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Abstract
Objective
We aimed to define the importance of transient receptor potential canonical 6 (TRPC6) expression and function in
fibroblast-like synoviocytes (FLSs) and to investigate the contribution of TRPCG6 in the model of rheumatoid arthritis (RA).

Methods
We compared TRPCG6 expression levels in FLSs from RA patients (RA-FLSs), and in FLSs from osteoarthritis (OA) patients
(OA-FLSs). By using vitro functional assays which united with small interfering RNA-induced knockdown and functional
modulation of TRPC6 in RA-FLSs. Finally, we confirmed the effectiveness of regulating TRPC6 in a collagen induced
arthritis (CIA) mice model.

Results
We found that FLSs expressed the TRPC6 as their major Transient receptor potential canonical channel. Both mRNA
and protein expression of TRPC6 were found somewhat higher levels in RA-FLSs than in OA-FLSs. Moreover, inhibiting
expression of TRPC6 in vitro reduced proliferation of, as well as inflammatory mediator and protease production by,
RA-FLSs, whereas opening native TRPC6 enhanced both proliferation and inflammatory mediator of RA-FLSs.
Additionally, a TRPC6 deficiency in mice blunted the development of experimental RA, CIA models, reduced joint and
bone damage, and inhibited FLS invasiveness and proliferation.

Conclusion
Our results demonstrated a critical role of TRPC6 in regulating FLSs mediated inflammation. Therefore, TRPC6
represents potential therapeutic targets in RA.
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Introduction

The main pathological features of rheu-
matoid arthritis (RA) are proliferation of
synovial lining cells, infiltration of inter-
stitial inflammatory cells, microvascular
proliferation, angiogenesis, destruction
of cartilage and bone tissue, and joint
dysfunction (1). Activated fibroblast-like
synoviocytes (FLSs) are thought to play
a pivotal role in occurrence and progres-
sion of RA (2). More and more research
demonstrates that the activation of syno-
vial cells, for instance FLSs, can secrete a
large number of inflammatory cytokines,
chemokines which can induce the accu-
mulation and activation of inflammatory
cells (1). In return, the cytokines from
inflammatory cells were able to acceler-
ate the synovial cells activation (3). The
cascade of reactions resulted in the rapid
activation of synovial cells, and the out-
burst of synovial hyperplasia, the promi-
nent formation of RA pannus was able to
invade the adjacent cartilage and bones.
Therefore, understanding the mecha-
nism of FLSs activation and reducing the
pathogenic characteristics of RA-FLSs
is of great importance to establish a new
target in treatment of RA.

Calcium (Ca*") acted as a second mes-
senger in many cell types. Previous
studies have shown that intracellular
calcium concentration ([Ca*i) played
an important role in the proliferation
and apoptosis of RA-FLSs (4). The ex-
tracellular calcium influx channel can
be divided into three main categories,
voltage-dependent calcium channel
(VOC), receptor operated calcium chan-
nel (ROC) and store operated calcium
channel (SOC). In particular, SOC was
involved in immune responses and in-
flammatory diseases. The difference of
expression and function of SOC chan-
nel-related proteins in inflammatory
cells such as T, B lymphocytes could
affect [Ca2*]i, which consequently re-
sulting in cellular functions change.
These effects could regulate prolifera-
tion of inflammatory cells, secretion of
inflammatory factors, apoptosis, and
migration. However, the role of SOC in
progress of RA remained unclear.
Previous studies have found that pre-
treatment with SOC inhibitor, YM-
58483, could prevent and relieve colla-
gen induced arthritis (CIA); when CIA

was successfully induced, treatment with
YM-58483 could decreased production
of IL-1f3, IL-6 and TNF-a., improved
degree of arthritis disease, attenuated
the extent of cartilage and bone erosion
damage, and in a dose-dependent man-
ner (5). A similar study observed that in
CD4* T cells derived from RA patients,
SOC structural protein expression and
function were upregulated (6). These re-
sults suggested that SOC was a potential
drug targets for the treatment of RA.
RA is believed to be a chronic inflam-
matory autoimmune disease, influenced
by both genetic and environmental fac-
tors (7). It is currently believed that the
SOC formation based Transient recep-
tor potential canonical (TRPC) channel
is involved in the regulation of cell pro-
liferation, gene transcription, and other
physiological effects through the me-
diation of Ca** mediated calcium influx
(SOCE). Alawi et al. reported TRPC 5
was involved in the joint inflammation
(8). Furthermore, a genome-wide asso-
ciation study (GWAS) on RA found that
mutations in the TRPC6 gene in patients
with RA and was associated with RA
disease progression (9). However, the
contribution of TRPC6 in the pathogen-
esis of RA remains poorly revealed. In
this study, we adopted a potent and se-
lective TRPC6 agonist, Hyp9 (10, 11),
to study the role of TRPC6 in synovial
inflammation and joint destruction in
RA disease model.

