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and TRAF6/JNK1 pathway: an in vivo and in vitro study
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Abstract
Objective

This study aimed to evaluate the therapeutic effect of iguratimod and its regulatory role on microRNA (miR-146a) 
and the downstream genes in treating rheumatoid arthritis-fibroblast-like synoviocytes (RA-FLS) and collagen-induced 

arthritis (CIA) rat model.

Methods
RA-FLS was isolated from knee synovial tissue of an active RA patient. In vitro, the effect of miR-146a mimic/inhibition 

on RA-FLS functions was investigated. Then the effect of Iguratimod on cell viability, proliferation, apoptosis, migration, 
invasion, inflammatory cytokines, miR-146a and its downstream gene/pathway in RA-FLS was evaluated. In vivo, the 
collagen induced arthritis (CIA) rat model was constructed, then the effects of iguratimod, miR-146a inhibition and 

their combination on treating CIA rat were assessed. 

Results
Iguratimod treatment increased miR-146a while decreased cell proliferation, IRAK1 and TRAF6/JNK1 pathway in 

RA-FLS in a dose-dependent manner. Notably, iguratimod treatment repressed cell proliferation, migration, invasion, 
TNF-α, IL-1β, IL-6, IL-17, IRAK1 and TRAF6/JNK1 pathway in RA-FLS, while miR-146a inhibition alleviated the 

abovementioned effects of Iguratimod on RA-FLS. The in vivo experiments disclosed that iguratimod reduced systemic 
arthritis score, and decreased TNF-α, IL-1β, IL-6, IL-17, IRAK1 as well as TRAF6/JNK1 pathway, while enhanced

 apoptosis in synovial tissue of CIA rat model; and in miR-146a inhibition treated CIA rat model, the effect of 
iguratimod was diminished. 

Conclusion
Iguratimod ameliorates RA progression via regulating miR-146a mediated IRAK1 expression and TRAF6/JNK1 pathway. 
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Introduction
Rheumatoid arthritis (RA), a disease 
not only damages the joints but also af-
fects other organs or tissues, is a chronic 
inflammatory and autoimmune disease 
which causes a large physical, social 
and mental burden in patients (1). Swol-
len joint is the most common pathologi-
cal change of RA, which is caused by 
the infiltration of leucocytes infiltration 
that is mediated by multiple cytokines 
and chemokines in the synovial tissue 
(2, 3). Preventing disease progression, 
joint damage and irreversible disabil-
ity are the most crucial treatment aims. 
To achieve these aims, non-steroidal 
anti-inflammatory drugs (NSAIDs) 
and disease-modifying anti-rheumatic 
drugs (DMARDs) are widely applied in 
the clinical setting (1). Among all the 
therapeutics, DMARDs are the only 
ones which could prohibit the progres-
sion of joint damage, and the develop-
ment of novel and effective DMARDs, 
especially the biological DMARDs and 
small-molecule kinase inhibitors, has 
contributed a lot to the improvement of 
RA patients’ prognosis (4). 
Iguratimod (also known as T614), a 
novel kind of DMARDs that is now 
generally used for RA treatment in 
China and in several other countries 
of East Asia, is an inhibitor of multi-
ple immunoglobulins and cytokines, 
presenting with the effect of reducing 
inflammation, balancing immunity, and 
more importantly, protecting the bones 
(5). Although iguratimod is still a new 
drug for RA treatment, the number of 
studies assessing its treatment effi-
ciency and safety is growing fast with 
time due to the favourable efficacy of 
iguratimod. For instance, mounting 
studies report that iguratimod is ef-
fective in decreasing disease activity 
and inflammation, besides, the rate of 
adverse events (AEs) caused by igu-
ratimod is low (6-8). However, more 
efforts are needed to evaluate other 
detailed mechanisms of iguratimod 
in treating RA, since RA is a hetero-
geneous disease with intricate aetiol-
ogy. Moreover, the increased findings 
regarding the detailed mechanisms of 
iguratimod in treating RA could also 
enhance the efficacy of combination 
use of iguratimod with other drugs that 

will ultimately improve the prognosis 
of RA patients.  
MicroRNAs (miRNAs) are a category 
of tiny non-coding RNAs with a length 
of approximately 19-25 nucleotides, 
which present with the function of mod-
ulating the targeted gene(s) at the post-
transcriptional level (9, 10). MiR-146a, 
a miRNA that regulates inflammation 
and immunity, is found to be expressed 
in human synovial tissue and present 
with protective effect on RA progres-
sion (11-15). For instance, in terms of 
inflammation, a prior study reveals that 
miR-146a alleviates kidney injury in an 
animal model of systemic lupus erythe-
matosus via mediating nuclear factor-
kappa B (NF-κB) pathway (16). As for 
immunity regulation, a study elucidates 
that miR-146a reduces inflammation by 
repressing innate immune response in 
atopic dermatitis (17). More interest-
ingly, miR-146a is found to repress the 
expression of macrophage migration in-
hibitory factor (MIF), meanwhile, igu-
ratimod is an inhibitor of MIF as report-
ed by a previous study (18). However, 
no study has been conducted to assess 
the role of miR-146a in the therapeutic 
effect of iguratimod on treating RA. 
Therefore, in this study, we aimed to 
investigate the effect of iguratimod on 
miR-146a and its downstream genes, as 
well as their interaction in treating RA-
fibroblast-like synoviocytes (RA-FLS) 
and collagen-induced arthritis (CIA) rat 
model.

Methods 
Cell culture 
The RA-FLS was isolated from the 
knee synovium tissue of an active RA 
patient with swollen knee joint, and the 
control FLS (Ctrl-FLS) was separated 
from the knee synovium tissue derived 
from a non-arthritis (excluding RA, 
osteoarthritis, and so on) patient who 
underwent surgery due to knee trauma. 
The isolation procedures of FLS were 
performed according to the method de-
scribed in our previous studies (19, 20). 
Then the FLS isolation was confirmed 
by viewing pure FLS under a micro-
scope after three cell passages. This 
study was approved by the Ethics Com-
mittee of our hospital, and the informed 
consent was signed by patients. After 
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isolation, the cells were cultured in the 
DMEM medium (Gibco, USA) con-
taining 10% fetal bovine serum (FBS). 
And the culture was performed at 37℃ 
in the atmosphere of 5% CO2 and 95% 
air. To evaluate the expression of miR-
146a in RA-FLS and Ctrl-FLS, reverse 
transcription-quantitative polymerase 
chain reaction (RT-qPCR) was carried 
out. In addition, the RA-FLS from pas-
sage 3 to passage 8 were used for all the 
in vitro experiments. 

