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Abstract. It has been demonstrated that the deregulation of 
microRNAs (miRNAs) affects the development of rheumatoid 
arthritis (RA). The primary objective of the current study was 
to determine the role of miR‑143‑3p in the progression of RA. 
The expression of miR‑143‑3p in synovium taken from patients 
with RA was assessed by reverse transcription‑quantitative 
polymerase chain reaction. The expression of miR‑143‑3p was 
higher in synovium tissues of RA than that of osteoarthritis 
(OA). The decreased expression of miR‑143‑3p suppressed 
cell proliferation and promoted apoptosis in vitro. In addition, 
inhibition of miR‑143‑3p decreased levels of inflammatory 
cytokines, as determined by an enzyme‑linked immunosor-
bent assay. IGF1R and IGFBP5 were found to be the target 
genes of miR‑143‑3p, and it was demonstrated that miR‑143‑3p 
regulated the proliferation and apoptosis of MH7A cells by 
targeting IGF1R and IGFBP5. Furthermore, TNF‑α treat-
ment stimulated the Ras/p38 mitogen activated protein kinase 
(MAPK) signaling pathway, whereas miR‑143‑3p inhibition 
suppressed it. The results of the current study indicate that 
miR‑143‑3p may regulate cell proliferation and apoptosis by 
targeting IGF1R and IGFBP5 expression and regulating the 
Ras/p38 MAPK signaling pathways. Therefore, miR‑143‑3p 
may be a novel therapeutic target in RA.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflam-
matory disease in which patient experience clinical symptoms 
of articular pain, cartilage degradation, narrow joint space 
and loss of joint flexibility (1‑3). Osteoclasts, which are the 
cells primarily responsible for bone dissolution and resorp-
tion, serve a critical role in joint destruction by upregulating 
inflammation and directly destroying the adjacent bone (4). 
Osteoclast precursors and mature osteoclasts, which also serve 
an important role in the inflammatory response are localized 
at arthritic bone erosions (5). Among the Chinese population, 
the incidence rate of RA is 0.24‑0.5% and RA is more preva-
lent in women than men (6).

Synovial fibroblasts serve a key role in the pathogenesis 
of RA and their tumor‑like proliferation leads to the devel-
opment of synovial hyperplasia  (7). During RA, activated 
synovial fibroblasts accumulate in the hyperplastic synovium 
of patients with RA. Higher levels of inflammatory cytokines, 
chemotactic factors and matrix metalloproteinase mediate 
inflammation and degrade cartilage, which eventually leads 
to the destruction of joints  (8). Several studies have been 
conducted to explore the association between synovial fibro-
blasts and the regulation of inflammatory pathways in the RA 
synovium (9‑11); however, the precise mechanism of action by 
which this occurs remains unknown (12).

MicroRNAs (miRNAs) are a class of non‑coding RNAs 
that regulate gene expression by binding to the 3'untranslated 
region (UTR) of their target mRNAs. They serve critical roles in 
numerous diseases, including different types of cancer, inflam-
matory and neurological diseases (13‑15). Studies have suggested 
that miRNAs are involved in the pathogenesis of many diseases, 
such as RA and may therefore be developed as potential thera-
peutic targets in the treatment of RA (16‑18). miR‑143‑3p is a 
type of miRNA that has been implicated in numerous diseases, 
including age‑related defective muscle regeneration, gastric 
cancer and esophageal squamous cell carcinoma (19). However, 
to the best of our knowledge, the key roles and regulatory mecha-
nisms of miR‑143‑3pin RA remain unknown.
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In the present study, the expression of miR‑143‑3p in RA 
synovial tissues was measured. The regulation of insulin‑like 
growth factor 1 receptor (IGF1R) and insulin‑like growth 
factor‑binding protein 5 (IGFBP5) by miR‑143‑3p is considered 
to be a key mechanism that mediates the age‑related changes 
in satellite cell function (20). Furthermore, it has been demon-
strated that the p38 mitogen‑activated protein kinase (MAPK) 
pathway serves a crucial role in the induction and maintenance 
of chronic inflammation in RA (21). Therefore, the present 
study investigated the association between miR‑143‑3p, and 
IGF1R and IGFBP5, as well between miR‑143‑3p and the 
Ras/p38 MAPK signaling pathway, to elucidate the potential 
regulatory mechanism of miR‑143‑3p in RA. The MH7A cell 
line was used as an in vitro model system.

