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ABSTRACT

Rheumatoid arthritis (RA) is a chronic immune inflammatory disease characterized by
synovial hyperplasia, joint destruction and extra-articular manifestations. RA presents local
inflammation in the joints, which subsequently develops into a systemic disorder as a result
of the loss of immune tolerance. The inflammation in the joints is the result of a tight
interaction between resident cells, such as fibroblast-like synoviocytes (FLS) and cells of the
innate and adaptive immune system. Moreover, one of the major contributors in RA
pathogenesis are inflammatory cytokines, mostly TNF-a and IL-6, which orchestrate innate
and adaptive immune system activation, playing a key role in the tissue damage.

Plasmacytoid dendritic cells (pDCs) are a unique subset of dendritic cells (DCs), specialized in
producing large amounts of type | IFNs following their recognition of viruses or self nucleic
acids through Toll-like receptor 7 (TLR7) and TLR9. However, pDCs can also secrete other
pro-inflammatory cytokines and chemokines, and function as antigen presenting cells
(APCs). Interestingly, pDCs can participate in the priming of both immunogenic and
tolerogenic immune responses. The role of pDCs in inflammatory arthritis has not been
extensively investigated. Data from animal models have shown a rather immunoregulatory
role. In addition, a previous study from our laboratory has demonstrated that RA patients in
remission have higher number of pDCs in peripheral blood compared to active RA patients,
which have a tolerogenic phenotype and induce IL-10 secreting Treg cells in vitro. In this
study we investigated the molecular mechanism through which human pDCs contribute to
restoration of tolerance in RA.

To address this question, we performed transcriptomic analysis (microarray) of pDCs of RA
patients responding to anti-TNF therapy and pDCs derived from healthy donors. The results
from microarrays revealed more than 6000 genes differentially regulated between RA and
healthy pDCs. Interestingly, IL-6R was significantly upregulated on RA pDCs. Given that IL-6
has a major role in the pathogenesis of RA, we focused on its receptors and IL-6 signaling
pathway. We firstly validated the result in a new cohort of RA patients, and we found
increased IL-6R as well as pSTAT1 expression on pDCs of RA patients on remission as
compared with healthy pDCs. These findings indicate that IL-6/IL-6R pathway is up-regulated
and activated. Therefore, and based on the aforementioned data supporting a regulatory
role of pDCs in the context of arthritis, we hypothesized that the increased IL-6 signaling
pathway may enhance the tolerogenic phenotype of pDCs. In order to study our hypothesis,
we performed in vitro experiments on isolated healthy pDCs treated with CpG-A, as a
general stimulator of pDCs, and recombinant IL-6 (rIL6). Interestingly, we found that IL-6
signaling did not further induce IFN-a expression nor activation status of pDCs, but
significantly decreased TFN-a production by pDCs. Considering that ADAM17 mediates the
generation of soluble TNF, we assessed the effect of IL6 treatment on the function of
ADAM17 in pDCs. We concluded with a trend towards decreased mature ADAM17
expression on the surface of pDCs upon IL-6 signaling. Moreover, IL-6R is another substrate
cleaved by ADAM17. We thus assessed the effect of IL-6 signaling on soluble IL-6R secretion
by pDCs. We found that IL-6 induces decreased production of soluble IL-6R in culture
supernatants of pDCs, further supporting an inhibitory effect of IL-6 signaling in ADAM17



function. Collectively, we had strong evidence that IL-6 signaling on pDCs mediates impaired
ADAM17 activity.

In summary, our findings delineated a novel role of pDCs in the induction of tolerance in RA
and leaded us to the hypothesis that increased IL-6 signaling on pDCs inhibits ADAM17
activity, therefore limiting TNFa secretion and this process may enhance the tolerogenic
phenotype of pDCs.



MEPIAHWH

H Peupatosldng ApBpitida (PA) sival pia xpovio pAsypovwdng vooog mou xapaktnpiletal
and unepnAaocia, kKataotpodr] Twv apBpwoswv Kal ew-opBpkég ekdnAwoelg. H PA
mapouolalel Tomikn ¢Aeypovr otic apBpwoelg kot otadlakd efedloostal o pla
OUOTNUOATLK OQUTOGVOON VOO0, QTMOTEAECHO TNG AMWAELAG AVOXAG TOU QVOGOTOLNTIKOU
ouotnuatoc. H ¢pAsyuovr otig apBpwoelg sival amotéAeopa plag otevng aAAnAenidpaong
METAEU TWV KUTTAPWY TIou PBpilokovtal ot apBpwaoelg Kol To KUTTapa Tou €uduUTou Kat
ETMIKTNTOU OVOOOTIOLNTLKOU ouoTHUatoC. EmumAéov, €vag amd TOUG ONUOVILKOTEPOUC
Tapdyovteg otnv naboyévela Tng PA eival oL pAeyuovwdeLg KuTTapokiveg, kuplwg o TNF-a
kat n IL-6, oL omoleg cuvtovilouv TNV evepyomoinon TOoO TOU €UPUTOU OCO KOl TOU
€MIKTNTOU AVOCOMOLNTIKOU CUCTAMATOC, Stadpapatilovtag onuaviltkd poAo otn PAABN Twv
LOTWV.

Ta mAaopatokuTtapoeldn devdpltika kuttapa (pDCs) amotedouv éva EexwpLoto MANBUOUO
SevépLtikwv Kuttapwv (DCs), mou eLSLkeVovTaL OTNV MApAywyrn HeEYAAwv mooothtwy IFN
TUTIOU | LETA TNV AVOYVWPLOT LWV I} VOUKAEIVIKWY 0EEWV €AUTOU, LEOW TwV UTIOS0XEWV TLR7
kat TLR9. Qotdoo, ta pDCs pmopouv emiong va ekkpivouv AANEG TPO-PAEYHOVWOELS
KUTTQPOKIVEG KOl XNUELOKIVEG Kal va AETOUPYOUV WG OVTLYOVOTIOPOUGLOCTIKA KUTTOPA
(APCs). Elvat evéladépov, otL ta pDCs pumopouv va EMAyouV aVOCOAOYLKEG ATTOKPLOEL AAANG
£XOUV KOl VOOOKATAOTOATIKO poAo. O pohog twv pDCs atn pAsypovwdn apbpitida dev £xel
SlepeuvnOel ektevwg. Ta Sedopéva amd Iwikd povteha €xouv beifel otL ta pDCs
Stadpapatilouv avoocoppuBuLoTIKO poAo. EmumpocBeta, mponyoUuevn HEAETN QMO TO
£pyootnpLod pag £6eLe OtL oL aioBeveig pe PA og Udeon €xouv uPnAdtepo aplBuod pDCs otnv
niepldpépela oe oUykpLlon Pe aoBeveig pe evepyn vooo, kal £€detéav Asttoupyka otL ta pDCs
Twv acBevwyv SLaBETOUV OVOKATAOTOATIKO pOAo, emayovtog tnv dladopomoinon twv T
PUBULOTIKWY KUTTAPWVY ToU eKKpivouv IL-10 in vitro. O otoxo¢ TNG MapolcoC EPEUVNTIKAG
UEAETNG NTAV VO SLEPEUVICOUE TOV HOPLAKO UNXAVIOUO MECW TOU Omolou ta avBpwriva
pDCs cuPPBAAAOUV OTNV ATIOKATACTACH TNG AvoXN¢ otnv RA.