Plasmids transfection 
and subsequent detection
MiR-146a mimic and NC mimic were 
respectively cloned into pGCMV-
EGFP-miR-Blasticidin vector to con-
struct miR-146a overexpression plas-
mid and NC overexpression plasmid. 
And miR-146a inhibitor and NC in-
hibitor were separately cloned into pRI-
CMV-GFP-miRNA vector to construct 
the miR-146a inhibitor plasmid and NC 
inhibitor plasmid. All plasmids con-
structions were performed by Shanghai 
GenePharma Co., Ltd (Shanghai, Chi-
na). These plasmids were transfected 
into RA-FLS using HlilyMax (Dojin-
do, Japan), and the cells were termed 
as Mimic-miR-146a cells, Mimic-NC 
cells, Inbibitor-miR-146a cells and 
Inhibitor-NC cells, correspondingly. 
The subsequent detections were car-
ried out after transfection: RT-qPCR 
was performed to detect the miR-146a 
expression at 24 hour (h); Cell Count-
ing Kit-8 (CCK-8) (Dojindo, Japan) 
was applied to assess the cell prolifera-
tion at 0h, 24h, 48h and 72h accord-
ing to the manufacturer’s instruction; 
Annexin V-FITC Apoptosis Detection 
Kit (BD, USA) was used to evaluate 
the cell apoptosis at 48h in terms of kit 
protocol; scratch wound healing assay 
was conducted to determine the cell mi-
gration ability at 48h; Transwell assay 
was carried out to assess the cell inva-
sion ability at 48h; Meanwhile, the cell 
supernatant was collected at 48h, and 
enzyme-linked immunosorbent assay 
(ELISA) kits (Invitrogen, USA) was 
applied to measure the levels of tumour 
necrosis factor α (TNF-α), interleukin 
1β (IL-1β), IL-6 and IL-17 in strict ac-
cordance with manufacturer’s manual. 
Besides, the sensitivity for detecting the 

inflammatory cytokines in ELISA were 
(7.8-500 pg/mL, 2.3pg/mL) for TNF-α, 
(3.9-250pg/mL, 0.03pg/mL) for IL-1β, 
(10.24-400 pg/mL, <1 pg/mL) for IL-6 
and (15-1000 pg/mL, 15-1000 pg/mL) 
for IL-17.

Assessment of pathway regulated 
by miR-146a 
In the previous studies (21-23), miR-
146a attenuates inflammation-induced 
activation of c-Jun NH2-terminal ki-
nase 1 (JNK1) by directly targeting IL-1 
receptor associated kinase 1 (IRAK1) 
and TNF receptor associated factor 6 
(TRAF6) in human adipocytes. It is 
also found that the miR-146a could al-
leviate lipopolysaccharide-induced ac-
tivation of hepatic stellate cell through 
inhibiting TRAF6-mediated JNK phos-
phorylation. Consequently, we assumed 
that miR-146a might be involved in the 
regulation of RA-FLS activity through 
IRAK1 and TRAF6/JNK1 pathway. 
As a result, the mRNA expressions of 
IRAK1, TRAF6 in mimic-miR-146a 
cells, mimic-NC cells, inbibitor-miR-
146a cells and inhibitor-NC cells were 
detected by RT-qPCR at 48h post trans-
fection, and the protein expressions of 
IRAK1, TRAF6, JNK1 and phospho-
rylation-JNK 1 (p-JNK1) in mimic-
miR-146a cells, mimic-NC cells, inbib-
itor-miR-146a cells and inhibitor-NC 
cells were detected by western blot at 
48h post transfection.

Iguratimod (T614) treatment 
for RA-FLS
RA-FLS was treated with iguratimod 
(T614) (Sigma, USA) at different con-
centrations (0, 5, 10, 20, 40, 80, 160 
μg/ml) for 72h. After treatment, cell 
viability was assessed with the use of 
CCK-8 (Dojindo, Japan); the expres-
sion of miR-146a as well as the mRNA 
expressions of IRAK1 and TRAF6 
were determined by RT-qPCR, and the 
protein expressions of IRAK1, TRAF6, 
JNK1, and p-JNK1 were detected by 
western blot.

T614 treatment for 
plasmid-transfected RA-FLS 
After transfection, the cells were divid-
ed into four groups and treated with or 
without T614 as follows: 

1. Inhibitor-NC: the inhibitor-NC cells 
were incubated in the medium without 
T614; 
2. Inhibitor-miR-146a: the inhibitor-
miR-146a cells were incubated in the 
medium without T614; 
3. T614&Inhibitor-NC: the inhibitor-
NC cells were incubated in the medium 
with 20 μg/ml T614; 
4. T614&Inhibitor-miR-146a: the in-
hibitor-miR-146a cells were incubated 
in the medium with 20 μg/ml T614. 
Then the subsequent detections includ-
ing cell proliferation, apoptosis, migra-
tion ability, invasion ability and the 
levels of TNF-α, IL-1, IL-6 and IL-17 
in cell supernatant were performed as 
the method mentioned in “Transfec-
tion and subsequent detection” sub-
section. Moreover, the expressions of 
miR-146a, IRAK1, TRAF6, JNK1 and 
p-JNK1 were evaluated as the method 
mentioned in “Assessment of pathway 
regulated by miR-146a” subsection as 
well.

