profile of FoxP3 mRNA isoformsperipheral blood Tregs differs in arthritis patiewhen
compared to healthy controls.

The expression profile of FoxP3 mRNA isoforinsperipheral blood Tregs is hormalized after 12kgeof
anti-TNF treatment.

We are able to identify patients who will beibéie most from anti-cytokine drugs based onfisat on the
expression of FoxP3 mRNA isoforms present in Trdtsan peripheral blood during therapy.

The distribution of FoxP3 mRNA isoforms in symaivluid of all three types of arthritis is abnashtompared

to the blood counterpart and specifically to tHgberipheral blood of healthy controls.

12



Background

Background

Rheumatoid arthritis and psoriatic arthritis

Rheumatoid arthritis (RA) is a chronic diseasedifg 0.5-1 % of the adult population — women mioeguently
than men (Aletaha 2010). RA is a systemic autoimemaisease, characterised by inflammation of theagh
joints ultimately leading to erosion and destruttod cartilage and bone, causing pain and disgbRA primarily
affects the joints, but other organs and tissuek as skin, lungs, and the cardiovascular systemlao known to
be affected. The patients have increased mortaigyfrom cardiovascular disease, infection, pneuay@and non-
Hodgkin’s lymphoma (Naz 2007; Sokka 2008).

There is no definite diagnostic test for RA, ane tliagnosis is based on clinical symptoms, seicibg
changes, and imaging. The current study used t8é Afherican College of Rheumatology criteria for B¥nett
1988), shown in table 1, which have been critictoedheir lack of sensitivity in early diseasen@wer set of
criteria, the 2010 Rheumatoid Arthritis ClassifioatCriteria, have in the meantime been introdu@ddtaha
2010), focusing on diagnosis at earlier stagessafage rather than defining the disease by itsstamge features
(Aletaha 2010). In the papers this thesis is basedhe patients all had established diagnosesropssitive
(RApos) or seronegative (RAneg) RA based on th& X¥issification criteria and the presence or atrseih

rheumatoid factor, or the differential diagnosesriagic arthritis (PsA) or monoarthritis (MonoA).

Table 1. The 1987 American College of Rheumatology reviséeria for the classification of RA. At least focriteria must
be satisfied for classification as RA.

Criteria Definition

Morning stiffness Morning stiffness in and arouhd joints, lasting at least 1 hour

Soft tissue swelling or fluid in at least 3 of ldsgible areas:

Arthritis of > 3 joint areas right or left PIP, MCP, wrist, elbow, knee, anlkded MTP joints

Arthritis of hand joints Swelling of the wrist, MCBr PIP joint
Simultaneous involvement of the same joint arealsaih sides of the body
Symmetric arthritis (bilateral involvement of PIPs, MCPs, or MTPs isgmtable without absolute
symmetry)
Rheumatoid nodules Subcutaneous nodules present

Abnormal concentration of RF as detected by a niethat produce positive

Rheumatoid factor (RF) results in < 5% of healthy controls

Erosions or unequivocal bony decalcification losadi to the joints of the hand

Radiographic changes and wrist

PIP: proximal interphalangeal; MCP: metacarpoptgdall MTP: metatarsophalangeal

RA is a heterogeneous disease which may be diwdedwo major subgroups based on the presence or
absence of autoantibodies such as rheumatoid f@RE)rand anti-cyclic citrullinated protein antibesl (anti-CCP)
(Nishimura 2007; Quinn 2005). Seronegative RA (R#jrie characterised by less systemic manifestatems a
better prognosis than seropositive RA (RApos) (ddaadv2009). Anti-CCP are more specific than RF for
diagnosing rheumatoid arthritis and may better iptextosive disease (Nishimura 2007; Quinn 2005}his

thesis, however, RApos refers to the presence afriFand not anti-CCP. The correlation between the

13
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concentrations of the two autoantibodies can be seigure 1.
It is obvious by the distribution, that the twottesorrelate, however, due to defined referencgagnsome tests
are positive in one while negative in the othertl@f 42 patients (those included in paper | andriéipresented in

figure 1, only five were anti-CCP positiaad RF negative.

10000 Rheumatoid Factor and anti-CCP Figure 1. The correlation between RF and anti-CCP. Data from
neg/pos pos/pos 42 patients (from paper | and Ill), where acftuahbers were
1000 ‘ % available around the time of sample collection,slr@wn. The
" * . . lines differentiate between positive and negatarmsles at 17
E A RN g o * kiU/L for RF and 5 kU/L for anti-CCP, respectively.
S 100 .
o .
S R
L 10 . .,
8 .
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Psoriatic arthritis (PsA) (Veale 1994) is anotjoémt disease that resembles RAneg regarding therate of
RF and anti-CCP. Where RA can affect other organgtiasues such as skin, lungs, and the cardiolaassystem,
psoriasis primarily affects the skin, but give®rie joint disease, PsA, in up to 30% of the p&ie@n average
PsA appears about 10 years after the first sigpsafiasis. The classification criteria for PsA: alaical evidence
of joint inflammation involving at least one joifttr more than 3 months; the presence of at leaspsoriatic skin
lesion and/or dystrophy defined as > 20 nail pitd/ar onycholysis; seronegative for RF. If the @attiis
seropositive, he or she is considered to have RA pgoriasis (Veale 1994). However, despite théféerences all
three types of arthritis present themselves witfilar inflammatory reactions in the joints and nieeydifficult to
distinguish clinically from each other (Quinn 200B}A patients are given a similar treatment togafients with
anti-TNF drugs.

The aetiology of RA is unknown and there are iatlans of both genetic and environmental factors of
importance for the development of RA. The main gienesk factor for RA is “the shared epitope” dethuman
MHC class Il, HLA-DR (Gregersen 1987), but sincawanm are affected three times as often as mengesiso
may also be associated with increased risk of R¥%. denetic association with HLA-DR suggests a alaks
immunological mechanism involving CD4+ T cells afrge stage in the pathogenesis of RA. The envirohmen
plays a role, and the main environmental risk fafdoRA is smoking (Costenbader 2006; Padyukow420but
also infectious agents may be a factor (KobayaB08p Certainly, the low concordance rate of 15%vbken
identical twins (Silman 1993) suggest that envirental factors are the major determinants for tteebof
disease. On the other hand, the concordance rd8 i dizygotic twins (Silman 1993) shows that gmfactors
do contribute.

In figure 2 a schematic picture of a healthy amdnflamed joint is presented. In a healthy johe amount

of SF is usually very small and contains few céflany, while the RA joint often contains incredsslume of SF
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enriched with cells, predominantly neutrophils gnanulocytes, but also CD4+ T cells, B cells, mphages and

synoviocytes (Feldmann 1996).

Figure 2. A schematic picture of a
o S healthy and an inflamed joint.
Healthy joint Rheumatoid joint

Capsule—/ ¢ ) Inflamed thickened
[ S _%\5/ synovial membrane
Synovial membrane e SR

f Synovial fluid

Synovial fluid is routinely aspirated guided byratound at the Parker Institute (Bliddal 2000; @&dard 2001;
Terslev 2003). There is an increase in cellulasftthe synovial membrane, where the thicknessdseased from
1-2 cells to 6-8 cells comprised mostly of actidateacrophages with an underlying layer of fibroblée
synoviocytes. This expansion of synovial membramm$ a structure called pannus that penetratesattiégage
and invades the subchondral bone, causing the gudsterosion of these tissues (Feldmann 19963. roicess
occurs under the influence of a large number afldges. The micro-environment in the inflamed synovof RA
patients has been compared to that of tumoursredtards to cytokine and chemokine profiles, and to
neoangiogenesis in the formation of pannus tisRuel@lph 2005). In PsA there is an increased vastuta the
skin, and angiogenesis is a prominent event. T houoptes are the most common inflammatory cellfiengkin
and joints of PsA.

Tumour necrosis factor (TNF) has proven to beyagtayer in the autoimmune reaction. It is consdetio
be of major importance in arthritis and is a therdje target (Doan 2005; Feldmann 1996; Fox 20QMiert-
Roth 2009). The TNF family of cytokines include TIFand lymphotoxinz (LT-a) both binding and signalling
through the same receptors TNFR1 and TNFR2. &N§=a pleiotropic cytokine with multiple actiongychin
arthritis TNFe induces e.g. the production of other pro-inflamomatytokines such as IL-1 and IL-6 and
chemokines. It also induces the expression of matatalloproteinases and prostaglandirbiz synoviocytes and
activates osteoclasts, resulting in destructiocasfilage and bone resorption (Brennan 2008; F@0R0
Furthermore, TNFe activates the T cells, enhancing T cell infiltoati and augments angiogenesis and the
proliferation of keratinocytes in psoriatic plags®ale 2005). The receptors TNFR1 and TNFR2 ottuarious
combinations in different tissues, and the bindihgNF-u to cell surface TNFR1 can also initiate signalling
pathways that lead to apoptosis or "B-activation (Tracey 2008). The importance of TS highlighted by the
success of anti-TNF drugs (Taylor 2009). The redatdles of TNFa and LTe are not completely elucidated.

The first approved biologic agents for the treathd RA were inhibitors of TN, and the first three
drugs available of this kind were Enbrel/EtanercBgimicade/Infliximab and Humira/Adalimumab. The RA
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patients in paper Il were treated with one of éhgee different anti-TNF drugs. All three drugsdto TNF«
preventing it from activating TNB-receptors: Remicade/Infliximab is a mouse-humamelic antibody, and
Humira/Adalimumab is a chimeric antibody resemblimijiximab, but it contains only human componefitaylor
2009). Enbrel/Etanercept is a TNF receptor 2-lg§din protein, a decoy receptor for both TiBnd LT+, and
contains only human components. Cytokines other TiF-0 have been introduced as therapeutic targets:
Anakinra is a recombinant form of a naturally ocing IL-1 receptor antagonist, and Tocilizumab ishameric
monoclonal antibody blocking IL-6 mediated sigmahsduction (Taylor 2009). Also, other types of#pées have
emerged: Rituximab is a monoclonal antibody dirgéegainst CD20+ B cells. It induces transient diguieof
(auto-) antibody production and co-stimulatory Bsc@Papagoras 2010). Abatacept is a CTLA-4-1gGdins
protein and functions as a selective inhibitor afell co-stimulation by blocking the interactiontlveen CD28 and

the antigen presenting cell (Papagoras 2010).

The Immune System and RA: a brief and selective introduction

The immune system consists of a myriad of diffecait populations and soluble factors, each paditing in
maintaining an effective immune response to infeiagents. It is a common belief that dys-regdlateells are
involved in RA based on the well-known HLA assoiciat Additionally, non-cellular agents such as
autoantibodies, complement factors, and lectingkseinvolved in the pathogenesis of RA (Okroj 200
Furthermore, microRNAs have recently been impliddéteautoimmunity and diseases such as RA (Fur&d;20
Tili 2008). MicroRNAs are small RNA molecules thiagjulate gene expression by binding to target mRai#bs
prevent translation of the protein product by meitras involving antisense microRNA-mRNA interactimd
subsequent cleavage of the RNAs (Furer 2010; TD&).