Materials and methods

Patients. Synovia were obtained from 5 patients with RA 
and 5 patients with osteoarthritides (OA) that fulfilled the 
American College of Rheumatology Criteria for RA or 
OA (22), as well as one patient undergoing reconstruction of 
the anterior cruciate ligament (as a control). Synovial tissues 
were collected from 3 patients with RA as they underwent 
total knee arthroplasty (TKA) and 2 patients with RA as 
they underwent synovectomy. All synovial tissue samples 
taken from patients with OA were collected during TKA. The 
mean age of patients with RA and OA were 62.9±10.9 (39‑78) 
and 71.6±4.9 (72‑81) years, respectively. As the mean age of 
patients in the two groups differed, a multivariate logistic 
regression model with adjustment for age was used to evaluate 
miR‑143‑3p expression in the synovium of patients with RA 
as well as those with OA. Among the patients with RA, there 
were 2 males and 3 females; however, all patients with OA were 
female. A further patient (male, 45 years old) undergoing leg 
amputation but with a normal knee joint was included as the 
control. The synovial tissues were harvested from the control 
patient during the amputation surgery. The present study was 
approved by the Ethics Committee of Shandong Academy of 
Medical Science (Jinan, China) and written informed consent 
was obtained from all patients that participated in the study.

Cell culture. The human RA synovial cell line MH7A 
was procured from the American Type Culture Collection 
(Manassas, VI, USA). MH7A cells were stained positively 
for intercellular adhesion molecule‑1 (ICAM‑1), interleukin 
(IL)‑1R, cluster of differentiation (CD)16, CD40, CD80 and 
CD95  (23); and have been previously used to investigate 
the molecular mechanisms underlying RA (23). Cells were 
maintained in RPMI 1640 medium (Hyclone; GE Healthcare, 
Logan, UT, USA), supplemented with 10% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
and 1% penicillin/streptomycin (1:100, Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany), at 37˚C in a relative humidity of 
95% and in 5% CO2 (24).

Cell transfection. To assess the effects of miR‑143‑3p 
abnormal expression on MH7A cells, the cells were trans-
fected with miR‑143‑3p mimic, miR‑143‑3p inhibitor or their 
controls (mimic NC or inhibitor NC). Briefly, MH7A cells 
(1x105‑2x105) were transfected with 90 pmol hsa‑miR‑143‑3p 

mimic (Takara, Okinawa, Japan) and the mimic control 
(mimic NC; 90  pmol) (Takara) three times over 7  days. 
Cells were also transfected with mirVana™ hsa‑miR‑143‑3p 
inhibitor (Thermo Fisher Scientific, Inc.) (150 pmol), inhibitor 
NC (150 pmol), small interfering (si)RNA against IGF1R 
(si‑IGFR; 100 pmol) or IGFBP5 (si‑IGFBP5; 100 pmol) or the 
si‑NC control (100 pmol) (Thermo Fisher Scientific, Inc.) for 
72 h. All transfections were performed using Lipofectamine® 
RNAiMAX Transfection Reagent (Thermo Fisher Scientific, 
Inc.) following the manufacturer's protocol. The cells in the 
control group received no additional treatment. The sequences 
of the miRs and siRNA used were as follows: miR‑143‑3p 
mimic sense 5'‑GGU​GCA​GUG​CUG​CAU​CUC​UGG​U‑3' and 
anti‑sense, 5'‑CAG​AGA​UGC​AGC​ACU​GCA​CCU​U‑3'; mimic 
NC sense 5'‑UCA​CAA​CCU​CCU​AGA​AAG​AGU​AGA‑3'; 
mimic NC antisense 5'‑UCU​ACU​CUU​UCU​AGG​AGG​UUG​
UGA‑3'; miR‑143‑3p inhibitor 5'‑ACC​AGA​GAU​GCA​GCA​
CUG​CAC​C‑3'; inhibitor NC, 5'‑UCU​ACU​CUU​UCU​AGG​
AGG​UUG​UG‑3'. si‑IGFR 5'‑GCG​GAG​AGA​UGU​CAU​GCA​
AGU‑3'; si‑IGFBP5 5'‑GGA​UCU​GUC​UCC​UCC​UCU​AGC‑3'. 
si‑NC: 5'‑UUC​UUC​GAA​GGU​GUC​ACG​UTT‑3'.

