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Abstract
Background. Synovial hyperplasia is a hallmark of rheumatoid arthritis (RA). This might be associated
with an imbalance of growth-promoting and apoptotic pathways, among them �broblast growth factors
(FGFs) and their receptors (FGFRs) . The aim was to investigate differences in FGFRs and to explore the
factors that might explain the differences between RA and osteoarthritis (OA) synovial �broblasts.

Methods. To assess FGFRs expression, immunohistochemistry, �ow cytometry and RT-qPCR were
performed. The cells were treated with TNFa, FGF2, a demethylation agent, PKA-mimics or inhibitors,
hypoxia-mimics or proteasome inhibitors. Proliferation was measured using the CCK8 assay and 20S
proteasome activity by a �uorescent assay.

Results. In RA, FGFR3 protein was decreased in the synovial lining layer (p<0.005) and in cultured RA
synovial �broblasts (RASF) (n=10, p < 0.01). Transcription was unchanged and DNA demethylation
decrease its expression. Exposure to TNFa or FGF2 had no effect on FGFR3. PKA-modulation and
hypoxia-mimics induced transient changes only. Most interesting, in RASF, the proteasome inhibitor MG-
132 restored FGFR3 expression (p<0.001) to levels measured in normal or OA synovial �broblasts. MG-
132 abolished the enhanced proliferative response of RASF to FGF2 (p<0.005). Increased 20S
proteasome activity correlated (r=- 0.63, p<0.05) with decreased expression of FGFR3. 

Conclusions. The expression of FGFR3 is reduced in RA partially due to an increased degradation in
proteasomes. This leads to an imbalance in the FGF-related signal pathways and may contribute to
synovial hyperplasia. Proteasome inhibitors could represent a novel therapeutic strategy in RA,
particularly to prevent synovial hyperplasia.

Introduction
Synovial tissue hyperplasia is a hallmark of rheumatoid arthritis (RA). This might be associated with an
imbalance of growth-promoting and apoptotic pathways, among them �broblast growth factors (FGFs)
and their receptors (FGFRs). In RA, the synovial lining cells produced �broblast growth factor 2 (FGF2) [1].
Increased expression of FGF2 occurred at sites of synovial hyperplasia and joint destruction [2] and the
importance of FGFF2 was shown in the adjuvant-induced model of arthritis [3].

Fibroblast growth factor receptors include FGFR1-4, which are cell surface membrane receptors that
possess tyrosine kinase activity. FGFR1-2 initiate a cascade of intracellular signals that mediate cell
division, growth and differentiation. At opposite, FGFR3 in �broblasts counter-regulate the Ca+ -dependent
activating signal by FGFR1 [4] (Fig. 1). For instance, in human articular chondrocytes, differences in
responses to FGF2 might be due to changes in the balance between the two major articular cartilage FGF
receptors, FGFR1 and FGFR3 [5]. The catabolic and anti-anabolic effects of FGF2 are mediated primarily
through FGFR1, whereas the bene�cial effects occur through FGFR3. The FGFR1/FGFR3 ratio appears to
be a dynamic balance. In RA synovial tissues, overexpression of FGFR1 was reported on perivascular
CD4 + T cells [6]. In such tissues, FGFR3 appears expressed on macrophages and T-lymphocytes [7];
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synovial �broblasts were not mentioned. Here, in RA, we report a decreased expression of FGFR3 on
synoviocytes in situ and on synovial �broblasts in vitro. Next, we searched for possible explanation of the
lower FGFR3 expression.

FGFR3 can be proteolytically cleaved in response to ligand-induced receptor activation [8]. In rodents,
promoter hypermethylation and decreased expression of FGFR3 were associated with liver �brosis [9].
During the acquisition of the chondrocyte phenotype, synovium-derived mesenchymal stem cells
maintain a promoter methylation of the CpG-rich FGFR3 promoter [10]. Thus, decreased FGFR3
expression could be due to gene silencing by DNA methylation. Alternatively, FGFR3 can be
downregulated in chondrocytes by cAMP [11] and in non-muscle invasive bladder cancer cells by hypoxia
[12]. Finally, intracellularly, FGFR3 is strongly associated with the HSP90 chaperone complex, which
confers it stability and correct function [12].