T cells comprise subsets of lymphocytes develapéde thymus, where the T cell receptor repertisire
formed by positive and negative clonal selectidme T cell receptor of the CD4+ T cells reacts tptige
fragments presented by MHC class Il on the surédi@n antigen presenting cell. The CD4+ T cell gapon may
be further subdivided into T helper 1 (Th1) andelpler 2 (Th2) cells with somewhat different biokegjiactivities:
The Th1 cells activate macrophages, produce a nuoflpgo-inflammatory cytokines, and stimulate Blséo
produce antibodies mainly IgG and IgA; while ThAxproduce anti-inflammatory cytokines and stimelB cells
to produce antibodies, especially switching to (§Eirphy 2008). RA has traditionally been viewedaabh1-
driven disease with a relative predominance ofTthie cytokine IFNy over IL-4, although neither Th1 nor Th2
cytokines are present in large amounts in SF (RA2&). Th17 cells are a new subset of CD4+ T helphs that
have been implicated in immune-mediated tissueyrguch as in the synovium in RA (Steinman 200%e T
CD4+ Th17 cells stimulate chondrocytes and oststgland activates fibroblasts to secrete chemsKingbberts
2004; Lundy 2007).

In order to avoid autoimmune reactions the immeystem must be able to eliminate or inactivate-auto
reactive cells. Central T cell tolerance is estdiadd when T cells specific for self antigens airriehted in the

thymus. Occasionally self-reactive T cells may psadeletion in the thymus and enter the peripHeeyipheral T
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cell tolerance is acquired by mature lymphocytethéperipheral tissues by cellular inactivatiorotigh weak
signalling without co-stimulus (Murphy 2008). Addited effector T cells specific for self peptide:Mid@mplexes
can cause local inflammation by activating macrgglseor can damage tissue cells directly. Diseasehich
these actions of T cells are likely to be importactude RA (Cao 2006). A further level of peripaktolerance is

obtained through the function of regulatory T cétise later).

Models for the role of T cells in arthritis

T cells clearly play a central role in joint inflamation in arthritis, but whether T cells are invexdvin initiation of
the disease process, or are secondary to the miaony response originating within the joints, nkoown. It is
also unknown whether the antigen is “an autoant{gdrether specific to the joints or ubiquitoushighly
conserved foreign protein cross-reacting with iteman homolog, or a neo-antigen expressed as d oésul
posttranslational events” (Fournier 2005).

Witebsky’s postulates revisited by Rose in 199¥ tmaused as the defining criteria for autoimmune
diseases in human, and they include “direct evidéram transfer of pathogenic antibody or pathogd@ncells;
indirect evidence based on reproduction of theiautmne disease in experimental animals; and circamial
evidence from clinical clues” (Rose 1993). For @l reasons, direct evidence as human-to-humasferaof
pathogenic T cells is not possible to come by. &fee an updated version of the postulates redjuite'an
autoimmune reaction is identified in the form ofaantibody or cell-mediated immune reaction; theesponding
antigen is known; and an analogous response causeslar disease in experimental animals” (vanl&aa005).
Several animal models of arthritis, such as coltaigeuced arthritis or adjuvant arthritis in roderegxists and are
T-cell dependent (Firestein 2003; Fournier 2005er€ is general agreement that T cells play aimcéethritis,
leaving the corresponding antigen to be identifieelveral potential candidates have been suggestieding
collagen type I, proteoglycans, heat shock prateamd lately citrullinated proteins (Fournier 2005

van Gaalen proposes a two-step model which engdsattie involvement of citrullinated proteins and-a
CCP. The first step involves the presentation litinated proteins to T cells by activated detidrgells resulting
in a T cell response. Citrullination is a resultiod local inflammatory process and not subjeataggular B-cell
tolerance development. The T cells stimulate Bsdellproduce high affinity anti-CCP which then ertke joint
due to local inflammation or as a result of immeoeplex-facilitated vascular leakage. The secoep stvolves
migration of immune cells to the joint during infianation or after a trauma, citrullination of syravproteins by
enzymes activated during cell death, and activaifa@omplement by anti-CCP in complex with citrodied
antigens. More immune cells are attracted to the,jomore citrullinated antigens are produced, and
inflammatory circle contributing to the chronic e#se is generated (van Gaalen 2005).

Firestein proposes a multi-stage pathogenic médelombination of stochastic events (activatioimofate
immunity), pre-determined events (genetic backgdpuand adaptive immune responses directed against
autologous antigens” (Firestein 2003). The eadgetis proposed as activation of innate immunitg, any

pathogen that gains entry to the joint could beaasible in a given individual. Proposed mechaniamshe
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activation of innate immunity by agonists for tbKe receptors and/or engagement of Fc receptors by
autoantibodies. Synovial dendritic cells activabgdoll-like receptors migrate to the lymph noddzeve they
activate T cells. Adhesion molecules up-regulatethe endothelium allow circulating cells expregdinme right
receptors to accumulate in the inflamed joint. Thenhe appropriate genetic conditions such apthsence of
the right HLA-DR alleles, there is a loss of toleca related to the effects of HLA-DR backgroundiher T-cell
repertoire might contribute to autoreactivity tautyeexposed articular antigens. Direct T cell cabtzan also

activate other cells in an antigen-independent rea(ffirestein 2002; Firestein 2003).

nTreg and iTreg

Dysfunctions of Tregs fit the afore mentioned meded they are probably primed in the lymph nodedaer
summoned to the joint by chemokines and adhesidaauies. Tregs are dedicated to the task of sp&aiglin
suppressing the activation, expansion, and funafasther T cells and B cells (Fontenot 2003; Hf03;
Shevach 2006; von Boehmer 2005). Hereditary asagalixperimental elimination of Tregs lead to aniune
manifestations (Afzali 2007; Allan 2008; Flores-Bo2008; Hori 2003; Sakaguchi 2008), and quantadir
qualitative abnormalities in Tregs may contributénflammation in RA. There are a number of T selbsets with
immune modulating function (Cools 2007), howevke, fiocus of the present thesis is the FoxP3 expge3scell
subsets, nTregs and iTregs, described below.

Current evidence suggests the existence of tweessilof FoxP3 expressing Tregs, the natural (nTaed)
the induced (iTreg) Treg cells (Horwitz 2008; Klaat?009). nTregs develop in the thymus and thematego the
periphery where they comprise 5-10 % of T cellg.ag§ are characterised by the expression of cdci
markers CD4, CD25high, CD127low, and also CTLA-d ghucocorticoid-induced tumour necrosis factor
receptor (GITR). nTregs express FoxP3high, andethalar transcription factor. The iTregs are geted in the
periphery from CD4+CD25- cells after antigen redtgn and in the right environment rich in T@FiTregs start
to express some of the same cell markers as nT@&s, CD25low, and FoxP3low) (Horwitz 2008; Khattar
2009). CTLA-4 is one of the key molecules in Trefjcand is supposed to take part in the developwofdaiiregs
(Curotto de Lafaille 2009; Horwitz 2008) as welliaghe suppressive mechanism of Tregs. Anothéerdifice
between nTregs and iTregs is the differential $isitgito modulation of the suppressive capacitpunteraction
with IL-6 (Zheng 2008).

Both nTregs and iTregs need triggering of thedell receptor (TCR) for suppressive function (Cad97).
The TCR specificity of Tregs is currently unknoviaot a model has been proposed predicting differeirce
specificity of the TCR between nTregs and iTreggi(foto 2011; Horwitz 2008). As Tregs are CD4+, #émtigen
is expected to be presented by MHC II. It has tsgetulated that since activated T cells express MHBe
thymus-generated nTregs are selected to recoggiisgeptide including TCR fragments on activatedells. In
contrast, iTregs are generated from conventiortalasied T cells, and accordingly their TCR repedaos expected
to be directed against foreign antigen fragmergsgmted by antigen presenting cells (Vandenbarg)200

Isolation of highly purified Tregs is difficult drtime consuming because there is no unique cdfica
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marker, and because Tregs share phenotypic sitigtawith activated T cells (Aerts 2008; Bour-Jor@®09;
Milpied 2009). FoxP3 is the marker best correlatedreg cells (Hori 2003; Khattri 2003; RamsdelD3) but it is
a transcription factor located in the nucleus amsltherefore difficult to determine with flow @rmetry. The
staining of FoxP3+ cells can be highly variable dagends on the choice of antibody/buffer pair thedsetting of
the FoxP3 gate (Law 2009). Additionally, the estioraof FoxP3+ cells in flow cytometry and westétat has
been further complicated by cross-reactivity wittilunow unidentified proteins of a FoxP3 antibadymmonly

used in flow cytometry (Woetmann, personal commatnia).

The mechanism of action

The mechanism of action is thought to be diffefenthe two subsets — the nTregs suppress primagla cell
contact-dependent mechanism, while the iTregs gspphrough a cell contact-independent mechanigrg us
cytokines such as IL-10 and T@RRamsdell 2003; Tang 2004). It is likely, thatrénés more than one
mechanism by which Treg cells exert suppression tlaat they do so in a context-dependent mannezraiipg on
several factors, for example the target cell, doal cytokine milieu, and the activation statushaf antigen
presenting cells.

One possible mechanism for cell contact-depensigmtression through CTLA-4 is the aggregation egsr
on dendritic cells resulting in down-modulationtiké CD80 and CD86 molecules on the dendritic cafls,
described in mice (Oderup 2006; Onishi 2008). CB8@ CD86 provide a co-stimulatory signal through?8D
which is necessary for T cell activation and suslilbown-modulation of this signal would resultsiappression
of T cell activity. CTLA-4 and CD28 are similar nealules, and both bind to CD80 and CD86 but withosfip
effect, the former inhibitory and the latter stimtary (Magistrelli 1999). Another suppressive metbia
involving CTLA-4 is the induction of indoleaminexXdioxygenase (IDO) in dendritic cells through thieraction
between CTLA-4 and CD80/CD86. IDO is an enzyme ived in tryptophan catabolism in dendritic cellsda
cells expressing IDO can suppress T cell respahseggh deprivation of the essential amino acigtophan and
promote tolerance (Mellor 2004). A different propdsnechanism of immune suppression is the inaaiivaind
conversion of extracellular ATP to AMP by the caifface associated ectonucleotidase CD39, preadfnx 3+
Treg cells (Borsellino 2007). Extracellular ATPréideased by damaged cells and functions as aratmtiof pro-
inflammatory responses, and as a chemo-attragiahtrhphocytes (Bours 2006). An additional suppress
mechanism involving cAMP is the formation of GAR@tions between Tregs and effector T cells allovaAy1P
to diffuse from inside the Treg cell to inside #féector T cell (Bopp 2007) resulting in the inhibh of T-cell
activation. Yet another proposed mechanism is timsumption by Treg cells of survival and growthmaoting
cytokines, such as IL-2, resulting in inductiorapbptosis in effector T cells (Pandiyan 2007; Sciheéf2007).
Tregs express high levels of the IL-2 receptor, E0fit do not produce IL-2 themselves. This medrarof
action may be lost when large amount of cytokimesaaailable, such as in the arthritic joint.

Another example of the importance of cytokinethesbalance between the anti-inflammatory Tregaatd

the pro-inflammatory Th17 cells. The cytokine TGk required for both Treg and Th17 differentiatiasn it
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induces the expression of the transcription fadtarsP3 and ROR required for differentiation of the Treg and
Th17 cell lineages, respectively. FoxP3 can infRtRyt transcriptional activation resulting in Treg
differentiation and not Th17, but in the presentck. b the effect is abrogated leading to Th17 eliéintiation and
not Tregs (lvanov 2006; Zhou 2008). Th17 cellsase involved in activation of osteoclasts, causinge
resorption (Steinman 2007), and the role of IL{dfbduced by Th17 cells, includes promotion of nejitil
accumulation and release of pro-inflammatory cytekiby a wide range of cell types (Brennan 20072&L10).

Also TNF is important in RA and has been shown to inhHet $uppressive function of Treg cells
(Valencia 2006). Treg cells express TNFR2, andaiony through this receptor resulted in reducegf=»
expression and decrease in suppressive functigqpdSedly anti-TNF treatment restored their suppress
function (Valencia 2006).