Cell counting kit 8 (CCK‑8) assay. MH7A cells were seeded 
in 96‑well plates at 5,000 cells/well for 72 h transfected with 
miR‑143‑3p inhibitor, si‑IGF1R, si‑IGFBP5 or corresponding 
controls (inhibitor NC or si‑NC) for 24 h. Subsequently, cells 
were treated with tumor necrosis factor (TNF)‑α (10 ng/ml; 
Sigma‑Aldrich; Merck KGaA) at room temperature for 24 h 
to construct a model of RA. The cells in the control group 
were treated with normal RPMI 1640 medium. Subsequently, 
CCK‑8 solution (Invitrogen; Thermo Fisher Scientific, Inc.) 
was added to each well and plates were incubated at 37˚C for 
2 h. The absorbance of each well was measured at 450 nm 
using a microplate reader (25).

Flow cytometric analysis of apoptosis. Cells or corre-
sponding controls were harvested following transfection with 
miR‑143‑3p inhibitor, si‑IGF1R or si‑IGFBP5 for 24 h. Cells 
were treated with TNF‑α, washed twice with pre‑chilled PBS 
and resuspended in 100 µl binding buffer at a concentration 
of 1x106 cells/ml. Annexin V and propidium iodide (PI) 
double‑staining was performed using an Annexin V‑fluorescein 
isothiocyanate Apoptosis Detection kit (BD Biosciences, San 
Jose, CA, USA) according to the manufacturer's protocol. 
Apoptosis analysis was performed using the BD LSRII Flow 
Cytometer System with FACSDiva Software version 6.0 (BD 
Biosciences) within 1 h (25).

Vector construction, target prediction and luciferase reporter 
assay. The potential target genes of miR‑143‑3p were analyzed 
by TargetScan Human 7.0 (targetscan.org/vert_71/). A cut‑off 
value of 0.7 was applied to predict the target genes. To develop 
a luciferase reporter construct, the 3'‑UTR fragments of 
IGF1R or IGFBP5, which contained putative binding sites for 
miR‑143‑3p, were inserted downstream of firefly luciferase 
in the pGL3 vector (Promega Corporation). Mutant 3'‑UTR, 
which carried the mutated sequence in the complementary 
site for miR‑143‑3p, was generated using the polymerase 
chain reaction (PCR) method (26) and inserted downstream 
of firefly luciferase in a separate pGL3 vector. 293A cells 
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(1x105; American Type Culture Collection) were cultured in 
a 48‑well plate were co‑transfected with miR‑143‑3p with a 
luciferase reporter comprising wild‑type or mutant 3'‑UTR of 
the target gene. The luciferase assay was performed as previ-
ously reported (26). 293A cells were co‑transfected with miRs 
and wild‑type 3'‑UTR or mutant 3'‑UTR luciferase reporter, 
using pRL‑TK (Promega Corporation) as a control vector. 
Following 48 h transfection, luciferase activity was measured 
using the Dual Luciferase Assay kit (Promega Corporation) 
with a β‑counter luminometer. Relative luciferase activity was 
calculated as the ratio of the raw firefly luciferase activity and 
Renilla luciferase activity (27).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was isolated from MH7A cells using the commercial 
total RNA miniprep kit (Axygen; Corning Inc., Corning, NY, 
USA) according to the manufacturer's protocol. Each sample 
was reverse transcribed using a cDNA synthesis kit (Takara). 
qPCR was performed using SYBR Green PCR Premix Ex 
Taq II reagents (Takara) on a Light Cycler 480 II real‑time 
system (Roche Diagnostics, Indianapolis, IN, USA). The 
house‑keeping gene GAPDH was used for normalization. The 
mRNA expression was quantified by the comparative 2‑(∆∆Cq) 
method (28). The primers used for target amplification were 
as follows: MiR‑143 forward, 5'‑TGA​GAT​GAA​GCA​CTG​
TAG​CTC‑3' and reverse, 5'‑TGG​TGT​CGT​GGA​GTC​G‑3'; 
U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and reverse, 
5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; B‑cell lymphoma 
(Bcl)‑2 forward, 5'‑GAT​GCA​GTG​CCG​GCC​TAA​G‑3' and 
reverse, 5'‑TTC​TCT​TGT​ACG​CAC​GAG​CT‑3'; Bax forward, 
5'‑CTG​AGC​TGA​CCT​TGG​AGC‑3' and reverse, 5'‑GAC​
TCC​AGC​CAC​AAA​GAT​G‑3'; Caspase‑3 forward, 5'‑ACC​
GAT​GTC​GAT​GCA​GCT​AA‑3' and reverse, 5'‑AGG​TCC​
GTT​CGT​TCC​AAA​AA3'. GAPDH forward, 5'‑CCA​CCC​
ATG​GCA​AAT​TCC​ATG​GCA‑3' and reverse, 5'‑TCT​AGA​
CGG​CAG​GTC​AGG​TCC​ACC‑3'; IGF1R forward, 5'‑GCG​
AGC​TCT​CTG​GGA​TAG​AAA​TGT​TTA​GGT​GTA‑3' and 
reverse, 5'‑GCA​AGC​TTC​AGG​TGC​TGA​GAA​AGG​TGA​
GAT​GT‑3'; IGFBP5 forward, 5'‑ACG​CGT​CGA​CAT​GGG​
CTC​CTT​CGT​GCA​C3' and reverse, 5'‑CGC​GGA​TCC​ATC​
ACT​CAA​CGT​TGC​TGC​TG‑3'. The thermocycling conditions 
were as follows: 95˚C for 1 min followed by 35 cycles of 95˚C 
for 10 sec and 58˚C for 40 sec, with a final extension step of 
10 min at 68˚C.