Thus, we tested the hypothesis that reduced FGFR3 in RA synovial �broblasts can be due a pro-
in�ammatory or a growth-promoting milieu, hypermethylation of the promoter, decreased transcription,
activation of protein kinase A, hypoxia or increased degradation in proteasomes. Indeed, we found that
inhibition of proteasomes restored FGFR3 expression and reduced the elevated proliferation rate of RA
synovial �broblasts induced by FGF2. We concluded that degradation of FGFR3 in proteasomes might be
a factor contributing to RA synovial hyperplasia.

Material And Methods
Synovial tissues. Synovial tissues of patients with rheumatoid arthritis (RA) and osteoarthritis (OA) were
obtained after joint replacement (n = 11 consecutive patients of each diagnosis), and normal synovial
tissues after trauma surgery (Balgrist University Clinic, Zurich) (n = 3). Patients ful�lled the ACR
classi�cation criteria for RA or OA and were matched for age (71 ± 6 years old) and gender (1 man and 9
women). Synovial tissues from large joints were obtained for this study (shoulder, knee and elbow –
hands for RT-qPCR comparison only).

Cell culture. Synovial tissue biopsies were digested with Dispase II (from Bacillus polymyxa, Roche,
Switzerland) at 1 mg/ml in PBS for 3 hours at 37 C under rotation 800 rpm. The digested sample was
�ltered (100 µm Nylon �lter) and centrifuged at 350 g for 10 minutes. The pellet was resuspended in
DMEM containing 10% fetal calf serum (FCS), 1% antibiotics (penicillin-streptomycin) and L-Glutamin,
HEPES buffer and fungicide as described previously [14]. Synovial �broblasts were cultured over 4 to 6
passages.

All reagents and stimuli below were used at non-apoptotic (according to the Dead Cell Apoptosis Kit with
Annexin V FITC and PI, Invitrogen) and non-cytostatic (optical evaluation) concentrations for synovial
�broblasts. Increased Annexin V staining was regarded as an early sign of apoptosis.

Single exposure and chronic stimulation. Cell cultures were 75% con�uent. Synovial �broblasts were
stimulated with 1 ng/ml TNFα or 0.1 ng/ml FGF2 (both from R&D Biosystems) either for 24 h or every
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third day for 2 weeks in DMEM containing 10% FCS.

DNA demethylation agent. RASF and OASF were treated for 2 weeks with a non-toxic dose of 5-
azacytidine (0.1 µM, Sigma-Aldrich), as described previously [15]. DMEM containing 10% FCS and 5-
azacytidine was replaced once a week.

Hypoxia-mimics. RASF and OASF were incubated with fresh prepared 50 µM desferrioxamine (DFO) or 50
µM cobalt chloride (CoCl2) (Sigma-Aldrich) in DMEM containing 1% FCS. Cells were analyzed after 1 to
24 hours.

Protein kinase A (PKA) modulation. The PKA Tocritest kit (Tocris Bioscience) was used. Stock solutions
of forskolin and KT5720 were prepared in 10 mM DMSO. Two weeks after passaging, RASF and OASF
were incubated in DMEM containing 1% FCS plus PKA modulators (100 µM 8-bromo-cAMP, 10 µM
Forskolin, 10 µM NKH477, 100 µM KT5720 or 20 µM H89). Cells were analyzed after 1 to24 hours.

Proteasome inhibition. Z-Leu-Leu-Leu-al (50 µM MG-132, Sigma-Aldrich) was prepared in DMEM
containing 1% FCS. Cells were analyzed after 1 to 24 hours. Bortezomib (0.1 µM, Calbiochem) for 24
hours was also tested; however, bortezomib increased annexin V staining. Therefore, experiments were
performed mostly with MG-132.

Protein synthesis inhibition. Actinomycin D (50 nM, Sigma-Aldrich) was prepared in DMEM containing 1%
FCS. Cells were analyzed after 24 and 48 hours.

