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Endoplasmic reticulum stress triggered autophagy and regulated
the phenotype transformation of rheumatoid arthritis synovial
fibroblasts via the IRE1/JNK pathway
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Background: Previous studies have indicated that endoplasmic reticulum (ER) stress may actively promote
the pathogenesis of rheumatoid arthritis (RA) by evoking autophagy. However, the underlying mechanism
remains largely unknown. This study aimed to explore the mechanism of the ER stress-autophagy pathway
in regulating the phenotype transformation of rheumatoid arthritis synovial fibroblasts (RASFs).

Methods: Synovial tissue was obtained from RA and osteoarthritis (OA) patients during joint replacement
surgery. ER stress/autophagy signature markers were examined in synovial tissue by real-time quantitative
polymerase chain reaction (RT-PCR), western blot, and immunohistochemistry. Phenotype transformation
of RASFs, including increased cell proliferation and invasion capability, was measured by CCK-8 assay and
transwell invasion assay. Signaling pathways were further investigated and inositol requiring enzyme 1 (IRE1)
was down-regulated in RASFs by transfecting specific short hairpin RNA-ERN1 (shRNA-ERNI) carried by
lentiviral vectors.

Results: The expression of ER stress/autophagy pathway-associated proteins, including GRP78, IREI,
protein kinase R-like endoplasmic reticulum kinase (PERK), and LC3, was significantly increased in RA
synovium compared with OA synovium. After stimulation with tumor necrosis factor alpha (TNF-o)
in vitro, the proliferation and invasion ability of RASFs were upregulated, while this phenomenon could be
inhibited by 4-PBA (ER stress inhibitor) or 3-MA (autophagy inhibitor). The expression of IRE1 and p-JNK
in particular, occurred in an obviously time-dependent manner after stimulation with TNF-o. Moreover, the
proliferation and invasion of RASFs were inhibited after transfection with sh-RNA-ERNI to downregulate
IRE1 expression.

Conclusions: ER stress triggered autophagy via the IRE1/JNK pathway to regulate the phenotype
transformation of RASFs, indicating an important role of the ER stress-autophagy pathway in the
pathological process of synovitis in RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic autoimmune
disease characterized by synovial tissue inflammation,
which can cause the progressive destruction of cartilage and
bone (1). Synovial fibroblasts (SFs) (also known as
fibroblast-like synoviocytes) are unique cells that
populate the intimal lining of the synovium and normally
assure the structural as well as dynamic integrity
of joints. The key roles of RA synovial fibroblasts
(RASFs) in perpetuating inflammation by producing
cytokines and contributing to cartilage destruction by
producing proteases have been well acknowledged (2).
Moreover, RASFs can also evolve to having a unique
“aggressive phenotype” that are autonomous and vertically
transmitted, which usually viewed as phenotypic changes of
RASFs (2,3). These phenotype-transformed RASFs possess
characteristics of increased proliferation, inflammatory and
aggressive features, which further mediate inflammation
and destruction of the joint.

In the inflammatory microenvironment of the rheumatoid
joint, RASFs are stimulated by many pro-inflammatory
cytokines, especially the tumor necrosis factor alpha (TNF-o).
Macrophage-derived TNF-a has been proved to promote
proliferation and the production of other pro-inflammatory
cytokines and proteases. After stimulation by TNF-a,
endoplasmic reticulum (ER) could be induced to synthesize
large amounts of proteins and enzymes. When unfolded or
misfolded proteins accumulate in the ER and lead to ER
stress conditions, the unfolded protein response (UPR) is
activated to recuperate the ER function (4). At the initiation
of the UPR process, three transmembrane ER stress sensors,
inositol requiring enzyme 1 (IRE1), protein kinase R-like
endoplasmic reticulum kinase (PERK) and activating
transcription factor 6 (ATF6), would be activated after
dissociation from glucose-regulated protein 78 (GRP78) and
further trigger a series of downstream events to relieve stress
(5,6). If ER stress cannot be alleviated in a timely fashion,
the cell may undergo apoptosis. It has been reported that
autophagy is indeed involved in UPR-associated events.

