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Abstract

Objectives: Interleukin-34 (IL-34) is a new cytokine implicdtein macrophage
differentiation and osteoclastogenesis. The prestendly assessed the IL-34 expression in
the tissue of patients with rheumatoid arthritis.

Methods: Immunohistochemistry was performed in synovial pgp from patients
suffering from rheumatoid arthritis (n=20), ostebatis (n=3) or other inflammatory
arthritis (n=4). 1L-34 was detected in the synovillid by ELISA and its mRNA
expression was studied by gPCR in rheumatoid sahdtaroblasts after stimulation by
TNF-a and IL-B. Wild type, jnk1”™-jnk2” and nemo”™ murine fibroblasts and
pharmacological inhibitions were used to determimeinvolvement of NkB and JNK
in that effect.

Results: IL-34 was expressed in 24/27 biopsies with 3 samfilem RA patients being
negative. We found a significant association betwiée34 expression and the synovitis
severity. Levels of IL-34 and the total leukocyteunt in the synovial fluid were
correlated. TNFa and IL-18 stimulated 11-34 expression by the synovial fidests in a
dose/time dependant manner through theBi&nd JUNK pathway.

Conclusion: This work identify for the first time IL-34 exprass in the synovial tissue
of arthritic patients. This cytokine, as a downaitneeffector of TNFa and IL-13, may

contribute to the inflammation and bone erosionRAn
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune diseelsaracterized by chronic
inflammation of the synovial tissue that leads togpessive joint destruction. Among the
cells located in the inflamed joint, synovial fibtasts are important players driving
inflammation and bone erosion.[1] They are recogphias a source of cytokines such as
IL-6 or RANKL which activate immune response andeoslastogenesis. There is
evidence that the Colony Stimulating Factors (C3Hay a major role in inflammation
and bone destruction in RA.[2] Macrophage-CSF (M=LIS the primary regulator of the
biology of mononuclear phagocytes and is also ¢sddar osteoclastogenesis.[3] In the
synovial tissue of RA patients, it is expressedthy macrophages but also by the
synovial fibroblasts and is up-regulated by inflaatony cytokines like TNFx.[2,4]
Furthermore, M-CSF knockout mice are protectedregaiollagen-induced arthritis, and
M-CSF administration exacerbates inflammation aaohtjdestruction.[2, 5] In this

context, therapeutic targeting of M-CSF is curngbtting developed.[2]

IL-34 is a newly discovered cytokine which playsra@le in macrophage
differentiation and proliferation.[6] IL-34 is exgssed in various tissues and it is most
abundant in the spleen. This cytokine shares numsecommon features with M-CSF,
especially its receptor (MCSF-R) explaining pattheir functional overlapHowever,
their interaction with MCSF-R, the signalling patiywvactivated and their expression
patterns differ during the embryonic developmentariining their probable specific
biological function.[7] Recently, we have showntthia34 could be substituted for M-
CSF to promote osteoclastogenasisitro.[8] Its role in inflammation is also likely as
IL-34 increase IL-6 and chemokine level in humarolghblood.[9] Although numerous
studies have underlined the role of M-CSF in aghito data are currently available on
the expression of IL-34 in RA.

In this study, we hypothesized that IL-34 couldex@ressed by the synovial fibroblasts
of RA patients and this expression could be moddiaty TNF-e and IL-13.
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METHODS

Synovial fluid and biopsies

Synovial biopsies were obtained surgically at tmeetof an arthroplasty and were
summarized in Table S1. All patients enrolled hgiven their formal consent. The study
was approved by the local ethics committee and Hgy French Research Ministry
(N°2008-402).The mean (+/-SD) duration of the RA was 11+/-5 geand the mean

synovitis score was 4.4+/-1.9 (range 2-8). The mseore of synovial hyperplasia,
stroma activation and inflammatory infiltrates wa$8+/-1.2, 1.5+/-0.6 and 1.6+/-0.5
respectively (Table S1). IL-34 expression was detecby immunohistochemistry
performed as previously described.[8] The histoplatical severity of synovitis was

graded as described by Krenn et al.[11] IL-34 Isweére measured in synovial fluids by
ELISA assay (antibodies-online-GmbH, USA) accordingpe manufacturer’s

recommendations.

