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ABSTRACT

Fibroblast-like synoviocytes (FLSs) play a major role in the pathogenesis of rheumatoid arthritis
(RA). Endoplasmic reticulum (ER) stress and dysregulation of unfolded protein response are
involved in the resistance to apoptosis of FLSs in RA (RA-FLSs). MictoRNA (MiR)-211 plays an
important role in controlling ER stress and apoptotic genes in a PKR-like ER kinase (PERK)-
activating transcription factor 4 (ATF4)-dependent manner. We investigated the effect of miR-211-
5p overexpression on ER stress and apoptotic genes in RA-FLSs.

FLSs were isolated from synovial tissues of trauma (n=10) and RA (n=10) patients. MiR-211-
5p and mRNA expression of the selected genes involved in the PERK pathway and apoptosis
regulation were measured in RA, trauma, and thapsigargin (Tg)-treated RA-FLSs. Afterward, Tg-
treated RA-FLSs following miR-211-5p overexpression were evaluated for miR-211-5p and mRNA
levels of the study genes.

The expression of miR-211-5p, PERK, BAX, and BCL.2 showed no differences between RA
and trauma. However, the expression of .4ATF4 and BCL-XI. showed a significant increase in
trauma. In addition, the levels of C/EBP homologous protein (CHOP) and MCL.7 indicated a
significant increase in RA-FLSs. Tg treatment significantly increased the expression of PERK,
ATF4, and CHOP in RA-FLSs with no effect on miR-211-5p, BAX, BC1.2, BC1-X1 ., and MCL1.
Furthermore, Tg treatment following miR-211-5p overexpression in RA-FLSs showed a significant
increase in levels of miR-211-5p with no changes in apoptotic genes.

MiR-211-5p overexpression in stimulated RA-FLSs did not alter the levels of selected genes
involved in apoptosis regulation. However, more investigations are necessaty to determine the ER
stress role in apoptosis regulation in RA-FLSs.
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MiR-211-5p Overexpression on ER Stress and Apoptotic Genes in FLSs of Rheumatoid Arthritis

INTRODUCTION

Rheumatoid arthritis (RA), a systemic autoimmune
disorder, is the most prevalent inflammatory disease in
the musculoskeletal system. It is characterized by
hyperplastic synovium and chronic synovitis, which
leads to the progressive destruction of articular
structures.’”” One of the important pathophysiological
features of RA is a significant increase in the number of
synovium fibroblast-like synoviocytes (FLSs). FLSs,
which are of mesenchymal origin, normally maintain
synovial joint homeostasis. In RA, FLSs (termed RA-
FLSs) display aggressive, tumor-like, and pathogenic
behavior, and play a major role in both initiating and
perpetuating synovial inflammation. These cells
proliferate abnormally, show resistance to apoptosis,
and mediate the destruction of articular cartilage/bone.?
12 Therefore, induction of apoptosis in FLSs can be
considered as an attractive therapeutic approach in RA.%3

Some stressful stimuli, such as proinflammatory
cytokines, autoantibodies, and hypoxia, can trigger
endoplasmic reticulum (ER) stress in RA-FLSs.* ER
stress  results from the accumulation  of
unfolded/misfolded proteins in the ER lumen, leading to
the activation of a set of intracellular signaling
pathways, referred to the unfolded protein response
(UPR), to restore homeostasis and maintain cell
survival. However, under unresolvable ER stress, the
UPR may switch into apoptosis. In mammalian cells, the
UPR is initiated by three ER-resident transmembrane
proteins: PKR-like ER kinase (PERK), inositol requiring
1 (IRE1), and activating transcription factor 6
(ATF6).1516 PERK is one of the important signaling
pathways of ER stress.!” Upon sensing ER stress, the
activated PERK phosphorylates eukaryotic initiation
factor2o (elF2c) leading to the general halting of
translation while simultaneously inducing the selective
translation of a few transcripts, including the activating
transcription factor 4 (ATF4). ATF4 regulates the
expression of genes involved in cell adaptation to ER
stress. However, paradoxically, it may also stimulate the
expression of genes involved in apoptosis, including
C/EBP homologous protein (CHOP).1-20 ER stress has
been observed in a wide range of diseases, especially
chronic autoimmune inflammatory diseases such as
RA.21_25