Autophagy, a lysosome-mediated degradation pathway
for organelles and cellular components, has been reported
to be activated as a survival mechanism of protecting cells
from ER stress-induced death (7). Thus, autophagy is
considered to play important roles in various autoimmune
diseases (8-10). Studies from other fields have revealed that
the three sensors pathway of ER stress regulates autophagy
in different ways (11). Researchers have determined that
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the ER stress markers including GRP78, PERK, and ATF6,
as well as the autophagy marker LC3, is elevated in RA
synovial tissue compared with osteoarthritis (OA) (12).
Other studies have found increased autophagy in RASFs
after stimulation with thapsigargin (T'G; an ER stress
inducer) in vitro (13,14), indicating the active involvement
of ER stress in the pathogenesis of RA by evoking
autophagy. However, the underlying mechanism remains
largely unknown. Here, we aimed to investigate the effect
of autophagy activation triggered by ER stress on the
phenotype transformation of RASFs and to explore the
molecular pathway involved in this process. We present the
following article in accordance with the MDAR reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-15/rc).

Methods
Patient samples

Synovial tissue was obtained from RA (n=12) or OA (n=9)
patients during joint replacement surgery (Department of
Orthopedics, Peking University First Hospital, Beijing,
China). The patients fulfilled the 2010 ACR/EULAR
classification criteria for RA or the 1986 ACR classification
for knee OA. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). This study
was approved by the ethics committee of Peking University
First Hospital (permit number J201707), and informed
consent was taken from all the patients.

Cell culture and treatment

Primary SFs were isolated from synovial tissue and
cultured as described elsewhere (15). Briefly, fresh synovial
tissue was digested in type I collagenase (Sigma-Aldrich,
St. Louis, MO, USA) and trypsin (Gibco, Grand Island,
NY, USA) successively, and then cells were cultured
with DMEM (Gibco) containing 10% fetal bovine
serum (FBS) (Gibco) in a humidified 5% CO, incubator.
Cells from passages 3—6 were used for all experiments.
The RASFs and osteoarthritis synovial fibroblasts
(OASFs) were treated with 10 ng/mL recombinant
human TNF-o (Peprotech, Rocky Hill, NJ, USA) in the
presence or absence of inhibitors, which included 10 mM
4-phenylbutyric acid (4-PBA, Sigma-Aldrich), 6 pM
SP600125 (Sigma-Aldrich) and 8 mM 3-methyladenine
(3-MA, Sigma-Aldrich), for the indicated times.
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Table 1 Primer sequences used for RT-PCR

Protein

Gene name Primers
ACTB p-actin  F: 5'-ggACTTCgAgCAAgAgATgg-3'
R: 5'-AgCACTgTgTTggCgTACAg-3'
HSPA5 GRP78 F:5'-ggTgCCTACCAAgAAgGTCTCAgA-3'
R: 5'-AgCAggAggAATTCCAgTCAgA-3'
ERNT1 IRE1 F: 5'-CACAgTgACgCTTCCTgAAAC-3'

R: 5'-gCCATCATTAggATCTgggAgA-3'
EIF2AK3 PERK F: 5'-gTCCggAACCAgACgATgAg-3'
R: 5'-CCCACTgCTTTTTACCATQATTT-3'
ATF6 ATF6 F: 5'-TCCTCggTCAgTggACTCTTA-3'
R: 5'-CTTgggCTgAATTgAAggTTTTg-3'
MAP1LC3B LC3 F: 5'-CCgTCggAgAAgACCTTCAA-3'

R: 5'-ggTTggATgCTgCTCTCgAA-3'

ATG5 Atgb F: 5'-AgAAgCTgTTTCgTCCTgTgg-3'
R: 5'-AggTgTTTCCAACATTggCTC-3'
ATG7 Atg7 F: 5'-ATgATCCCTgTAACTTAgCCCA-3'
R: 5'-CACggAAgCAAACAACTTCAAC-3'
ATG12 Atg12 F: 5'-TAgAgCgAACACgAACCATCC-3'

R: 5'-CACTgCCAAAACACTCATAgAgA-3'

RT-PCR, real-time quantitative polymerase chain reaction.

RNA extraction and real-time quantitative polymerase
chain reaction (RT-PCR)

"Total messenger RINA (mRNA) was extracted from the synovial
tissue, and complementary DNA (cDNA) was prepared with
the cDNA Synthesis Kit (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s directions. RT-
PCR was performed using SYBR Green PCR Master
Mix (Applied Biosystems) in triplicated. The relative gene
expression level was normalized to the expression of B-actin
and calculated using the comparative Ct method (2*“"
method). The primer sequences for the target genes and

internal control gene are shown in Zable 1.