TNV mapoloa HEAETH, HEOW HEeTaypadLknG avaAluong (microarray) Twv pDCs, deiape otL
neploootepa anod 6000 yovidia pubuilovtal Stadopikd ota pDCs ano acBeveic pe PA mou
ovtamnokpivovtal oe anti-TNF Bgpareia kal ota pDCs mou mpoépyovtav amnod vyleig dotec. To
o evlladépov NTav OtL n €kdpacn tou umodoxéa tng IL-6 (IL-6R) Atav onuavtka
auvénuévn ota pDCs twv acBevwv. Asdopévou OTL n IL-6 KATEXEL ONUAVTLKO pOAo oTnv
naBoyévela NG PA,  ETLKEVIPWOOLE OTO ONUATOSOTIKO povomdtt tng IL-6. Apxika
ermPBefalwoape o pLo véa opada aobevwv tooo tnv auvénuévn ekdppaon tou IL-6R 600 Kal
™¢ pSTAT1 ota pDCs aocBevwv pe PA o Udeon oe cUyKpLon e Toug UYLEiG, Seixvovtag OTL
TO povomartL TG IL-6 gival evepyd. Itn ouvéxela umoBéoape OtL N auénuévn onuatodotnon
™¢ IL-6 evioyVeL TNV yvwotr onwg mpoavadpépdnke avoooppuBbuiotiky Spdon twv pDCs.
Mpokelpévou va PeAETNOEL 0 HOPLAKOC UNXAVLOMOG TG onuatodotnong tng IL-6 ota pDCs,
TPOYLLOTOTIOLNOAE in vitro melpdpata os amopovwpéva vyl pDCs mou unoPARBnkav os
Sléyepon pe CpG-A, TTOU €MAYEL TNV EVEPYOTOINOH TOuC Kal avoouvduacopévn IL6 (riL6).
‘Etol, deléape OtL n onuatodotnon tng IL-6 olte mpokdieoe Stadopd otnv €kdpacn tnc IFN-
a ota pDCs kat oUte al€noe TV OVTLYOVOTIOPOUCLOOTIK TOUC LKkavotnta. AvtiBeta peiwos
onuavtikd tnv mapaywyl TFN-a amé ta pDCs. Aappdvovtogc umoyn Ot n



uetalonpwrteivacn ADAM17 pecohafelt otnv mapaywyrn Ttou OSlalutolv TFN-a,
afloloynoape tnv enidpaocn tng Bepameiag pe IL6 otn dpdaon tng ADAM17 ota pDCs. To
neipapa avtd pavépwoe OTL evepyomoinon tou povoratiot tng IL-6/IL-6R odAynos og pia
HKpn pelwon otnv ékdpaon tg ADAM17 otnv emudavela twv pDCs. EmunmAéoy, o IL-6R, ou
KOBetal amo tnv ADAM17, Bp£OnKe ONUAVTIKA LELWUEVOC O UTIEPKELUEVA KOAALEPYELOC TWV
pDCs pe rlL6. Tuvenwc, elyape oxupég evdeifelc otL n onuatodotnon tng IL-6 eni twv pDCs
oénynoe og eANattwpatiki Spaotikdtnta tng ADAM17 ota pDCs.

JuvoAlka, ta Sedopéva auTA amoKOAUTITOUV Eva KOWVOTOUO pOAo Twv pDCs otnv emaywyn
0VOOOAOYLKNG avoxng otnv PA kal otnpilouv tnv umoBeon OtL n aufnuévn onuatodotnon
¢ IL-6 ota pDCs avaotéAAeL tn Spaotikotnta tTng ADAM17, meplopilovtag £ToL TNV €KKPLON
™¢ TNF-a kat autr n Stadilkacio Pnopel va evioxUOEL TNV OVOCOKATOOTAATIKY Spacn Twv
pDCs.



INTRODUCTION

Rheumatoid arthritis (RA) is a chronic and systemic autoimmune disease, affecting 1% of the
population worldwide [1]. RA is characterized by autoantibody production (rheumatoid
factor [RF] and anti—citrullinated protein antibody [ACPA]) and inflammation of the synovial
tissues of the joints, producing hyperplasia and pain. A hallmark of RA is the progressive
joint damage that causes bone and cartilage destruction, which are related to functional
disability. As the disease develops, chronic inflammatory burden potentially affects a variety
of extra-articular organs as a result of the loss of immune tolerance, while specific
comorbidities have been associated to RA [2].

RA is a multifactorial disorder and it is established that both genetic and environmental
factors may trigger the disruption of tolerance to self-antigens, leading to uncontrolled
inflammation and autoimmunity [3]. The HLA system (particularly HLA-DRB1) remains the
predominant genetic predisposing factor, implicating T cells, dendritic cells (DCs) and self-
peptide binding process in pathogenesis of mainly RF and ACPA positive group [4]. However,
more than 100 common variants in non-HLA loci have been implicated in RA susceptibility. In
addition, it has been proposed that environmental factors like smoking, hormones, infection
and gut microbiota are involved in the induction of the RA in genetically predisposed
individuals via activation of type 17 helper T (Th17) cells, leading to the development of joint

inflammation [5].

The inflammation in the joints is the result of a tight interaction between resident cells, such
as fibroblast-like synoviocytes (FLS) and cells of the innate and adaptive immune system
(Figure 1). The RA synovium is rich in innate immune cells, including macrophages, mast
cells, natural killer (NK) cells, neutrophils, myeloid and plasmacytoid DCs [6]. Macrophages
are considered to have a effector role in the pathogenesis of RA, by releasing Tumor necrosis
factor-alpha (TNF-a), interleukins (IL-1, IL-6, IL-12, IL-15, IL-18, IL-23), reactive oxygen and
nitrogen species, production of prostanoids and matrix-degrading enzymes, phagocytosis
and antigen presentation [7]. The interplay of cells, as well as the secretion of inflammatory
cytokines, like TNF-a and IL-6, lead to the activation of RA FLS. These cells secrete cytokines,

chemokines, adhesion molecules, matrix metalloproteinases (MMPs), contributing to the



destruction of the cartilage and bone tissues which? migrate from the affected to the
healthy tissue, contributing to the spread of arthritis [8].