MicroRNAs (miRNAs) are small non-coding RNAs
that regulate gene expression at the post-transcriptional
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level in response to environmental changes. Recent
studies have shown a close link between UPR and
microRNAs, such that microRNAs fine-tune the
outcome of a cell to ER stress, promoting either cell
survival or cell death.?®?” Among ER stress-related
microRNAs, miR-211 has been reported to act as a pro-
survival microRNA and directly regulate CHOP
expression in a PERK-ATF- dependent manner.?® In the
present study, considering the importance of ER stress
in RA pathogenesis and resistance to apoptosis in RA-
FLSs, as well as the possible role of miR-211 in the
regulation of stress-related apoptosis, for the first time,
we investigated the effect of miR-211-5p
overexpression on ER stress-induced apoptotic genes of
PERK dependent pathway in RA-FLSs.

MATERIALS AND METHODS

Collection of Synovial Tissues

The synovial tissues were obtained from 10 Iranian
RA patients (mean age=57.44+11.45 years) during
total knee replacement surgery. RA patients were
diagnosed according to American College of
Rheumatology (ACR) criteria;?® were selected during 1
year (from 2019 to 2020) and referred to Shariati and
Laleh hospitals (Tehran, Iran). In addition, the normal
synovial specimens were taken from 10 non-arthritic
individuals (mean age =51.7 + 12.73 years old) who had
undergone knee arthroscopy following trauma and had
no history of rheumatologic, inflammatory and
autoimmune diseases. This case-control study was
approved by the medical ethics committee of Tarbiat
Modares University (IR.MODARES.REC.1398.137).
All participants in the study signed the written informed
consent.

Isolation and Primary Culture of FLSs

The extracted synovial tissues were rinsed with 70%
ethanol and phosphate-buffered saline (PBS; Gibco,
USA) containing 2% penicillin/streptomycin  and
amphotericin B (Sigma-Aldrich, USA), respectively.
After removing the adipose tissue, the synovium was
minced and digested in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, USA) containing 1 mg/mL
collagenase type VIII (Sigma-Aldrich, USA) shaking at
37°C for 80 min. Dissociated cells were centrifuged and
then cultured in DMEM supplemented with 10% fetal
bovine serum (FBS; Biosera, France) and 1%
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penicillin/streptomycin at 37°C in a humidified
incubator with 5% CO,. The growth medium was
replaced every 2 days, and the cells sub-cultured (split
1:3) at 80 to 90% confluency before characterization at
passage 4. FLSs from passages 4 to 5 were used for all
experiments.

Characterization of FLSs Using Morphology,
Immunofluorescence Staining, and Flow Cytometry

The morphology of cells was examined by
an inverted microscope (Nikon Eclipse TS100, Japan)
daily. In addition, phenotype characterization of FLSs
was accomplished by immunofluorescence staining and
flow cytometry. To detect the fibroblast surface protein
(FSP) in FLSs with immunofluorescence staining,
the cells (5x10% cells/well) were seeded in 24-well plates
and incubated at 37°C with 5% CO; for 24 h. After
washing with PBS, FLSs were fixed with cold methanol
for 5 min. The cells were rinsed with PBS again
and incubated with PBS/Triton-X100 solution
containing 1% bovine serum albumin (BSA; Sigma-
Aldrich, USA) for 1 h. The cells were incubated with
anti-FSP (Abcam Inc. Cambridge, UK) overnight at 4°C
and then with sheep anti-mouse Ig-fluorescein
isothiocyanate (FITC) conjugated secondary antibody
(IbnSina, Iran) for 1 h at room temperature. After
staining the nuclei with 4’, 6-diamidino-2-phenylindole
(DAPI; Sigma-Aldrich, USA), the stained FLSs were
evaluated using an inverted fluorescence microscope
(Olympus, Japan).

In flow cytometric analysis, the cells were washed
with PBS after the enzymatic treatment. FLSs were then
stained with FITC conjugated anti-CD44, anti-CD13,
anti-CD68, and anti-CD90 monoclonal antibodies (All
from Abcam Inc. Cambridge, UK) for 30 min at 4°C in
the dark. The cells were then washed and suspended in
PBS on ice, and flow cytometric analysis was performed
using a CyFlow ML Flow Cytometer (Partec GmbH,
Germany) and the FlowJo software (Tree Star, Ashland,
USA).