CIA model 
Wistar rats with the age of 8–12 weeks 
old and the weight of 180±20 g were 
purchased from Shanghai Institutes for 
Biological Sciences (Shanghai, China). 
The rats were housed under specific 
pathogen‑free conditions of 12h light/
dark cycle with relative humidity of 
55–65% at 22–26°C. All animal experi-
ments were approved by Institutional 
Animal Care and Use Committee of 
our Hospital and conducted in accord-
ance with the National Institutes of 
Health guidelines for the care and use 
of laboratory animals. CIA rats were 
established according to the method 
described previously (24). Briefly, the 
chicken type II collagen (Chondrex, 
USA) (4 mg/ml) and the complete 
Freund’s adjuvant (Sigma, USA) were 
mixed in 1:1 volume ratio then injected 
to the tail root of the rats (the day of the 
first injection was recorded as day 0); 
on day 7, the chicken type II collagen 
(Chondrex, USA) (4 mg/ml) mixing 
with the incomplete Freund’s adjuvant 
(Sigma, USA) in 1:1 volume ratio was 
injected to the tail root of the rats. On 
day 21 after first injection, CIA rats 
were divided into following groups: 
(1) model group (n=6), which was 
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given physiological saline (1 ml) by 
gavage and physiological saline (200 
μl) through tail intravenous injection 
every other day for another 30 days; 
(2) Inhibitor-miR-146a group (n=6), 
which was given physiological saline 
(1 ml) by gavage and 250 μg (200 μl) 
miR-146a inhibitor plasmid through 
tail intravenous injection every other 
day for another 30 days; (3) T614 group 
(n=6), which was given T614 at dose of 
20 mg/kg (1 ml) by gavage and physi-
ological saline (200 μl) through tail in-
travenous injection every other day for 
30 days; (4) T614&inhibitor-miR-146a 
group (n=6), which was given T614 at 
dose of 20 mg/kg by gavage and 250 μg 
(200 μl ) miR-146a inhibitor plasmid 
through tail intravenous injection eve-
ry other day for 30 days. Besides, the 
wistar rats (n=6) without any treatment 
were used as control group. During the 
intervention, the rats were observed 
every 3 days to assess the clinical pres-
entations and the severity of arthritis, 
meanwhile the severity was evaluated 
according to a semi-quantitative clini-
cal scoring system described previously 
(25). Details of the score system were 
as follows: 0, no arthritis; 1, definite er-
ythema and swelling of the ankle or one 
digit; 2, two or more joints involved or 
mild erythema and swelling of the en-
tire paw; 3, erythema and swelling ex-
tending from the ankle to the metatarsal 
joints of the entire paw and all digits; 
and 4, ankylosing deformity with se-
vere joint erythema and swelling. The 
arthritis score for each rat was the sum 
of the scores of all paws with the maxi-
mum score being 16. On day 51, the 
rats were sacrificed, then the synovium 
of left hind paw isolated, which was di-
vided into two parts, one was fixed with 
10% formalin and paraffin-embedded, 
the other was properly stored at -80℃ 
for subsequent detections. For the ob-
servation of pathologic morphology, 
the haematoxylin-eosin (H&E) stain-
ing was performed; for the evaluation 
of cell apoptosis, the Terminal-deoxy-
nucleoitidyl Transferase Mediated Nick 
End Labeling (TUNEL) staining was 
carried out; for the assessment of pro-
tein expressions of TNF-α, IL-1β, IL-6, 
IL-17, IRAK1, TRAF6 and p-JNK1, the 
immunohistochemistry (IHC) staining 

was conducted. As for the detections of 
expressions of TNF-α, IL-1β, IL-6, IL-
17, miR-146a, IRAK1 and TRAF6, the 
RT-qPCR was performed. 

RT-qPCR
Total RNA was extracted from cells or 
tissues with the use of TRIzol Reagent 
(Invitrogen, USA) following the kit in-
structions. After the assessment of integ-
rity and quantity, the RNA was reversely 
transcribed to cDNA by KOD SYBR® 
qPCR Mix (Toyobo, Japan). Then, 
THUNDERBIRD® SYBR® qPCR Mix 

(Toyobo, Japan) was applied to perform 
the qPCR. U6 was set as the internal 
reference for miR-146a, and glyceralde-
hyde-phosphate dehydrogenase (GAP-
DH) was served as the internal reference 
for mRNAs. The primers in RT-qPCR 
were presented in Table Ⅰ.

Western blot
The protein was extracted from cells 
or tissues using RIPA Lysis Buffer 
(Thermo, USA), which was quantified 
by Bicinchoninic Acid Kit for Protein 
Determination (Sigma, USA). Then 

Table I. Primers sequences.

Gene	 Forward Primer (5’-3’)	 Reverse Primer (5’-3’)

Human		
IRAK1	 TGTGGACACGGACACCTTCA	 AGCCTCCTCAGCCTCCTCTT
TRAF6	 ATGCCAGCGTCCCTTCCAA	 GCGTGCCAAGTGATTCCTCT
GAPDH	 GACCACAGTCCATGCCATCAC	 ACGCCTGCTTCACCACCTT
miR-146a	 ACACTCCAGCTGGGTGAGAACTGAATTCCA	 TGTCGTGGAGTCGGCAATTC
U6	 CGCTTCGGCAGCACATATACTA	 ATGGAACGCTTCACGAATTTGC

Rat		
IRAK1	 GCTCCTCCAGGTTCCACTCT	 GCCTCCTCCTTCAGTCTCTTCA
TRAF6	 GCGTCCAGCCAGTCTTCAAG	 CCCGTAAAGCCATCAAGCAGAT
TNF-α	 CGAGATGTGGAACTGGCAGAG	 CACGAGCAGGAATGAGAAGAGG
IL-1β	 GGACAGAACATAAGCCAACAAGTG	 GTGGGTGTGCCGTCTTTCAT
IL-6	 GGAGAGGAGACTTCACAGAGGA	 ACTCCAGAAGACCAGAGCAGAT
IL-17	 GCCTGATGCTGTTGCTGCTA	 TGGAACGGTTGAGGTAGTCTGA
GAPDH	 CAAGTTCAACGGCACAGTCAAG	 ACATACTCAGCACCAGCATCAC
miR-146a	 ACACTCCAGCTGGGTGAGAACTGAATTCCA	 TGTCGTGGAGTCGGCAATTC
U6	 CGCTTCGGCAGCACATATACTA	 ATGGAACGCTTCACGAATTTGC

Table II. Antibody information of western bot

Antibody	 Company	 Dilution 

Primary antibody	 	
Rabbit monoclonal to IRAK-1	 Abcam (UK)	 1:1000
Rabbit monoclonal to TRAF6	 Abcam (UK)	 1:5000
Mouse monoclonal to JNK1	 Santa Cruz (USA)	 1:1000
Rabbit monoclonal to JNK1 (phospho T183)	 Abcam (UK)	 1:1000
Rabbit monoclonal to GAPDH 	 CST (USA)	 1:1000

Secondary antibody	 	
Goat anti-mouse IgG-HRP	 Santa Cruz (USA)	 1:5000
  Goat anti-rabbit IgG H&L (HRP)	 Abcam (USA)	 1:10000

Table III. Antibody information of IHC staining.