Cell cultures

Synovial fibroblasts, obtained from the synoviaktie of RA patients, human fibroblasts
(WI1-26) and murine wild typenk1”-jnk2” andnemo™ fibroblast cell lines were cultured
as previously described.[11-14]

Reverse Transcription-PCR analysis

Total RNA was extracted using NucleoSpin RNAII Wilacherey-Nagel, France) and
one microgram of total RNA was used for first sttacDNA synthesis using
Thermoscript kit (Invitrogen, France).[8] Real-timECR was performed using
SYBRGreen Supermix (Biorad, France) and primersriasd in Table S2.

Statistical analysis

Mann-Whitney test was use to look for an assoaatietween 11-34 expression and the
histological characteristics. Correlation betweewel of IL-34 and leukocytes count in
the synovial fluid was measured using the nonpam@n&pearman rank order test.
Student t-test was used to assess the changeeregpression. p<0.05 was considered as

statistically significant.
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RESULTS
IL-34 is expressed in the synovial tissue of RA an@A patients

We first assessed the expressiohle84 in the synovial tissue in synovial biopsy
from patients suffering from rheumatoid arthritis=0), osteoarthritis (n=3) or other
inflammatory arthritis (n=4) (Table S1). Accordiig the grading system of all the
biopsies, 11 had slight synovitis, 9 had modergtetis, and 7 had strong synovitis.
IL-34 was detected in 24 of the 27 biopsies witlsanples from RA patients being
negative. In the synovial tissue, IL-34 was expedss the synovial lining layer by the
synoviocytes and macrophages (Fig.1 A, B) as owmefit by the double
immmunostaining for IL-34 and CD68 (Fig. S1) and time sub-lining layer by
endothelial cells and fibroblasts (Fig. 1C, D).RA patients, a significant association
was found between IL-34 expression in the synolmahg layer and the histological
severity of the synovitis with a mean score of syt® of 5.8+/-1.9 and 3.7+/-1.6 in the
IL-34 positive and negative biopsies respectivgy(.022) (Fig.1E). IL-34 expression
within the synovial lining layer is also associatedith the synovial
hyperplasia/enlargement: the mean score of hypsgplaas 2.2+/-0.9 and 0.6+/-1 in the
biopsies with and without IL-34 positive cells respively (p=0.004) (Fig.1F). No
significant association was found between IL-34 regpion and the diagnosis.
Interestingly, 1L-34 levels were significantly highin synovial fluids of RA patients
compared to OA patients (p<0.05, Fig.1G) and wasoaated with the inflammation
intensity measured by the leukocyte counts (r=0o8D,001)(Fig.1H).

TNF-a and Il-1f increase IL-34 gene expression in rheumatoid synay fibroblasts

We next assessed the expression of IL-34 by thevginfibroblastsin vitro and
its regulation by TNF& and II-13. IL-34 mRNA was detectable in non stimulated cells
Stimulation with TNFe resulted in a significant dose-dependent inductbrlL-34
MRNA with a plateau from 25ng/mL and a maximum rduction after 6 hours with
10ng/mL (Fig.2A). The time course study using 1@mg/TNF-a shows that this effect
remained stable until 24 hours (data not showmil&ily, I-13 also increased dose-
dependently IL-34 mRNA expression with a peak redcht 6h then decreased quickly
thereafter (Fig.2B). Confocal microscopy (Fig.2@pdlow cytometry (Fig.S2) analyses
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confirmed that TNFa and II-13 upregulated the expression by synovial fibroblasts -

34 at the protein level compared to the untreagdld c

JNK and NF-kB activities are required for TNF-a and IL-1 to stimulate 1L-34
MRNA levels in fibroblasts and synoviocytes.

TNF-a and IL-13 treatment of WI-26 fibroblasts led to a time- addse-
dependent increase in IL-34 mMRNA levels (Fig.3ABapid and persistent induction of
IL-34 mRNA levels was observed in response to TN@Ong/mL) (Fig.3A) and IL-f
(10ng/mL) (Fig.3B) peaking at 6 and 10h respecyivednd remaining at levels
significantly higher than their basal expressi@tesup to 24h and 48h. To understand the
mechanisms by which TN&-and IL-13 are able to stimulate IL-34 mRNA levels, the
role played by the JNK and NEB pathways was examined respectively in immortdlize
jnk"and nemo”fibroblasts (Fig.3B,C), and in synoviocytes (Fig)3@ith or without
specific inhibitors of the JNK and NiB pathways. Results shown in Figure 3C (left
panel) indicate that the effects of TNFen IL-34 gene expression was significantly
inhibited both innemo” andjnk” cells 6h Finally, treatment of synoviocytes cléir
with the specific IKK3 inhibitor or JNK inhibitor significantly inhibit (around 88% in
presence of 10 uM IKKV and 28% in presence of 108M600125) the effect of
10ng/mL TNFa (Fig. 3D) after treatment of the cells with 10ngth TNF-a (Fig. 3C)
or IL-1B (data not shown). Confocal microscopy analysesfitned the effects of

signaling pathway inhibitors at the protein levelyS3).