FoxP3

The marker best correlated to Tregs is the trapisen factor FoxP3, which controls the expressiba number of
key genes in the Treg cell itself and is requit@diie development of suppressive function of Taelts (Hori
2003; Khattri 2003; Ramsdell 2003). However, thamereports that FoxP3 is transiently expresséuaiman
activated non-regulatory T cells, although in digaintly lower levels than those in suppressiveagsr(Allan
2007; Wang 2007). Supposedly, this transient esprf FOxP3 is a consequence of CD4+ T cell atown and

the activated cells do not convert to Tregs (AR&Q7).

Repressor Region Zink Finger  Leucine Zipper FeddchDomain

s (O

Full length FOXP3| Exonl | Exon2 [ Exon3 | Exon4 | Exon5 | Exon6 | Exon7 | Exon8 | Exon9 | Exon 10 [ Exon 11|

FoxP3A2 | Exon1 [ Exon3 ] Exon4 [ Exon5 | Exon6 | Exon7 | Exon8 | Exon9 | Exon 10 [ Exon 11]
FoxP3A2A7 | Exon 1 [ Exon3 | Exon4 | Exon5 | Exon 6 I/\| Exon8 | Exon9 | Exon 10 [ Exon 11|

Figure 3. Schematic structure of the coding exons of hun@dPB mRNA and the splice forms, and the predictadtiral
and functional domains. Modified from paper | (Ry@610).

Patients with genetic deficiencies in FoxP3 devaleyere abnormalities in immune homeostasis, tBX IP
syndrome (Immunodysregulation, Polyendocrinopamteropathy, X-linked), causing e.g. excessive kigi®
production, and chronic inflammation leading tottig@an der Vliet 2007).

The FoxP3 gene consists of 12 exons, but theefusih in the 5" end is not translated and therefiotgbed
exon -1. There is consensus that FoxP3fl compfisga@n 1-11. Two low molecular splice forms of F@xfave
been found, FOXR® and FoxPB2A7. As can be seen in figure 3, they both lack eban and the FOXRRA7
isoform also lacks exon seven (Allan 2005; Krejsd@®08; Smith 2006). Exon two is a part of theliperich
repressor region at the N-terminal part of thegimtwhich has been shown to be important for trdptonal

repression by FoxP3 (Bettelli 2005; Du 2008; Lop@86). Exon seven is part of the leucine zipperaiom
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necessary for FoxP3 homodimerization (Lopes 200&. Forkhead/winged helix domain at the C-termafdhe
FoxP3 protein mediates its nuclear localisation anitity to bind DNA (Schubert 2001).

The full length FoxP3 protein acts as functiomgdressor of RO® NFAT, and NFkB mediated gene
expression (Bettelli 2005; Du 2008; Krejsgaard 208®0Rx has been implicated in the maintenance of bone
tissue (Meyer 2000) and as a negative regulatoflaimmatory response (Delerive 2001), and dB-and NFAT
are among other things essential for cytokine gapeession and T cell functions (Bettelli 2005)eTivo
isoforms differ functionally from FoxPfl, althoudhe lack of exons two and seven did not prevenPBex
dependent inhibition of T-cell activation (Smith(&). The FoxP&2 splice variant differs functionally from full
length by not being able to interact with R@OBRnd inhibit ROR-mediated transcriptional activation (Du 2008).
Both low molecular isoforms of FoxP3 have no intabj effect on NF«B transcriptional activity, while the full
length version is a strong inhibitor (Bettelli 20®@&ejsgaard 2008). There are, however, conflictiegults
regarding the splice variants as another group stidhat all isoforms reduced both NFAT-mediated ldRekB-
mediated transcription, and that the lack of exaren did not affect dimerization (Mailer 2009). e other
hand, previous reports have identified exon twa aentral part of the transcriptional repressor aarm FoxP3
(Bettelli 2005; Du 2008; Lopes 2006).

The focus of this thesis is Tregs isolated frothrétis patients. For logistic reasons (e.g. latkguipment,
money, time) | have not performed any flow cytometr functional studies of these Tregs. At the tiimese data
were generated, no antibodies able to distingusivéen the different isoforms of FoxP3 were avéaldbr flow
cytometry, and it has only recently been possiblieuy kits for isolation of a highly purified Tremppulation.
Hence, | decided to isolate CD4+ T cells using neéigrbeads, and froze the cells for RNA extractleimctional
as well as flow cytometry data are most reliablemperformed on freshly isolated cells, and theesopost-hoc

analysis was not in question.
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Methods

Validation of the QRT-PCR

The choice of reference gene for QRT-PCR

In all samples, glyceraldehyde 3-phosphate dehyrage (GAPDH) and CD4 were used as reference derses.
standard to use housekeeping genes such as GAPaiHia®rnal reference gene to normalize the POR&$hé
amount of RNA added to the initial cDNA reactioAscommercially available ready-to-use GAPDH TagMan
Assay Reagent was used. As the focus of this wak FoxP3-expressing CD4+ T cells isolated by CDsitipe
selection, the CD4 gene was used as cell-speafitral gene. It was not possible to do an actuatrobof the
reference genes, as the material used originated fatients and was not subjected to controlle@mxgntal
variation. However, Mocellin demonstrated thatgleae expression of CD4 by resting T cells did iainge
significantly after stimulation and it is therefaeitable to use as a T cell subset-specific ratEgene (Mocellin
2003). Hence, the cycle threshold (Ct) values werenalized against the corresponding CD4 valueslitihally,
there was a positive correlation between the Giesabf GAPDH and CD4 in blood CD4+ cells from dtihr
patients, see figure 4, and the Pearson productemboorrelation coefficient @Rwas calculated in Excel to be
0.953. Because 95.3% of the variance in Ct(CD4)atimibutable to the variance in Ct(GAPDH) it wasamed to
be safe to replace GAPDH with CD4.

Correlation between GAPDH and CD4 Figure 4. The correlation between GAPDH and CD4 Ct
40 values. Data from 50 patients included in the stjpdyer 1) is
Lo | v=090s6¢+ 31378 shown. The trendline equation was obtained usingyddoft
R = 0,9527 s R Excel.
/
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Theprinciple

The quantitative real-time RT-PCR method theor#fickoubles the amount of DNA with every cycle. The
principle of the QRT-PCR reaction is outlined igure 5. In short, the Tagman probe consists of & Béguence
modified with a reporter dye in the 5’ end and amgher in the 3’ end. When the quencher is in gbosgimity of
the dye, it quenches the fluorescence signal bphle@aomenon of fluorescence resonance energy érabgiring
the PCR cycle the Tagman probe is cleaved, relgdlsereporter dye from the effect of the quenchke
instrument quantitatively measures the fluorescgererated after each PCR cycle, and the expreskagene is
quantified in terms of cycle threshold (Ct). TheiCthe number of cycles at which the measuredéksmence

exceeds the determined threshold. Hence, a larfgr @tgiven target gene translates to a small amoiustarting
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material and vice versa.

Reporter dye Quencher
- Forward primer agman prob -
. ————————————
3 5
Polymerization 5 3
———————— "

Reverse primer

5 — 3
Strand displacement 3 5
5 3
—— —
§ :Z -
~J
5 — > 3
Cleavage 3 5
5 3
C—— ——
~
~
-
5:_ > 3:
Polymerization completed 3 5
5 3
< e 5

Figure 5. The principle of the QRT-PCR reaction. Reportez:d+FAM; Quencher: TAMRA

The big question is how to analyze these RT-PQR, dad there are two methods one can use: theveela
quantification and the absolute quantification. &bsolute quantification method determines thdistacopy
number usually by relating the specific signal &iandard curve. The relative quantification metisagsed to
analyze relative changes in gene expression bingltne specific signal in one sample to anothey, PB versus
SF; before and after treatment. | chose relatiantification using the 22 method (Livak 2001), whe#ACt =
ACt(target, patient) ACt(target, healthy control group). The relative reggion was calculated as the amount of
target normalized to the internal reference CD4, r@ative to the healthy controls used in the carigon in paper
I, I, and IIl. Additionally, when comparing thedividual expression levels in SF relative to theression in
paired samples of PB in paper Il the expressid®Fmwas calculated relative to the paired PB sanapie,

AACt = ACt(target, SF) ACt(target, PB).

Assumptions, dilutions, slopes, and efficiencies

When applying the 222 method to QRT-PCR data it is assumed that theificapion efficiencies of the target
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and reference transcripts are approximately eqim.efficiency is derived from the theoretical ftion for the
amount of PCR product formed: N 5 NE", where N is the number of amplified copies,ifNthe starting number
of copies, n is the number of amplification cycesl E is the efficiency (Mygind 2002). The idediaéncy is 2,
and theoretically the amount of copies is doubl@tl every PCR cycle. The efficiency can be cal@ddtom the
slope of the line in the plot of log cDNA dilutigr-axis) versus Ct (y-axis). The equation belowesived from
the function above:

= - (1/logE)*logN + (logN/logE), and the slope equals -(1/logE) (lgb2002).

A m CD4 B m FoxP3fl
50 50
457 45 = -3,201 + 25,419
y = -3,312x + 21,446 y =-3,201x + 25,
40 1 R? = 0,997 40 | R?= 0,996
6 35 B 6 35 -
30 1 30
25 25 |
20 - 20 1
15 T T T T 15 T T T
-5 -4 -3 -2 -1 0 -4 -3 -2 -1 0
Log cDNA dilution Log cDNA dilution

Figure 6. 10-fold dilutions series of cDNA using primer s&is A) CD4 and B) FoxP3fl. The slopes were detedifrom
the trendline equations.

A ten fold serial dilutions of cDNA were amplifieging all primer sets and plotted as described@ala
figure 6 the plot for CD4 and FoxP3fl dilution sgiare shown, and the plots for the remainingdisstems are
shown in Appendix D. The slopes were determinethftioe trendline equations in the Excel plots, dred t

efficiency of each primer pairs were calculatedtased above and shown in table 2.

Table 2. The slopes and efficiencies of each probe and pniaies in the QRT-PCR.

GAPDH CD4 CD25 CTLA-4 FoxP3fl | FoxP2 | FoxPR2A7
Slope -3.33 -3.31 -3.44 -3.31 -3.20 -3.36 -3.57
Efficiency 2.00 2.01 1.95 2.01 2.05 1.98 191

The ideal efficiency is 2.00 and the correspondioge is - (1/log2) = 3.32. There are no rulewds®w

o~ AACt

similar the efficiencies have to be in order to tee method. Schmittgen suggests that the efficienayof

genes are similar enough if they are within 10%aath other, that is efficiencies in the range 8ft@.2.2 with
corresponding slopes of -3.92 to -2.92 (Schmit2@®8). So what is the effect of difference in efficy between
target and reference gene? This can best be dtestby an example. At cycle number 25 with efficies of 1.8
and 2.0, and using the equation above, thereferdifce in Ct of 3.7 corresponding to a 13-foldedénce:
N = No*E" = Ng*1.8%° = Np*2.41*10° and N = N*E" = No*2.0%° = Ny*3.36*10

During the experimental work it was discovered tha primer pair amplifying FoxP3fl were suboptima

new pair was designed and tested using the exittgrgan probe, see figure 6 above. Data usingthethew and
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old primer pairs were compared, showing differiaguits only if the Ct values obtained using thepaat were
higher than 32. As a consequence all samples withvalue higher than 32 in that particular systesne

reanalyzed with the new set.