Materials and methods

Animals and cells

This study was approved by the ethics
committee of Sun Yat-sen Memorial
Hospital (Guangzhou, China). Thirteen
patients with OA (Supplementary Table
S1) and 18 patients with RA (defined
according to the criteria of the Ameri-
can College of Rheumatology [12, 13]),
provided their written informed consent.
FLSs were isolated from synovial tissues
and maintained in culture as previously
described (14). FLSs were used between
passages 3 and 8 for all experiments.
Experiments involving mice were ex-
ecuted by the Institutional Animal Care
and Ethics Committee of Sun Yat-sen
Memorial Hospital and complied with
the Guide for the Care and Use of Lab-
oratory Animals, which was published
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by the US National Institutes of Health.
Animal studies were reported in com-
pliance with the ARRIVE guidelines.
Age-matched 129Sv/C57BL/6] TRPC6
WT and TRPC6-/- mice were obtained
from Dr S.E. Tilotta (National Institute
for Environmental Health Sciences,
USA). All mice were bred from estab-
lished breeding pairs and were used at
8—12 weeks of age.

Arthritis induction

and assessment of arthritis
Collagen-induced arthritis CIA was in-
duced in C57BL/6 mice according to
common methods shown in an earlier
publication (14). Experiments were per-
formed in accordance with the Princi-
ples of Laboratory Animal Care which
directed by the Sun yat-sen university.
Chicken type II collagen (4 mg/mL fi-
nal concentration) (Chondrex, USA)
was dissolved in 0.1 M acetic acid at
4°C overnight and then emulsified with
an equal volume of complete Freund’s
adjuvant containing 4 mg/mL Mycobac-
terium tuberculosis. 8-week-old male
mice were immunised subcutaneously
at the base of the tail with 100 pL of
the emulsion. At day 21 from primary
induction, mice were boosted intraperi-
toneally with 100 pL of bovine type II
collagen emulsion prepared with in-
complete Freund’s adjuvant. Arthritis
was assessed blindly by using four paws
from each mouse according to previ-
ous described scores criteria (15). Paw
swelling was assessed by measuring the
thickness of affected paws with calipers.
Serum cytokines were measured by us-
ing a Luminex suspension array technol-
ogy (BD Biosciences, San Jose, CA).

Operation of ion channel

expression and function

We used Hyp9 (Sigma-Aldrich USA) as
a TRPC6 agonist (10, 11). TRPC6 small-
interfering (si) RNA, non-silencing con-
trol siRNA and GAPDH siRNA were
obtained from GenePharma Biotech and
Engineering Company (Shanghai, Chi-
na). The sequences of TRPC6 siRNA ol-
igonucleotides were present as follows:
plus-sense: CCGCUAUGAACUCCU-
UGAATT and anti-sense: UUCAAGG-
AGUUCAUAGCGG TT. When the
FLSs were grown to about 60% conflu-
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ence, transient transfections were applied
by using Lipofectamine RNAIMAX (In-
vitrogen USA). The FLSs were incubat-
ed with 100nM siRNA for 6 h in serum-
free medium. And then the cell medium
containing 10% serum was added and
incubated for 42 h before experiments.
At the end of the culture, the effect of the
siRNA on TRPC6 expression was ana-
lysed using quantitative real-time PCR
and Western blot analysis.

Immunofluorescence

RA-FLS was grown overnight on con-
focal dishes (NEST China). They were
fixed in instantly prepared ice-cold 0.01
M PBS-4% formaldehyde for 15 min
and rinsed 3 times with 0.01 M PBS.
After washing and blocking by BSA-
TBS-T (3% bovine serum albumin in
10 mM Tris, pH 8.0/0.15M NaCl+0.3%
TritonX-100) with soft rocking at room
temperature for 30 min, cells were incu-
bated with the primary antibodies against
TRPC6 (ACC-017, Alomone Labs, Isra-
el) (1:500 dilution in 3%BSA) overnight
at 4°C. The secondary antibody (goat
anti- Rabbit IgG conjugated to Alexa
Fluor 488, 1:1000 dilution in3%BSA,
Invitrogen, USA) was incubated for 1
h in the dark at room temperature, fol-
lowed by washes. Negative controls, in
which the primary antibody was neglect-
ed, were similarly treated as described
above. The nuclei were stained with the
fluorescent DNA-binding dye 4’, 6-di-
amidino-2-phenylindole  dihydrochlo-
ride (DAPI, Roche, Switzerland) for 15
min at room temperature. Staining was
detected with a confocal laser scanning
microscopy (Leica TCS SP8, Germany).