Western blot

"Total protein samples were separated on 10% or 8% SDS-
polyacrylamide gels and transferred onto PVDF membranes
(Millipore, Billerica, MA, USA). The membranes were blocked
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in 5% nonfat milk or 5% bovine serum albumin for 1 h at room
temperature. Then, the membranes and primary antibodies
were incubated overnight at 4 °C. The primary antibodies
included GRP78 (Cell Signaling Technology, Beverly, MA,
USA), PERK (Cell Signaling Technology), IRE1 (Cell
Signaling Technology), ATF6 (Santa Cruz, Dallas, TX, USA),
p-JNK (Cell Signaling Technology), p-PI3K (Cell Signaling
Technology), p-AKT (Cell Signaling Technology), LC3B
(Cell Signaling Technology), and p62 (Abcam, Cambridge,
UK). B-actin (Abcam) was chosen as an endogenous
control. Next, the PVDF membranes were incubated
with peroxidase-conjugated secondary antibody for 1 h
at room temperature. After washing with TBST three times,
the proteins were visualized with ECL detection solution
(Millipore) using automatic gel imaging analysis system.

Immunobistochemistry

Paraffin-embedded tissue samples from RA and OA
patients were deparaffinized in xylene and rehydrated in
graded ethanol. Then, the sections were heated in 10 mM
sodium citrate buffer (pH 6.0) for epitope retrieval. After
inactivating endogenous peroxidase activity with 3% H,O,,
the sections were blocked in 5% goat serum (ZSGB-BIO,
Beijing, China). Primary antibodies were applied to the
slides overnight at 4 °C. Goat anti-mouse or goat anti-rabbit
antibodies (SAB, Greenbelt, MD, USA) were incubated with
sections at 37 °C for 30 min. The diaminobenzidine (DAB)
reagent kit (ZSGB-BIO) was used to detect the positive

signals, while hematoxylin was used for nuclear staining.

Analysis of cell proliferation

Cells were planted into 96-well plates and treated with the
recombinant human TNF-a in the presence or absence of
4-PBA, SP600125 and 3-MA. After incubated at 37 °C with
5% CO, for 24 h, each well was added with CCK-8 reagents
(DOJINDO, Kumamoto, Japan). Then, the incubation
continued for 1.5 h under the same conditions. The absorbance
at 450 nm was then detected by using an ELISA plate reader.

Analysis of cell migration and invasion

Cells were planted into the upper chamber of the transwell
plates (Corning, New York, NY, USA) and treated with the
indicated reagents, while DMEM containing 10% FBS was
added to the lower compartment as a chemoattractant. After
24 h of incubation, cells remaining on the upper surface of
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the membrane were removed with a cotton swab. Then, the
cells adhering to beneath the membrane were fixed in 4%
paraformaldehyde and stained with 0.25% crystal violet.
For cell invasion analysis, Matrigel matrix (Corning) was
applied to the upper surface of the membrane before cell
plantation. The subsequent process was almost the same as
that of the cell migration analysis described above.

Lentivirus transfection

The synthesized lentivirus shRNA vector (GeneChem,
Shanghai, China) was used to knockdown the target
gene ERN1, which is responsible for the expression
of the IRE1 protein. The targeting sequence was
GAAACTTCCTTTTACCATC. Culture supernatants
containing short hairpin RNA-ERN1 (shRNA-ERN1) were
added to RASF in the presence of polybrene. The cells were
selected by 24 h of incubation with 1.5 pg/mL puromycin.
Stable cell lines were verified by western blot.

Statistical analysis

SPSS 22.0, GraphPad Prism 5.0 and ImageJ software were
applied to analyze the experimental data. All the experiments
were repeated at least 3 times using cells from different
patients. Data are presented as the means = standard
deviation (SD). The difference between 2 groups was
calculated by Student’s #-test, while differences among 3 or
more groups were calculated by one-way analysis of variance.
A P value <0.05 was defined as statistically significant.

Results

The signature markers of the ER stress/autopbagy pathway
were increased in RA synovium