Flow cytometry. Cells were washed with PBS and detached using Accutase (PAA Lab.). Staining was
performed using mouse IgG1 (isotype control), or mouse IgG1 anti-human FGFR1, FGFR2 or FGFR3 (R&D
Systems) antibodies conjugated with FITC for 45 minutes at 4 °C in DMEM containing 1% FCS with or
without 10% FACS Permeability Solution 2 (BD Bioscience). The �uorescence was measured at 488 nm
using a FACSCalibur �ow cytometer (Becton-Dickinson). Marker M1 was set at < 5% positive cells in the
isotype control. Mean background �uorescence was subtracted from stained mean �uorescence. All cell
culture tested were > 90% CD90 + and < 1% CD45+.

Immunohistochemistry. Para�n sections of synovial tissues were boiled (for antigen retrieval) in 10 mM
citrate buffer, pH 6, for 10 minutes. Endogenous peroxidase and endogenous bindings were blocked with
PBS containing 3% H2O2, 5% horse serum and 1% bovine serum albumin. The sections were incubated
either with rabbit IgG1 (negative control) or polyclonal rabbit antibodies to human CD333 /FGFR3 (Acris
Antibodies), end-concentration 10 µg/ml in PBS, for 1 hour at 22 °C. The slides were washed with PBS
plus Tween20 and incubated with secondary biotinylated donkey anti-rabbit antibodies (Jackson
ImmunoResearch) for 10 minutes at 22 °C. Binding was revealed using Vecastain Elite ABC kit for HRP
(Vector Laboratories) and 3-amino-9-ethylcarbazole (AEC, Sigma-Aldrich). Positive control was breast
carcinoma.
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RNA Isolation and semiquantitative Real-Time-PCR. Cells were lysed in QIAzol lysis reagent and total RNA
was isolated using a miRNAeasy Mini kit including a DNA digestion step using RNAse-free DNAse
(Qiagen). The RNA concentration, integrity and purity were determined with Nanodrop spectrophotometer
(VWR, Switzerland). Total RNA was reverse transcripted using random hexamers and MultiScribe reverse
transcriptase (Applied Biosystems). Gene expression was quanti�ed by SYBR Green real time-PCR using
the ABI Prism 7500 Sequence Detection System (Life Technologies). Samples without enzyme in the
reverse transcription reaction (non-RT controls) were used as negative controls. Unspeci�c signals caused
by primer dimers were excluded by non-template controls and by dissociation curve analysis. HPRT1 was
used to normalize for the amounts of cDNA within each sample. Primer were synthesized by Microsynth:
FGFR3, fw GGC CTT GTT TGA CCG AGT CTA C, rev CCT AAG GAC CAG ACG TCA CTC T; HPRT1, fw CCT
GGC GTC GTG ATT AGT GA, rev CGA GCA AGA CGT TCA GTC CT. Relative expression of mRNA was
calculated by the comparative threshold cycle method, where dCt = Ct (RNA of interest) – Ct
(housekeeping gene). The results were also replicated using a TaqMan assay (ThermoFisher,
Hs06632171_s1). This assay was used to estimate the half-life of the FGFR3 transcripts before and after
incubation with actinomycin D.

Proliferation assay. Cell Counting Kit-8 (CCK-8, Sigma-Aldrich) was used.

20S Proteasome activity assay. Synovial �broblasts (0.5 × 104/well in a 96-well plate, n = 3 normal SF, 6
OASF and 6 RASF) were analyzed for 20S proteasome activity using a commercially available kit
(Cayman Chemicals).

Statistics. Mann-Whitney U-test, Wilcoxon signed rank test and Pearson’s correlation test were used to
reveal the level of signi�cance.