Calcium imaging

Cells were grown on confocal dishes
and loaded in Hanks’ balanced salt so-
lution (HBSS) containing Fluo-4/AM
(5 uM, Molecular Probes Eugene, OR,
USA) and Pluronic F-127 (0.03%, Sig-
ma, St. Louis, MO, USA) at 37°C for
30 min. The fluorescence intensity of
Fluo-4 in FLSs was recorded using con-
focal laser scanning microscopy (Leica
TCS SP8, Germany). The HBSS used
in following experiments contained
1.8 mM CaCl2. Hyp9, LPS (Sigma-
Aldrich, USA) and IL-1f3 (Peprotech,
USA) were used to stimulate FLSs

when the baseline is stable. The [Ca?*]
i was expressed as a relative-ratio value
(F/FO) of the actual fluorescence inten-
sity (F) divided by the average baseline
fluorescence intensity (FO). Data from
15 to 20 cells were compiled from a sin-
gle run, and at least three independent
experiments were conducted.

Quantitative real-time PCR (qPCR)
Total RNA was isolated from the RA-
FLSs and then transfer to cDNA by us-
ing Takara PrimeScript® RT reagent kit
(Takara, Dalian, China) according to the
manufacturer’s instructions. Quantitative
real-time PCR was performed using the
StepOnePlus™ Real-Time PCR system.
The primers applied for real-time PCR
are listed in Supplementary Table S2.
The constitutively expressed gene en-
coding GAPDH was used as an internal
control and quantification of the mRNA
level was performed by the comparative
threshold method (AACt). All experi-
ments were performed in triplicate.

Western blot analysis

Western blot analysis was made as de-
scribed previously (11). The protein
concentrations were measured using a
BCA protein assay (Pierce, Rockford,
IL, USA). Primary antibodies were
diluted 1:1000 for TRPC6, p38 mito-
gen-activated protein kinase (MAPK),
p-p38MAPK, extracellular signal regu-
lated kinase (ERK), phospho -ERK,
Jun N-terminal kinase (JNK), phospho
-JNK, protein kinase B (AKT), phospho
-AKT, nuclear factor-kappaB (NF-xB)
p65, phospho -NF-kB p65 and GAP-
DH , and 1:500 for IKKa/f3, phospho-
IKKa/p, IxkBa, and phospho-IkBa.
Densitometry was performed using a
ChemiDoc™ MP-Bio-Rad system.

Histopathologic analysis

Mice were sacrificed by cervical dislo-
cation at day 50 after first immunisa-
tion. Knee tissues were randomly col-
lected, then fixed with 10% paraform-
aldehyde, decalcified in 5% formic acid
and embedded in paraffin. Next, 7 um
sections were stained with haematoxy-
lin and eosin (H&E) and evaluated by
light microscopy. Estimations of the
histological pathologies were quanti-
fied by cellular infiltration, synoviocyte
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Fig. 1. Expression forms of TRPC6 in FLSs from patients with RA.

a: TRPC subfamily mRNA expression in FLSs. TRPC mRNA expression was determined by qPCR analysis. The data show the means + SEM from FLSs
obtained from the synovial tissues of patients with RA (n=6) and OA (n=6) (**p<0.01 vs. OA). b: Typical images of Western blot analyses showing the
expression of TRPC6 in RA-FLSs (n=5) and OA-FLSs (n=5). The data represent the means = SEM of the densitometric scanning (*p<0.05 vs. OA).

c¢: The localisation of TRPC6 in RA-FLSs. Immunofluorescence staining was used to determine the expression of TRPC6. The nuclei were stained with
DAPI, Representative laser confocal microscopy images show the staining of TRPC6 from patients with RA (n=4) and OA (n=4).

d: TRPC6 siRNA significantly impeded the mRNA and protein expressions of TRPC6.

e: Cell viability by CCK-8 assay was significantly attenuated in a concentration-dependent manner in RA-FLSs were treated with hyp9 (0-20uM) for 24 h
in serum-free medium (n=4) (*p<0.05, **p<0.01 vs. control).

f: Hyp9 activated TRPC6 resulting in Ca2+ influx. Intracellular calcium concentration ([Ca2+]i) dynamics were monitored using fura-4 fluorescence meth-
ods; (n=4), (**p<0.01 vs. unmanipulated control).