To verify whether the ER stress/autophagy pathway
participates in the pathological mechanisms of RA, the
expression of the involved proteins was initially examined in
the synovium. The immunohistochemical staining of GRP78,
PERK, IREI and ATF6 was increased to various degrees in
the RA synovial lining layer compared with OA synovium,
especially GRP78 and IRE1 expression at significantly higher
levels in RA patients (Figure 14,1B). LC3, an autophagy
signature protein, was also upregulated in RA synovial tissue.
In addition to immunohistochemical analyses, the expression
levels of key genes in the ER stress/autophagy pathway in
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the synovium were also analyzed. As shown in Figure 1, ER
stress-related genes, such as HSPAS (GRP78), ERNI (IRE1),
and EIF2AK3 (PERK), as well as autophagy-related genes,
including MAPLC3 (LC3), ATGS (Atg5), and ATG7 (Atg7),
were expressed at significantly higher levels in RA patients
than in OA controls, while the expression of ATF6 (ATF6),
BECNI (beclin-1) and ATG12 (Atgl2) was not significantly
different between the two groups (Figure 1C). Similar results
were also observed in the detection of protein expression by
western blot (Figure 1D,1E). These results, consistent with
previous studies, suggested that the ER stress/autophagy
pathway may be involved in RA pathogenesis.

The expression of ER stress/autophagy pathway proteins
was upregulated in RASF in vitro

To further explore the molecular mechanism involved in
the ER stress/autophagy pathway, SFs were isolated and
cultured in vitro. In our study, recombinant human TNF-a
was used to induce ER stress, and SFs were incubated with
10 ng/mL TNF-a and analyzed at 0, 3, 6, 9, 12, and 24 h.
As expected, the expression of ER stress-related proteins
was induced by TNF-a at various degrees in both RASFs
and OASFs, except for PERK and ATF6. GRP78 and
IRE1 expression was significantly higher in RASF than in
OASF. Incubation with TNF-a also evoked the statistically
significant upregulation of autophagy in RASFs, as proven
by the increased conversion from LC3I to LC3II, as well as
the decreased expression of p62, one of the known targets of
autophagic degradation (Figure 2). These results indicated
that the ER stress/autophagy pathway could be activated by
inflammatory mediators in RASE.

Notably, among the three ER stress sensors, only IRE1
was significantly increased in RASFs after TNF-o treatment
in a time-dependent manner. This indicated that the ER
stress signals induced by inflammatory mediators in RASFs
may be transduced downstream through the IRE1 sensor.
Then, we examined several target molecules of IRE1 that
have been reported in previous studies, including PI3K/
AKT/mTOR, AMPK and JNK. After incubation with
TNF-o for the indicated durations, the expression of
phosphorylated JNK in RASFs was observed in a similarly
time-dependent way to that of IRE1 and LC3II, while such
expression pattern was hardly found for other molecules
(Figure 3). These results suggested that ER stress caused
by inflammatory cytokines may be transduced to activate
autophagy through the IRE1/JNK pathway in RASF.
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Figure 1 The expression of ER stress/autophagy pathway components in patient synovia. (A) Protein expression examined by

immunohistochemistry in patients with RA (n=5) and patients with OA (n=4) (original magnification x200). Brown represents a positive

signal for corresponding protein expression stained by DAB. The nuclei are stained blue with hematoxylin. (B) Percentage of positive cells

in the synovial lining layer. (C) The mRNA expression of ER stress/autophagy signature genes in synovium examined by RT-PCR. (D) The

expression of ER stress/autophagy proteins in synovium examined by western blot. (E) The relative expression of proteins in RA compared

with OA synovium. *, P<0.05 compared with OA tissue. RA, rheumatoid arthritis; OA, osteoarthritis; GRP78, glucose-regulated protein 78;

PERK, protein kinase R-like endoplasmic reticulum kinase; IRE1, inositol requiring enzyme 1; ATF6, activating transcription factor 6; LC3,

light chain 3; ER, endoplasmic reticulum; DAB, diaminobenzidine; RT-PCR, real-time quantitative polymerase chain reaction.

The ER stress/autophagy pathway was involved in the
phenotype transformation of RASF

To investigate the effect of the ER stress/autophagy pathway
on RASF phenotype transformation, we first investigated
the proliferation of RASFs treated with pathway inhibitors.
RASFs and OASFs were incubated with TNF-a in the
presence of 4-PBA (ER stress inhibitor), sp600125 (JNK
inhibitor) or 3-MA (autophagy inhibitor) for 24 h and then
assessed by CCK-8 assays. As shown in Figure 44, TNF-a
induced significant proliferation of RASFs compared with
OASFs. As expected, ER stress inhibition could reduce the
pro-proliferation effect of inflammatory cytokines on RASFs.
Similar effects were observed when RASFs were treated
with sp600125 or 3-MA. However, no significant inhibitory
effects were observed on OASFs, regardless of whether they
were treated with 4-PBA or sp600125 (Figure 44). These
results indicated that the ER stress/autophagy pathway might
participate in the induction of proliferation by inflammatory
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cytokines.

