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Abstract. Rheumatoid arthritis (RA) is a chronic inflamma-
tory joint disease characterized by synovial inflammation. 
Fibroblast‑like synoviocytes (FLS) serve a vital role in the 
initiation and perpetuation of the immune response in patients 
with RA. The present study aimed to investigate the poten-
tial role of microRNA (miR)‑34a‑3p in the pathogenesis 
of RA. FLS were collected from patients with RA and 
osteoarthritis (OA). The miR‑34a‑3p mimics and inhibitor 
vectors were constructed and transfected into RAFLS using 
Lipofectamine®  2000. Cell proliferation was determined 
by Cell Counting kit‑8 assay and cell cycle progression was 
analyzed by flow cytometry. In addition, the expression levels 
of cell cycle control genes, matrix metalloproteinase (MMP)‑1 
and MMP‑9, and pro‑inflammatory cytokines were detected 
by reverse transcription‑quantitative polymerase chain 
reaction and western blot analysis. The potential targets of 
miR‑34a‑3p were predicted by TargetScan and MiRWalk; the 
target genes were further verified using a luciferase reporter 
assay. The expression levels of miR‑34a‑3p were generally 
lower in RAFLS compared with in OAFLS. miR‑34a‑3p 
overexpression significantly inhibited the proliferation of FLS 
(P<0.01) by suppressing the expression levels of cyclin‑depen-
dent kinase 2, cell division cycle 25A and cyclin D1 (P<0.01), 
and arresting FLS cell cycle progression at the G1 phase. 
Furthermore, the expression levels of MMP‑1 and 9 were 
markedly decreased, as were the mRNA and protein expres-
sion levels of pro‑inflammatory cytokines (tumor necrosis 
factor α and interleukin 6; P<0.01). Murine double minute 4 
(MDM4) was predicted and verified as a potential target 

gene of miR‑34a‑3p; the 547‑554 nt position of the MDM4 
3'‑untranslated region harbored one potential binding site for 
miR‑204‑3p. The results of the present study indicated that 
miR‑34a‑3p may be considered a promising therapeutic target 
for RA through inhibiting FLS proliferation and suppressing 
the production of pro‑inflammatory cytokines and MMPs.

Introduction

Rheumatoid arthritis (RA) is a common chronic inflammatory 
joint disease characterized by synovitis, synovial hyperplasia, 
pannus formation, and the destruction of bone and cartilage (1). 
In China, the incidence of RA is ~0.3% (2), which is 0.7% 
lower compared with the world average level; however, it has 
a high disability rate (3). Although the causes of RA remain 
to be elucidated, a previous study suggested that fibroblast‑like 
synoviocytes (FLS), also known as synovial fibroblasts, exert 
a crucial effect on initiation and perpetuation of the immune 
response in patients with RA (4). FLS and macrophages are two 
cell types composing the lining of normal synovial tissue. In the 
event of RA, abnormal activation of macrophages can promote 
FLS to produce pro‑inflammatory cytokines and matrix metal-
loproteinase (MMPs). These pro‑inflammatory cytokines are 
capable of recruiting more inflammatory cells and support 
continued arthropathy (5). In addition, MMPs have the ability 
to degrade the extracellular matrix (ECM) resulting in damage 
to cartilage and bone; for example, MMP‑1 can effectively 
break down collagen type II, which is the basis of articular 
cartilage (6). Furthermore, tumor necrosis factor (TNF)‑α and 
interleukin (IL)‑1, secreted in response to lipopolysaccharide, 
can directly or indirectly induce the proliferation of osteoclasts 
by inducing nuclear factor‑κB ligand to bind to the corresponding 
receptor (7,8). Consequently, the activation of osteoclasts may 
lead to bone erosion and inflammatory arthritis (9). Although 
a number of effective and hypotoxic medicines have been 
developed, the long treatment cycle of RA notably increases 
the incidence of adverse reactions. Therefore, it is essential 
to understand the molecular mechanism underlying RA and 
provide evidence for personalized medicine.