TRIzol versus KingFisher

For practical reasons | used two different RNAasioh methods, the automatic KingFisher technolagjng
magnetic rods and magnetic beads with oligo-dT gsatatching mMRNA, and the TRIzol reagent metholatisg
total RNA. In order to certify that the two methafsRNA isolation were comparable | performed tveparate
RNA extractions on the same samples using bothadstfollowed by cDNA synthesis and QRT-PCR. The
samples used were CD4+ T cells from PB and SF &omRA patient. Sample preparation and total RNAatsm
using TRIzol Reagent were described in paper lllenteal-time quantitative RT-PCR and mRNA isolatigsing

the KingFisher technology were described in détagilaper .

A TRIzol versus KingFisher EPB  OSF B TRIzol versus KingFisher EPB  OSF
1.0 1.0
0.9 | 0.9 |
— 0.8 . 0.8 |
5307 I 07|
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) 0.6 5 0.6
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0.3 0.3 1
0.2 1 0.2 1
0.1 0.1 4
0.0 0.0 -
CD4 CD25 CTLA-4 FoxP3fl oPN2 FoxPA2A7 CD25 CTLA-4 FoxP3fl Fox&B  FoxPA2A7

Figure 7. The numerical difference ifNACt for the two RNA isolation techniques used whgrGRAPDH and B) CD4 was
used as reference gen®ACt(GAPDH)| = ACtrrio(target gene) ACkingrishe(target gene)| wherkCt(target gene) =
Ct(target gene) — Ct(GAPDH). For the calculatiofA#fCt(CD4)| the Ct(GAPDH) values were substituted wlith Ct(CD4)
values.

To ensure comparability and to correct the redattgliffering amounts of RNA | used GAPDH as reface and
calculated thé\Ct value for CD4, CD25, CTLA-4, and the three FoxspBce forms aACt(target gene) =
Ct(target gene) — Ct(GAPDH). The differenced@t values between the two methods were less tharoorall
target genes (figure 7), and | therefore assuméntbenethods are comparable. | repeated the céiloulBor each
target gene replacing the Ct values for GAPDH Wib¥, and obtained similar results with differenoeACt

values of less than one (figure 7).

Synovial fluid samples — volumes and cell numbers
In the paired samples study (paper II) all rheuopditients with flare in the knee joint from whoroedlular SF
could be obtained were included. Volumes of SFratgud were between 22-285 ml with a median volufrgo

ml. The number of MNC isolated from each sampléedhbetween 0.08-3.2 x 1MINC/ml. The percentage
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represented by MNC was different from patient tbgud. Some patients had a large percentage of
granulocyte/macrophages others a few, based oonadrsbservations of the precipitate after Lympleppr

gradient centrifugation.

Clinical parameters
In paper | and Il we tested the correlation betwte presence and amount of FoxP3 mRNA and seslarial

parameters. In this section | would like to desetitrese parameters with a few more words.

DAS28 score

The DAS28 score is a validated tool for quantim@ssessment of RA (Prevoo 1995; van Gestel 1988sW
2009). It is a combined measure of information wolken joints, tender joints, the acute phase respdCRP and
the patient assessment of general health. DAS28d@® a number on a scale from 0O to 10, indicategcurrent
activity of arthritis in the patient. A DAS28 scavéabove 5.1 translates to a high disease actiwigreas a
DAS28 score below 3.2 indicates low disease aytiliAS28-defined remission is classified as a sémneer than
2.6. Remission is the state of absence of disedBéyain patients with a chronic iliness, withelpossibility of
return of disease activity. The DAS28 score is usdbth patient care and clinical research. Thé &R response
criteria (Aletaha 2010) includes changes in diseasigity, as well as current disease activity, atates that good
responders are patients with an improvement o2>afid a present score08B.2. DAS28 scores are calculated as
follows, where TJC = Tender joint count; SJC = Samjoint count; GH = general health using the & visual
analogue scale (VAS); and CRP mg/L.

DAS28 = 0.56%/(TJC28) + 0.28¥(SJC28) + 0.014*GH + 0.36*In(CRP+1) + 0.96

CRP

C-reactive protein is one of the plasma proteir®sakmas acute-phase proteins. They are proteindwrhéy
increase or decrease their plasma concentratio28%yor more during inflammation. Conditions thatnenonly
lead to marked changes in CRP include infecti@urtra, surgery, burns, advanced cancer, and inflaonma
conditions such as RA. CRP is produced in the lfBeahn 1988), and the production is stimulatedhgzy
cytokines IL-6 and TNFe. At Frederiksberg Hospital a normal CRP valueefirgd as <10 mg/L.

VAS
Self-reported general health assessment usingdhenin visual analogue scale (VAS) where 0 = bedtlf® =

worst.

HAQ
The health assessment questionnaire (HAQ) is @igoeaire that evaluates self-perceived physicsdloility to

perform different activities of daily living grougento eight areas: dressing and grooming, riséiaging, walking,
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hygiene, reaching, gripping, and other activitieise HAQ result in a number between 0-3 where @rsnal and 3

is indicating severe physical disability.

ESR

The erythrocyte sedimentation rate (ESR) measteesate at which red blood cells separate fromdkeyum
over time, becoming sediment in the bottom of #& tube. The sedimentation rate increases wiklinnmhation
mainly due to elevated concentrations of fibrinog@rahn 1988), and at Frederiksberg Hospital a abEB$R

value lies within 2-20 arbitrary units.

Anti-CCP

Some patients develop antibodies against modiigdillinated) arginine residues (anti-CCP). Cilindtion
results in a small change in molecular mass antbseof a positive charge in the modified protdiremn Gaalen
2005). The physiological role of citrullination rains to be elucidated. At Frederiksberg hospitadranal anti-
CCP value is < 5 kUI/L.

RF

Rheumatoid factor (RF) is an autoantibody agaimestic portion of IgG. RF is a combination of autdzodies
from the three major classes of immunoglobulins IJ¢dG, and IgA, with the IgM and IgG as the mostiradbant
(Mannik 1988). RF forms immune complexes with & knd can be used prognostically as it correlaitts
functional and radiographic outcomes in RA. At Ferkksberg hospital a patient is defined positiva &F

concentration > 17 kiU/L.
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Results & Discussion

We established a QRT-PCR method to measure the reélae amount of Treg-related mRNAs

We designed assays for Treg relevant markers CD25@nd CTLA-4. We also designed four FoxP3 aseagh
amplifying different transcripts (figure 8, papetlilll). The assays were designed with primerpmbes
spanning exon-exon junctions to avoid amplificattbgenomic DNA. Samples were run in duplicatestisig
with the reverse transcription step, and a sang®eiic control containing mRNA, but without randdraxamer,
RNase inhibitor or reverse transcriptase was iredud the QRT-PCR analysis. These samples werdinegad

served as a control for the amplification of germDNA.

Primer B Probe A

Full length FoxP3 [ Exon1 | Exon2 | Exon3 | Exon4 | Exon5 | Exon6 [ Exon7 | Exon8 | Exon9 | Exon 10 Exon 11 ]

Primer C Probe A

FoxP3 A2 | Exon 1 | | Exon 3 | Exon 4 ] Exon 5 1 Exon 6 | Exon 7 | Exon 8 [ Exon 9 |Ex0n 10] Exon 11|

Primer C Probe D

FoxP3 A2A7 | Exon 1 | | Exon 3 l Exon 4 | Exon 5 ] Exon 6 | | Exon 8 ] Exon 9 |Exon lO] Exon 11|

Figure 8. Schematic structure of the coding exons of hun@dPB mRNA and the splice forms. From paper | (Ry0).

The efficiencies were determined to be the samalf@ystems. The largest difference in efficiem@s between
the CD4 and FoxR®A7 (splice form lacking exon 7) primer pairs witli@encies of 2.01 and 1.91, respectively.
At cycle number 25 with these efficiencies and gdhve equation mentioned before, there is a 1f8rdifice in Ct
values corresponding to a 3.6-fold difference:

N =No*E"=No*2.01°= Ny * 3.80*10" and N = N * E" = No * 1.97° = Ny * 1.06*10’

Unlike the other FoxP3 assays, the one amplifliregsplice form lacking exon 7 gave very large &lties,
which translates to very small amounts of thatipaldr splice form. We can therefore conclude thatassay
measuring splice forms lacking exon 2 is mainly soeeng FoxPA2, and that:

FoxPR\2 + FOXP2A7 OFoxP2.

It is also worth mentioning that when the conceidraof template is close to one molecule pr vl
distribution of template molecules per well is esteel to follow the Poisson distribution (the Porstow of small
numbers). For example, if the concentration is @@y of cDNA per well, you would expect no signal3i7% of

the wells.

Increased expression of FoxP3 mRNA in blood CD4+ @ells from RA patients compared to HC

In our studies (paper I+II+I1l) both full length dtheA2 splice form of FoxP3 were present in PB cellpatients
as well as in HC; and th& splice form was more abundant than the full lernvgrsion in almost all our patients
and in every HC. In paper | we found an increasgulession of FoxP3fl and CD25 mRNA in the patients

compared to the healthy control group, but no §icanit difference in FOxR® or CTLA-4 mRNA levels between
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the two groups. In our second study (paper Il)aate on PB CD4+ T cells from RA patients differégtgly from
that of our first study (paper I). In the seconatlgt we found a significant increase in expressionoth FoxP3fl
andA2 in RA patients compared to HC, and a non-sigaifiéncrease in CD25 mRNA, while the CTLA-4 mRNA
levels were significantly lower. However, the ovktendencies in both studies were the same: ise@anRNA

levels of CD25 and both full length an@ splice forms and decreased levels of CTLA-4 mRKgure 9).
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Figure 9. Comparison of the individual expression levels (@ in peripheral blood CD4+ T cells of A) FoxP38)
FoxP2\2, C) CD25, and D) CTLA-4 in the RA patients in pap+ Il and 10 healthy controls relative to theage
expression of the healthy controls. A fold chanigeva 1 represents an increase, and a fold chahge keepresents a
decrease. The mean value is shown with a¥pas0.05,** p<0.01, ns: not significant.

We interpreted these data in support of the hygsishthat Tregs are increased in RA patients, undested,
however, that these Tregs had a compromised expnesiSCTLA-4. CTLA-4 is thought to play an impontapart
in the suppressive function of nTregs (Flores-Bafas; Tang 2004), and the relative deficiency oL.&-4
expression could also indicate the presence ofjflrather than nTregs. These findings were in @ecae with
previously published data suggesting increased ewrdf Tregs in RA patients (Cao 2004; Mottonens200
Raghavan 2009), as well as non-functional Tregs poi anti-TNF treatment (Ehrenstein 2004; Floresj#2008;
Nadkarni 2007). An alternative interpretation cobédan increased expression of FoxP3 and CD25gtescells
and not an increase in numbers, but it is mordylisecombination of the two. We are looking at éverage CD4+

cell, and cannot distinguish between a few celfgessing large amounts or many cells expressing amaunts.
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Also, it is important to remember that the amoudnmh&NA is not directly proportional to the amouritpootein
produced. A large increase in expression of FoxPBNA does not necessarily correspond to a largease in
FoxP3fl at the protein level.

Recently, a novel splice variant of FoxP3 lackomdy exon 7 was identified iax vivostimulated
CD4+CD25+ T cells and CD8+ T cells (Kaur 2010). Kezported an increase in expression of F@&xPBy up to
136-fold inex vivostimulated CD4+CD25+ T cells. They also deteckedRoxPA7 splice form in freshly isolated
CD4+CD25+ T cells comprising <1% of total FoxP3 (iK2010). The FoxRP®A7 isoform has been found to be
over-expressed in Sézary Syndrome, an aggressilawaf cutaneous T cell lymphoma (Krejsgaard 3088
disadvantage of the QRT-PCR technique is thatribtgpossible to quantify the double deletion spfimrm such as
FoxP\2A7 directly. In our dataset the splice form lackex@n seven, with or without exon two, was not
measurable in the ten healthy controls and onlyesged in small amounts in the RA patients, suggesiat
CD4+ T cells from arthritis patients predominargipress FoxP3fl and FoxR3. Also, sequencing of FoxP3 from
23 cloned bacterial colonies (paper ) revealetiibae of them was missing exon seven. In our dathsA7
isoform, with or without exon two, was not very aoion.