Results
Lower expression of FGFR3 protein in RA. Immunohistochemistry revealed lower levels of FGFR3 in RA
than in normal or OA synovial tissues (representative examples Figs. 2A-C). In the lining layer, FGFR3 + 
cells represented 92 ± 2% in OA and 47 ± 21% in RA (Fig. 2D, p < 0.005, n = 6 sections). These numbers
were obtained by optical counting of the stained nuclei and FGFR3 + cells. Normal synovial membranes
showed similar staining as OA sections (95 ± 7%, n = 3, Fig. 2A). Flow cytometry con�rmed the reduced
expression of FGFR3 on the cell surface in RASF, as well as in the cytoplasm after permeabilization, in
comparison to normal (NSF) or OASF (representative examples in permeabilized cells Figs. 3A-C). In
RASF, only FGFR3 (Fig. 3F), but not FGFR1 or FGFR2 (Figs. 3D, E), was signi�cantly reduced. FGFR1 and
FGFR2 staining in normal synovial �broblasts are not shown because of the low number of cases but are
similar in mean �uorescence to that of OASF. The difference between OASF and RASF was more obvious
in permeabilized cells. Receiver operating characteristic curve (ROC) analysis con�rmed the highly
signi�cant diagnostic predictive value of FGFR3 expression.
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Normal transcription of FGFR3 in RASF. Measurement of FGFR3 transcripts showed no difference
between RASF and OASF (Fig. 4A). Normal synovial �broblasts had similar expression (n = 3, not shown).
In addition, no signi�cance difference in transcription occurred between joint localizations, i.e hand,
shoulder, elbow or knee (n = 3 to 6 each, either RA or OA, ANOVA p = 0.81, supplementary Fig. 1).
Treatment with actinomycin D reduced FGFR3 mRNAs in both cell types at the same level (Fig. 4B); half-
life of FGFR3 transcripts were about 24 hours.

DNA demethylation and FGFR3 expression. OASF and RASF treated with a low dose of 5-azacytidine for
2 weeks did not increase, but at opposite signi�cantly decreased the expression of FGFR3 (representative
examples Fig. 4C). 5-Azacytidine reduced the expression of FGFR3 in all synovial �broblasts
independently of the diagnosis (Fig. 4D).

TNFα or FGF2 did not contribute to low FGFR3 expression. In OASF and RASF, acute stimulation of TNFα
for 24 hours or chronically for 2 weeks did not change the expression of FGFR3. Similarly, neither short-
term nor chronic exposure to FGF2 lowered the expression of FGFR3. Acute and chronic stimulations with
TNFα showed different effects on the expression of FGFR2. Thus, acute exposure resulted in increased
FGFR2 expression in permeabilized OASF, while chronic stimulation resulted in decreased expression
(mean �uorescence was increased by 56 ± 14% after 24 h and lowered by -24 ± 3% after two weeks, n = 6,
p < 0.05 for both) (supplementary Fig. 2). However, on the cell surface (without permeabilization), the
differences were not signi�cant. TNFα did not affect the expression of FGFR1 or FGFR3.

PKA transiently modulates FGFR3 expression. OASF were exposed to PKA-inhibiting agents (KT5720,
H89), while RASF were treated with PKA-mimics (forskolin, NKH477, 8-bromo-cAMP) with the hypothesis
that the �rst will downregulate and the second upregulate FGFR3 expression. Indeed, this was the case,
but RASF did not recover to the levels in untreated OASF. PKA-inhibiting agents decreased the FGFR3
expression in OASF. However, the changes were transient only, with maximums within 2 hours, as shown
by �ow cytometry (supplementary Fig. 3).

Hypoxia mimics transiently reduced FGFR3 expression. RASF and OASF were exposed to DFO or CoCl2.
They induced small changes in FGFR3 expression. DFO was more potent than CoCl2 (not shown) and
reduced the expression of FGFR3 in OASF within 4–6 hours. The effect was obvious with permeabilized
cells only and returned to baseline after 24 hours. Hypoxia mimics had no effect on RASF which already
have low expression of FGFR3 (supplementary Fig. 4).

Inhibition of proteasomes restored FGFR3 expression in RASF. In RASF, signi�cant increases of FGFR3 on
the cell surface and in permeabilized cells occurred upon treatment with the proteasome inhibitor MG-132
(Figs. 5A). This was observed in RASF with low FGFR3, but not in OASF with normal expression (Fig. 5B).
The FGFR1/FGFR3 ratio decreased to levels observed in OASF (Fig. 5C; same observation for the
FGFR2/FGFR3 ratio, not shown). The effect in RASF was sustained for at least 24–48 hours and the cells
showed no increase of annexin V staining or decrease in cell numbers thereafter. bortezomib also
increased the expression of FGFR3, but even at the lowest effective dose (LOED) induced annexin V
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staining (and all cells were death after 3 days, not shown). Therefore, MG-132 was used in further
experiments.