Besides the innate immune system, the dysregulation of the adaptive immune responses
plays a critical role in the development of RA. Infiltration of leukocytes into the synovial joint
results in synovitis. RA is mainly considered to be a disease that is mediated by type 1 helper
T (Th1) cells. However, several studies have focused on the role of Th17 cells, a CD4+ subset
that produces IL-17A, 17F, 21, and 22 and TNF-a [9]. IL-17A, which synergizes with TNF-a to
promote activation of fibroblasts and chondrocytes, is currently being targeted in clinical
trials [10]. T regulatory (Treg) cells are often detected in tissues from patients with RA, but
appear to have limited functional capability [11]. Pathogenic T cells not only help B cells to
produce autoantibodies, but also actively mediate tissue destruction by secreting pro-
inflammatory cytokines (IL-17, IL-6, and TNF-a) and creating an inflammatory
microenvironment that favors macrophage and neutrophil recruitment and osteoclast
activation [12].
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Figure 1: Innate and adaptive immune responses in the RA joints. In the lymph node, DCs interact with T cells and
B cells, resulting in the generation of autoimmune response to ACPA. In the synovial membrane and adjacent
bone marrow, adaptive and innate immune pathways promote tissue remodeling and damage. The interactions
among leukocytes, synovial fibroblasts, chondrocytes, and osteoclasts, together with the molecular products of



damage, drive the chronic phase in the pathogenesis of rheumatoid arthritis. The figure is derived from Mcinnes
etal, 2011 [3].

Soluble mediators, autoantibodies, adhesion molecules and signal transduction pathways
control the human immune system and are involved in autoimmune diseases. One of the
major contributors in RA pathogenesis are inflammatory cytokines, mainly TNF-a and IL-6.
They orchestrate innate and adaptive immune system activation contributing both in disease
initiation and perpetuation, while their role in tissue damage has been proven [13]. The
remarkable clinical benefit upon blocking TNF-a or IL-6 in patients with RA also confirms

their significant role in the pathogenesis of the disease [2].

THE IL-6 SIGNALING IN IMMUNE RESPONSES
IL-6 is secreted by a large number of cell types, including T and B cells, monocytes,

fibroblasts and synoviocytes [14]. There are two mechanisms through which IL-6 exerts its
biological effects: classical IL-6 receptor (IL-6R) signal transduction via the membrane-bound
IL-6R and IL-6 ‘trans-signaling’, a process in which soluble IL-6R binds IL-6 [15]. IL-6 forms a
complex by binding to membrane or soluble IL-6R on the cell membrane, which then
combines with gp130, which is ubiquitously expressed on the cell membrane, forming a
homodimer and giving rise to intracellular signal transduction, including the phosphorylation
of tyrosine kinases of the Janus kinase (JAK) family, as well as the recruitment and activation
of signal transducers and activators of transcription (STAT)-1 and STAT-3 [16] (Figure 2).
Interestingly, the expression of IL-6R on the cell surface is restricted only on a few cell types,
such as macrophages, neutrophils, some T cell populations and hepatocytes. The soluble IL-
6R is released by activated cells mainly via ectodomain shedding and the IL-6 trans-signaling
has been associated with pathophysiological situations [17, 18]. Consequently, many cells
that lack membrane IL-6R can still respond to IL-6 through trans-signaling, in contrast to
other soluble receptors, such as the receptors for IL-1 and TNF-a, which are known to inhibit

the effects of their ligands [19].
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Figure 2: IL-6 signaling via the membrane and soluble receptor. A) In classic signaling, IL-6 binds to the
membrane-bound receptor and this complex associates with the membrane protein gp130, initiating dimerization
and intracellular signaling. B) In trans-signaling, membrane IL -6R is cleaved mainly by metalloprotease ADAM17
in the cell surface, and soluble IL-6R is secreted. The IL -6/soluble IL-6R complex associates with membrane gp130
on cells that do not express the membrane IL -6R, to induce dimerization and intracellular signaling. sgp130Fc
specifically blocks IL -6 trans-signaling without affecting IL-6 classic signaling. C) Upon gp130 dimerization, JAKs
become activated and phosphorylate gp130, which subsequently stimulates the MAPK and STAT pathways. The
STAT proteins are phosphorylated, dimerize, and translocate to the nucleus, where they induce transcription of
target genes. Figure source Calabrese et al, 2014 [20].

IL-6 is a pleiotropic cytokine and the classic IL-6 signaling or trans-signaling leads to the
activation of distinct pathways. In the classic signaling IL-6 binds to the membrane IL-6R,
leading to anti-inflammatory responses. In contrast, signaling via soluble IL-6R often leads to
pro-inflammatory responses. This is further supported by in vivo studies showing that the
therapeutic targeting of IL-6 trans-signaling blocked the development of arthritis [21].

IL-6 exerts systemic effects on multiple tissues and cells of the immune system. In the
context of RA, IL-6 promotes the expansion of fibroblasts and induces neovascularization in
the synovial tissue. IL-6 also promotes the infiltration of inflammatory cells, such as
macrophages and neutrophils and drives the differentiation of B cells into autoantibody-
secreting plasma cells [22, 23]. It also promotes differentiation of T follicular helper (Tfh)
cells, which is necessary for T cell-dependent B cell response. IL-6 stimulates osteoblasts and
synoviocytes to produce receptor activator of nuclear factor (NF)-kB ligand (RANKL), which
activates osteoclasts resulting in joint destruction [24]. In addition, IL-6 promotes the
expansion of CD4+ T cells and acts as a checkpoint in the differentiation of naive T cells
towards pro-inflammatory Th17 cells or regulatory Treg cells. The balance between
regulatory and effector T cells is crucial to the maintenance of self-tolerance. IL-6 seems to
inhibit Treg differentiation, whereas favors the development of Th17 cells [25]. It has been
shown that IL-6-deficient mice fail to develop a Th17 response, while Treg cells are dominant
in the periphery [26].

Direct evidence of a relationship between IL-6 signaling and chronic joint inflammation in RA
arises from the findings that IL-6 and soluble IL-6R concentrations are elevated in serum and
synovial fluid of RA patients, and that IL-6 serum levels correlate positively with disease
activity [27]. In accordance, it has been reported that IL-6-deficient mice are resistant to the
induction of arthritis, and that blocking the soluble IL-6R reduces the incidence of arthritis in

mice [28, 29].

THE ROLE OF TNF-AIN RA
TNF-a is produced mostly by macrophages, although it can also be secreted by other

immune cell types like, CD4+ T cells, NK cells, neutrophils, mast cells. TNF can signal via two
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receptors, TNFR1 and TNFR2. TNFR1 is expressed in most tissues and binds to the membrane
and soluble TNF-a, while TNRF2 is found in immune cells and binds to the membrane form
of TNF-a.