FLSs: Fibroblast-like synoviocytes; DAPI: 4’-6-diamidono-2-phenylindole-dihydrochloride; TRPC: Transient receptor potential canonical. siRNA: Small-
interfering RNA; CCK: Cell Counting Kit. F/FO, Actual fluorescence intensity over the average baseline fluorescence intensity.
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proliferation, pannus formation and car-
tilage damage, which were scored using
the following parameters: inflammation
- 0 (normal) to 4 (severe inflammation
with necrosis and oedema), and joint
destruction - 0 (normal) to 4 (severe ex-
tensive areas of cartilage ulcerations).

Luminex suspension array technology

Homogenate was treated with 0.9%
normal saline for 10 min, centrifuged
at 1000 g for 10 min and supernatant
was used for further analysis. Plasma
levels of IFN-vy, IL-1p, IL-6, IL-10, IL-
12, IL- 17 and TNF-a were measured
by Luminex suspension array using
a specific kit, according to manufac-
turer’s instructions (Merck Millipore,
Germany). In brief, 25ul of plasma
sample was mixed with 25uLlL of Assay
Buffer and 25uL of beads and the mix-
ture was loaded on 96-well plate and
incubated at 4°C in dark with shaking
overnight. The next day, the liquids in
the 96-well plate were removed, and
the plate was washed twice with 200uLl
Wash Buffer. Subsequently, 25uL of an-
tibodies were added into each well and
were incubated with 25uL of PE conju-
gated Streptavidin at room temperature
for 30 minutes with shaking. The liquid
was removed and the plate was washed
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twice with 200ul. Wash Buffer. Then,
100uL of driving liquid was added into
the plate and samples were analysed
with MagPlex instrument (Merck Mil-
lipore, Germany).

Statistical analysis

Statistical analyses were performed with
SPSS 220 statistical software (SPSS,
IBM, Armonk, NY, USA). Data are
expressed as the means + SEM. All ex-
perimental results were replicated 3 to 4
times. The data were normalised as the
fold over the mean of the control. Data
were analysed by the Student’s #-test or
by one-way analysis of variance with
Tukey’s post-hoc test for multiple com-
parisons to determine the statistical sig-
nificance of comparisons. p-values <0.05
were considered statistically significant.

Results

High expression of TRPC6

in RA-FLSs was related to OA-FLSs
First, we determined the expression
types of TRPCs in FLSs. Analysis of
FLSs by qPCR revealed that TRPC1-7
were transcribed in FLSs from RA and
OA patients. However, we further ob-
served that only TRPC6 expression was
increased in RA-FLS when comparing
to the expression levels in OA-FLSs

(Fig. 1a). Next, we evaluated the protein
expression of TRPC6 in FLSs was in-
creased in RA compared with that in OA
patients (Fig. 1b). Confocal microscopy
revealed that TRPC6 protein was local-
ised predominantly in the plasma mem-
brane (Fig. 1c¢). In addition, as shown
in Fig.1d, the mRNA and protein ex-
pressions of TRPC6 were significantly
reduced by TRPC6 siRNA, which indi-
cated that the transfection was efficient.
To determine whether HYP9 is toxic to
RA-FLSs, we incubated RA-FLSs for
24h with varying amounts of HYP9. A
HYP9 concentration of 5uM induced
approximately 20% cell death, and a
concentration of 10 or 20uM induced
about 70% or 80% cell death (Fig. le).
These results showed that HYP9 is not
toxic to RA-FLSs in the proper range.
TRPC6 is a considerable regulator of
[Ca**]i. Therefore, we further con-
firmed the role of TRPC6 in calcium
homeostasis of RA-FLSs. As shown in
Fig. 1f, the HYP9 induced an influx of
calcium in RA-FLSs, while this calci-
um influx was not induced by the inhi-
bition of TRPC6 with its siRNA.