Antibody	 Company	 Dilution

Primary antibody	 	
Rabbit monoclonal to IRAK-1	 Abcam (UK)	 1:250
Rabbit monoclonal to TRAF6	 Abcam (UK)	 1:50
Rabbit monoclonal to JNK1 (phospho T183)	 Abcam (UK)	 1:100
Mouse monoclonal to TNF alpha	 Abcam (UK)	 1:50
Rabbit polyclonal to IL-1 beta	 Abcam (UK)	 1:100
Rabbit polyclonal to IL-6	 Abcam (UK)	 1:500
Rabbit polyclonal to IL-17A 	 Invitrogen (USA)	 1:100

Secondary antibody	 	
Goat anti-mouse IgG-HRP	 Santa Cruz (USA)	 1:200
Goat anti-rabbit IgG H&L (HRP)	 Abcam (USA)	 1:1000
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the electrophoresis of the extracted 
protein was performed using 8%-12% 
SDS-PAGE Gels (Thermo, USA), af-
ter which the protein was transferred 
to a nitrocellulose filter membrane 
(PALL, USA). Subsequently, the mem-
brane was blocked with bovine serum 
albumin (BSA) (Sigma, USA) and in-
cubated with primary antibody at 4℃ 
overnight, which was then incubated 
with secondary antibody at room tem-
perature for 2 h. Afterward, chemilu-

minescence was carried out using the 
Pierce® ECL Plus Western Blotting 
Substrate (Invitrogen, USA), and the 
results were exposed using x-ray film 
(Fuji film, Japan) and viewed on Gel 
Imager (Thermo, USA) as x-ray film 
(Fuji film, Japan). Antibodies were pre-
sented in the Table Ⅱ.

Scratch wound healing assay
Initially, the cells were seeded in a 24-
well plate for preparation. One day af-

ter the seed, each well on the plate was 
scratched using a 10 μl tip. Then the 
scratched lines in each well were taken 
a picture using the BX41 microscope 
(Olympus, Japan) at 0 hr and 24 hr post 
scratching.

Transwell assay
200 μl single cell suspension that con-
sisted of 1% FBS was added into the 
upper side of transwell chamber coated 
with Matrigel® Basement Membrane 
Matrix (BD, USA), then 500 μl cul-
ture medium containing 10% FBS was 
added into the lower side of transwell 
chamber. Subsequently, the cells were 
put into an incubator for 24 hr. After 
which, the transwell chamber was fixed 
with 4% formaldehyde (Sigma, USA) 
after the non-invasive cells were wiped 
off, which lasted for 30 mins, and 
washed with PBS for three times. And 
0.1% crystal violet (Sigma, USA) was 
used to dye the cells at room tempera-
ture for 20 mins. Finally, the pictures 

Fig. 1. The miR-146a 
expression in Ctrl-FLS 
and RA-FLS. 
MiR: microRNA;
RA-FLS: rheumatoid 
arthritis-fibroblast-like 
synoviocytes; 
Ctrl-FLS: control-fibro-
blast-like synoviocytes 

Fig. 2. The effect of miR-146a on proliferation and apoptosis of RA-FLS. MiR-146a relative expression after transfection (A), comparison of OD value by 
CCK-8 between groups (B), and comparison of cell apoptosis rate between groups (C-D). 
MiR: microRNA; RA-FLS: rheumatoid arthritis-fibroblast-like synoviocytes; OD: optical density; CCK-8: cell counting kit-8; NC: negative control;           
PI: Propidium Iodide; AV: Annexin V.
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were taken using a BX41 microscope 
(Olympus, Japan), and the number of 
invasive cells was counted. 

H&E, TUNEL and IHC staining
HE staining was performed with the 
use of Haematoxylin and Eosin Stain-
ing Kit (Beyotime, China) in accord-
ance with the standard protocol of the 
kit. TUNEL staining was completed 
by the One Step TUNEL Apoptosis 
Assay Kit (Beyotime, China) in terms 
of the manufacturer’s protocol. The 
number of TUNEL positive cells was 
calculated in five selected fields. The 
TUNEL positive cell rates were calcu-
lated through the number of TUNEL 
positive cells divided by the number of 
total cells. IHC assay was done follow-
ing the standard operating protocol of 
the Early Detection Research Network 
(EDRN). The antibodies for IHC were 
listed in Table Ⅲ.

Statistical analysis 
The data in this study were expressed 
as mean and standard deviation (SD). 

Statistical analyses and graph plotting 
were performed on GraphPad Prism 
7.01 (GraphPad Software, USA). 
Comparison between two independent 
groups was determined by the unpaired 
t-test. The multiple comparisons in this 
study were all comparisons between 
a control group and other experiment 
groups, therefore, these multiple com-
parisons were determined by the one-
way ANOVA test followed by Dunnett-t 
test. p-value <0.05 indicated statistically 
significant. Furthermore, p-value <0.05, 
<0.01, and <0.001 were respectively 
displayed as “*”, “**”, and “***”, while 
p-value >0.05 (not significant) was dis-
played as “NS” in the figures. 