Several studies have focused on the effector functions of TNF-a. Regarding RA, it has been
shown that TNF-a induces the production of other pro-inflammatory cytokines, including IL-
1 and IL-6. TNF-a also promotes endothelial cell activation and amplifies the release of
chemokines, leading to leukocytes attraction from the periphery into the inflamed tissue. In
addition, it has been proven that TNF-a induces angiogenesis and initiates osteoclast and
chondrocyte activation, causing destruction of bone and cartilage [30].

In the synovium and serum of RA patients TNF-a is @ major cytokine, and it is considered to
be a potent inducer of other pro-inflammatory cytokines disturbing the normal physiological
balance between pro- and anti-inflammatory mediators. Furthermore, TNF-a receptors have
been found to be expressed in human rheumatoid joint tissue [31, 32]. Additionally, inan
animal model of RA, it has been reported that administration of a mAb specific for mouse

TNF-a after disease onset ameliorated both inflammation and joint damage [33].

A Disintegrin and Metalloproteinase 17 (ADAM17) is one of the major sheddase involved in a
variety of physiological and pathophysiological processes. ADAM17 is ubiquitously expressed
and cleaves a broad range of cell surface molecules, the best studied among them being
TNF-a, EGFR and IL-6R [34] (Figure 3). The key role of ADAM17 implies that its activity has to
be tightly regulated. In cells, ADAM17 exists mainly as immature form, which translocate to
Golgi apparatus via iRhoms, where its maturation takes place [35]. Most of the mature
ADAM17 is located intracellularly, whereas only a small amount is located at the cell surface,
where shedding takes place. After cell activation, PKC signaling promotes the translocation
of ADAM17 to the cell surface. The rapid increase of membrane ADAM17 is followed by

internalization and lysosomal degradation of ADAM17 [36] (Figure 4).
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Figure 3: ADAM17 cleaves various transmembrane proteins, including TNF-a, TNFR and IL-6R. ADAM17 induces
‘TNFR-transactivation’ via soluble TNF-a, TNF-a inhibition via generation of an antagonistic soluble TNFR. In
addition, ADAM17 is the master regulator for the generation of the soluble IL-6R.The figure is derived from
Scheller et al, 2011 [37].

More than 90% of mature TNF-a in the circulation is derived from the direct action of
ADAM17. It has been shown that mice with a specific depletion of the ADAM17 gene in
myeloid cells were protected from endotoxin shock lethality and produced reduced amounts
of TNF-a [38]. Moreover, it has been found that ADAM17 contributes to the production of
TNF-a in synovial tissues from RA patients and in human RA cartilage ADAM17 is
overexpressed. [39]. This target has been validated in preclinical trials for the treatment of
RA and studies in animal models of arthritis showed that inhibition of ADAM17 leads to

amelioration of disease symptoms [40, 41].
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Figure 4: ADAM17 exists as immature proform (pADAM17) and as mature protease (MADAM17) in cells. The
maturation of ADAM17 takes place in the Golgi apparatus. The majority of mADAMZ17 is located intracellularly,
and PKC activation influences ADAM17 surface expression. ADAM17-mediated shedding takes place at the cell
surface. After shedding process, most of the mADAM17 at the cell surface is internalized and degraded through
lysosomes. The figure obtained from Lorenzen et al, 2016. [36].
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Plasmacytoid dendritic cells (pDCs) are a unique subset of DCs that originate from the bone
marrow and display plasma cell morphology. The most commonly used cell surface markers
to identify human pDCs are the blood-derived dendritic cell antigen-2 (BDCA-2), BDCA- 4 and
immunoglobulin-like transcript 7 (ILT7). They also express CD4 and IL-3R-a (also known as
CD123) but not CD11c, which is a common DC marker. They represent a rare cell population
(<1% of peripheral blood immune cells) and the distinctive feature of them is that pDCs
specialize in producing type | IFNs following the recognition of viruses or self nucleic acids.
Indeed, pDCs produce large amount of type | IFNs, which is 200 to 1000 times more than the
amount produced by any other blood cell type [42]. By contrast myeloid DCs have the ability
to produce high levels of IL-12, but only low levels of type | IFNs.

In humans, pDCs selectively express endosomal Toll-like-receptors (TLR) 7 and TLR9 that
sense pathogens and endogenous nucleic acids. Activation of these receptors in pDCs leads
to secretion of type | IFNs via myeloid differentiation primary response protein 88(MYD88)-
interferon-regulatory factor 7 (IRF7) pathway, as well as the production of pro-inflammatory
cytokines and chemokines via the MYD88- nuclear factor-kB(NF-kB) [43].

pDCs play a major role in both innate and adaptive immune responses and several studies
strongly support that pDCs possess a multifactorial role [44]. Type | IFNs derived from pDCs
apart from antiviral responses, also activate NK cells and, in conjunction with IL-6, influence
B cell activation and antibody secretion by plasma cells [45, 46]. However, pDCs can also
secrete other pro-inflammatory cytokines and chemokines, including TNF-a, IL-6, IL-12, CXC-
chemokine ligand 8 (CXCL8), CXCL10, CC-chemokine ligand 3 (CCL3) and CCL4. Moreover,
expression of MHC class Il and co-stimulatory molecules enables pDCs to present antigens to
CD4+ T cells. pDCs have the ability to increase the antigen presenting capacity of myeloid
DCs to CD8+ T cells and promote the differentiation of naive T cells into Thl cells.
Interestingly, pDCs can participate in the priming of both immunogenic and tolerogenic
adaptive immune responses. pDC expression of indoleamine 2,3-dioxygenase (IDO) and
inducible T cell co-stimulator ligand (ICOSL) and pDC production of transforming growth
factor-p (TGFB) and IL-6 promote Treg cell or Th17 cell commitment, respectively [47, 48].
Thus, the biology of pDCs is multifaceted (Figure 5). Human pDCs also continue to be
extensively studied in order to understand their potential roles in the pathogenesis of

autoimmune diseases, cancer and HIV infection.
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Figure 5: pDCs are specialized cells that produce high amounts of type | IFNs in response to viruses. They also
secrete other pro-inflaimmatory cytokines and chemokines and they are characterized by their antigen presenting
capacity to T cells. pDCs contribute to inflammatory responses by promoting NK activation and attraction of
immune cells to the sites of infection, enhancing Th1 and Th17 cell responses and influencing B cell activation and
antibody secretion. Nevertheless, they also induce immune regulation and tolerance, expressing anti-
inflammatory molecules that drive Treg cell responses. The figure is derived from Swiecki et al, 2015 [44].