A physiological role of these different splicerfts has yet to be found. Alternative splicing allawgene to
produce more than one isoform of MRNA, often r@sglin functionally distinct proteins. It is a wédhown, albeit
not well-characterised, phenomenon in the immuséesy and in activated T cells (Grigoryev 2009; 002,

Lynch 2004). One known example of alternative spdjén T cells are the markers CD45RA and CD45Rs2du
to distinguish between memory CD45RO T cells amginiCD45RA T cells, where the CD45RO splice foam i
lacking three exons (Hermiston 2003; Holmes 2008 r@oerffer 2008). Another example is the altexaasiplice
form of the cytokine IL-7 lacking exon 5 (VudattQ@). The FoxP3 splice forms are functionally distj and
especially exon two has been identified as a clepdira of the transcriptional repressor domain ablmteract with
RORu (Du 2008). A change in the balance between tteréifit isoforms within the Treg cell might affelet
ability of FoxP3 to interact with different trangatton factors and molecules and mediate a chamgeme
expression and cell function. Thus it may be hypsied that the Tregs found in RA represent a sibfyastrated
Tregs incapable of suppressing the inflammatorggss. Alternative splice forms in general mightespnt

therapeutic targets and/or candidates for diagnast.

What is the difference between the PB CD4+ T celfgesented in paper | and 11?

In the paired samples study (paper Il), irrespeativsub-diagnosis and treatment, all rheumatiieptst with flare
in the knee joint from whom a cellular SF coulddiained, were included. These patients were ircuwih short
notice on the day the knee was aspirated, compgte patients in the first study (paper 1) whdipgated in a
planned and scheduled course of treatment. Theodatze patients in the first study (paper I) wieaseline data
prior to treatment with anti-TNF drugs, which ased for treatment based on a most often wide sptisadse
activity. In contrast, the patients in the pairathples study (paper 1) were included based oara fh a single

joint, i.e. a more local phenomenon.
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An overall increase in expression of FOxP3 in CD4¥F cells in SF compared to PB in RA patients
Analysis of the expression of FOxP3 mRNA in paisadples of CD4+ T cells from PB and SF (paper II)
confirmed the overall increase in expression offsgplice forms in arthritis patients comparedealthy PB
CD4+ T cells. Especially, FoxP3fl was noticeablgrzased with a fold change of 21.3 in SF and 6FBrCD4+
T cells from arthritis patients when compared to. ABo theA2 splice form was increased in the patients
compared to HC although not as dramatically wifbld change of 6.0 in SF and 2.1 in PB CD4+ T cells
Furthermore CD25 was increased with a fold charige8in SF and 1.6 in PB (not significant) comphte HC,
while the expression of CTLA-4 was decreased irfieB1 RA patients with a fold change of 0.4 (cor@sging to
-2.5) compared to HC. The expression of CTLA-4 lnv@as equal to that in PB from HC.

The full length version of FoxP3 is a well-chaeaited marker of Treg cells and plays an impontaletin
the induction of fully functional Treg cells (H&DO03; Yagi 2004), while the importance and functdthe two
low molecular splice forms are not fully elucidaté&thus, our data on the selective increase in ssjoe of
FoxP3fl in SF support previous reports of an acdatran of Tregs in inflamed joints of arthritis peits (Cao
2006; Jiao 2007; Mottonen 2005; Van Amelsfort 20@@)ditionally, the high increase in FoxP3 expressi
without a concomitant increase in CTLA-4 expressiohlood and SF support the hypothesis of abnofimeds
with a compromised function in RA (Flores-Borja 8)0both in the inflamed joint but also systemigalt could
be explained as an increase in iTreg cells, ax#lipopulation uses a contact-independent meshaaf
suppression which does not involve CTLA-4.

When comparing the individual expression levelthefdifferent splice forms of FoxP3 in sampleSbf
CDA4+ T cells relative to the expression in pairaohgles of PB CD4+ T cells (paper 1l), the patiehtplayed a
differentiated expression pattern based on theitisteub-type. The three splice forms were inceeas SF
compared to PB in RAneg and PsA, but not in RAfb® RApos patients had a high FoxP3 expressiontim BB
and SF CD4+ T cells. The PB-SF ratio of FoxP3 mRiphce forms appeared to be ranked according gndisis:
RApos < RAnegs PsA. Although the ranking was not as clear forekgression of the low molecular splice forms
as it was for FoxP3fl, a definite trend was obsérvéne marked increase in FoxP3fl expression iCBBE+ T
cells in all patients irrespective of specific glibgnosis compared to HC indicated that it is armom feature of
arthritis and not linked to the pathology of théhdtis in question. The observation that there wasncrease in
FoxP3 expression in synovial CD4+ T cells compaodolood in RApos patients was attributable toghhi
expression of FoxP3 in blood CD4+ T cells, indiegtihe involvement of blood due to the systemicreabf the
disease. Also the presence of several cytokinbkid and SF, and especially a higher concentratioh-8
found in SF from RApos compared to RAneg and Psdy reflect the differences in disease mechanidm8.i$ a
chemokine involved in monocyte migration (Hayasi#081), and elevated levels in SF favour the hyggthof a

selective recruitment of immune cells to the j@satpart of the inflammatory process.
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Anti-TNF drugs and the expression pattern of FOxP3nRNA

In our material, anti-TNF treatment had no geneff&ct on the expression of the different spliceri® of FoxP3,
CD25, and CTLA-4 mRNA (paper lll). The three anhiff drugs used were the decoy receptor Etaneraegthe
antibody-based therapies Adalimumab and InfliximEtere are different reports on the effect of dMNi- drugs,

many of which are looking solely on those patient® did benefit from the treatment. In line witlistlpproach

we performed post hocanalysis of the RA patients who benefitted from aimti-TNF treatment.
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We observed a significant decrease in express$i&oxd 3fl after 12 weeks of beneficial Etanercept
treatment (figure 10A), where the expression wasglly normalized and reduced from 4.6 times mwr8.2
times more than the average HC. This reductioxjmession of FoxP3fl, along with a concomitant ie&dn in
CD25 expression from 2.9 to 2.0 times more thahénaverage HC, indicate a decrease in Treg asllards that
of healthy controls. Importantly, the expressiorCaiLA-4 was not significantly altered in these pats and
remained reduced at to almost half the amount &Citffold change 0.6). This lead to a change irr#tie
between FoxP3fl and CTLA-4 towards that of HC, etlesugh the ratio was still different as the HC fastimes
more CTLA-4 than FoxP3fl mMRNA and the Etanerceppomders have 1.5.

In contrast, successful treatment with the antjbloalsed therapies Adalimumab and Infliximab did not
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influence the expression of FoxP3fl (figure 10B+@)the other mMRNAs investigated. In the Infliximgtoup the
opposite trend, an increase in expression of Fdx®atE seen. This trend towards an increase inessmn of
FoxP3fl in the Infliximab group was in accordandéhwiindings by other groups (Ehrenstein 2004; Nadk2007;
Valencia 2006), and Nadkarni suggested that nTedg cemained defective even after Infliximab treant, and
that the reported restoration of function coulddbe to induction of iTregs (Nadkarni 2007). Ourad@taper I+II)
support a previous report of an impaired CTLA-4resgion in RA patients compared to healthy con{félisres-
Borja 2008). In our biological samples, the antiFltkeatment (decoy receptor or antibody-based ply¢id not
return the expression of CTLA-4 to normal (pap#&t Which is also in agreement with previously pshéd data
(Flores-Borja 2008). Flores-Borja speculated thatdaced expression and functional abnormalitidséy-
associated CTLA-4 could explain Treg defects inffafients, and that anti-TNF therapy induces a pdjmu of
iTregs using a TGB-dependant suppressive mechanism as opposed sxtdependant mechanism involving
CTLA-4 (Flores-Borja 2008). Our data show decreasqutession of CTLA-4 in RA patients supportingsthi
theory.

Our data suggest that the TNF decoy receptor Etapeand the antibody-based therapies Adalimumdb a
Infliximab have different effect on the expressair-oxP3 in responsive patients (paper Ill). Wecsitstte that it
is due to the differences in mechanisms betweetwthaypes of drugs. Etanercept is a decoy recepitich binds
and eliminates both TN&-and LT«, while Adalimumab and Infliximab are neutraliziagtibodies only targeting
TNF-a. The two proteins TNfe-and LTe share significant amino acid sequence homologytlaeylbind to the
same receptors TNFR1 and TNFR2. Tis produced by a number of different cell typeduding monocytes,
macrophages and T cells, while kis produced by activated T cells (Tracey 2008)titar we speculate that LT-
o regulates FoxP3 expression in a subset of RAmatiand that individual patients may experienéeint
treatment effects depending on whether the TNFptecéigand is mainly of monocyte/macrophage orig@inNF-
a) or T cell origin (LTe). Overall, however, our findings support the vignat anti-TNF treatment is mostly

symptomatic and does not cure the underlying abalignof the immune system.

Definition of responders to the anti-TNF drugs

We used the changes in DAS28 scores to identifp#tients who benefitted from the anti-TNF treattr(paper
). We used part of the EULAR criteria for googsponders: an improvement >1.2 in DAS28 score tbasg¢he
assumption that a change in DAS28 of more tharslazjood response within 12 weeks regardlessegbitbsent
score. For the patients included in our study (pHbethe current DAS28 at week 12 (x-axis) vesdbe change in
DAS28 from week 0 to 12 (y-axis) were plotted (figui1). In the Etanercept group (N=14), a totdl@patients
achieved a change in DAS28 score of more thant.Bfovhich three patients achieved remission aradreer
three were scored with low disease activity. InAldalimumab group (N=17), nine patients had a ckasfgnore
than 1.2, and out of this group three patientseagd remission while one patient was scored withdsease
activity. Finally, in the Infliximab group (N=17)0 patients had a change in DAS28 score of more1l while

no patients achieved remission, but three werecestito low disease activity.
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DAS28 ® Etanercept ® Adalimumab 4 Infiximab|  Figure 11.DAS28 scores at week 12 and the change in DAS28
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Responders versus non-responders

We examined whether there was a different expregsattern of FoxP3 splice forms in the patientdvaitclinical
response to anti-TNF compared to the non-resporfgaper I1l). We were not able to identify baselpredictors
of treatment response, i.e. identify patients wioail benefit the most from anti-cytokine drugs lobse its effect
on the expression of FoxP3 mRNA isoforms prese@iid+ T cells in peripheral blood during therapythhitis
results from a multidimensional abnormality of threnune system, and effect of anti-TNF drugs seentet

based on other pathways than Tregs and FoxP3.