LPS-induced inflammatory response
was mediated by TRPC6 in RA-FLSs
In the present study, we treated RA-

Fig. 2. Effects of TRPC6
on the expression of proin-
flammatory cytokines and
matrix metalloproteinase in
RA-FLSs of LPS-induced
inflammatory response.
RA-FLSs were pretreated
with  DMSO or various
concentrations of a selec-
tive TRPC6 agonist, hyp9,
for 0.5 h (a, b, ¢) or were
transfected with specific
TRPC6 siRNA or control
siRNA (d, e, f) and then
stimulated with or without
LPS (800ug/L ) for 6 h. The
expression of TNF-a, IL-6,
and MMP-13 was meas-
ured by qPCR. The data are
representative of independ-
ent experiments (means +
SEM) from 5 RA patients.
A p<005, AA p<001,
significantly different from
treatment with LPS alone,
*p<0.05, #p<005, sig-
nificantly different from
unmanlpulated control or
control siRNA. w©
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Fig. 3. Roles of TRPC6 on the
transcription  of  proinflamma-
tory cytokines and matrix metal-
loproteinase in RA-FLSs of IL-1p3-
induced inflammatory response.
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FLSs with LPS to establish an inflam-
mation model. We investigated the role
of TRPC6 in LPS-induced inflamma-
tory response in RA-FLSs by stimulat-
ing with TRPC6 activator and siRNA.
RA-FLSs were treated with varying
amounts of HYP9 or 800 pg/L LPS for
6 h, the mRNA of TNF-a., IL-6 and Ma-
trix metallopeptidases (MMP) -13 were
measured. As shown in Fig. 2a-c, LPS
increased the mRNA levels of TNF-a,
IL-6 and MMP-13 in RA-FLSs, and the
levels further upregulated when RA-
FLSs was stimulated together with LPS
and HYPO. These results demonstrated
that HYP9 could exacerbate LPS-
induced inflammatory response. Fur-
thermore, as expected, knockdown of
TRPC6 could significantly inhibit LPS-
induced expression of TNF-a, IL-6 and
MMP-13 (Fig. 2d-f).

TRPC6 increased the inflammatory
response to RA-FLSs induced by IL-1
IL-1f is a major component of the
RA inflammatory micro-environment
(16). We therefore investigated the
role of TRPC6 in the inflammation of
RA-FLSs mediated by IL-1f3. Related
experimental steps for qPCR analy-
sis were performed as previously de-
scribed. RA-FLSs were pretreated with
different concentrations of HYP9 for 30
min and IL-f with and without treated
for 6 h. The results of PCR showed that

120

the mRNA expression of TNF-a, IL-6
and MMP-13 in the HYP9 pretreatment
group was significantly higher than that
in the IL-1f treatment group, and it was
in a dose-dependent manner (Fig. 3a-c).
Next, we found that the mRNA expres-
sion of TNF-a, IL-6, and MMP-13 in
three groups (TRPC6-siRNA group,
control siRNA group, and unmanipu-
lated control group), in the absence of
IL-1f stimulation, was no significant
difference. But, after IL-1f3 incubated,
the mRNA expression levels of TNF-a,,
IL-6, and MMP-13 in all groups were
significantly increased. Compared with
the control siRNA group and the unma-
nipulated control group, the TRPC6-
siRNA group presented a significantly
lower increase (Fig. 3d-f).

These results demonstrated that HYP9
enhanced IL-1p-mediated inflammatory
response. Furthermore, as predicted,
knockdown of TRPC6 could significant-
ly inhibited IL-1f3 induced expression of
TNFa, IL-6 and MMP-13 (Fig. 3).

TRPC6 was required for the

activation of NF-kB pathway

in RA-FLSs induced by LPS

The nuclear factor-kappa B (NF-kB)
pathway was well known to play a key
role in joint inflammation. Thus, we
tested whether NF-kB was the down-
stream signal pathways of TRPC6. As
shown in Fig. 4a, 400ug/L LPS induced

rapid phosphorylation of ERK1/2 and
NF-kB p65 at 15 min, and it also ac-
tivated NF-kB p65 at 30, 60, 120min.
Knockdown of TRPC6 suppressed
LPS-stimulated NF-kB p65 phospho-
rylation, but ERK1/2, (Fig. 4b). As pre-
dicted, HYP9 enhanced LPS-mediated
NF-kB p65 phosphorylation (Fig. 4c).
These data suggested that TRPC6 medi-
ated LPS-induced activation of NF-xB.
Furthermore, we observed a exaltation
in phosphorylated IKKo/f following
treatment with TRPC6 siRNA in LPS-
stimulated RA-FLS (Fig. 4d). Incon-
sistent with the exaltation IKK activity,
knockdown of TRPC6 suppressed the
LPS-induced phosphorylation and deg-
radation of IkBa (Fig. 4d). In return,
HYP9 enhances the LPS-induced phos-
phorylation and degradation of IxBa
(Fig. 4e). In addition, we also evalu-
ated the role of TRPC6 in regulating
the MAPK activation pathways, which
was an important pathway in regulating
of synovial inflammation and joint de-
struction in RA. We observed that phos-
phorylation of p38, INK and AKT was
not significant different induced after
treatment with LPS, (Fig. 4a).