THE RoLE oF PDCS IN AUTOIMMUNE DISEASES AND RA
Infiltration of pDCs into involved tissues and evidence of interferon responses have been

found in a number of autoimmune disorders. pDCs secrete large amounts of type | IFNs,
which are inflammatory cytokines of greatest importance in the pathophysiology of many
autoimmune and autoinflammatory diseases [44]. As a result, pDCs have been implicated in
the pathogenesis of autoimmune diseases characterized mostly by type | IFN signature, such
as systemic lupus erythematosus (SLE). Indeed, studies in lupus-prone mice that lack pDCs
have shown reduced antibody production against nuclear autoantigens (ANA), impaired
expansion and activation of T and B cells, confirming that pDCs are pathogenic in SLE [49,
50]. In addition, pDC depletion or blocking of TLR7 and TLR9 signaling in lupus-prone mice,
ameliorate autoimmune skin inflammation [51]. Moreover, in mouse models of psoriasis and
type | diabetes (T1D), the blockade of type | IFNs or antibody-mediated depletion of pDCs
seems to be protective [52, 53]. On the other hand, many studies have suggested a
protective role of pDCs and IFN-I. In experimental autoimmune encephalomyelitis (EAE),
IFNAR-deficient in central nervous system (CNS) myeloid cells exacerbates disease
development. In addition, pDCs have been shown to inhibit myeloid DC functions and the
development of Th17 responses, whereas pDC depletion increases EAE severity [54, 55].

Moreover, pDC function seems to be effective in preventing the development of asthma. In
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mouse asthma model, pDCs depletion induces classic features of asthma, whereas the
adoptive transfer of pDCs before sensitization prevented disease's initiation [56].
Accordingly, an immune regulatory role of pDCs has been shown in transplantation [57].

The role of pDCs in RA remains controversial. Data from animal models have shown a rather
immunoregulatory role. Investigation of the contribution of pDCs to experimental arthritis in
various animal models, concludesthat pDC depletion in vivo enhanced the severity of
articular pathology and increased T and B cell autoimmune responses against type Il collagen
[58]. In addition, it has been shown that recruitment and activation of pDCs in arthritic joints
of pDC-deficient mice significantly reduce arthritis [59]. Moreover, in the antigen induced
arthritis model (AlA) it has been shown the IFN-a secreted by pDCs activates an IDO1/TGF-b—
dependent anti-inflammatory program that upon antigenic rechallenge prevents
inflammation [60].

Our lab has a special interest in pDCs biology in autoimmune diseases. We have previously
demonstrated that RA patients on remission with anti-TNFa agents have higher number of
pDCs in peripheral blood compared to active RA patients. In functional studies we found that
pDCs from RA patients in remission have a tolerogenic phenotype and induce IL-10 secreting

Treg cells in vitro [61].

It is known that a significant percentage of RA patients under therapy, does not achieve
remission. It is of major immunological importance to investigate targeted, cell-specific
mechanism contributing to the induction of remission. Elucidating those mechanisms could
pave the way of therapeutic strategies to increase the number of patients achieving
remission.

We have demonstrated that pDCs are increased in the periphery of RA patients on remission
and exert a regulatory effect [61]. In this study we aim to investigate the molecular
mechanism through which human pDCs contribute to restoration of tolerance in RA. In
order to better characterize those pDCs we will perform transcriptomic analysis (microarray)
of pDCs from RA patients in remission and pDCs derived from healthy donors. Then, we will

investigate how pathways, with key role in pathogenesis of RA, are regulated on pDCs.

16



MATERIALS AND METHODS

Human subjects

Peripheral blood samples were obtained from RA patients in remission with anti-TNF
therapy, RA patients with active disease activity and healthy individuals. Active disease
activity was defined as a Disease activity score (DAS28) higher than 3,2. The samples were
recruited from Rheumatology clinic at the University Hospital of Heraklion (Crete, Greece).
The study was approved by the Institutional Review Committee, and all subjects gave
written informed consent. Healthy samples and buffy coats were recruited from the
University Hospital of Heraklion and Venizeleio Hospital (Crete, Greece).

Serum collection

Healthy and RA peripheral blood sera were added in a collection tube without
anticoagulants. The tube was centrifuged at 2500 rpm for 15minutes and the serum was
collected under sterile conditions.

Reagents

RPMI-1640 (Gibco), fetal bovine serum (FBS), penicillin (100U/ml) and streptomycin
(100pg/ml), were all from Gibco, Carlsbad, CA. For culture of pDCs Recombinant IL-6, was
purchased from PeproTech EC Ltd. CpG-A (2216) was from Invivogen and TAPI-1 was from
Selleck Chemicals. DAPI, Ficol Histopaque 1077 and Ficol Histopaque 1119 were from Sigma-
Aldrich. Fluorescent-conjugated monoclonal antibodies to CD303, CD123, IL6R, ADAM17
were all from R&D systems also. Fluorescent-conjugated monoclonal antibodies to pSTAT1
pSTAT3 were from Ebioscience. ADAM17 Ab for immunofluorescence was from Atlas
Antibodies. Secondary antibodies anti-rabbit CF488 and anti-goat CF555 were purchased
from biotium.

pDCs isolation for microarray analysis

Whole blood samples (20ml) from 5 RA patients in remission with anti-TNF therapy and 5
healthy donors were used for pDCs isolation via magnetic-bead-associated cell sorting with
the Miltenyi Biotec (Auburn, CA) human pDC isolation kit for positive selection. pDC purity
was ascertained by labeling for CD303 and CD123, and the samples were used, more than
80% pure. The total amount of pDCs isolated was used to maximize the total RNA yield (mini
RNA isolation kit) and microarray analysis performed in the German Rheumatism Research
Centre Berlin (Germany).

Cell isolation and cultures

Buffy coats were subjected to Ficol-Histopaque 1077 density-gradient centrifugation at 1800
rom for 30 minutes to obtain peripheral blood mononuclear cells (PBMCs). Cells were
washed once at 1500 rpm for 10 min using sterile PBS. Erythrocytes were lysed if needed.
The lysis was performed by resuspending the cell lysate in water for injection for 35 sec.
Then equal amount of 1,8% w/v NaCl solution was added in order to reduce the osmotic
shock. The PBMCs were magnetically sorted using the CD304 (BDCA-4/Neuropilin-1) human
MicroBead Kit (Miltenyi Biotec) in order to positive select the pDC population. pDCs were
washed and then cultured in RPMI-1640 supplemented with 10% FBS and 1%
penicillin/streptomycin mix. pDCs were stimulated with CpG-A (0,5uM), riL6 (1ng/ml) for 4,
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13, 18 hours. In addition, in specific experiments pDCs were pre-incubated with TAPI-1 (20
uM) for 30 minutes and then stimulated with CpG-A and rIL6 for 18 hours.