MTT Cytotoxicity Assay

RA-FLSs (7.5x10° cells/well) were seeded in
48-well plates and incubated at 37 °C with 5% CO, for
24 h. The cells were treated with thapsigargin (Tg;
Sigma-Aldrich, USA) at increasing concentrations (10,
100, and 1000 nM) for 12 and 24 h. Then, MTT [3-
(4, 5-Dimethylthiazol-2-yl)- 2, 5-diphenyltetrazolium
bromide] solution (Sigma-Aldrich, USA) was added to
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each well at a final concentration of 5 mg/ml, and the
cells were incubated for another 4 h. The formazan
crystals were solubilized in dimethyl sulfoxide (DMSO;
Sigma-Aldrich, USA), and then the absorbance was
measured at 570 nm using a microplate reader (Biotek-
ELx800, USA). Experiments were performed in
triplicate.

FLSs Grouping and Cell Interventions

RA-FLSs (80%-90% confluence) were harvested
and then seeded into 48-well plates at a final density of
1x10° cells/well. Each RA-FLS sample was divided into
three experimental groups, including 1) negative control
of miR-211-5p mimic with no Tg treatment, 2) Tg
treated, 3) Tg treated and transfected with miR-211-5p
mimic. In addition, the trauma-FLSs were used as the
normal group.

ER Stress Stimulation

Tg, a specific sarcoplasmic/ER Ca2+-ATPase
(SERCA) inhibitor that triggers the accumulation of
unfolded/misfolded proteins in ER,*® was selected to
induce an ER stress response in RA-FLSs. Briefly, RA-
FLSs (1x10° cells/well) were cultured in 24-well plates at
37°C with 5% CO; for 18-24 h. The cells were treated
with Tg (10 nM) and then incubated for another 5 h at
37°C.

Transient Transfection of miR-211-5p Mimic

To evaluate the possible effect of miR-211-5p on ER
stress-related apoptosis, RA-FLSs were transiently
transfected with miR-211-5p mimic using HiPerFect
transfection reagent (Qiagen, USA), according to the
manufacturer’s instructions. Briefly, RA-FLSs (1x10°
cells/well) were seeded into 24-well plates and kept at
37°C for 18-24 h. After that, the cells were transfected
with 10 nM synthetic miR-211-5p mimic as well as the
negative control for microRNA mimic (10 nM) and
cultured for 48 h, all obtained from Applied Biological
Materials Inc. (ABM; Vancouver, Canada). The cells
following Tg treatment were harvested 48 h after
transfection and were subjected to the following
downstream analyses.

Measurement of microRNA and mRNA Expression
Levels Using Real-time PCR

Total RNA of FLSs was extracted using MiRlJia
Kit (ROJE Technologies, Iran) according to the
manufacturer’s instructions. The quality and quantity of
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RNA  were evaluated using a NanoDrop
spectrophotometer (Thermo Fisher Scientific, USA).
Then, 300 ng total RNA was reverse transcribed using
PrimeScript™ RT Reagent Kit (Takara Biotechnology,
Japan) and RT-ROSET Kit (ROJE Technologies, Iran)
for microRNA and mRNA detection, respectively, based
on the manufacturer’s protocols. To determine
microRNA and mRNA levels, 75 ng cDNA was used as
a template for a real-time PCR reaction using the RealQ
Plus 2x Master Mix Green High ROX™ (Ampliqon,
Denmark) on a StepOnePlus instrument (Applied
Biosystems, Foster City, CA, USA). The relative
expression levels of genes were calculated using the
2744CT method. U6-snRNA and GAPDH were used as an
internal control to normalize the levels of microRNA
and mRNAs, respectively. The primer sequences used in
this study are provided in the supplementary Table. The
experiments were performed in duplicates.

Statistical Analysis

The results were presented as meanzstandard
deviation (SD). Statistical analysis was conducted using
SPSS version 25.0 (IBM Corp., Armonk, NY, USA).
The Friedman test was applied for comparison among
multiple paired groups. The Mann-Whitney and
Wilcoxon tests were used to compare two unpaired and
paired groups, respectively. p values lower than 0.05
were considered statistically significant. GraphPad
Prism version 9.0 (La Jolla, California, USA) was used
to design the graphs.

RESULTS

Characterization of FLSs

In the microscopic evaluation, primary cultures of
FLSs contained a mixed population of stellate, spindle-
shaped, and large round cells. At the third passage, the
cells were morphologically homogeneous and exhibited
the typical spindle-like shape of fibroblasts (Figure 1).
To characterize the phenotype of FLSs, the cells were
investigated for FSP markers via immunofluorescence
staining (Figure 2). The results indicated that the
majority of the cells were positive for FSP. For further
confirmation, the expression of some surface markers
related to FLSs was measured by flow cytometry (Figure
3). The flow cytometric data showed that most cells
expressed the surface markers CD90 (94.67%z+3.7%),
CD44 (99.12%+2.21%), CD13 (97.14%+2.06%), and
were negative for the expression of CD68
(0.23%4.01%).