Inhibition of proteasomes reduced FGF2-induced proliferation of RASF. An increased proliferative
response to FGF2 occurred In RASF with reduced expression of FGFR3. This enhanced response was
abolished in RASF pre-treated with MG-132 (Fig. 5D). This phenomenon was observed for RASF, but not
for OASF. The decreased proliferation in RASF treated with both MG-132 and FGF2 was not accompanied
by increased staining of annexin V.

20S Proteasome activity correlated with FGFR3 expression. In RASF, 20S proteasome activity was
modestly but signi�cantly increased (Fig. 6A). Most importantly, by analyzing all samples together (3
normal SF, 6 OASF and 6 RASF), the expression of FGFR3 in permeabilized cells negatively correlated
with baseline 20S proteasome activity (Fig. 6B).

Discussion
FGFR3 expression was reduced in RA synovial tissues. This was con�rmed in RASF in vitro. Thus, the
reduction of FGFR3 is conserved in vitro over at least 4–6 passages. This raised the question whether
decreased expression re�ects reduced transport to the plasma membrane or more generally decreased
synthesis or increased degradation.

The ratio of FGFR3 on the cell membrane versus total in permeabilized cells was not reduced, suggesting
a normal transport to the cell surface. In addition, quanti�cations of FGFR3 transcripts showed no
difference between RASF and OASF. FGFR3 transcripts can be targeted by microRNAs, e.g. miR-24 and
miR-100 [12, 16] but this is probably not the major factor here, since FGFR3 transcript half-life was not
different between OASF and RASF. The most prominent differences in vitro are observed in the
permeabilized cells, because 1) the transport mechanism to the cell membrane is not affected and 2) the
test becomes more sensitive due to the higher proportion of positive cells.

The ROC analysis con�rmed the highly signi�cant diagnostic predictive value of FGFR3 expression in
permeabilized SF. The bene�ts or potential use of this �nding appear limited by the invasive nature of
biopsy or surgery. An alternative could be to check whether �broblasts in RA synovial �uids [17] obtained
by arthrocentesis also have low FGFR3 expression.

During the wound healing process, FGFR3 protein expression on �broblasts and myo�broblasts is
reduced [18]. Low FGFR3 also been described in urothelial bladder cancer associated with poor outcome
[19]. In the context of arthritis, low FGFR3 could also have a pathological relevance. This is suggested by
FGFR3 knockout mice; thus, the absence of signaling through FGFR3 in the joints of FGFR3(-/-) mice
leads to premature cartilage degeneration and early arthritis [20].

Our �rst hypothesis was that reduced FGFR3 in RA could be due to chronic stimulation by pro-
in�ammatory mediators, such as TNFα, or to the action of its ligand, particularly FGF2. However, this was
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not the case. Together with the fact that RASF conserved the low FGFR3 phenotype after more than 4
passages in vitro, this indicates that pro-in�ammatory or growth-promoting environments alone are not
su�cient to explain the reduced FGFR3 expression. Regarding FGFR2, short-time exposure to TNFa
increases it expression, as reported by others [21], while chronic exposure increased it. Our results
indicated that the expression of FGFR2, but not of FGFR1 or FGFR3, can be modulated by the pro-
in�ammatory milieu. FGFR2 appears to be differently regulated than FGFR1 or FGFR3, e.g. particularly in
the context of RA and in�ammatory bowel diseases FGFR2 expression could be affected by micro-RNAs
[22].

Since FGFR3 promoter can be hypermethylated under certain circumstances, we tested the effect of 5-
azacytdine on its expression. However, treatment with 5-azacytidine resulted in a decreased FGFR3
expression in both OASF and RASF. This suggested an indirect effect of a methylation-sensitive factor.
Low FGFR3 in RASF could be linked to the global DNA hypomethylation that has been described
previously [15]. This possibility has to be investigated in more detail.