Flow cytometry (FACS)

Cells were stained for extracellular markers for 20 min at 4°C in PBS/5% FBS. Monoclonal
antibodies specific for CD303, CD123 were used to identify pDC population. Monoclonal
antibodies specific for HLA-DR, CD80, CD86, CD40 were used as maturation-activation
markers. Additionally, monoclonal antibodies specific for IL-6R and ADAM17 were used.
Intracellular staining with the monoclonal antibodies specific for pSTAT1 pSTAT3 was
performed. Apoptosis and cell death was obtained with staining with Annexin V (BD
Pharmingen) and 7AAD (Biolegend). Cells were acquired on a FACS Calibur (BD Biosciences)
and analyzed using the FlowJo software (Tree Star).

Quantification of Gene Expression by RT-PCR

Total RNA from cultured cells was collected using the TRIZOL extraction protocol. Total RNA
was treated with DNAse in order to eliminate any genomic DNA contaminations. Turbo
DNAse kit (Ambion) was used according to manufacturer’s protocol.

cDNA was prepared from isolated RNA using Perfect Real time cDNA Synthesis Kit (Takara)
according to manufacturer’s protocol. 50ng of RNA was used as a template for every
reaction. RNAse H (2U/reaction) was added in order to clean the resulting cDNA from any
RNA and incomplete cDNA products. cDNA was stored at -20 °C. PCR amplification of the
resulting cDNA samples was performed using appropriate volumes of KAPA SYBR® FAST
Universal 2x gPCR Master Mix and specific for each gene primers at a CFX Connect™, Real-
Time System. Total volume of each PCR reaction was 20ul. PCR primers used were as

follows:

Primers Forward Reverse

GAPDH 5’CATGTTCCAATATGATTCCACC3’ | 5GATGGGATTTCCATTGATGAC3’
IFNa 5’'TCTGATGCAGCAGGTGGG3' 5’AGGGCTCTCCAGACTTCTGCTCTG3’
IL-6R 5’ACATTCACAACATGGATGG3’ 5’AGGACTCCTGGATTCTGTC3'
TNF-a 5’GAGGCCAAGCCCTGGTATG3 5'CGGGCCGATTGATCTCAGC3
ADAM17 5’GACTCTAGGGTTCTAGCCCAC3’ | 5GGAGACTGCAAACGTGAAACAT3

Confocal microscopy

Confocal analysis was carried out on a Leica TCS SP8. For analysis of TNF and ADAM17
expression pDC were fixed after culture with 4% PFA/PBS and stained with Humira (TNF-
blocker) and ADAM17 Ab, washed, stained with DAPI (Invitrogen) as indicated.

Enzyme-linked Immunosorbent Assay (ELISA)
Detection of human TNF-a (eBioscience) and IL-6R (R&D Systems) in culture supernatants
harvested at the indicated time, were performed by sandwich ELISA, following the
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manufacturer’s recommendations. Light absorbance at 450 nm was measured using the
ELx800 Biotek.

Statistical Analysis

Statistical analysis was performed with the Prism Software (GraphPad) by nonparametric
Mann-Whitney test or paired t test. p values less than 0.05 were considered significant. ns,
not significant.
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RESULTS

To investigate the molecular mechanism through which human pDCs contribute to
restoration of tolerance in RA, knowing that pDCs are limited in the periphery of active RA
patients, we focused on pDCs isolated from RA patients in remission and we compared them
with healthy pDCs. Specifically, to assess the molecular signature, pDCs isolated from 5 RA
patients responding to anti-TNF therapy and pDCs derived from 5 healthy donors subjected
to microarray analysis. The results from the microarrays revealed the existence of more than
6000 genes to be differentially regulated between pDCs from RA patients in remission as
compared to isolated healthy pDCs. Interestingly, among the most prominent genes that
were significantly upregulated on RA pDCs was IL-6R (Figure 6).

5 RA patients 5 healthy
_in remission individuals

A B
Gating strategy of pDCs

CD303
—

Figure 6: A) pDC gating strategy. pDCs were magnetically isolated from peripheral blood of healthy or RA
samples. Then, pDCs were stained for CD303 and CD123 markers. The % of double positive cells represented the
isolated pDCs. B)Heat map of genes found to be deregulated on pDCs from RA patients responding to anti-TNF
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therapy (left) as compared to pDCs from healthy individuals (right). C) Network of enriched KEGG pathway
illustrates molecules of IL-6 signaling to be upregulated (red) or downregulated (blue) on RA pDCs.

Given that IL-6 has a major role in the pathogenesis of RA, we focused on its receptors and
IL-6 signaling pathway. Next, we validated these results in a new cohort of RA patients
responding to anti-TNF therapy, where total PBMCs were isolated form peripheral blood and
stained for pDCs markers (CD303, CD123) and IL-6R. Using flow cytometry, we found an
important increase of IL-6R expression on RA pDCs as compared to pDCs derived from
healthy donors. However, in the few pDCs found in the periphery of active RA patients, the
IL-6R protein levels were reduced compared to pDCs from RA patients in remission (Figure
7A).

It is well established that binding of IL-6 to the cell surface-expressed IL-6R results in the
phosphorylation of STATs proteins, which translocate to the nucleus where they induce
transcription of target genes. To assess if IL-6 signaling is activated, we examined ex vivo the
pSTAT1 and pSTAT3 expression levels gated on pDCs We found significantly increased
pSTAT1 expression levels on RA pDCs, whereas no differences were observed on pSTAT3
expression levels (Figure 7B).
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Figure 7: A) Representative figure of IL-6R expression gated on CD303+CD123+ cells (pDCs) analyzed by flow
cytometry. Graph of mean fluorescence intensity (MFI) values of IL-6R expression gated on pDCs from healthy and
RA samples. B) MFI of pSTAT1 and pSTAT3 expression gated on pDCs from healthy and RA samples. Statistical
tests: Mann-Whitney.

These results highlighted that pDCs play a role in the pathogenesis of RA, since a great
number of genes found to be differentially regulated between healthy pDCs and RA pDCs in
remission state. Focus on molecular pathways that are known to be implicated in the
pathogenesis of RA resulted in IL-6 signaling and especially IL-6R and pSTAT1 which were
found to be significantly upregulated on pDCs from RA patients in remission. Previous
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studies support that classic IL-6 signaling via the membrane bound receptor leads to anti-
inflammatory responses. Therefore, we hypothesized that the increased IL-6 signaling
pathway enhances the tolerogenic phenotype of pDCs.