Enzyme‑linked immunosorbent assay (ELISA).  (29). The 
culture medium was collected and the concentration of the 
cytokines was determined using commercial ELISA kits for 
IL‑1β (ab100704), IL‑6 (ab46042), IL‑8 (ab46032), MMP‑1 
(ab100603) and MMP‑13 (ab100605) (all Abcam, Cambridge, 
UK) following the manufacturer's protocol. Values were 
calculated on the basis of a standard curve constructed for 
each assay.

Western blot analysis. Cells were solubilized with 
radioimmunoprecipitation assay lysis buffer (Thermo 
Fisher Scientific, Inc.) and protein concentration was 
measured using a BCA kit (Thermo Fisher Scientific, Inc.). 
Approximately 50 µg of protein from each sample was sepa-
rated by 12% SDS‑PAGE and transferred to a polyvinylidene 

fluoride membrane (EMD Millipore, Burlington, MA, USA). 
Following blocking with 5% bovine serum albumin (1:100; 
Sigma‑Aldrich; Merck KGaA) in Tris‑buffered saline with 
Tween for 2 h at room temperature, membranes were incu-
bated with Bcl‑2 (ab178529), Bax (ab53154), pro‑caspase‑3 
(ab32150) and active‑caspase‑3 (ab181418), phosphorylated 
(p)‑p38 (ab4822), p38 (ab31828) and Ras (ab52939) primary 
antibodies at a dilution of 1:1,000 overnight at 4˚C (all 
Abcam, Cambridge, UK), followed by incubation with goat 
anti‑rabbit horseradish peroxidase conjugated secondary 
antibodies (at a dilution of 1:2,000; ab191866; Abcam) for 
1 h at room temperature. GAPDH (ab8245; dilution 1:2,000; 
Abcam) was used as an internal control. Protein blots were 
visualized and analyzed using a chemiluminescence system 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) and 
autoradiography films (Kodak Image Station 440; Kodak, 
Rochester, NY, USA).

Statistical analysis. Data are presented as the mean ± stan-
dard deviation from at least three independent experiments. 
All statistical analyses were performed using SPSS 16.0 
(SPSS, Inc., Chicago, IL, USA). Student's t test was performed 
to assess whether differences between two groups was 
significant, whereas one‑way analysis of variance followed 
by a post‑hoc Tukey's test was performed to evaluate whether 
differences among three or more groups were significant. 

Figure 1. The expression of miR‑143‑3p in RA tissue and cells. (A) The 
expression of miR‑143‑3p in patients with RA compared with patients with 
OA and a healthy control. (B) The expression of miR‑143‑3p in a model of RA 
induced by treatment with TNF‑α. Data are presented as the mean ± standard 
deviation from at least three independent experiments. *P<0.05 and **P<0.01 
vs. control. miR, microRNA; NS, non‑significant; OA, osteoarthritis. RA, 
rheumatoid arthritis; TNF, tumor necrosis factor. 
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P<0.05 was considered to indicate a statistically significant 
difference.