The catalytic subunit of PKA (PKACA) is a gene product that is downregulated upon treatment of OASF
with 5-azacytidine [15]. Since decreased PKA activity could be associated with reduced FGFR3 expression
[11], we tested the effects of PKA-mimics on RASF and PKA-inhibiting agents on OASF. However, the
effects were modest and transient only.

In the hyperplastic RA synovial tissue, hypoxia is an important factor in�uencing cell activity. Since
hypoxia can modify FGFR3 expression [12], with tested two chemical hypoxia-mimics. Particularly DFO
can reduce the expression of FGFR3 in permeabilized OASF. Again, however, the changes were transient
only. In addition, hypoxia would not explain low FGFR3 in RASF kept over 4 passages in normal
conditions, i.e. 20% O2.

Most importantly, we showed that proteasome inhibitors (MG-132 or bortezomib) restored the expression
of FGFR3 in RASF to the levels measured in OASF. This increase of FGFR3 remained at least for 24–48
hours and the FGFR1/FGFR3 ratio was normalized for at least 48 hours. An increased proteasome
activity might also affect the expression of other proteins in RASF, such as DNMT1, as previously
suggested [15]. The inhibition of proteasomes does not affect the expression of FGFR3 in OASF because
it is already maximally expressed.

We hypothesized that lower expression of FGFR3 could have an in�uence on the response to FGF2. To
test this, we performed a proliferation assay with or without pre-treatment with MG-132. As expected, MG-
132 abolished the enhanced proliferative response of RASF to FGF2. The situation is different in OASF, in
which an equilibrated FGFR1-2/FGFR3 balance is able to limit the effect of FGF2. FGFR3, in contrast to
other FGFRs, is a strong client of the chaperone HSP90 and is subject of ubiquitination by E3-ubiquitin
ligases [13]. This can render it susceptible to lysozymal and proteasomal degradation.

Congruently, in RASF, increased 20S proteasome activity correlated with decreased expression of FGFR3.
The measurement of FGFR3 in permeabilized cells allowed to estimate the total expression of the protein,
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including the cytoplasmic and cell membrane compartments. This total expression correlates better with
the 20S proteasome activity than the cell surface expression, probably because the latter is regulated by
additional independent mechanisms in�uencing the transport on the cell surface.

Interestingly, the expression levels of FGFR1 and FGFR3 declined in synovial �broblasts after blocking the
sonic hedgehog-Gli signaling pathway with a Gli speci�c inhibitor (Gli-antagonist 61, GANT61) [23].
GANT61 inhibits RASF cell proliferation and increases cell apoptosis but did not the affect the
FGFR1/FGFR3 ratio. Unfortunately, the effect of FGF2 in this system was not investigated.

An argument against our hypothesis could be that Kaempferol which inhibit FGF2-FGFR3–ribosomal S6
kinase 2 (RSK2) signalling suppresses the in vitro proliferation and migration of RASF [7]. However, in the
hyperplastic synovial tissue, CD68 + macrophages, but not �broblasts, showed phosphorylated RSK2.
This might be due to the downregulation of FGFR3 on �broblasts. Again, the effect of FGF2 in this
system have to be analysed. It is also important to note that Kaempferol has multiple pharmacological
properties that at end results in less in�ammation, less oxidative stress and more apoptosis [24, 25].
Recently, it has been reported that kaempferol dramatically suppressed TNFα-induced MAPK activation
[26], which is certainly a FGFR3-independent process.

Conclusion
FGFR3 protein expression is reduced in RASF in part due to an increased degradation in proteasomes.
This might lead to an imbalance in the FGF-related signal pathways, favoring more proliferation and
resulting in synovial hyperplasia. The rational to use proteasome inhibitors as anti-in�ammatory agents
in the treatment of autoimmune diseases, including RA, has been reviewed [27]. We showed here that they
could be potentially used to prevent synovial hyperplasia.