Correlation between FoxP3 expression and clinicalgrzameters

One of the first questions we addressed was wh#tbherxpression of FoxP3 mRNA splice forms coreeldb
disease duration as a measure of the chronicitiyeoflisease. There was no correlation, and diskast&on had
no influence on the expression of FoxP3 in RA pasi€paper I). Factors having an impact on the BaxRNA
expression were CRP, ESR and MTX. We speculateatpasitive correlation between the amount of FoxP3
MRNA and the biochemical markers of inflammatioftexs a frustrated compensatory Treg responserdlbeof
MTX is difficult to ascertain. The dosage of MTXlexts the disease activity; while at the same tinagy by itself
reduce inflammatory markers. In our material, togR3 expression varied widely in the patients watidTX,
while the correlation was seen in those treate this drug. Thus, MTX might be speculated to iitifloxP3
expression in a dose-dependent manner, which wamitd towards a beneficial effect of MTX on the rob
arthritis in contrast to the more superficial etfetanti-TNFs. However, confirmatory evidence loé ppossible
MTX effect on FoxP3 needs to be presented befotkduconsiderations are made in this respect.

Our data are in agreement with Ehrenstein whorteg@ correlation between CRP and the percentage o
CD4+CD25high T cells (not CD4+CD25low) (Ehrenst2i04). Both expression data (paper 1) and flow
cytometry data (Ehrenstein 2004) indicate a retatigp between inflammation and Tregs, where inflatiom is
measured as CRP and Tregs as FoxP3 mRNA or CD4+@gi2én the protein level.

Since we observed a significant improvement in R&3nd VAS scores within the first two weeks ofi-ant

TNF treatment (paper 1), we addressed the questicether the individual changes in expressionaH3
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MRNA within the first two weeks of treatment coateld to different clinical parameters. We thus stigated the
correlation between the changes in expression xP8¢week 2-0) and the changes in DAS28 (week 18d¥es
of MTX and/or Prednisolone at baseline, female/make status, and anti-CCP at baseline. There were n
correlations between changes in FoxP3 expressibth@DAS28 changes, doses of Prednisolone, oregémd
either group. The doses of MTX at baseline coreelad the change in FoxP3fl in the Infliximab groingicating
an effect of MTX on the response. RF status andG@P correlated to some of the changes in exmessithe
Etanercept group, but as the number of seronegaditirents was only three, we disregarded thesétsesu
conclusion, we could not definitively relate theanbes in expression within the first two weekslittical data at
baseline.

We then addressed the question whether the chamggpression of FoxP3 mRNA during 12 weeks of
treatment correlated to changes in DAS28 scorebamges in CRP in the Etanercept responders. Wae ¢hdook
at the Etanercept responders only as they exhibitgificant changes in expression during 12 wedkseatment,
while the responders to the antibody-based thesajitbnot. We found negative correlations betwéenchanges
in DAS28 and FoxP3fl (r = -0.25) and Fox&E3(r = -0.82) suggesting that a clinical improveineorrelates to a
reduction in FoxP3 mRNA expression. Similarly, werid significant negative correlation between thaenges in
DAS28 and CTLA-4 (r = -0.80) and also between clearig CRP and FoxR2 (r = -0.67) all in agreement with

the data from paper | indicating a relationshipaesn inflammation and Tregs.
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Supplementary experiments using DNA Microarray tecmology

Introduction
DNA microarray technology has been developed foegexpression profiling of thousands of transcripisl
many genes in various biological systems have deeronstrated to be differentially regulated. Thishnhology
has mainly been used in two ways:

* As atool for classification where disease sigregwan be helpful in patient stratification (Aig2€03;
Heller 1997). This application requires, howevetather large number of samples.
e Screening for candidate genes or pathways invdlveddisease process.

In both cases the results may primarily be comeil@ypothesis generating. Thus, comparing getitesatitially
expressed in synovial CD4+ T cells with CD4+ T £é&lbm blood may elucidate inflammatory mechanismd
possible targets, or simply confirm or refute the®rThese analyses may disclose a molecular signat the
difference between circulating CD4+ T cells and @D4cells at the site of inflammation. In this sputle
GeneChipl technology was chosen for transcript profiling ti¢he robustness and ease of use of this mienparr
technology. The principle of the DNA microarray Bsés is outlined in figure 12. The details of tieehnique are

beyond the scope of this thesis. For a detailedrijg®n of the technology please see: www.affymetom.

Total RNA
1-5 ug of starting material Double-stranded cDNA Biotinylated cRNA
— Reverie transcription PCR agplification——

Staining with a steptavidiniﬁijﬁ W

Hybridization to the array ‘ ‘ phycoerythrin conjugate

Figure 12.The principle of the DNA Microarray analysis. TIORNA is isolated from the sample of interest, msee
transcribed into double-stranded cDNA, and furtimaplified by PCR resulting in biotinylated cRNA. & biotinylated
product is hybridized to the array followed by stag with a streptavidin phycoerythrin conjugat&eTmicroarray is then
scanned in an instrument, where a laser excitedyhend a detector measures its emission.

Methods

DNA Microarray analysis was performed on CD4+ Tic&olated from blood and SF from three RAneggras
and three PsA patients. For logistic reasons itnagpossible to include a group of RApos patiégmthie array
study, as paired RNA samples from three RApos pistiwere not available, where the quality and armotiRNA
met the high quality and large amount requiredafoay analysis. The DNA Microarray technique regdiRNA
preparations of 2-hg total RNA with a very high purity. Additionallguantitative real-time RT-PCR was

performed on the paired samples from two patiengsach group.
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Study population

Patients were recruited consecutively from the atigpts’ clinic, Frederiksberg Hospital, Denmariclusion
criteria were: Flare of inflammatory arthritis irkaee joint; and indication for intra-articulareation of steroid.
Exclusion criteria were: Osteoarthritis; contratgadions to joint aspiration; and the joint in qti@s had been
treated intra-articularly within the preceding ntarfPaired samples of blood and SF were collectad Bix
patients; three diagnosed with rheumatoid arthfkisett 1988) and three patients fulfilling thetera for
psoriatic arthritis (Veale 1994). All six patientgre seronegative. See table 3 for patient charstots.

Table 3. Patient characteristics.

Patient ID | Diagnosis | Female/Male| Age| Disease durati | prednisolone| MTX | QRT-PCR
PsA 14 PsA F 63 5 No No Yes
PsA 50 PsA F 57 37 No No No
PsA 59 PsA F 46 2 No Yes Yes

RAneg 21 RAneg F 45 9 No Yes Yes

RAneg 28 RAneg M 62 1 Yes (oral) No No

RAneg 58 RAneg F 52 10 No No Yes

F: female; M: male; Age and disease duration ing/dd TX: methotrexate; QRT-PCR: quantitative reald RT-PCR applied
to sample.

cRNA and hybridisation

Preparations of cRNA and hybridisation were perraccording to the protocols from Affymetrix. Blye total
RNA was prepared from cells using Trizol followegl RNA cleanup using a Qiagen kit as described pepd.
Synthesis of double-stranded cDNA was performedguai oligo dT primer with the T7 RNA polymerase
recognition sequence appended. Subsequently, yatia nucleotides were incorporated by in vitemscription
using T7 RNA polymerase, and the resulting cRNAdtaipts were fragmented before hybridisation. Fhenan
Genome U133 Plus 2.0 Arrays were used, and thea ehdpe scanned using a laser scanner according to

instructions from Affymetrix.

Treatment of data
Hybridisation results were captured and furthecpssed using the Microarray Suite MAS 5.0 (Affyrixgtr
software. All hybridisation results were scaled @® using all probe sets, and the data were arthlysiag Data
Mining Tools 3.1 (DMT) from Affymetrix and DNA chipnalyzer 1.3 (dCHIP) (Li 2001). Initially samplieem
blood (PB) were compared to samples from SF. Coispravas made between samples from same individuals
using the PB samples as baseline. This resultedt ihata sets, one from each patient involvedhénsubsequent
analysis differentially regulated genes were isulat

In the Affymetrix programme DMT differentially retated genes were scored as either increasedtfl)awi
signal log ratic= 1 or decreased (D) with a signal log ratiel. A signal log ratio of +/- 1 corresponded ttwa-
fold up- or down-regulation. Furthermore, all Drisaripts had to be scored as present in the PBlsaam all |
transcripts had to be scored as present in the®pls. In the dCHIP programme a gene was scored as
differentially regulated if it had an expressionuearatio SF/PB > 2.0 or PB/SF > 2.0; and a diffieeeof more

than 100 in signals between PB and SF samples.
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Long lists of genes were created for each paireeach programme, but only genes scored as ditiafly
regulated in both DMT and dCHIP in all three patiggts were analysed further. To be included ifishef
differentially regulated genes common to all paBen a diagnosis group, the direction of the cleaaigo had to be

the same in all the patients of the group.

RAnNeg, 3 patients PsA, 3 patients

Figure 13.The number of differentially
regulated genes common or specific for both
patient groups using DMand dCHIP.

465 transcripts

37 transcripts
(I: 197, D: 268)

(I: 31, D: 6)

90 transcripts
(I: 48, D: 42)

In the RAneg patients, 555 genes were differdytialgulated, and in the PsA patients it was 127ege90
genes were differentially regulated in both patgmoups, and the direction of the change was theesao that a
gene up-regulated in one patient group was alsegplated in the other patient group, see figureTh@ resulting

numbers of differentially regulated genes usindhmwbgrammes are listed in table 4.

Table 4. The number of differentially regulated gene traipds in each patient using DMT, dCHIP or the igtation of the
results from both. Gene lists shown in bold washihgis of the Gene Ontology pathway analysis, @me dists marked with *
was the basis of the Ingenuity Pathway analystspBtients.

Patient ID Data analysis|  Number of transcripts | Inceased Decreased
DMT 4352 2053 2299
RAneg 21 dCHIP 2164 1109 1055
both 1979 1031 948
DMT 5560 2050 3510
RAneg 28 dCHIP 3358 977 2381
both 2940 914 2026
DMT 5194 2222 2972
RAneg 58 dCHIP 2808 1213 1595
both 2482 1132 1350
DMT 1257 543 714
RAneg (3 ptt) dCHIP 601 256 344
both 555* 245 310
DMT 3849 1919 1930
PsA 14 dCHIP 1476 1103 373
both 1375 1016 359
DMT 2011 1044 967
PsA 50 dCHIP 1195 658 537
both 931 503 428
DMT 5565 2856 2709
PsA 59 dCHIP 2572 1593 979
both 2380 1447 933
DMT 326 162 164
PsA (3 ptt) dCHIP 145 90 55
Both 127* 79 48
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Results & Discussion

In four out of six patients, both the DNA Microayranalysis and the QRT-PCR were performed on theesa
samples. This gave me the opportunity to carryaauutual validation of the techniques. Additionaththis
analysis, the gene expression of a selected grogenes of special relevance will be discussed fimadly, a

pathway analysis based on some of the gene listgrsim table 4 has been performed.

Comparing DNA Microarray and quantitative real-time PCR
In this section | the two techniques DNA Microaraayd quantitative real-time PCR were compared.tivoe
techniques were applied to eight paired samples four patients, but also the additional resulbsrfithe four

paired samples included in the DNA Microarray, bot run in guantitative real-time PCR, will be dissed.

GAPDH and CD4

In the DNA Microarray analysis GAPDH and CD4 wecergd as present in all 12 samples. GAPDH was dcore
as increased using PB samples as baseline, witraa fold change of 1.8 for PsA and 2.0 for RAndgsT
indicates that GAPDH is not a very good candidateafhousekeeping gene in these analyses, supgptraractual
choice of CD4 as the internal reference when amagythe QRT-PCR data. However, CD4 is not a perfect
candidate either. On the DNA Microarrays, CD4 wasdifferentially regulated in three patients, vehil was
found decreased in one PsA patient (fold changB) &nd increased in two RAneg patients (fold cleadg4 and
1.9). Related to CD4, the four patients which waralysed with QRT-PCR, two PsA patients were scased
decreased (fold change: -1.5) and no change iDi?% Microarray analysis, and two RAneg patients evecored
as increased (fold change: 1.4) and no changesiDMA Microarray analysis.