For cell invasion analysis, transwell assays with Matrigel
matrix were performed. After incubation with the indicated
reagents for 24 h, the cells that invaded through the gel
and migrated into lower chamber were counted. RASFs
and OASFs were seeded in the upper-chamber with equal
amount, and recombinant human TNF-a was used to
stimulate and restore SFs phenotypes. As illustrated in
Figure 4B, a greater number of invaded cells were observed
in RASFs than OASFs, indicating a more aggressive feature
of RASFs. Interestingly, the invasive capability of RASFs
was significantly weakened when they were treated with
ER stress/autophagy pathway inhibitors, including 4-PBA,
sp600125 and 3-MA (Figure 4B,4C). Although there was a
trend towards more invasive cells in OASFs after TNF-a
stimulation, no statistical difference was noted.

Taken together, the aforementioned results suggest
that activation of ER stress/autophagy may promote the
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OASF RASF
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Figure 4 The effects of ER stress/autophagy pathway inhibitors on RASF phenotype transformation. (A) Cells were incubated with TNF-o
in the presence of 4-PBA, sp600125 or 3-MA for 24 h, and then the proliferation was assessed by CCK-8 assay. (B) Cells were incubated
with TNF-a in the presence of 4-PBA, sp600125 or 3-MA for 24 h, and the invasiveness was examined by a Matrigel/transwell assay
(original magnification x400). The nuclei are stained blue with crystal violet. (C) The relative fold increase in cell invasion through the
gel. Experiments were repeated at least 3 times with cells from different patients. *, P<0.05 compared with RASFs from control group; *,
P<0.05 compared with RASFs from TNF-a incubation group. OASE, osteoarthritis synovial fibroblast; RASE, rheumatoid arthritis synovial
fibroblast; TNF-a, tumor necrosis factor alpha; 4-PBA, 4-phenylbutyric acid; 3-MA, 3-methyladenine; ER, endoplasmic reticulum.

transformation of the RASF phenotype through the JNK
pathway.

IRE1 knockdown impaired RASF phenotype
transformation

As mentioned above, IRE1 was the only sensor to be
upregulated when ER stress evoked autophagy in RASE.
Therefore, we hypothesized that ER stress activated
autophagy through the IRE1/JNK pathway and promoted
RASF phenotype transformation. Lentivirus-mediated sh-
RNA-ERNI transfection into RASFs was performed to
knock down the expression of IRE1. Compared with the

© Annals of Translational Medicine. All rights reserved.

negative control, RASFs transfected with sh-RNA-ERN1
significantly reduces IRE1 expression of both mRNA and
protein (Figure SA-5C). IRE1 knockdown also showed
a strong trend toward decreased expression of GRP78,
PERK and LC3, but did not significantly downregulate the
expression of ATF6 (Figure 5A). Functional experiments
indicated that the proliferation, migration, and invasion of
RASFs were suppressed after IRE1 knockdown. When co-
incubated with 3-MA, the suppressive effects were further
exacerbated (Figure 6). All these results suggested that
in RASFs, IRE1 senses ER stress, triggers downstream
autophagy, and eventually promotes the phenotype
transformation.
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autophagy pathway components in RASFs evaluated by western blot. (C) The relative expression of proteins in sh-RINA-ERN1 compared

with controls. Experiments were repeated at least 3 times using cells from different patients. Values are shown as the mean + SD. *, P<0.05.
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glucose-regulated protein 78 (gene name: HSPAS); PERK, protein kinase R-like endoplasmic reticulum kinase (gene name: EIF2AK3);

ATF6, activating transcription factor 6; LC3, light chain 3 (gene name: MAPLC3); ER, endoplasmic reticulum; RASFs, rheumatoid arthritis

synovial fibroblasts; RT-PCR, real-time quantitative polymerase chain reaction; SD, standard deviation.

Discussion

RA is a systemic autoimmune disease characterized by
joint synovitis. It is well recognized that phenotype
transformation of RASFs characterized by excessive
proliferation and invasion plays a key role in the
pathogenesis of synovitis (3), but the underlying mechanism
is unknown. The ER stress/autophagy pathway is a novel
signaling pathway that regulates cellular homeostasis and
has been investigated in many diseases (16). Previous studies
have indicated that the ER stress/autophagy pathway may
also be involved in the development of RA (13,14,17,18),
but the specific mechanism has not been fully elucidated.