TRPC6 enhanced the activation

of the NF-kB pathway in RA-FLSs
mediated by IL-1f3

As shown in Fig.4a,5ug/LIL-1f induced
speedy phosphorylation of p38 and NF-
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or without LPS (400 mg/L) for 0.25 or 1.0h. Effects of TRPC6 on the phosphorylation of ERK1/2 and
p65NF-xB were induced by LPS (b, ¢).
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KB p65 at 5 min, and it also activated NF-
kB p65 at 15, 30, 60 min. Knockdown of
TRPC6 suppressed the IL-1f-stimulated
phosphorylation of NF-xB p65, also p38
(Fig. 5a). As expected, HYP9 enhanced
IL-1B-mediated NF-xB p65 phospho-
rylation (Fig. 5b). These data suggested
that TRPC6 mediated IL-1p-induced
activation of NF-xB. Furthermore, we
observed a exaltation in phosphoryl-
ated IKKo/p following treatment with
knockdown TRPC6 in IL-13-stimulated
RA-FLS (Fig. 5¢). Inconsistent with the
exaltation IKK activity, treatment with
TRPC6 siRNA suppressed the IL-1[-
induced phosphorylation and degrada-
tion of IxkBa (Fig. 5d). In return, HYP9
enhanced the IL-1fB-induced phospho-
rylation and degradation of IkBo (Fig.
5e). We also observed that phosphoryla-
tion of ERK1/2, JNK and AKT was not
significant difference induced after treat-
ment with IL-18, (Fig. 5a).

Deletion of TRPC6

reduced CIA joint damage

As previously described, CIA mice pre-
sented with highly abnormal joint his-
tology including pronounced synovial
hyperplasia and pannus formation with
immune infiltrates in the synovium and
periosteum, angiogenesis, fibrosis, and
cartilage erosions (Fig. 6a-b). TRPC6
knockout (KO) group presented low
rate of induction and milder disease
progression such as invasiveness and
proliferation of FLS in mice with CII-
induced arthritis.

We next assessed histopathologic chang-
es (Fig. 6d). In normal joints, the syno-
vial membrane usually contains a mon-
olayer of synoviocytes, whereas in CIA
mice, synoviocytes over-proliferated
and grew into multiple layers that were
infiltrated with various inflammatory
cells. Inflammation induced by CIA was
associated with cellular infiltration, syn-
oviocyte proliferation, pannus formation
and cartilage damage. In TRPC6 KO
group, arthritis cartilage destruction and
inflammatory cell infiltration were both
significantly suppressed.

The inflammation cytokine level in
blood sample also shown significant
changes between CIA group and TRPC6
KO group (Fig. 6f). IL-6, TNF-a and
IL-12 in WTCIA group were signifi-

121



Inhibition of transient receptor potential canonical 6 / G. Liu et al.