Results
MiR-146a regulated proliferation, 
apoptosis, migration and invasion 
of RA-FLS
MiR-146a was downregulated in RA-
FLS compared to Ctrl-FLS (p<0.01) 
(Fig. 1). Post transfection in RA-FLS, 
miR-146a was increased in the mim-
ic-miR-146a group compared to the 

mimic-NC group (p<0.001) (Fig. 2A), 
but was reduced in the inhibitor-miR-
146a group than that of the inhibitor-
NC group. The cell proliferation was 
reduced in the mimic-miR-146a group 
compared to the mimic-NC group, 
while it was elevated in the inhibitor-
miR-146a group compared to the inhib-
itor-NC group (p<0.05) (Fig. 2B). The 
cell apoptosis rate was increased in the 
mimic-miR-146a group compared to the 
mimic-NC group (p<0.01), however, 
it was decreased in the inhibitor-miR-
146a group compared to the inhibitor-
NC group (p<0.05) (Fig. 2C-D). As for 
the cell migration (Fig. 3A-B) and inva-
sion (Fig. 3C-D), they were reduced in 
the mimic-miR-146a group compared 
with the mimic-NC group, while they 
were promoted in the inhibitor-miR-
146a group compared to the inhibitor-
NC group (all p<0.01).

MiR-146a reduced pro-inflammatory 
cytokines in RA-FLS
In terms of pro-inflammatory cyto-
kines, the levels of TNF-α (Fig. 4A), 

Fig. 3. The effect of miR-146a on migration and invasion of RA-FLS. The examples of scratch wound healing assay pictures (A), comparison of cell        
migration rate between groups (B), the examples of transwell assay pictures (C), comparison of invasive cell number between groups (D). 
MiR: microRNA; RA-FLS: rheumatoid arthritis-fibroblast-like synoviocytes; NC: negative control,
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IL-1β (Fig. 4B), IL-6 (Fig. 4C) and 
IL-17 (Fig. 4D) in cell supernatant of 
RA-FLS were all inhibited in Mimic-
miR-146a group compared to Mimic-
NC group, while were enhanced in 
Inhibitor-miR-146a group than those 
in Inhibitor-NC group (all p<0.05). 

MiR-146a suppressed IRAK1 and 
TRAF6/JNK1 pathway in RA-FLS
The IRAK1 mRNA was downregulat-
ed in the mimic-miR-146a group than 
that in the mimic-NC group (p<0.05), 
while it was upregulated in the inhib-
itor-miR-146a group compared to the 

inhibitor-NC group (p<0.01) (Fig. 
5A). In addition, the TRAF6 mRNA 
was also decreased in the mimic-miR-
146a group compared to the mimic-NC 
group (p<0.01), while it was increased 
in the inhibitor-miR-146a group than 
that in the inhibitor-NC group (p<0.01) 
(Fig. 5B). In terms of the proteins, the 
IRAK1, TRAF6 and p-JNK1 protein 
expressions were diminished in the 
mimic-miR-146a group compared to 
the mimic-NC group while they were 
elevated in the inhibitor-miR-146a 
group compared to the inhibitor-NC 
group (Fig. 5C). 

Iguratimod regulated cell viability, 
miR-146a, IRAK1 and TRAF6/JNK1 
pathway in RA-FLS
Post-iguratimod treatment in RA-FLS, 
the cell viability was decreased at the 
concentrations of 20 μg/ml, 40 μg/ml, 
80 μg/ml and 160 μg/ml iguratimod 
than that with no iguratimod treatment 
(all p<0.001) (Fig. 6A). Additionally, 
miR-146a (Fig. 6B) was increased 
while the IRAK1 mRNA (Fig. 6C) 
and TRAF6 mRNA (Fig. 6D) were 
decreased in RA-FLS treated with 20 
μg/ml, 40 μg/ml, 80 μg/ml and 160 μg/
ml iguratimod compared to no igurati-
mod treatment (all p<0.05). The above-
mentioned changes indicated that miR-
146a, IRAK1 mRNA, and TRAF6 
mRNA were decreased in a dose-de-
pendent manner in iguratimod treated 
RA-FLS. Besides, IRAK1, TRAF6 and 
p-JNK1 proteins were also decreased  

Fig. 4. The effect of miR-146a on pro-inflammatory cytokines in RA-FLS. Comparison of supernatant 
TNF-α (A), IL-1β (B), IL-6 (C) and IL-17 (D) mRNA expressions between groups. 
MiR: microRNA; RA-FLS: rheumatoid arthritis-fibroblast-like synoviocytes; TNF-α, tumour necrosis 
factor-α; IL: interleukin; NC: negative control. 

Fig. 5. The effect of miR-146a on IRAK1 and TRAF6/JNK1 pathway in RA-FLS.
Comparison of IRAK1 mRNA relative expression (A), TRAF6 mRNA relative expression (B), and protein expressions of IRAK1, TRAF6, JNK1, p-JNK1 
(C) bewteen groups. 
MiR: microRNA; IRAK1: interleukin 1 receptor associated kinase 1; TRAF6: TNF receptor associated factor 6; JNK1: c-Jun NH2-terminal kinase 1; RA-
FLS: rheumatoid arthritis-fibroblast-like synoviocytes; p-JNK1: phosphorylated-JNK1; NC: negative control. 
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Fig. 6. The effect iguratimod on cell viability, miR-146a, IRAK1 and TRAF6/JNK1 pathway in RA-FLS. Relative cell viability (A), miR-146a relative 
expression (B), IRAK1 mRNA relative expression (C), TRAF6 mRNA relative expression (D), and IRAK1, TRAF6, JNK1, p-JNK1 protein expressions (E) 
in RA-FLS treated with different doses of Iguratimod. 
MiR: microRNA; IRAK1: interleukin 1 receptor associated kinase 1; TRAF6: TNF receptor associated factor 6; JNK1: c-Jun NH2-terminal kinase 1;        
RA-FLS: rheumatoid arthritis-fibroblast-like synoviocytes; p-JNK1: phosphorylated-JNK1; GAPDH: glyceraldehyde-phosphate dehydrogenase. 

Fig. 7. MiR-146a inhibition mediated the effect of iguratimod on proliferation and apoptosis of RA-FLS. Comparisons of miR-146a relative expression (A), 
OD value by CCk-8 (B), cell apoptosis rate (C-D) between groups post transfection. 
MiR: microRNA; RA-FLS: rheumatoid arthritis-fibroblast-like synoviocytes; OD: optical density; NC: negative control; CCK-8: cell counting kit-8. 
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in a dose-dependent manner in igurati-
mod treated RA-FLS (Fig. 6E).