Abbreviations
ACR, American College of Rheumatology; DFO, desferrioxamine; DMEM, Dulbecco′s Modi�ed Eagle′s
Medium;  FCS, fetal calf serum; FGF, �broblast growth factor; FGFR, �broblast growth factor receptor; FITC,
�uorescein isothiocyanate; GANT61, Gli-antagonist 61; HPRT1, hypoxanthin-phosphoribosyl-transferase 1
gene; HSP90. heat shock protein 90; MAPK, mitogen-activated protein kinase; OA, osteoarthritis; OASF,
osteoarthritis synovial �broblast; PBS, phosphate buffered saline; PKA, protein kinase A; RA, rheumatoid
arthritis; RASF, rheumatoid arthritis synovial �broblast; ROC, receiver operating characteristic curve; RSK2,
ribosomal S6 kinase; RT-sqPCR, real time semiquantitative polymerase chain reaction; TNFa, tumor
necrosis factor alpha.
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Figure 1

Functions of �broblast growth receptors. FGFR1-2 initiate a cascade of intracellular signals including
MAP kinases, AKT and protein kinase C that mediate cell division, survival, migration, growth and
differentiation. At opposite, FGFR3 in �broblasts counter-regulate the Ca+ -dependent activating signal by
other FGFRs to limit the stimulatory signals.
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Figure 2

Expression of FGFR3 in synovial tissues. A) Normal synovial tissue, B) osteoarthritis (OA), C) rheumatoid
arthritis (RA) (dotted lines and arrows represent the evaluated lining layer) ; D) the expression of FGFR3 is
signi�cantly reduced in the synovial hyperplastic lining layer of patients with RA, as revealed by
immunohistochemistry (Mann-Whitney U-test, n=6 each diagnosis).
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Figure 3

FGFR3 in synovial �broblasts (SF, �ow cytometry). A) Normal SF, B) OASF, C) RASF (representative
examples in permeabilized cells, MF: mean �uorescence minus background, and % positive cells; the limit
of < 1% positive cells by isotype controls is illustrated by the M1 mark). D-F) Comparison between
expressions of FGFR1, 2 and 3 on the cell surface or in permeabilized cells (p); FGFR3, but not FGFR1 or
FGFR2, is signi�cantly reduced in RASF (box-whiskers plots, Mann-Whitney U-test, n=10 each). G)
Receiver operating characteristic curve (ROC) showing the predictive value of FGFR3 expression in
permeabilized SF.
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Figure 4

FGFR3 transcription and expression upon DNA demethylation. A) No difference at the mRNA level
between OASF and RASF (n=10 each, as determined by SYBR green RT-qPCR), and B) no difference in the
transcript half-life upon actinomycin D (AD) (n=3 each, as determined by TaqMan RT-qPCR). These
experiments used SYBR Green primers; similar results were obtained with a TaqMan assay. C) Effect of
DNA demethylation (2 weeks of treatment with 5-azacytidine), decreased expression of FGFR3
(representative examples in permeabilized cells). DNA demethylation is independent from diagnosis (Box-
Whiskers-Plot, Wilcoxon signed rank test, n=10 each).
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Figure 5

Expression of FGFR3 and response to FGF2 upon proteasome inhibition. A) Effect of MG-132 on FGFR3
expression in permeabilized RASF. B) Restoration of FGFR3 expression in RASF (left) to levels in OASF
(right) (n=10 each). C) Decreased FGFR1/FGFR3 ratio in RASF to levels in OASF (dotted line median
expression in OASF, n=10 each). D) Proliferation in response to FGF2, OASF (left) and RASF (right),
without or with MG-132 (dotted lines represents mean of untreated control cells, bars means and
standard deviations); the increased response of RASF to FGF2 is abolished by the inhibition of
proteasomes (n=6 each)(Mann-Whitney U-tests).
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Figure 6

Increased 20S proteasome activity correlated with decreased expression of FGFR3. Synovial �broblasts
were seeded in a 96-well plate in 100 l culture medium at a density of 0.5x104 cells/well. Tested were 3
cultures of normal synovial �broblasts (NSF), and 6 each of OASF and RASF. A) After 24 hours, the cells
were processed for measurement of 20S proteasome activity. RASF showed signi�cantly more 20S
proteasome activity (Box-Whiskers-Plot, Wilcoxon signed rank test). B) Dot-plot of 20S proteasome
activity and expression of FGFR3 in permeabilized �broblasts. 20S proteasome negatively correlated with
the expression of FGFR3 (Pearson’s correlation coe�cient).
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