a IL-1B (5pgiL)
0 5 15 30 60 120 mins
= 3 EE W= — = | pERKIZ .
-]
e — - | ERK1Z =
@~ 201
— — —— e p-AKT g E e p-ERK12
— | AKT & € 15+ = P-AKT
o0 - p-p38 MAPK
e —— — e —— | -p3E MAPK 2@ - —— p-JNK MAPK
P38 MAPK g “E‘_ 10F b -v- PRES NF-kB
I il . = ] p-JNK MAPK = 3
=
oS gl
=2
BT ——— sa
——————— -2 0 T T T T T T 1
I —— L 0 5 30 60 120
SAPDH (mins of treatment)
IL-1B ( SuglL)
- - + + Ty .
£2 2
— e | p-p38 MAPK E.g w0 IL-1B (SugiL) 'g, IL-1P (SuglL)
= = 0 —
pBMAPK £8 £z Y .
s .i § B2 -
| 0-pE5 NF-kB 28 4 25
-] £5
fu— —— | P65 NF-xB 5‘; : EE 2
E €5 o
o — | GAPDH e = c%m?&’cgq_”’*@ Ry - X Con, i, Cony i,
53 RO RN+ ey e g
Cony, e, e"w.b};m’-‘c 2" e g g g g
O o i Oy, =
"P," ‘Fq{q '?;,..4 '?,-,r‘
C
e e e | p-p38 MAPK & 3 )
(==} a
PIBMAPK EE JL1p (g | TR
[ St *
= — — — == == pP65NFxBS & SE
zg® zE )
PESNF-KB 2 & 4 i e
Bx | £
| ——— —— — —  GAPDH ;g . o+ o+ & & IL-p e ¢ M
- - s z= -+ s+ 4 + » DMSO Zw + 4 + + + DMSO
P N D oMso ‘E}E' . 01 0525 H\‘H[umnl!%g DT 01 08 25 HYPS[umen
01 05 25 HYPO(umol) = ®
d e
IL-1p ( Sug/L
- - E( +_§ )+ P-lkkalp N
P-lkka/p —— Ikkp —— — e ——
IkkpB — — — —
P-lkba — e —
P-lkba
1 —— Ikba | — — — ——
Ikba M’ - i
=Tubulin e ~Tubulin — ——— e e
Tubuli B-Ti li
PO anP \93“7" P LB R -+ +  + 4+
60\5‘ o= ,_‘o\" &9 DMSO - S
o™ (¥ o™ e HYPS(umel) . _ . 01 05 25
1.5+
25 IL-1B (SuglL) = P-lkkalp o
204 EB P-lkka/p ok 101 W®E P-kba
Bl P-lkba

Relative intensity of phosphorylated
protein expression(folds)

Relative intensity of phosphorylated
protein expression(folds)

1.5

1.0 0.5

0.5

0 o -

| P > P

I T A G
w7 oG W e® o - * * * * y
oo® < o A HYPS(pmol) B - - 0.1 0.5 25

Fig. 5. Participation of TRPC6 in the IL-1B-mediated activation of NF-kb pathways by RA-FLSs.
RA-FLSs were stimulated by IL-1f3 (5pg/L) for 0, 5, 15, 30, 60 and 120 mins; n=4, #p<0.05, *p<0.01
vs. 0 min p-p38MAPK group, *p<0.05, *p<0.05 vs. 0 min p-p65NF-«kB group (a).

RA-FLSs were pretreated with DMSO or various concentrations of a selective TRPC6 agonist, hyp9,
for 0.5h, or were transfected with specific TRPC6 siRNA or control siRNA and then stimulated with
or without IL-1f3 (Spg/L) for 0.25 or 1.0h. Effect of TRPC6 on the phosphorylation of p38MAPK and
p65NF-kB induced by IL-1f (b, ¢).

Effect of TRPC6 on IKK and IxBaphosphorylation mediated by IL-1f3. The right or down panel shows
a densitometric analysis of Western-blot analysis from four independent experiments.

*p<0.05, ¥*p<0.01, significantly different from treatment with LPS alone, “p<0.05, significantly differ-
ent from control siRNA. p: phosphorylation.

122

cantly higher than TRPC6 KO group.
The IL-10 level in WT CIA group was
lower than the TRPC6KO group, how-
ever this difference was not significant.

Discussion

The activated RA-FLSs were thought
to play a key role in the occurrence and
sustained progression of destructive
arthritis. As an important component
of the inflammatory environment, pro-
inflammatory cytokines were thought
to interplay in the pathogenesis of RA.
In this study, we demonstrated high
TRPC6 expression in RA patients, and
find its pro-inflammatory role in FLSs.
By blocking TRPC6 expression both in
vitro and in vivo, we further highlight-
ed TRPC6 may become a therapeutic
target in RA treatment.

The Ca?* signal was currently thought
to regulate the activation of RA-FLSs.
Previous studies had found that [Ca?*]
i played an important role in the pro-
liferation, apoptosis and gene transcrip-
tion of RA-FLSs (17, 18). Our study
firstly shows that TRPC6 expression
was increased in FLSs derived from RA
patients, and verified that TRPC6 medi-
ates [Ca**]i in RA-FLSs (Fig 1). These
results were indicating that TRPC6
could be related to the progression of
RA. We also showed that TRPC6 me-
diates IL-1pB-induced cell proliferation
(the data is not shown) in RA-FLSs
and mediates IL-1B/LPS-induced cel-
lular inflammatory responses through
the NF-xB pathway. These results ex-
plained the mechanism of a pro-inflam-
mation effect through TRPC6.