MiR-146a inhibition attenuated 
the effect of iguratimod on regulating 
cell functions of RA-FLS 
After the transfection, miR-146a was 
elevated in the T614&inhibitor-NC 
group compared with the inhibitor-NC 
group (p<0.01), while it was decreased 
in the T614&inhibitor-miR-146a group 
than that in the T614&inhibitor-NC 
group (p<0.01) (Fig. 7A). The cell 
proliferation post transfection was 
decreased in the T614&inhibitor-NC 
group compared to the inhibitor-NC 
group; however, it was elevated in 
the T614&inhibitor-miR-146a group 
compared to the T614&inhibitor-NC 
group (all p<0.01) (Fig. 7B). As for 
cell apoptosis rate, it was higher in the 
T614&inhibitor-NC group compared to 
the inhibitor-NC group, but was lower 
in the T614&inhibitor-miR-146a group 
compared with the T614&inhibitor-

NC group (p<0.01) (Fig. 7C-D). In 
terms of cell migration (Fig. 8A-B) 
and invasion (Fig. 8C-D), they were 
both decreased in the T614&inhibitor-
NC group compared to the inhibitor-
NC group, but were increased in the 
T614&inhibitor-miR-146a group com-
pared to the T614&inhibitor-NC group 
(all p<0.05). These results implied that 
iguratimod suppressed cell prolifera-
tion, migration and invasion while it 
enhanced apoptosis of RA-FLS by up-
regulating miR-146a. 

MiR-146a inhibition diminished 
the effect of iguratimod on regulating 
inflammation in RA-FLS
The TNF-α (Fig. 9A), IL-1β (Fig. 9B), 
IL-6 (Fig. 9C) and IL-17 (Fig. 9D) lev-
els in cell supernatant of RA-FLS were 
all reduced in the T614&inhibitor-NC 
group compared with the inhibitor-NC 
group, while they were increased in the 
T614&inhibitor-miR-146a group com-
pared to the T614&inhibitor-NC group 

(all p<0.05). These data indicated that 
iguratimod repressed inflammation via 
upregulating miR-146a in RA-FLS. 

MiR-146a inhibition suppressed 
the effect of iguratimod on regulating 
IRAK1 and TRAF6/JNK1 pathway 
in RA-FLS
The IRAK1 (Fig. 10A) and TRAF6 
(Fig. 10B) mRNAs were repressed in 
the T614&inhibitor-NC group com-
pared to the inhibitor-NC group, but 
were promoted in the T614&inhibitor-
miR-146a group compared with the 
T614&inhibitor-NC group (all p<0.05). 
The IRAK1, TRAF6 and JNK1 proteins 
were decreased in the T614&inhibitor-
NC group than those in the inhibitor-
NC group, while they were elevated in 
the T614&inhibitor-miR-146a group 
compared with the T614&inhibitor-NC 
group (Fig. 10C). These results sug-
gested that iguratimod downregulated 
IRAK1 and TRAF6/JNK1 pathway via 
upregulating miR-146a in RA-FLS.  

Fig. 8. MiR-146a inhibition regulated the effect of iguratimod on migration and invasion of RA-FLS. Examples of wound healing assay pictures (A), 
comparison of cell migration rate between groups (B), examples of transwell assay pictures (C), comparison of invasive cell number (D) between groups. 
MiR: microRNA; RA-FLS: rheumatoid arthritis-fibroblast-like synoviocytes; NC: negative control. 
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Iguratimod was effective in treating 
CIA rat model via interacting with 
miR-146a
In CIA rat model, in terms of arthritis 
score, it was elevated in the inhibitor-

miR-146a group compared to the model 
group and in the T614&inhibitor-miR-
146a compared to the T614 group, 
while it was decreased in the T614 
group compared to the model group 

at 33 d, 36 d, 39 d, 42 d, 48 d, and 51 
d (all p<0.05) (Fig. 11A). As to histo-
pathological features of synovial tissue 
assessed by HE staining, the hyperpro-
liferation of synoviocytes and inflam-

Fig. 10. MiR-146a inhibition regulated the effect of iguratimod on IRAK1 and TRAF6/JNK1 pathway in RA-FLS. The comparison of IRAK1 mRNA rela-
tive expression (A), TRAF6 mRNAs relative expression (B), and IRAK1, TRAF6, JNK1, p-JNK1 protein expressions (C) between groups. 
MiR, microRNA; IRAK1: interleukin 1 receptor associated kinase 1; TRAF6: TNF receptor associated factor 6; JNK1: c-Jun NH2-terminal kinase 1; RA-
FLS: rheumatoid arthritis-fibroblast-like synoviocytes; p-JNK1: phosphorylated-JNK1; NC: negative control; GAPDH: glyceraldehyde-phosphate dehy-
drogenase.

Fig. 9. MiR-146a inhibition 
modulated the effect of igu-
ratimod on pro-inflammatory 
cytokines in RA-FLS. The 
comparisons of supernatant 
TNF-α (A), IL-1β (B), IL-6 
(C) and IL-17 (D) mRNA 
relative expressions between 
groups. 
MiR: microRNA; 
RA-FLS: rheumatoid arthritis-
fibroblast-like synoviocytes;
TNF-α: tumour necrosis 
factor-α; 
ùIL: interleukin; 
NC: negative control. 
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mation infiltration of synovial tissue 
were more severe in the inhibitor-miR-
146a group compared to the model 
group and in the T614&inhibitor-miR-
146a group compared with the T614 
group, while they were relieved in the 
T614 group compared to the model 
group (Fig. 11B). As for the cell apop-
tosis of synovial tissue, the apoptosis 
rate (assessed by TUNEL assay) was 
decreased in the inhibitor-miR-146a 
group compared with the model group, 
and in the T614&inhibitor-miR-146a 
group compared with T614 group, 
however, it was elevated in the T614 
group compared with the model group 
(all p<0.05) (Fig. 11C, D). With respect 
to the pro-inflammatory cytokines of 
synovial tissue, the mRNAs of TNF-α 
(Fig. 12A), IL-1β (Fig. 12B), IL-6 
(Fig. 12C) and IL-17 (Fig. 12D) were 

all increased in the inhibitor-miR-146a 
group compared to the model group, 
and in T614&inhibitor-miR-146a group 
than those in the T614 group, whereas, 
they were downregulated in the T614 
group compared to the model group (all 
p<0.05). In addition, the IHC staining 
revealed that the TNF-α, IL-1β, IL-6 
and IL-17 proteins of synovial tissue 
showed similar trends as their mRNAs 
did between groups (Fig. 12E).