MTT Cytotoxicity Assay of Tg

The cytotoxic effects of Tg (as a chemical ER stressor)
on the viability of RA-FLSs were evaluated by MTT
assay. The cells were treated with various concentrations
of Tg at different times, and then an MTT assay was
performed. The results showed no cytotoxic effect on FLS
survival after Tg treatment with selected concentrations at
different times (Figure 4). Although all doses studied in
the MTT assay can be used for the treatment of the cells,
our pilot assay of the gene expressions indicated that 10-
nM Tg can induce ER stress without any cytotoxic effects
(data are not shown).

)
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Figure 1. Light microscopic features of synovium-derived fibroblast-like synoviocytes (FLSs). (A) 4-5 days after isolation from
tissue, (B) after the first passage, (C) at the third passage where homogeneous spindle-shaped cells covered the bottom of culture
dishes; (scale bars=100 pm).
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Figure 2. Characterization of fibroblast-like synoviocytes (FLSs) by immunofluorescence staining. Immunofluorescence
staining of FLSs with specific antibody for fibroblast surface protein (FSP) marker (green), 4’, 6-diamidino-2-phenylindole
(DAPI) color is shown in blue; positive staining was evident in the majority of the cells (scale bars=50 pm).
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Figure 3. Characterization of fibroblast-like synoviocytes (FLSs) by flow cytometry. Flow cytometric analysis indicated high
expression of CD90, CD44, and CD13 (94.67%+3.7%, 99.12%+2.21%, and 97.14%+2.06%, respectively), and negative or low

expression of CD68 (0.23+4.01%) in FLSs.
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Figure 4. Effect of thapsigargin (Tg) on the viability of fibroblast-like synoviocytes in rheumatoid arthritis (RA-FLSs). The
cytotoxic effect of Tg on RA-FLSs viability was evaluated with an 3- (4, 5-Dimethylthiazol-2-yl)- 2, 5-diphenyltetrazolium
bromide (MTT) assay after treatment with different concentrations (10, 100, and 1000 nM) for 12 and 24 h. In addition, an
untreated RA-FLSs group was used as a control group. There were no significant differences between goups. The data are

presented as mean+SEM.
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Baseline Gene Expression Patterns in RA-FLSs The Effect of Tg Treatment on the Expression levels
Compared to Trauma FLSs of miR-211-5p and Selected Genes Involved in PERK
MiR-211-5p and mRNA expression levels of the Pathway and Apoptosis Regulation

selected genes were compared between RA-FLSs and As presented in Figure 6, Tg treatment significantly
trauma FLSs (control group). As shown in Figure 5, increased the mMRNA expression level of PERK
there were no significant differences in miR-211-5p and pathway-related genes (PERK, ATF4 and CHOP) in
MRNA levels of the study genes (PERK, BAX, and RA-FLSs compared with the untreated group (p=0.012,
BCL2) between these two groups. In contrast, mMRNA p=0.008, and p=0.008, respectively). On the other hand,
levels of CHOP and MCL1 were significantly higher in treatment with Tg had no significant effect on the
RA-FLSs (p=0.015 and p=0.011, respectively). In expression of miR-211-5p and mRNA levels of the
addition, there was a significant increase in mRNA selected genes involved in apoptosis regulation (BAX,
levels of ATF4 and BCL-XL in trauma FLSs compared BCL2, BCL-XL, and MCL1) in RA-FLSs.

with RA-FLSs (p<0.0001 and p=0.023, respectively).
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Figure 5. Baseline gene expression patterns in fibroblast-like synoviocytes in rheumatoid arthritis (RA-FLSs) compared with
trauma fibroblast-like synoviocytes (FLSs). (A) The comparison of miR-211-5p expression levels in RA-FLSs versus the trauma
FLS control group showed no significant difference. (B) There was no significant difference in mRNA levels of PERK between
RA-FLSs and trauma FLSs. However, the results revealed a significant increase in mRNA levels of CHOP in RA-FLSs
(p=0.015) compared with trauma FLSs. In addition, there was a significant increase in mRNA levels of ATF4 in trauma FLSs
(p<0.0001) compared with RA-FLSs. (C) A comparison of mRNA levels of BAX and BCL2 in RA-FLSs versus trauma FLSs
did not show any significant difference. In contrast, there was a significant increase in mRNA levels of BCL-XL in trauma FLSs
(p=0.023) compared with RA-FLSs. Additionally, there was a significant increase in mRNA levels of MCL1 in RA-FLSs
(p=0.011) compared with trauma FLSs. The data are expressed as mean+SEM.
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Effects of miR-211-5p Overexpression on mMRNA
Expression Levels of CHOP and Selected Genes
Involved in Apoptosis Regulation