Studies in vitro and in vivo have shown
that Ca?* signalling played an important
role in cell growth (18, 19). By using the
CCKS8 and Edu labelling method, we
found that TRPC6 could upregulate the
proliferation of IL-1f stimulated RA-
FLSs (the data was not shown), which
was consistent to these studies. In addi-
tion, the results of flow cytometry also
showed that TRPC6 could accelerate
the transition from RA-FLS to G2/M
phase under IL-1f stimulation (the data
was not shown), while other frontal
studies have shown that TRPC6 was in-
volved in cell proliferation by activating
the calcineurin/activated T-cell nuclear
factor (CaN/NFAT) pathway in non-
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tumour (20) and tumour cells (21-25).
Whether TRPC6 could mediate CaN/
NFAT pathway conduction through
Ca?*signalling, promoting the prolifera-
tion of RA-FLSs is what we are going to
verify in the follow-up research.

Ca?* signalling was also associated
to inflammatory responses. TRPC6
knockout mice present a longer surviv-
al time in severe multiple sepsis model
and resistant to lethal dose LPS injec-
tion. Our previous studies showed that
inflammation of lung were significantly
reduced in TRPC6 knockout mice (26).
In this study, we found that TRPC6
could upregulate the transcription lev-
els of RA-FLSs, TNF-a and IL-6 with
the IL-1 and LPS induction. We also
found in vivo that TRPC6 knockout
mice developed a milder arthritis than
normal mice, and the levels of TNF-a.,
IL-6 and IL-12 were lower in blood
sample. Therefore, our experiments
showed that TRPC6 may regulate in-
flammatory response in RA disease.
Transcription factors were thought to
play a vital role in the destruction of RA
cartilage and bone (25). The NF-kB sig-
nalling pathway was considered as one
of the major signalling pathways of joint
inflammation in RA, and regulated ex-
pression of a variety of pro-inflammato-
ry mediators, including cytokines such
as TNF-a, IL-1p, and IL-6, chemokines,
and cell adhesion molecules (22, 23,
27). NF-xB activation in FLSs could
promote the transcription of MMPs to
enhance the invasion and destruction
of FLSs and accelerate the progression
of RA disease (28-30). In addition, we
observed that TRPC6 inhibition sup-
pressed IL-1f and LPS induction of
phosphorylation of IKK and IkBa,
as well as the translocation of nuclear
NF-xB, suggesting that TRPC6 could
regulate the NF-kB pathway by interfer-
ing with early cytoplasmic IKK signal-
ling. It has recently been reported that
TRPC6-mediated calcium signalling ac-
tivated NF-kB pathway in lung endothe-
lial cells and upregulated inflammation
levels (31). In this study, we also showed
that in RA-FLSs, TRPC6 promoted the
activation of NF-kB induced by IL-1f3
and LPS. Several studies explained the
activation of NF-kB was a multi-step
process. TRPC6-mediated Ca?* signal-
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ling activated Myosin light chain kinase,
which subsequently promoted the inter-
action between Myeloid differentiation
primary response 88 and interleukin-1
receptor-associated kinase 4. This pro-
cess finally mediated the NF-kB activa-
tion and aggravated the inflammatory
response (31). Interestingly, studies have
found that TRPC6-mediated calcium
signalling activated NF-xB, NF-xB
could also reverse-regulated TRPCO,
which was consistent to our study. How-
ever, research showed that in kidney
cells, ROS/PKC signalling inhibited the
expression of TRPC6 by activating NF-
kB (32). This difference might be related
to the difference in the cell type.

The strength of this study was introduc-
ing TRPC6-mediated calcium signal-
ling as an entry point, providing a new
idea for the activation mechanism of
RA-FLS. A newly discovered TRPC6
selective inhibitor which was known as
Larixyl Acetate (33) potentially provides
the possibility to establish a clinical treat-
ment strategy for RA. Despite the inter-
esting results, this study did not use the
TRPC6 inhibitor to discuss the preven-
tion or treatment function in vivo. More
important, whether this treatment should
be targeted on local synovium or globally
should be determined in further study.

Conclusion

TRPC6-mediated calcium signalling
was found participate in the activation
of RA-FLS by regulating NF-xB. Inhi-
bition of TRPC6 expression can attenu-
ate the progression of induced joint in-
flammation in CIA model.

Key messages

e TRPC6 contributed to fibroblast-
like synoviocyte-mediated synovial
inflammation in RA patients.

e TRPC6 mediated the inflammatory
pathways in RA fibroblast-like syn-
oviocytes.

e TRPC6 represents a potential thera-
peutic target in RA.
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