Results

Analysis of miR‑143‑3p expression in RA tissues and cells. 
The expression of miR‑143‑3p in RA was significantly 
higher than in patients with OA and the control (P<0.01; 
Fig. 1A). MH7A cells were treated with 10 ng/ml TNF‑α to 

construct a model of RA and the results demonstrated that 
the expression of miR‑143‑3p was significantly increased 
in TNF‑α‑induced RA cells compared with the untreated 
control cells (P<0.05, Fig. 1B).

miR‑143‑3p inhibitor reduces cell proliferation and promotes 
apoptosis. Transfection of the miR‑143‑3p inhibitor in 
MH7A cells significantly decreased miR‑143‑3p expression 
(P<0.01), indicating that transfection was successful (Fig. 2A). 

Figure 2. Inhibition of miR‑143‑3p reduces cell proliferation and promotes cell apoptosis. (A) Transfection of miR‑143‑3p inhibitor in MH7A cells. **P<0.01 
vs. control. (B) Effect of TNF‑α treatment and transfection with miR‑143‑3p inhibitor on cell proliferation and (C and D) apoptosis. (E and F) Effect of TNF‑α 
treatment and miR‑143‑3p inhibition on the expression of Bax, Bcl‑2, pro‑caspase‑3 and active caspase‑3. Data are presented as the mean ± standard deviation 
from at least three independent experiments. *P<0.05 and **P<0.01 vs. control; #P<0.05 vs. inhibitor NC group. TNF, tumor necrosis factor; miR, microRNA; 
OD, optical density; NC, negative control. 
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Treatment with TNF‑α significantly increased the prolif-
eration and inhibited the apoptosis of MH7A cells (P<0.05; 
Fig. 2B and C). The effect of TNF‑α on cell proliferation 
and apoptosis was significantly reversed following inhibition 
of miR‑143‑3p (P<0.05; Fig. 2B‑D). In addition, the results 
demonstrated that transfection with the miR‑143‑3p inhibitor 
significantly promoted the expression of Bax and inhibited the 
expression of Bcl‑2 (P<0.01; Fig. 2E and F). The expression 
of cell apoptosis‑associated proteins, including Bcl‑2 and 
pro‑caspase‑3 was significantly increased in the TNF‑α group 
(P<0.01) compared with the control group, whereas the expres-
sion of Bax and active‑caspase‑3 were significantly decreased 
(P<0.05; Fig. 2E and F). Furthermore, following transfection 
with miR‑143‑3p inhibitor, the expression of pro‑caspase‑3 was 
significantly inhibited and the expression of active‑caspase‑3 
was significantly promoted.

miR‑143‑3p inhibitor inhibits levels of inflammatory factors. 
As presented in Fig. 3, TNF‑α treatment significantly increased 
levels of inflammatory factors, including interleukin (IL)‑1β, 
IL‑6, IL‑8, matrix metalloproteinase (MMP)‑1 and MMP‑13 
(P<0.05). However, cells transfected with miR‑143‑3p inhibitor 
exhibited significant decreases in levels of these inflammatory 
factors, compared with control cells (P<0.05; Fig. 3).

Prediction and examination of the targeting effects of 
miR‑143‑3p. The TargetScan Human 7.0 (targetscan.
org/vert_71/) was used to analyze the potential target 
gene of miR‑143‑3p, and the sequence analysis data indi-
cated that IGF1R and IGFBP5 were targets of miR‑143‑3p 
(Fig.  4A  and  B). The results of the luciferase reporter 
assay confirmed that the 3'‑UTR regions of IGF1R and 
IGFBP5 possess hsa‑miR‑143‑3p binding sites (P<0.05; 

Figure 3. Inhibition of miR‑143‑3p suppresses the expression of inflammatory factors. Levels of (A) IL‑1β, (B) IL‑6, (C) IL‑8, (D) MMP‑1 (E) and MMP‑13. 
Data are presented as the mean ± standard deviation from at least three independent experiments. *P<0.05 and **P<0.01. miR, microRNA; NC, negative control; 
IL, interleukin; MMP, matrix metalloproteinase. 
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Fig. 4C and D). Moreover, the expression levels of IGF1R and 
IGFBP5 were significantly inhibited following transfection 
of miR‑143‑3p mimics (P<0.05), whereas the transfection of 
miR‑143‑3p inhibitors significantly increased the levels of 

IGF1R and IGFBP5 (P<0.01; Fig. 4E and F). Reduced levels 
of IGF1R and IGFBP5 mRNA and protein expression were 
observed in RA models following treatment with TNF‑α 
(P<0.05; Fig. 4G and H).