In order to study the molecular mechanism of IL-6 signaling on pDCs we performed in vitro
experiments on isolated healthy pDCs. Activation of pDCs was induced by CpG
oligodeoxynucleotides (CpG-ODN)-A in the presence or absence of recombinant IL-6 (rIL6).
CpG-A binds to TLR9 and gives rise to robust IFN-a production. To understand how IL-6
contributes to the tolerogenic phenotype of pDCs, we focused on the major features of pDCs
and one of them is the expression of type | IFNs. Magnetically isolated pDCs cultured with
CpG-A in the presence or absence of rIL6 and the assessment of IFN-a mRNA levels in
different time points concluded with no detectable differences between these two
conditions, a finding that is also supported by the microarray results (Figure 8A). Another
feature of pDCs is their antigen presenting capacity. Therefore, we tested with flow
cytometry whether there is differential expression of co-stimulatory molecules on pDCs
cultured with CpG-A in the presence or absence of rIL6 for 18 hours. To this end, we did not
observe significant differences in HLA-DR, CD80, CD86, CD40 molecules expressed by pDCs in
the presence of rIL6 (Figure 8B).
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Figure 8: A) fold change of mRNA levels of IFN-a in pDCs treated with CpG (black) and pDCs treated with CoG+rIL6
(grey) for 4,5, 13 and 18 hours. B )Representative figure of HLA-DR, CD80, D86, CD40 expression on cultured pDCs
analyzed by flow cytometry. Graphs of mean fluorescence intensity (MFI) values of surface expression of HLA-DR,
CD80, D86, CD40 on cultured pDCs with CpG in the presence or absence of riIL6 for 18 hours.

pDCs are specialized in producing type | IFNs following viruses or self nucleic acids
recognition. However, pDCs have been characterized for the secretion of other pro-
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inflammatory cytokines, such as TNF-a, IL-6. To elucidate how IL-6 shapes the pDC functions
we assessed TNF-a mRNA and protein levels on pDCs treated with CpG-A in the presence or
absence of rlL6. In mRNA levels, pDCs treated with rIL6 for 1 hour characterized with
reduced transcription of TNF-a gene. Interestingly, we checked cultured supernatants for
the secreted TNF-a and we found a vast decrease of TNF-a by pDCs cultured for 13 and 18
hours in the presence of rIL6(Figure 9A,B). This is an important finding knowing that TNF-a is
one of the major cytokines that also contributes to RA pathogenesis.

This significant result was also supported by the microarray analysis, demonstrating reduced
expression levels of TNF on RA pDCs responding to therapy (Figure 9C). Moreover, to
validate this outcome, we sorted pDCs from RA patients responding to anti-TNF therapy and
active state of disease and we observed by confocal microscopy that pDCs from RA patients
in remission expressed lower TNF levels (Figure SD). However, this observation has to be

repeated in additional RA and healthy samples.

Collectively, these results suggest that IL-6 signaling on pDCs does not affect their antigen
presenting capacity and IFN-a production. However, we concluded that IL-6 signaling
inhibited the secretion of pro-inflammatory cytokine TNF-a. This is a novel result and we
have to investigate both the importance of TNF-a secreted by pDCs in the pathogenesis of
RA as well as the mechanism through which IL-6 signaling on pDCs seems to regulate TNF-a

secretion.
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Figure 9: A) fold change of mRNA levels of TNF-a in pDCs treated with CpG-A (black) and pDCs treated with CpG-
A+riIL6 (grey) for 1 hour. B) Fold change of protein levels of TNF-a in culture supernatants from pDCs untreated,
treated with CpG-A, riL6, CpG-A+riL6 for 13 and 18 hours. C) Network of enriched KEGG pathway illustrates
molecules of TNF signaling to be upregulated (red) or downregulated (blue) on RA patients responding to anti-TNF
therapy as compared to pDCs from healthy individuals. D) Immunofluorescence confocal microscopy for TNF on
sorted pDCs from active RA patient and RA patient in remission.

Several studies have demonstrated that the function of ADAM17 contributes to the
production of mature TNF-a. However, ADAM17 expression and activity at the surface of
pDCs have not been studied. In order to unravel whether TNF levels that we identified in
culture supernatants of CpG-A activated pDCs were produced by ADAM17-mediated
shedding, we used the ADAM17 inhibitor TAPI-1. Specifically, pDCs were cultured with CpG-
A in the presence or absence of TAPI-1 and after 18 hours, soluble TNF-a concentrations in
the culture supernatants were measured. Activation of pDCs resulted in vast increase of
TNF-a release. However, in the presence of TAPI-1, TNF-a shedding was blocked returning to
low concentrations in the culture (Figure 10A). Thus, ADAM17 activity on pDCs contributed
to higher soluble TNF-a levels in culture supernatants.

Our data suggested that IL-6 signaling on activated pDCs resulted in reduced TNF-a
secretion, nevertheless the molecular mechanism that IL-6 pathway controls TNF-a
secretion needs investigation. Major producers of TNF-a are macrophages, although it can
also be secreted by other immune cell types like, CD4+ T cells, NK cells, neutrophils, mast
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cells and pDCs. In addition, we demonstrated that ADAM17 mediates TNF-a cleavage on
pDCs, which is in line with previous studies on other cell types.

On the basis of these observations, we sought to investigate whether ADAM17 activity
would be altered by IL-6 signaling on pDCs. To get an insight into the fate of ADAM17, its
expression at the cell surface of pDCs was analyzed by flow cytometry after activation with
CpG-A in the presence or absence of rIL6. We concluded that there was a small decrease of
mature ADAM17 expression on the surface of pDCs upon IL-6 signaling (Figure 10B).
Considering that we have proved that ADAM17 mediated TNF cleavage on pDCs and IL-6
signaling resulted in reduced expression levels of ADAM17, as well as significantly lower
soluble TNF-a levels in culture supernatants, we assumed that IL-6 signaling leads to
impaired ADAM17 function.

Interestingly, came out when. pDCs cultured with CpG-A in the presence or absence of rIL6,
and soluble IL-6R concentrations were measured by ELISA in the culture supernatants. The
cleavage of IL-6R was significantly inhibited, after activation of IL-6 pathway on pDCs (Figure
10C). Thus, we provide an additional evidence that ADAM17 activity is impaired upon IL-6
signaling since we evaluated another substrate, known to be cleaved by ADAM17

Taken together, these results show that ADAM17 function controls the secretion of TNF-a
and soluble TNF-a and IL6-R is significantly reduced in culture supernatants of pDCs upon
riL6 treatment. Consequently, we have strong evidence that IL-6 signaling leads to impaired
ADAM17 activity on pDCs.
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Figure 20: A) Fold change of protein levels of TNF-a in culture supernatants from pDCs untreated, treated with
CpG-A and pre-treated with TAPI-1 and then cultured with CpG-A for 18 hours. B) Representative figure of
ADAM17 expression on cultured pDCs analyzed by flow cytometry. Graphs of mean fluorescence intensity (MFI)
values of surface expression of ADAM17 on cultured pDCs with CpG-A in the presence or absence of rIL6 for 4
hours. C) Fold change of protein levels of soluble IL-6R in culture supernatants from pDCs treated with CoG-A and

CpG-A+riL6 for 18 hours.
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Based on microarray analysis, we found that apart from reduced TNF transcriptional levels,
pDCs from RA patients in remission exhibited lower ADAM17 expression levels (Figure 11A).
Moreover, we sorted pDCs from RA patients responding to anti-TNF therapy and active state
of disease and we observed by confocal microscopy increased intracellular accumulation of
ADAM17 on pDCs from RA patients in remission, whereas ADAM17 was significant reduced
on pDCs from active RA patients (Figure 11B).
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Figure 11: A) Network of enriched KEGG pathway illustrates molecules of ADAM17 signaling to be upregulated
(red) or downregulated (blue) on RA patients responding to anti-TNF therapy as compared to pDCs from healthy
individuals. B) Immunofluorescence confocal microscopy for TNF and ADAM17 on sorted pDCs from active RA
patient and RA patient in remission.