Iguratimod regulated miR-146a, 
IRAK1 and TRAF6/JNK1 pathway 
in CIA rat model 
In synovial tissue collected from CIA 
rat model, miR-146a was downregu-
lated in the inhibitor-miR-146a group 
compared to the model group and in the 
T614&inhibitor-miR-146a group than 
that in the T614 group, while it was up-

regulated in the T614 group compared 
to the model group (all p<0.01) (Fig. 
13A). The IRAK1 mRNA (Fig. 13B) 
and TRAF6 mRNA (Fig. 13C) were 
increased in the inhibitor-miR-146a 
group compared with the model group, 
and in the T614&inhibitor-miR-146a 
group compared to the T614 group; 
nonetheless, they were decreased in 
the T614 group compared to the mod-
el group (all p<0.05). According to 
IHC staining, the IRAK1 and TRAF6 
proteins of synovial tissue displayed 
the similar trends as the IRAK1 and 
TRAF6 mRNAs did between groups 
(Fig. 13D). As for p-JNK1 protein of 
synovial tissue, it was increased in 
the inhibitor-miR-146a group com-
pared with the model group, and in the 
T614&inhibitor-miR-146a group com-
pared to the T614 group; nevertheless, 

Fig. 11. Effect of miR-146a inhibition, iguratimod treatment and their combination on arthritis score and apoptosis in CIA rat model. Comparison of arthri-
tis score between groups (A), examples of HE staining of synovial tissue (B), comparison of TUNEL positive cells rate in synovial tissue between groups 
(C), and examples of TUNEL staining of synovial tissue (D). 
MiR: microRNA; CIA: collagen-induced arthritis; HE: haematoxylin-eosin; TUNEL: TdT-mediated dUTP Nick-End Labeling. 
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it was decreased in the T614 group 
compared to the model group.  

Discussion
RA is a common inflammatory and au-
toimmune disease that predominantly 
damages the joints, thus, novel drugs 
for RA mostly target the factors relat-
ed to systemic inflammation/immune 
dysregulation to relieve the injuries of 
synovial tissues in the joints (4, 26). 
Recent studies have revealed the criti-
cal roles of miRNAs in therapeutic ef-
fect of drug treatment in RA patients, 
for instance, an increase of miR-10a 
expression is observed in RA patients 
who are treated with methotrexate (27). 
Moreover, although iguratimod is one 
of the most promising drugs in treating 
RA, no effort has been made to explore 
the role of miRNA in the therapeutic 
effect of iguratimod in RA. Since igu-
ratimod had been reported to amelio-
rate RA by acting as a MIF inhibitor, 

and miR-146a could modulate MIF ex-
pression, we evaluated the regulatory 
effect of iguratimod on miR-146a and 
its downstream gene/pathway in treat-
ing RA in vivo and in vitro (18). The 
results of our study showed that: (1) 
miR-146a inhibited cell proliferation, 
invasion, migration, inflammation, 
IRAK1, and TRAF6/JNK1 pathway 
while promoted the apoptosis in RA-
FLS; (2) iguratimod reduced cell vi-
ability, miR-146a, IRAK1 and TRAF6/
JNK1 pathway in a dose-dependent 
manner, and it repressed cell prolifera-
tion, migration, invasion, inflammation 
while promoted apoptosis by modu-
lating miR-146a and its downstream 
gene IRAK1 as well as its downstream 
pathway TRAF6/JNK1 in RA-FLS; (3) 
Iguratimod reduced the arthritis score 
of CIA rat, and enhanced cell apoptosis 
while reduced inflammation in synovi-
al tissue from CIA rat through regulat-
ing miR-146a and its downstream gene 

IRAK1 as well as downstream pathway 
TRAF6/JNK1. 
MiR-146a is one of the most crucial 
miRNAs participating in both innate 
and adaptive immunity as well as in-
flammation (28). To be exact, a previous 
study reveals that miR-146a inhibition 
promotes the production of IL-6 that 
results in more severe inflammation in 
lipopolysaccharide-stimulated cystic 
fibrosis macrophages (29). Besides, 
miR-146a reduces the inflammatory 
responses through targeting Toll-like 
receptor (TLR3) and TRAF6 in Cox-
sackievirus B virus infected cells (30). 
Another study reveals that miR-146a 
displays the protective effect against in-
tracerebral haemorrhage via suppress-
ing inflammation and oxidative stress 
in a rat model (31). In addition, a prior 
study elucidates that mice with miR-
146a deficiency develop immune com-
plex glomerulonephritis along with ag-
ing (32). The recognition of miR-146a 

Fig. 12. Effect of miR-146a inhibition, iguratimod treatment and their combination on pro-inflammatory cytokines in CIA rat model. Comparison of TNF-α 
(A), IL-1β (B), IL-6 (C), IL-17 (D) mRNAs relative expressions, and their protein expressions (E) assessed by IHC staining in synovial tissue between groups. 
MiR: microRNA; CIA: collagen-induced arthritis; TNF-α: tumour necrosis factor-α; IL: interleukin; IHC: immunohistochemistry.
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wild-type 3’ is required for a normal 
innate immune function in mice (33). 
These studies all indicate that miR-146a 
is an important regulator in reducing 
inflammation and balancing abnormal 
immune responses. In our study, miR-
146a was found to repress cell prolifera-
tion, migration, invasion, inflammation, 
IRAK1, and TRAF6/JNK1 pathway 
while enhance cell apoptosis in RA-
FLS, which could be explained by the 
following reasons: (1) miR-146a might 
play a protective role in RA via inhibit-
ing cell proliferation, migration, inva-
sion and inflammation while promot-
ing cell apoptosis of RA-FLS through 
targeting multiple proteins, such as 
TLR3 and TRAF6, or reducing oxida-
tive stress as found in other inflamma-
tion and immunity related diseases (28-
33); (2) miR-146a might also regulate 
RA-FLS functions and inflammation 
by negatively mediating IRAK1 and 