Transient transfection of miR-211-5p mimic led to a
significant increase in miR-211-5p in Tg-treated RA-
FLSs (p=0.005) (Figure 7). To confirm the inhibitory
effect of miR-211-5p on CHOP, a well-known target
gene of miR-211, the mRNA expression levels of CHOP
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were assessed. As shown in Figure 7, there was no
significant change in Tg-treated RA-FLSs following
miR-211-5p overexpression compared with the
untransfected group. In addition, no differences were
observed in the expression levels of the genes being
studied related to apoptosis regulation between these
two groups.
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Figure 6. Effect of thapsigargin (Tg) treatment on the expression of miR-211-5p and selected genes involved in the PERK
pathway and apoptosis regulation. Comparison of miR-211-5p expression levels in fibroblast-like synoviocytes in rheumatoid
arthritis (RA-FLSs) treated with Tg versus untreated RA-FLS group did not show any significant difference (A). RA-FLS
treatment with Tg revealed a significant increase in mRNA levels of PERK, ATF4, and CHOP (p=0.012, p=0.008, and p=0.008,
respectively) compared with the untreated RA-FLS group (B). The mRNA levels of BAX, BCL2, BCL-XL, and MCL1 in RA-
FLSs treated with Tg versus untreated RA-FLS group showed no significant difference (C). The data are expressed as

mean+SEM.
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Figure 7. Effect of miR-211-5p overexpression on the mRNA expression levels of CHOP and selected genes involved in apoptosis
regulation. (A) MiR-211-5p expression levels showed a significant increase in thapsigargin (Tg)-treated fibroblast-like
synoviocytes in rheumatoid arthritis (RA-FLSs) (p=0.005) after miR-211-5p mimic transient transfection. (B and C)
Comparison of expression levels of study genes (CHOP, BAX, BCL2, BCL-XL, and MCL1) in RA-FLSs treated with Tg following
miR-211-5p overexpression versus untransfected RA-FLSs group did not indicate any significant change. The data are

expressed as Mean+SEM.

DISCUSSION

The activated RA-FLSs with an altered aggressive
phenotype play a vital role in the initiation and
progression of the disease. On the other hand, RA-FLSs,
similar to cancer cells, show abnormal proliferation and
resistance to apoptosis, and cause the hyperplastic
growth of the synovium and the progressive destruction
of joint cartilage. Although the exact mechanism of
increased survival and resistance to apoptosis in RA-
FLSs has not yet been elucidated, recent studies have
shown the possible involvement of ER stress and UPR
dysregulation in FLSs. Thus, elevated levels of ER stress
markers such as BIP, IRE1, XPB1, ATF6, and elF2a
have been reported in synovial tissues of RA
patients.?31%2 Therefore, induction of apoptosis in RA-

425/ Iran J Allergy Asthma Immunol

FLSs has been increasingly considered a therapeutic
approach for RA.

In the UPR pathway, the activated PERK as a key
sensor is essential in determining cell fate for survival or
apoptosis. The PERK-dependent miR-211-5p has a pro-
survival activity and controls ER stress-induced
apoptosis by inhibiting the pro-apoptotic factor CHOP.

Here, we primarily investigated the expression of
selected genes related to the PERK pathway, apoptosis
regulation, and miR-211-5p in RA-FLSs compared with
the trauma control group.

In this study, we did not find any differences in the
expression of PERK between trauma and RA-FLSs. In
contrast, ATF4 expression showed a significant increase
in trauma compared with RA-FLSs. According to a
study by Andreas Lenz et al, tissue trauma activates local
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inflammation in the affected area.®* Furthermore,
Tomomi Gotoh et al, have shown that inflammation can
induce ER stress and subsequently activate the UPR
pathway.3* Also, the activation and induction of ATF4
have been reported as the effector in ER stress-induced
UPR pathway.®® It seems that in our study, the
inflammation following trauma has stimulated ER
stress, activated UPR, and increased ATF4 levels in
trauma FLSs.