DISCUSSION

pDCs link innate and adaptive immunity and have been characterized for their multifactorial
role. It is known that pDCs contribute to inflammatory responses in the development of
autoimmune diseases [44]. Nevertheless, there is strong evidence from the literature that
pDCs also promote immune regulation and tolerance. Regarding RA, studies in mouse model
have shown that pDC depletion enhances the severity of disease [58]. In addition, previous
study from our laboratory demonstrates that pDCs from RA patients responding to therapy
have a tolerogenic phenotype inducing IL-10 secreting T regulatory cells in vitro [61]. Here,
we study the molecular mechanism through which pDCs contribute to restoration of
tolerance.

In this study, we performed microarray analysis on pDCs from RA patients responding to
anti-TNF therapy and pDCs derived from healthy individuals and surprisingly we identified
6741 genes to be de-regulated, underlining the different signature of pDCs in health and
remission state of RA. This important finding combined with previous studies, lead us to the
hypothesis that pDCs in RA play a key role in the remission of the disease. However the exact
mechanisms of pDCs contribution to the regulation of inflammation is not known.

Interestingly, among the most prominent genes that were significantly upregulated on RA
pDCs was IL-6R. Considering the well-studied pleiotropic role of IL-6 and its contribution in
pathogenesis of RA, we focused on the role of IL-6 signaling on pDCs in vitro. We concluded
that there are no differences in the transcription levels of IFN-a as well as the expression of
antigen presenting and co-stimulatory molecules, upon IL-6 on activated pDCs. However, we
showed for the first time that classic IL-6 signaling regulated TNF-a secretion by pDCs. It is
known that macrophages are the major producers of TNF-a and pDCs are specialized in
producing high amounts of type | IFNs, although they can also secrete other pro-
inflammatory cytokines, like TNF-a. There is no literature to support the contribution of TNF-
a secreted by pDCs in the pathogenesis of RA. Thus, the functional importance of TNF-a
produced by pDCs in the immune responses as well as the reduced levels of TNF-a upon IL-6
signaling on pDCs, remains to be investigated. In order to address this question, in on-going
experiments we investigate the effect of TNF-a in monocytes attraction and differentiation.
Culture supernatants from pDCs treated with CpG-A in the presence of rIL6 (low levels of
TNF-a) and in the absence of rIL6 (high levels of TNF-a) for 18 hours, will be used to treat
CD14+ cells (monocytes). In order to find how IL-6-mediated reduced TNF-a levels by pDCs
drive the immune responses relevant to RA pathogenesis, we will assess the upregulation of
maturation markers, such as HLA-DR, CD80, CD86, the mRNA levels of pro- and anti-
inflammatory molecules as well as the cytokine secretion.

TNF-a secretion is controlled by ADAM17-mediated shedding [34]. So, we checked if IL-6
signaling could regulate the function of ADAM17. Since ADAM17-mediated shedding takes
place at the cell surface, we evaluated the effect of IL-6 signaling in the expression of
ADAM17 on the membrane of pDCs. We found a trend for reduced expression of ADAM17
after rlL6 treatment. Additional evidence for the functional importance of ADAM17 was
shown when we checked the production of soluble IL-6R in culture supernatants of pDCs,
which is another substrate cleaved by ADAM17. We showed that IL-6 signaling limited the
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soluble IL-6R secretion by pDCs. Taken together, our data support the hypothesis that IL-6
signaling on pDCs leads to impaired function of ADAM17. It has been shown that TNF-a
induces the production of other pro-inflammatory cytokines, including IL-1 and IL-6 [30].
Here, we supported that IL-6 signaling reduced the secretion of TNF-a and we had evidence
that this regulation was through impaired ADAM17 activity.

ADAM17 is a crucial part of many signaling pathways and thereby orchestrates many
physiological but also pathophysiological processes. In order to keep the balance, ADAM17
activity has to be tight regulated. One important level of regulation is the localization of the
mature and therefore active ADAM17. The abundancy of ADAM17 to the cell surface is
controlled by the transport to the membrane via PKC signaling and the removal from the cell
surface by internalization [36]. Based on our finding, we assumed that IL-6 signaling could
regulate the transport of ADAM17 to the cell surface, and in the future we will further
investigate the possible role of IL-6 on the PKC expression on pDCs.

Our findings from the in vitro experiments were consistent with microarray analysis on pDCs
from RA patients responding to anti-TNF therapy and healthy donors. On pDCs from RA
patients in remission IL-6R transcriptional levels were elevated, and the STAT1 levels were
increased, indicating that IL-6 signaling was activated. These results were validated in a new
cohort of healthy individuals and RA patients, where we found significantly enhanced
membrane expression of IL-6R and pSTAT1 levels on RA pDCs in remission. Moreover,
microarrays supported reduced transcriptional levels of TNF and ADAM17 on pDCs from RA
patients in remission. From the validation of these findings so far, immunofluorescence
microscopy on sorted pDCs from RA patients in remission compared to active state of the
disease showed a trend for reduced TNF levels on pDCs from RA patients in remission.
However, we found intracellular accumulation of ADAM17 on pDCs from RA remission
patients, an observation which is not in consistency with the in vitro experiment, where we
did not observe high intracellular expression levels of ADAM17 on activated pDCs upon rlL6
treatment. One explanation would be that on RA active pDCs ADAM17 which is expressed
can maturate and transport to the surface to cleave proteins, whereas on pDCs from
patients in remission, where we found increased membrane IL-6R and pSTAT1, IL-6 signaling
regulated the mechanism of ADAM17 translocation to the membrane, leading to
intracellular accumulation of ADAM17.

Based on these results we demonstrate a novel role of pDCs in RA through decreased
secretion of TNF-a and we propose that increased IL-6 signaling on pDCs inhibits ADAM17
activity, by regulating ADAM17 translocation to the surface therefore limiting TNF-a
secretion and this process may enhance the tolerogenic phenotype of pDCs (Figure 12).
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Figure 12: Proposed model for the tolerogenic function of pDCs in RA. Enhanced classic IL-6 signaling on pDCs
might contribute to tolerance through limiting ADAM17 activity therefore reducing the levels of TNF-a.
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