Figure 4. The prediction and examination of the targeting effects of miR‑143‑3p. (A) IGF1R and (B) IGFBP5 are target genes of miR‑143‑3p. Relative luciferase 
activity of (C) IGF1R and (D) IGFBP5. (E) The expression of IGF1R and IGFBP5 mRNA following transfection with miR‑143‑3p mimic and inhibitor. (F) The 
expression of IGF1R and IGFBP5 protein following transfection with miR‑143‑3p mimic and inhibitor. (G) The expression of IGF1R and IGFBP5 mRNA 
following treatment with TNF‑α. (H) The expression of IGF1R and IGFBP5 protein following treatment with TNF‑α. Data are presented as the mean ± stan-
dard deviation from at least three independent experiments. *P<0.05 and **P<0.01. UTR, untranslated region; miR, microRNA; TNF, tumor necrosis factor; 
NC, negative control; IGF1R, insulin‑like growth factor 1 receptor; IGFBP5, insulin‑like growth factor‑binding protein 5. 
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Effects of IGF1R and IGFBP5 suppression on cell prolif‑
eration and apoptosis. As presented in Fig. 5A‑D, levels of 
IGF1R and IGFBP5 expression were significantly suppressed 

following transfection with siRNAs against IGF1R and 
IGFBP5, respectively (P<0.01), indicating efficient trans-
fection. Furthermore, suppression of IGF1R or IGFBP5 

Figure 5. Effect of IGF1R or IGFBP5 suppression on cell growth and apoptosis. (A‑D) Transfection efficiency of si‑IGF1R and si‑IGFBP5. *P<0.05, **P<0.01 
and ***P<0.001. (E‑H) Effect of silencing IGF1R and IGFBP5 expression on cell proliferation and apoptosis. Data are presented as the mean ± standard devia-
tion from at least three independent experiments. *P<0.05; **P<0.01 and ***P<0.001 vs. the inhibitor NC group. &P<0.05 and &&P<0.01 vs. the si‑NC group; 
#P<0.05 and ##P<0.01 vs. the si‑IGF1R group or si‑IGFBP5 group. miR, microRNA; si, small interfering; NC, negative control; IGF1R, insulin‑like growth 
factor 1 receptor; IGFBP5, insulin‑like growth factor‑binding protein 5; OD, optical density.
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expression significantly reversed the effect of miR‑143‑3p 
inhibition on MH7A cell proliferation and apoptosis (P<0.05; 
Fig. 5E‑H). These results indicate that miR‑143‑3p regulates 
MH7A cell proliferation and apoptosis by targeting IGF1R 
or IGFBP5.

miR‑143‑3p inhibitor suppressed the expression of Ras and 
p‑p38/p38. The effect of TNF‑α treatment and the miR‑143‑3p 
inhibitor on the Ras/p38 signaling pathway was investigated. 
The results demonstrated that TNF‑α treatment significantly 
increased the expression of Ras (P<0.01) and p‑p38/p38 
(P<0.001; Fig. 6). These increases were significantly reversed 
by the miR‑143‑3p inhibitor, indicating that the miR‑143‑3p 
inhibitor inhibits the Ras/p38 MAPK signaling pathway in a 
TNF‑α‑induced RA model.

Discussion

The present study revealed that miR‑143‑3p was highly 
expressed in RA tissue. The inhibition of miR‑143‑3p 
suppressed the proliferation of MH7A cells and promoted 
their apoptosis. It was confirmed that IGF1R and IGFBP5 
are targets of miR‑143‑3p and that miR‑143‑3p regulated the 
proliferation and apoptosis of MH7A cells by targeting IGF1R 
and IGFBP5. Ultimately, the miR‑143‑3p inhibitor suppressed 
the Ras/p38 MAPK signaling pathway in TNF‑α‑induced RA 
models. These results suggest that miR‑143‑3p serves a key 
role in the development of RA.