It should be noted that, when looking at QRT-PE8utts, samples that differ by a factor of twohia t
starting concentration of cDNA will theoreticallg lone cycle apart. Due to the semi-quantitativareatf as well
QRT-PCR as the hybridisation readout from arragistj the QRT-PCR method requires a differenceafrhore
Ct to be considered reliable, and a fold changbérarray readout of +/- 1.5 does not hamper thalt It is
therefore concluded that a CD4 fold change withearinge of +/- 1.5 does not influence the resaitd,thus
support the use of CD4 as internal reference irQR&-PCR analysis.

Comparing DNA Microarray analysis with QRT-PCRisihot possible directly to compare the Ct values
from the PCR system to the hybridisation signalsifthe array. Therefore, comparison of the folchges in the

paired samples was performed using PB samplessasiria

CD25, CTLA-4 and FoxP3

With respect to CD25 and CTLA-4, the two methodsraughly in agreement. Table 5 lists the fold gjeenin the
four patients in the PCR system and on the arrdge. the change defined by Affymetrix is shown. iedt fold
change comparison of the two methods with regatbeexpression of FoxP3 splice forms is not péssds the

probes on the genechip do not distinguish betwieesplice forms.
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Table 5.Fold changes using PB samples as baseline.

Patient CD25 PCR CD25 Array|Change Array | CTLA-4 PCR CTLA-4 Array | Change Array

PsA 14 9.9 9.1 I 3.3 4.3 I

PsA 59 1.0 -1.5 NC 14 -1.2 NC
RAneg 21 11 1.6 I 11 1.9 I
RAneg 58 13 2.1 I 0.83(-1.2) 11 NC

PCR: using QRT-PCR; Array: using DNA Microarrayjricreased, NC: no change.

There are three probes related to FoxP3 presethiecarray; one probe (221334_S_AT) covers sequene&®ns
8, 9, 10, and 11, which means it recognises attespbrms. In the PCR system, three of the fouiepét have
increased expression of the different splice fousiag PB samples as baseline, while one patientestha
decrease in expression. Comparable results weaimebtwith the array system as the direction oictrenge was
the same on the arrays. One of the two other prgt248333 AT) covers sequences in introns rightr &fxen 11
and right before exon 12, and as expected it gigesignals on the arrays. The third probe is stiat exon 12
after the stop codon and is therefore not relefa@rthis analysis. Based on this, it was conclutthed the two

methods are in general agreement, and the arrayndest therefore used for further studies.

Impurities/contamination

Monocytes and macrophages also express limited misiofi CD4 on the cell surface, and since CD4-pasit
selection was performed, the possibility of impastfrom these cell types were analysed. At firgt tather
specific markers of the monocyte/macrophage lineagye analysed: CD14 and CD68. CD14 was scored as
present on all 12 arrays, while CD68 was scorgutesent on 9 of the 12 arrays. From this it wackmed that
both monocytes and macrophages were present @QKea cell populations. CD14 gave rise to rathehtsignals
on the arrays in both PB and SF samples. Howehisrdbes not imply that the relative abundance @fiocytes
was also high, since monocytes are both CD14highCiivlow when scored in flow cytometry. This meé#ret a
few monocytes can give rise to a strong CD14 mRAa. Secondly, contamination from B cells and @08
cells were analysed. CD19 and CD8 were scorebisenaon all 12 chips, and it was therefore assuhadhere

were no contaminating B cells or CD8+ T cells ia @D4-positive selected cell preparations.

Selected genes

Thl7 cdls

One type of cells, the Th17 cells, has recentiyaetéd great attention in inflammatory conditiogsecifically in
immune-mediated tissue injury such as in the symmavin RA (Steinman 2007). The expression of IL-0ZY7A
and IL-17F) appears to be restricted mainly to alsgnoup of activated CD4+ T cells, Th17 cells. & is a
marker of all human IL-17-producing T-cell subsatsl is induced by the transcription factor ROf®Maggi
2010). The orphan nuclear receptor ROR the key transcription factor that orchestrafesdifferentiation of this
cell lineage, as RORinduces transcription of the genes encoding Iladd the related cytokine IL-17F in naive
CDA4+ T helper cells (lvanov 2006). IL17A and IL1 &S, well as ROR, were scored as absent on the arrays,

indicating the absence of Th17 cells in these sas@D161 was scored as present in all samplegattier high
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signals, indicating, perhaps, the presence of faiv+ T cells underway to differentiation to Thi&lls as Th17
cells originate from CD161+ naive CD4+ T cells (@02008).

GARP

Recently, GARP (Glycoprotein A Repetitions Predcamitly) synonymous with LRRC32 (Leucine Rich Repeat
Containing 32) was identified as a Treg-specifiot@in induced upon activation of the T cell recegitCR)
(Probst-Kepper 2010). GARP is supposedly involvethe control of FoxP3 by a positive feedback laod is
supposed to be a key receptor involved in the reaarice of the phenotype and function of activated €ells
(Probst-Kepper 2010). GARP was scored as absegit @8 arrays and thus not supporting the preseheetive
Tregs, unless the Tregs in these patients arainotibning. Alternatively, the absence of GARP coloé

interpreted as the presence of iTregs as thesedmlot up-regulate GARP (Probst-Kepper 2010).

CD39

Recently, CD39, an ectonucleotidase responsiblerfoymatic cleavage of ATP to AMP, has been redatethe
surface of human Tregs (Borsellino 2007; Mandapa®09). ATP is released during tissues injury aotivates
the immune system. A proposed anti-inflammatorymeesm for Treg cells is the catalytic inactivatamd
conversion of extracellular ATP to AMP by surfassaeciated CD39 (Borsellino 2007). In all but on¢hef six PB
samples CD39 was scored as absent, or presena\ath signal. CD39 was scored as present in albixsamples
with medium high signals. This resulted in CD39gescored as increased in SF in five of six pagienth fold
changes between 2.7 and 5.5. In one PsA patierd tvees no change in expression of CD39 betweendEBk,

reflecting a higher signal in the blood sample. Séhdata support the increased presence of TregiceIF.

IL-7R

Treg cells are among other things characteriséidwcytometry by low expression of IL-7 recepttt-{R; a
heterodimer consisting of CD127 and CD132) and kigtression of CD25 (IL-2 receptor) on the celfsce
(Seddiki 2006). IL-7R was present in all sampled gave rise to high signals on the arrays, and# decreased
in all SF samples except one PsA SF sample. Traadrdlicate the presence of a mix of Treg celtbrasting
CD4+ T cells as the latter express high leveld efR and very low levels of CD25 on the cell sudalt -7 itself
seems to be involved in the homeostasis of T aelsimans with a selective increase in non-Treg-€D4ells
(Rosenberg 2006), but no IL-7 protein was founth@PB or SF samples, supporting the suggestianhba

cells present in the joint were recruited to the sf inflammation.

IL-2

IL-2 is a T cell growth factor produced by conventl T cells upon exposure to antigens, and itiial for the
development and peripheral expansion of CD4+CD2gtlatory T cells (Nelson 2004; Scheffold 2005)2lwas
scored as absent on all 12 arrays, indicating tegemce of a large number of already committed Tedlg as well
as naive T cells among these CD4+ T cells isolaganly activated T cells, and not Tregs, produez
(Scheffold 2005). Additionally, the cytokine IL-2as not measurable in any of the PB or SF samplashvis in

41



Supplementary expents using DNA Microarray technology

agreement with previous results by other groupsiri€t 1999; Tukaj 2010). These data indicate thd-CT cells,

including Tregs, present in SF are recruited tositeeof inflammation rather than proliferate i floint, cf. later.

Ki-67 protein

Ki-67 protein (MKI67; antigen identified by monodial antibody Ki-67) is a proliferation marker prasenly
during active phases of the cell cycle, and absergsting cells (Scholzen 2000). In this datatlsetKi-67 protein
was scored as absent or present with very low Egmathe arrays supporting the hypothesis of Thajsg
recruited to the joint rather than proliferatela site. Additionally, it indicates the absenceadtvated T cells, as

activated T cells proliferate.

CCR4

The issue of recruitment versus local proliferatias been addressed by others (Flytlie 2009; Ieledi; Jiao
2007; Oo 2010), and Jiao 2007 found that Treg ael&F from RA patients expressed high levels peemlly
CCRA4, a chemokine receptor possibly involved inticdimg the trafficking of Treg cells into inflamatory tissues
(Wei 2006). CCR4 is also reported as expressedronating CD4+ memory T cells, including skin-hargi T
cells (Flytlie 2009; lellem 2001), and is therefofenterest regarding PSA. Moreover, CCR4 is updfated upon
TCR-mediated activation and is more likely a marfkeractivated T cells (lellem 2001). In this limd data set,
differing results were found with increased expi@ss two PsA patients and one RAneg patient witiée
remaining three patients had no change in expresstween PB and SF samples. The signals on thgsararied
between medium high signals in the three SF samytbsncreased expression to being scored as absémo
other SF samples. The two patients (one RAneg aadPsA) with CCR4 scored absent both had diseastia@hu
of 1- 2 years. Flytlie 2009 proposed that CCR4 esging CD4+ T cells could be involved in spreadisgriasis to
the joints as CCR4 was shown to be necessarydamtbration of T cells to the skin, and both CCR#&ls and
the CCR4 ligand MDC/CCL22 were increased locallyhia inflamed synovial membrane. However, my dakesd
not necessarily support this hypothesis as theyndianosed PsA patient did not express CCR4 in SF.

Pathway study

Due to the large amounts of data generated inray atudy, a pathway analysis is an obvious choi@oproach
to systematise the differentially expressed gefiles.gene lists shown in bold in table 4 were aralyfsirther
using the Gene Ontology (GO) classification browsdhe NetAffx™ Analysis Center (www.affymetrix.er) and
the Ingenuity Pathway Analysis (IPA) software (wingenuity.com).

Using theGO annotations,several pathways were represented among thedtitfally regulated genes.
They are listed in table 6. Some genes are repex@nmore than one pathway, for example it wasged that
vitamin D receptor is present in the two pathwaysclear receptors” and “ovarian infertility geneshe pathways
were grouped into three categories: “Immune respansl immune cell trafficking”, “Cell cycle and rabblism”,

and “Miscellaneous”.
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In the category “Immune response and immune &figcking” several pathways are involved in cell
migration, which may relate to the accumulatiomaiune cells in the SF: G-protein coupled recepaoes
associated with many cell surface receptors innlydhemokine receptors which may be especiallyasleto
homing of regulatory T cells to the synovium (Fit2009). Calcium is part of signal transductiothpays such
as G protein-coupled receptors, and the pathwalicii@a regulation in cardiac cells” includes genegived in
ion transport, protein binding, and receptor signg) and does not indicate the presence of caxkds in the
synovium. Integrins are cell adhesion molecules @igolved in cell migration, and Wnt proteins areolved in
calcium signalling through G proteins and genevatiton in T cells. The TGB-signalling pathway is involved in
many cellular processes including cell differemiat cell growth, and apoptosis. The differentiataf Treg cells
requires TGH but is dependent on the transcription factor FoXP®& inflammatory response pathway is relevant
for this dataset, as arthritis is considered aainmatory disorder. The category “Cell cycle andahelism”
comprises of several pathways involved in cell eyckll metabolism and growth, and includes DNAication,

MRNA processing, and glycolysis. The category “MIEmeous” constitute the rest.