In a previous study, researchers extracted synovial tissue
microarray data from the GEO database and found that a
variety of proteins related to ER stress were significantly
increased in synovium from RA patients compared with
synovium from OA patients (12). In this study, we initially

© Annals of Translational Medicine. All rights reserved.

examined the marker protein expression of the ER stress/
autophagy pathway in synovium from RA patients and
observed consistent results. Furthermore, we chose to
induce ER stress i vitro with recombinant TNF-o instead
of commonly used inducers, such as T'G and tunicamycin, as
TNF-a could better mimic the inflammatory environment
of RASF (19-21). In addition, since SFs become fairly
quiescent after several passages in vitro, a generally adopted
way to restore SF phenotype is by exposing to cytokines
like IL-1 and TNF (2). Considering ER stress and
autophagy are both dynamic processes, protein expression
was examined at multiple time points in our study to
explore how the stress signal was transduced downstream.
Remarkably, we observed a similar time-dependent changes
in the expression of stress sensor IRE1 and the downstream
signaling factor JNK under inflammatory stimulation,
hinting that the IRE1/JNK pathway is very likely to be
involved in autophagy activation in RASE.
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Indeed, autophagy triggered by the IRE1/JNK pathway
has been reported to be involved in other diseases, but never
in RA. In a study focused on SK-N-SH neuroblastoma (22),
researchers found that autophagy was decreased in IRE1-
knockdown and JNK inhibitor-treated cells, suggesting that
the IRE1/JNK pathway is necessary for ER stress-induced
autophagy. Another study reported that IREI silencing or
treatment with the JNK inhibitor sp600125 suppressed
drug-induced autophagy activation in H28 and H2452
mesothelioma cells (23). Since RASFs display some tumor-
like features, these studies in oncology may support our
conclusions to some extent. Further research is needed to
determine which autophagy-related proteins are affected
when the IRE1/JNK pathway triggers autophagy.

Besides IRE1, other two classic ER stress sensors PERK
and ATF6, have also been reported to be vital in autophagy
activation (24,25). In cardiomyocytes treated with LPS to
induce ER stress (26), decreased autophagy and increased
cell death were observed in PERK-knockout cells. In our
study, although the expression of PERK and ATF6 was
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higher in RA synovium than in OA synovium, the increase
in both PERK and ATF6 expression after TNF-o incubation
in vitro was not significant. This suggested that PERK
and ATF6 might be less involved in ER stress-triggered
autophagy in RASFs. Consequently, IRE1 was chosen for
subsequent research. Previous studies have focused on the
connection between the ER stress/autophagy pathway and
cell death (27). The ER stress/autophagy pathway may also
participate in other physiological processes. In this study,
we examined the proliferation, invasion, and migration
of RASFs when the ER stress/autophagy pathway was
inhibited. As expected, RASF phenotypic transformation
was suppressed after IRE1 knockdown or treatment with
the autophagy inhibitor 3-MA.

We showed that autophagy induction by ER stress
was more pronounced in RASFs than in OASFs, which is
consistent with previous data (13,14), indicating the important
roles of ER stress/autophagy pathways in RA pathogenesis.
Unlike the previous studies, we used TINF-a instead of TG
to induce ER stress, which could be a better mimicry of the
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inflammatory microenvironment and largely maintain the
original features of RASFs. Thus, our study again suggested
the clinical importance of TINF inhibitors in RA therapy.
Besides, an increasing number of studies have summarized
the potentiality of ER stress pathways and autophagy
pathways as therapeutic targets in RA (8,28). Inhibition of
both ER stress [by inhibitors of IRE1a (STF-083010), PERK
(salubrinal), or proteasome (bortezomib and MG132)] and
autophagy (by chloroquine or 3-methyladenine) pathways
abrogated the viability of RASFs, thereby suggesting the
therapeutic importance of these two pathways in targeting
apoptosis-resistant RASFs (28). Our study firstly reported
that IRE1/JNK pathway may be involved in the ER stress-
autophagy pathways of RASFs. This will further improve our
knowledge on the pathogenesis of this inflammatory arthritis,
and consequently facilitate the future therapeutic evolution
to regulating the ER stress-IRE1/JNK-autophagy axis in RA.

Conclusions

The ER stress/autophagy pathway was strongly activated
in RA synovium and RASFs. ER stress triggered autophagy
and regulated the phenotype transformation of RASFs via
the IRE1/JNK pathway, suggesting the ER stress/autophagy
pathway played important roles in the pathological process
of RA synovitis.
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