It has been reported that miRNAs are able to target 
proto‑oncogenes, including Bcl‑2, Ras or c‑Myc (30). Bcl‑2 
and Bax, which are members of the anti‑apoptotic Bcl‑2 
family, serve a critical role in regulating apoptosis and are 
able to inhibit the activation of caspase‑3  (31). Zhang and 
Li (32) indicated that miR‑143‑3p regulates the proliferation 
of cytokine‑induced killer cells. The results of the present 
study indicated that cells transfected with the miR‑143‑3p 
inhibitor exhibited enhanced expression of Bax, but decreased 
expression of Bcl‑2, that miR‑143‑3p promotes cell apoptosis. 
In addition, RA is a self‑maintaining inflammatory disease, 
in which the destruction of the adjacent bone is induced by 
inflammation (33). Studies have demonstrated that inflam-
matory cytokines, including IL‑1β, IL‑6, IL‑8, MMP‑1 and 
MMP‑13, serve a key role in the pathogenesis of RA (34,35). 
The results of the present study indicated that inhibition of 
miR‑143‑3p significantly inhibited the production of these 
inflammatory cytokines.

In addition, the present study indicated that IGF1R and 
IGFBP5 are target genes of miR‑143‑3p. It has been reported 
that IGF‑1R signaling contributes to T cell‑dependent inflam-
mation in RA (35). Furthermore, it has been suggested that 
MMP‑13 and IGFBP5 are important factors that mediate 
the development of OA  (36). In the present study, it was 
demonstrated that miR‑143‑3p regulates the proliferation and 
apoptosis of MH7A cells by targeting IGF1R or IGFBP5, 
implying that miR‑143‑3p is associated with IGF1R and 
IGFBP5 in RA.

The MAPK signaling pathway, which involves p38 and 
c‑Jun N terminal kinase (JNK)1/2, serves an important 
role in various cellular processes, including inflammation, 
proliferation, migration and adhesion  (37‑39). MAPKs 

participate in mechanotransduction in bone cells  (40). 
It has been demonstrated that p38α MAPK modulates 
JNK‑mediated cell proliferation in myogenesis (41). In addi-
tion, the involvement of scavenger receptor class B type 1 
in the p38 MAPK signaling pathway is a key mechanism 
of mediating serum amyloid A‑induced angiogenesis in 
RA (42). Chemokine C‑X‑C ligand 16 can upregulate receptor 
activator of nuclear factor κ‑Β ligand expression to mediate 
RA development via the p38/MAPK signaling pathway (43). 
Wang et al (44) demonstrated that miR‑451 suppresses the 
secretion of inflammatory cytokines and the proliferation 
of synovial fibroblasts in RA via the p38/MAPK signaling 
pathway. The results of the current study demonstrated that 
TNF‑α stimulates the Ras/p38 MAPK signaling pathway. 
By contrast, the inhibition of miR‑143‑3p suppressed the 
Ras/p38 MAPK signaling pathway. Given the key role 
that the Ras/p38 MAPK signaling pathway serves in RA, 
miR‑143‑3p may contribute to RA by mediating the Ras/p38 
MAPK signaling pathway.

In conclusion, the results of the present study demonstrate 
that the increased expression of miR‑143‑3p may contribute 
to the progression of RA by promoting cell proliferation and 
inflammatory cytokine secretion, inhibiting the initiation of 
apoptosis by targeting IGF1R and IGFBP5 and regulating the 
Ras/p38 MAPK signaling pathway. These results indicate that 
miR‑143‑3p may be developed as a potential target for RA 
therapy. Further studies are required to validate the results of 
the current study.

Figure 6. The effects of TNF‑α treatment and miR‑143‑3p inhibition on 
the Ras/p38 MAPK signaling pathway. (A) Levels of Ras and p‑p38/p38 
mRNA. (B) Levels of Ras and p‑p38/p38 protein. Data are presented as the 
mean ± standard deviation from at least three independent experiments. 
**P<0.01 and ***P<0.001. p‑, phosphorylated; miR, microRNA; TNF, tumor 
necrosis factor; NC, negative control.
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