TRAF6/JNK1 pathway as elucidated in 
our study. In addition, concerning that 
miR-146a is a risk factor for cardiac 
diseases and cardiac events, it could be 
speculated that elevation of miR-146a 
may increase the cardiac disease/event 
risk in RA patients. However, like many 
other miRNAs, miR-146a has a dual 
function in cardiac disease, such as, a 
previous study reveals that miR-146a 
reverses the cardiotoxicity caused by 
doxorubicin via reducing cardiomyo-
cyte apoptosis and improving cardio-
myocyte autophagy through mediating 
TATA-binding protein (TBP) associated 
factor 9b/P53 pathway (34). Besides, 
there is still no evidence elucidating that 
elevated miR-146a expression could in-
crease the risk of cardiac disease/event 
in RA patients. Herein, we presume that 
elevated miR-146a may have no effect 
on increasing the risk of cardiac dis-
ease/event in RA patients.  

Iguratimod is a promising DMARD 
with good potential to be widely used 
in RA management. Recent evidence 
shows that iguratimod boosts RA re-
mission by diminishing pro-inflam-
matory processes and balancing the 
immune responses, interestingly, it 
also protects the bones from erosion, 
which is a huge advantage compared 
with other DMARDs or NSAIDs (35-
38). In the clinical setting, iguratimod 
presents with good efficiency in RA 
management. A previous retrospective 
cohort study highlights that iguratimod 
achieves decreased retention rate, indi-
cating the incidence of relapse and AEs, 
compared to salazosulfapyridine in RA 
patients (39). Another cohort study il-
lustrates that iguratimod alone and 
combination of Iguratimod with metho-
trexate are both effective in RA patients 
after 3 years of treatment, presenting 
as the sustained reduction of disease 

Fig. 13. Effect of miR-146a inhibition, iguratimod treatment and their combination on IRAK1 and TRAF6/JNK1 pathway in CIA rat model. Comparisons 
of miR-146a relative expression (A), IRAK1 mRNA relative expression (B), TRAF6 mRNA relative expression (C), and the protein expressions of IRAK1, 
TRAF6 as well as pJNK-1 (D) in synovial tissue between groups. 
MiR: microRNA; IRAK1: interleukin 1 receptor associated kinase 1; TRAF6: TNF receptor associated factor 6; JNK1: c-Jun NH2-terminal kinase 1;      
CIA: collagen-induced arthritis; p-JNK1: phosphorylated-JNK1; IHC: immunohistochemistry.
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activity (40). Additionally, there is a 
retrospective cohort study reports that 
in RA patients with unsatisfying re-
sponse to biological DMARDs, using 
iguratimod as an add-on therapeutic 
markedly reduces the disease activity 
score 28-erythrocyte sedimentation rate 
(DAS28-ESR) and the power Doppler 
score (a semi-quantitive score indicat-
ing the blood flow signal in joints) (41). 
As for the molecular mechanisms of 
iguratimod in alleviating inflammation 
and balancing immunity in RA, it has 
been illuminated that iguratimod reduc-
es citrullinated proteins and peptidylar-
ginine deiminases 2/4 in a dose-depend-
ent way in neutrophils from RA patients 
(35). And a prior study reveals that 
iguratimod decreases the expression of 
biomarkers reflecting bone formation in 
serum of RA patients, which is a mech-
anism that could promote bone forma-
tion (42). In addition, there is a study 
reporting that iguratimod, methotrexate 
and their combination use all suppress 
the secretion of receptor activator of 
NF-κB ligand (RANKL), the elevation 
of which stimulates the bone erosion, in 
RA-FLS (43). Furthermore, thanks to 
the development in the technology of 
RNA sequencing, increasing miRNAs 
are found to play a regulatory role in 
the processes of RA therapy, however, 
there is still no report illuminating the 
interactions between iguratimod and 
miRNAs in RA. Therefore, consider-
ing that iguratimod is a MIF inhibitor, 
and more importantly, miR-146a is not 
only a mediator of immune and inflam-
matory responses but also a modulator 
of MIF expression, we investigated the 
interactions between iguratimod and 
miR-146a in RA-FLS in this study (18). 
We found that in vitro, iguratimod re-
duced cell viability in a dose-dependent 
manner, and inhibited cell proliferation, 
migration, invasion and inflammation, 
while it promoted apoptosis via upreg-
ulating miR-146a and downregulating 
its downstream gene IRAK1 as well as 
downstream pathway TRAF6/JNK1 in 
RA-FLS. 
Iguratimod also exhibits good thera-
peutic effect in experiments conducted 
in animal models of inflammatory and 
immune diseases. For instance, a study 
shows that iguratimod represses paw 

swelling, protects the bone and carti-
lage from erosion, as well as reduces 
pro-inflammatory cytokines expres-
sions in CIA rat model (44). Another 
study reveals that in the rat model of 
neuropathic pain, which is conducted 
to simulate the pain in RA, iguratimod 
relieves the neuropathic pain through a 
mechanism of repressing the allodynic 
effect (45). A previous study illustrates 
that iguratimod suppresses arthritic 
inflammation and reduces the IL-17 
signaling in synovium tissue collected 
from CIA rat (41). In our study, for the 
purpose of verifying the in vitro results, 
we further conducted experiments in 
vivo, which revealed that: 
a. inhibition of miR-146a elevated sys-
temic arthritis score, and enhanced pro-
inflammatory cytokines, IRAK1 ex-
pression as well as TRAF6/JNK1 path-
way, while suppressed cell apoptosis in 
synovial tissue of CIA rat model;
b. Iguratimod decreased systemic ar-
thritis score, and reduced pro-inflam-
matory cytokines while enhanced cell 
apoptosis in synovial tissue of CIA 
rat model by upregulating miR-146a 
and repressing IRAK1 expression and 
TRAF6/JNK1 pathway. 
In conclusion, iguratimod ameliorates 
RA progression through regulating 
miR-146a mediated IRAK1 expression 
and TRAF6/JNK1 pathway. 
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