Table 6. RAneg PsA

Gene Ontology pathways Increased Deased Increased Decreased
(Total 245) (Total 310) (Total 79)Total 48)

Immune response and immune cell trafficking

G-protein coupled receptor protein signalling pagpw 21 5 4 4

Integrin-mediated cell adhesion 0 2

Calcium regulation in cardiac cells 4 1

Inflammatory Response Pathway 4 0

TGF-Beta Signalling Pathway 2 1

Whnt signalling 0 2 1 1

1 2
7 4
7 2
1 4

Cell cycle and metabolism
Cell cycle 3 2 1 0
G1-to-S cell cycle 1 3 1 0
Glycolysis and Gluconeogenesis 4 0 0 0
Krebs-TCA Cycle 0 1 0 0
Pentose Phosphate Pathway 0 1 0 1
mRNA processing 0 5 0 0
Ribosomal Proteins 0 4 0 1
DNA replication
Nuclear Receptors

o
[
o

Miscellaneous

Apoptosis 1 3 0 0
Circadian Exercise 3 0 1
Complement Activation Classical 3
Fatty Acid Degradation 3
Hypertrophy model 1
Ovarian Infertility Genes 2
Prostaglandin synthesis regulation 2 0 0 0
Smooth muscle contraction 3 1 1 1
Statin Pathway 0 0 1 0
Striated muscle contraction 1 0 0 0

Analysis based on gene list shown in bold in table

Using thelPA software, it was investigated if there was an associatidwéen the differentially regulated
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genes and a specific pathway, and whether thisdwado chance. Based on gene lists marked withatle 4,

IPA generated a list of canonical pathways assediafth the dataset, as well as a p-value and@faateach

pathway. Fisher’s exact test was used to calcal@ealue determining the probability that the aggmn

between the genes in the dataset and the canpaittalay is explained by chance alone. The ratiocab=ilated

as: the number of molecules in a given pathwayithdifferentially regulated divided by the totalmber of

molecules that makes up the given pathway.

However, the canonical pathways linked by IPAn® dataset were primarily pathways involving HLA

molecules (MHC II) which are expressed on monogyiasalso on activated T cells and B cells. MHG lhighly

expressed on monocytes giving rise to a strongdkaence signal in flow cytometry compared to a low

fluorescence signal from activated T cells. Togethi¢h the absence of IL-2 expression in the aredySD4+

cells this indicates that the MHC Il signals origfi@ from monocytes. Hence, the pathways linketieéalataset by

IPA reflect the minority of monocytes in the sangpéand not the CD4+ T cells present.

Through another feature of IPA it was possiblalemtify the biological functions that were mosirsficant

to the molecules differentially regulated in the Sifnples compared to the PB samples. The moleastesiated

with biological functions in Ingenuity’s Knowleddkase were considered for the analysis. Right-tdiistier’s

exact test was used to calculate a p-value detargiihe probability that each biological functicssyned was

due to chance alone. The molecular and cellulastioms are listed in table 7.

Table 7.

Ingenuity Pathway Analysis - Molecular and cellularfunctions

RAneg

Name

Cell-To-Cell Signalling and Interaction
Cellular Growth and Proliferation
Cellular Movement

Cellular Development

Cell Cycle

PsA

Name

Cellular Movement

Cellular Growth and Proliferation
Cell-To-Cell Signalling and Interaction
Cell Cycle

Cell Death

p-value
4.57*102.10*10°
7.55%10 2.44*102
2.25*10- 2.45*10°
5.25*10 2.51*102
3.18*17 - 2.16*102

p-value
2.72*10- 3.31*10°
1.41+%0 3.31*10?
4.88*103.31*10°
6.96*10 - 3.31*10°
1.94*10 - 3.31*10?

Analysis based on gene list marked with * in table

# Molecules
45
86
50
47
16

# Molecules
23
32
17
7
28

In conclusion the array data point mostly towdraspresence of cell-traffic related molecules el &s to

antigen presentation due to monocyte contaminatibis. indicates that the cells present in the $fcetls

attracted to the site of inflammation.
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Closing remarks

Several questions arose regarding FoxP3 in RA: Wihdtof Tregs are increased, nTregs or iTregs?t\aleathe
implications of an increase in numbers of iTredheathan nTregs or vice versa? CTLA-4 is thoughilay an
important part in the suppressive function of nBreand the lack of a concomitant increase in CTLéxgression
suggests the presence of dysfunctional nTregdfinités patients. However, based on our data wecbaexclude
the possibility of an increase of in vivo generate@gs rather than dysfunctional nTregs. The irtgoose of
CTLA-4 is highlighted by the fact that Abatacephigh is a CLTA-4-IgG fusion protein, is effective RA, and
one could speculate that Abatacept mimics the et functional nTregs.

The iTregs are generated in the periphery aftéR &€tivation and in the presence of TGF-beta anlike:
nTregs, they are reported to be resistant to tiigeimce of IL-6. The cytokine IL-6 can convert ngjseto Th17
cells, while the iTregs are resistant to this cytekand may retain their suppressive function #anmmatory sites,
such as SF, rich in IL-6. It is quite possible th@itegs and iTregs have different roles in immuesponses and
react differently in an inflammatory milieu. Fujinaosuggested that “the TCR repertoire between n@negTregs
are different and that nTregs may be importanttffermaintenance of self-tolerance via recognizeizantigens,
whereas iTregs generated from conventional T cadlg be involved in tolerance to non-self antiggiaijimoto
2011). Based on their study in mice which impliedifferent effect of IL-6 on nTregs and iTregs, imgto further
suggested that “IL-6 may thus enhance foreign antigpecific immune response by acting differentlyndregs
and iTregs” (Fujimoto 2011). Using this model in RAe high levels of IL-6 reported in SF from RAtipats by
us and others would tip the balance towards iTeegsenhance a specific immune response againgjriore
antigens when a response against self antigereted.

Another relevant question came up while interpgethe QRT-PCR data: Are we looking at activatexlls
rather than Tregs? Based only on the QRT-PCR dateanwnot say for certain because Tregs and adivatells
all express high levels of CD25 and also CTLA-4, msed on the DNA Microarray data the answer isThe
activation/proliferation markers IL-2 and Ki-67 veescored as absent or present with low signalb®@arrays.
Additionally, IL-7R was present with rather higlysals on the arrays indicating the presence ohig&D4+ T
cells, as they express high levels of IL-7R ang Vew levels of CD25 on the cell surface. FoxP&assiently
expressed in activated T cells, but according toaotay data there were no activated T cells isglgamples, and
increased FoxP3 expression therefore indicate@ased Treg counts. From this we conclude that evéaking
at a mix of resting CD4+ T cells and Treg celld, thvat we cannot distinguish between nTregs anegdr

An alternative splice form of CTLA-4 has been nged, lacking the trans-membrane region encoded by
exon two resulting in a soluble form of the proté&dur probe and primers are located in exon twd,ve@ can only
detect the full length CTLA-4 mRNA resulting in theembrane form. The membrane version of CTLA-4pis u
regulated upon T cell activation while the solufolen is down-regulated by T cell activation. Thiédarmation
further supports the data on the lack of activateglls in our samples as membrane CTLA-4 is netagulated
while FoxP3 is.

We addressed the question of the increased preséicegs in SF, enrichment or proliferation, &aded
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Closing remarks

on our data we favour the concept of enrichmentofding to the array data the proliferation make67 is not
present, indicating the absence of proliferatinggbr and leaving two options: selective recruitnfjemteg) or
induction (iTreg). The presence of cell-trafficateld molecules, according to the array data, doelish support of
selective recruitment of nTregs but could also be t general trafficking of immune cells attractedhe site of
inflammation, and the absence of GARP on the anay indicate the presence of iTregs as theseadeli®t up-
regulate GARP.

Possibly, there is a difference between activatetinon-activated T cells regarding the expressidioxP3
MRNA splice forms. In our data set, looking at raativated T cells, we saw a trend towards a diffeegn the
ratio between the full length am@® splice of forms of FoxP3 between RA patients ld@d Previously a\2A7
splice form was identified as over-expressed irellsdrom patients suffering from Sézary Syndroarg] alsaex
vivo stimulated CD4+CD25+ T cells had an increasedesgion of a\7 splice form of FoxP3. These results differ
from ours as we only detected very small amountsoaP3 splice forms lacking exon seven in RA pasiemd
HC. According to the array data these T cells werteactivated, and that could explain the lackitbfez A7 splice
form.

Anti-TNF drugs do have an effect in RA as demaistt with changes in DAS28 and VAS scores. The
effect on FoxP3 expression in our dataset was mequivocal as we observed a decrease in the Etptaypoup
and a trend towards an increase in the Infliximadug when looking only at patients who benefittexhf the
treatment. It is difficult to be conclusive abole teffect of anti-TNF therapies on Tregs, posdielgause they are
not the primary target and only influenced by clesnig the entire inflammatory milieu.

The ongoing disease despite a relative abunddribegs in the blood and even more so locally &jtint
is a paradox. Accumulation of Tregs close to the @i inflammation may represent a futile attenapstppress the
auto-reactive inflammation. The Tregs may be inhgyedysfunctional or rendered dysfunctional du¢hi® local

inflammatory milieu.
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Future perspectives

Future perspectives

Flow cytometry or Western blot to verify the proteixpression is an obvious choice for further stsideéspecially
if it has become possible to buy splice form speecihtibodies for flow cytometry and/or Westerntblo
Furthermore, functional studies elucidating possthlppressive mechanisms targeting the pathogeiegses
involved in RA could be used to identify targetsfiature therapy. Also it would be important to rdiéy the
predicted differences in specificity of the TCRe#gpire between nTregs and iTregs. The recentlgldped
technologies of MHC multimer reagents, for exampkeDextramet” technology, enable detection of antigen-
specific CD8+ T cells. When this technology inclsdketection of antigen-specific CD4+ T cells we address
this question and a whole new range of possitsligmerges.

Therapy using Treg cells is the next step. Thezesaveral approaches to consider when contemglatey
cell therapy: activation and expansion of antigeeesfic nTregsn vivo, the use oin vitro expanded nTregs
transferred to the patient, or the conversion ®¥end cells to antigen-specific iTregsvivo orin vitro. Future
studies to identify specific surface markers ttat differentiate between Treg cells and effecttls @ge essential
for future manipulation of Tregs. Treg cells prettite poorlyn vitro and the expansion of possible contaminating
effector T cells could be a factor. Also, it is ionfant to elucidate the mechanisms of action o§3ta order to be
able to control their function in a clinical seginmmunotherapy with Treg cells has been useéxperimental
treatment of acute graft-versus-host disease (Beim2011). The study by Brunstein and colleaguas av“first-
in-human” clinical trial and demonstrated thasipiossible and safe, and that it decreased thefrstute graft-
versus-host disease in the recipients of tlesdvoexpanded umbilical cord blood Tregs. One couldsiate that
the mechanism of action in the case of theseivoexpanded Tregs is the work of CTLA-4 co-stimulatand the
use of Abatacept would be equally successful. Tleeteof Treg cell therapy in RA is debatable, @inds our data
and others suggest, Tregs are dysfunctional intR&challenges regarding future Treg therapy inviRlAbe to
expand the right Treg population and not a dysfoneat one. Another strategy could be to azevivoexpanded
umbilical cord blood Tregs as described by Brumstdiowever allograft is not feasible when consiagihe pros
and cons and would probably only be used in exthesevere cases. Whether Treg cell therapy wilkehav effect

in RA patients still remains unanswered.
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Appendices

Appendix A

Supplementary figures

10-fold dilutions series of cDNA using primer s&is A) GAPDH, B) CD25, C) CTLA-4, D) FoxRP® and E) FOxP&2A7.
The slopes were determined from the trendline éojst
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