In this study, CHOP expression showed a significant
increase in RA-FLSs compared with trauma FLSs.
Previous studies have shown that in addition to PERK,
two proteins, ATF6 and IREL, in the UPR pathway
contribute to an increase in the expression of CHOP
following ER stress.?1:2436-40 Therefore, it seems that the
enhanced expression of CHOP in RA-FLSs is due to ER
stress and UPR activation in a PERK independent
pathway.

Our findings did not show any differences in miR-
211-5p expression between trauma and RA-FLSs which
can be due to ER stress stimulation in both groups. In
addition, we found no differences in expression levels of
BAX and BCL2 genes between trauma and RA-FLSs.
However, the expression levels of MCL1 in RA-FLSs
were significantly higher than in the trauma group. Our
results share similarities with a study by Hongtao Liu et
al. that RA-FLSs had higher expression levels of MCL1
compared with osteoarthritis (OA) patients and healthy
individuals.** They also reported that the expression
levels of MCL1 are essential for the survival of RA-
FLSs. Besides, it has been shown that ER stress can
increase the expression of MCL1, which leads to cell
survival and resistance to apoptosis.*? In our study, it
seems that the expression levels of MCL1 in RA-FLSs
have increased following ER stress, which can play a
possible role in resistance to apoptosis. Our results also
showed a significant difference in BCL-XL expression in
trauma compared to RA-FLSs, which can be due to ER
stress.

Our results showed that Tg treatment significantly
increases the expression of selected genes related to the
PERK pathway. These results had several similarities
with other studies that indicated ER stress stimulation
which could lead to elevated levels of the genes
associated with the PERK pathway.***#" In addition, our
results showed that Tg treatment did not affect miR-211-
5p expression in RA-FLSs. Our results are inconsistent
with other studies that showed ER stress induction
results in increased expression of miR-211 in a PERK-
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dependent manner.?4¢  They have reported that
overexpression of miR-211 following ER stress leads to
a cumulative increase in CHOP, which acts as negative
feedback and decreases miR-211 expression.? In our
study, it seems that miR-211-5p expression is in the
balance between the effects of PERK and CHOP, which
are overexpressed upon Tg treatment (inducer and
inhibitor of miR-211). In addition, in our study, no
changes were observed in the expression of genes
related to apoptosis in stimulated RA-FLSs. Previous
findings have revealed that the role of CHOP in ER
stress-dependent apoptosis and binding to known genes
involved in apoptosis, such as BCL2, BAX, BIM, and
BAD, depending on cell type.*® In addition, it has been
demonstrated that CHOP in interaction with ATF4 can
increase protein synthesis. Given the CHOP role in
protein synthesis and cell survival and concerning no
changes in the expression of genes involved in
apoptosis, it seems that an increased level of CHOP in
our study contributes to cell survival despite of apoptosis
following ER stress. In addition, because of acute ER
stress stimulation in RA-FLSs, in these cells, other
pathways may play a crucial role in relieving ER stress
and restoring homeostasis to ER to maintain cell
survival.

Furthermore, the effect of miR-211-5p
overexpression on genes involved in apoptosis in RA-
FLSs was investigated. The present study showed that
despite of a significant increase in miR-211-5p
expression, no differences were seen in the expression
of CHOP and selective genes related to apoptosis.

In our study, overexpression of miR-211-5p did not
alter the levels of CHOP, which is a direct target of this
microRNA. It has been indicated that overexpression of
a circRNA (circular RNA)—hsa_circ_0001859—
directly inhibited the miR-204/211 family in synovial
tissues like a molecular sponge.* Therefore, our results
may be due to the presence of circRNA in RA-FLSs,
which acts as a miR-211 sponge and inhibits its
regulatory function on its target gene(s).

In conclusion, the results of our study showed that
despite of increasing ER stress markers, chemical
stimulation of ER stress in RA-FLSs did not alter the
expression levels of miR-211 and selected genes related
to apoptosis. In addition, overexpression of miR-211-5p
in stimulated RA-FLSs could not change the expression
of CHOP and selected apoptotic genes. The ER stress
induction in RA-FLSs seems to lead to cell survival and
apoptosis resistance. Further studies are needed to
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determine the ER stress role in apoptosis regulation in
RA-FLSs.
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