DISCUSSION

Pro-inflammatory cytokines, promoting inflammatiand osteoclastogenesis in
the arthritic joint, are fundamental to RA pathogiojogy.[15] In this study we
demonstrated that a newly discovered cytokine, 4L-3 expressed by the synovial
fibroblasts and that TNBE-and IL-13 stimulate its expression. The present report shows
for the first time that 11-34 is expressed in tly@avial tissue of arthritic patients, mainly
by the cells of the synovial lining layer and tolesser extent by the fibroblasts and

endothelial cells in the sub-lining layer. Our datgpport that synovial fibroblasts are a
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source of this cytokine as revealed by the IL-34NARand protein expressiam vitro.

Importantly, our data showed that the expressidih-&4 in the synovial lining layer was
associated with the severity of synovitis. IL-34 ymiaave a pro-inflammatory effect,
promoting macrophages differentiation and proliierain the synovial tissue. On the
other hand, we have shown that pro-inflammatorpkiyies are able to increase IL-34

expression by synovial fibroblasts explaining #ssociation.

Pro-inflammatory cytokines are known to induce esgion of a large range of
cytokines, chemokines or metalloproteases in syhdibroblasts.[1] We have shown
that TNFa and IL-13 are able to enhance IL-34 expression in RA syndibeoblasts.
These results were confirmed in a human lung filagib cell line (WI-26), showing that
the expression of IL-34 may extend to other fibaslic cells. We have shown that INK
and NFkB activities, the two main signaling pathways aateéd by TNFa and IL-
103,[16,17] are required for these cytokines to stateilL-34 mMRNA levels in fibroblasts
and synoviocytes. Thus, IL-34 could be a downstrediector of IL-13 and TNFae,

mediating their effect on inflammation and ostestdgenesis.

In view of the role of IL-34 in osteoclastogenesisl inflammation, this cytokine
is likely to play a role in the pathogenesis of RAd therefore could constitute a new
therapeutic target. Further explorations are ne¢dettlineate the exact role of IL-34 in

the inflammatory process associated with RA.
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FIGURE LEGENDS

Figure 1: IL-34 is expressed in the synovial tissuef patients with OA and RA.
Representative immunohistochemical staining foB4L(red staining) (ab75723, Abcam,
France) in synovial biopsies samples from patigntis RA. (A-D) IL-34 was expressed
in the synovial lining layer by synoviocytes (opamow)@A), multinucleated giant cells
(open triangle) and macrophages (AsterR). (In the sublining layer, endothelial cells
(dotted arrow), inflammatory cells (triangle) antrbblasts (arrow) were also positive
for IL-34 (C, D). Comparison of the mean synovitis score (from i@hslsynovitis to 9,
strong synovitis) E) and mean hyperplasia of the lining layer scom@n(f O, no
hyperplasia to 3, major hyperplasig) (according to the expression of IL-34 in the
synovial lining layer; *p<0.05; **p<0.01 compareal the 1L-34 group.(G) Comparative
levels of IL-34 measured by ELISA assay (ref. ABE$883) in synovial fluids in OA
and RA patients, each plot being an individual damp™ p<0.001. (H) Correlation
between IL-34 levels and total leukocyte countthasynovial fluids of patients with RA
and OA, r = 0.82, p<0.0001.

Figure 2: TNF—a and IL-1PB induce IL-34 mRNA expression in RA synovial
fibroblasts. Synovial fibroblasts from RA patients (n=3) werenstlated with (A)
increased dose of TN&{1 to 50 ng/mL) for 6h hours or with TN&-L0 ng/mL for 2h,
6h, 10h and 24h an®) increased dose of ILBL(1 to 25 ng/mL) for 6 hours or with IL-
13 10 ng/mL for 2h, 6h, 10h and 24h. After incubasiohL-34 mRNA levels were
determined by real time RT-PCR, normalized to GAPDE) Synovial fibroblasts
cultured on labtek chamber slides (Millipore, Fr@nevere treated or not with TN&—
(20 ng/mL) or IL-B (10 ng/mL) for 24h. IL-34 expression (green), achlaments
detected by alexa fluor 546-conjugated phalloidied), and nuclei stained by DAPI
(blue) were observed by confocal microscopy. Aespntative experiment was shown.

Figure 3: INK and NF-kB activities are required for TNF-a and IL-1f to stimulate
IL-34 mRNA levels in fibroblasts and synoviocyteswI-26 fibroblast cells were treated
either with 10 ng/mL TNFx (A) or 10 ng/mL ILPB (B) for 2h, 6h, 10h, 24h and 48h



inserm-00667486, version 1 - 7 Feb 2012

(right panels) or with various concentrations of Fr&d or IL-1 (1, 5, 10, 25 and 50
ng/mL) for 24h, as indicated. After incubations;3% mMRNA steady-state levels were
determined by real time RT-PCR. The expressiorhefiiouskeeping gene GAPDH was
used as control.Q) Wild type (Wt) nemd and jnK" fibroblasts were cultured in the
presence or the absence of 10 uM JINK inhibitoiK(J or 10 uM IKKp inhibitor V
(IKKV). One hour later 10 ng/ml TNE- or IL-13 were added for 6HL-34 mRNA
steady-state levels were then determined by ne& RT-PCR. Bars indicate mean £ S.D.
of two independent experiments performed, each wlitiplicate samples. *p<0.05;
***pn<0.001 compared to the controlDf Human synovial fibroblasts were treated with
with or without 10 uM JNK inhibitor or IKR inhibitor V. One hour later 10 ng/mL
TNF-a or IL-13 were added for 6h. After incubatiori§;34 mRNA steady-state levels

were determined by real time RT-PCR. A represerdgakperiment was shown.

Figure S1: IL-34 is expressed by macrophages and reyial fibroblasts in the
synovial layer. (A) Nuclei stained by DAPI (blue)Bj 1L-34 expression (green)C}
CD68" expression (red) (clone 514H12, Serotec, Frar(@)Overlay of images A, B
and C were observed by confocal microscopy. CDg8ession was limited to some but
not all the cells of the lining layer. In contraldt;34 staining was homogenous, showing
that this cytokine is expressed by all the cellstloa lining layer (macrophages and
synovial  fibroblasts. Original magnification: ~ X200. A  representative
immunohistochemical staining was shown.

Figure S2: TNF-a and IL-1[ induce IL-34 protein expression in RA synoviocytes
One hundred thousand synoviocytes cultured in thegmce or the absence of 25 ng/ml
IL1- or 10 ng/mL TNFa for 24h, were fixed with 4% paraformaldehyde, teeawith
0.5% saponine before incubation with 10 uL Phygbein (PE)-conjugated mouse
monoclonal anti-human IL-3€R&D System, UK) for 30 min at 4°C. Cells were then
washed with PBS and flow cytometry analysis wagiedrout on a FC500 analyzer
(Beckman Coulter). Irrelevant isotype-matched anttibs were used to determilesels

of nonspecific binding (data not shown). MFI: Meduorescence Intensity. A

representative experiment is shown.
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Figure S3: Inhibition of JNK and NF-kB signaling pathways decrease the
production of IL-34 in synoviocytes. RA Synovial fibroblasts cultured on labtek
chamber slides (Millipore, France) were treatedarwith TNF-e (10 ng/mL) or IL-B
(20 ng/mL) for 24h in the presence or the abserid®qM JINK inhibitor (JNK II) or
10 uM IKKB inhibitor V (IKKV). IL-34 expression (green), aatifilaments detected by
alexa fluor 546-conjugated phalloidin (red), anctleu stained by DAPI (blue) were

observed by confocal microscopy. A representatigeement was shown.
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Figure 2
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Table S2: Oligonucleotide primers used for real-the PCR

Gene

Primer sequencee (5- 3)

Human IL-34

GTGCTTAGGCCTCTGTGGAC
GCCAAGGAAGATCCCAAGATA

Mouse IL-34

GGACACACTTCTGGGGACA
CCAAAGCCACGTCAAGTAGG

GAPDH

TGGGTGTGAACCATGAGAAGTATG
GGTGCAGGAGGCATTGCT