MicroRNAs (miRNAs/miRs) are 18‑25 nt long, endogenous 
non‑coding RNAs, which modulate the expression of one 
or more genes by regulating the degradation or translational 
repression of mRNA. The molecular mechanisms underlying 
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the synthesis and function of miRNAs have been widely 
studied (10). As molecular biology has advanced, more studies 
have provided evidence for a vital role of miRNAs in the 
pathogenesis of RA (11,12). In 2011, 13 differentially expressed 
miRNAs were identified by comparing the differential expres-
sion of miRNAs in rheumatoid synovial fluid monocytes with 
normal peripheral blood monocytes using a miRNA micro-
array; miR‑34a‑5p was one of these differentially expressed 
miRNAs (13). Previous studies have reported that miR‑34a‑5p 
is involved in the development of RA (14,15); however, the 
underlying mechanism of miR‑34a‑3p on FLS remains to be 
elucidated. The present study constructed miR‑34a‑3p mimics 
and inhibitor vectors to further investigate its role in RA.

Materials and methods

Patient samples and cell culture. Synovial tissue specimens of 
RA (7 males and 13 females; average age, 52 years old) and 
osteoarthritis (OA, 8 males and 12 females; average age, 48 years 
old) were obtained from patients during total knee replacement 
surgery or arthroscopy at the Jining No. 1 People's Hospital 
from January 2016 to February 2017. In addition, arthroscopic 
biopsies from healthy individuals who underwent arthroscopic 
surgery for knee meniscus injuries or cruciate ligament rupture 
and had no history of autoimmune diseases were recruited as 
a control group (11 males and 9 females; average age, 42 years 
old). Written informed consent was obtained from all patients 
in this study, and the study was approved by the Medical 
Ethical Review Committee of Jining No. 1 People's Hospital. 
All RA and OA patients fulfilled the American College of 
Rheumatology criteria for the classification of the disease (16). 
FLS were obtained from patients with RA and OA (RAFLS 
and OAFLS) by incubating synovial tissue samples with 
Dulbecco's modified Eagle's medium (DMEM; cat. no. D5030; 
Sigma‑Aldrich; Merck KGaA) containing type II collagenase 
(1 mg/ml; Sigma‑Aldrich; Merck KGaA) in a humidified incu-
bator containing 5% CO2 at 37˚C for 6 h. The same volume of 
0.25% trypsin was then added to the culture medium. Following 
filtration through a 70‑µm cell strainer, FLS were cultured in 
complete medium supplemented with 10% fetal bovine serum 
(FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 IU/ml peni-
cillin and 10 µg/ml streptomycin in a humidified incubator 
containing 5% CO2 at 37˚C.

Cell transfection. The sequence of miR‑34a‑3p was obtained from 
miRbase (MIMAT0004557, http://www.mirbase.org/textsearch.
shtml?q=miR‑34a‑3p). FLS were seeded into 12‑well plates 
(1x105  cells/well) and transfection was conducted using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Briefly, when cell confluence reached 50%, miR‑34a‑3p 
mimics (5'‑CAA​UCA​GCA​AGU​AUA​CUG​CCU‑3'), miR‑34a‑3p 
inhibitor (5'‑ACA​ACC​AGC​UAA​GAC​ACU​GCC​A‑3') and 
non‑sense single‑strand RNA (5'‑CAG​UAC​UUU​UGU​GUA​GUA​
CAA‑3'; Invitrogen; Thermo Fisher Scientific, Inc.) were diluted 
in DMEM (50 ng/ml), and were added to the cells alongside 5 µl 
Lipofectamine® 2000. The mixture was incubated at 37˚C in a 
humidified atmosphere containing 5% CO2 for 6 h, after which 
the medium was replaced with complete medium. The transfec-
tion efficiencies of miR‑34a‑3p mimics and inhibitor vectors were 
assessed after 24 h.

Cell proliferation assay. The non‑transfected or transfected FLS 
were cultured in 96‑well plates (3x105 cells/well) under 5% CO2 
and 37˚C. Cells were harvested at 0, 24 and 48 h, respectively. 
Subsequently, 10% Cell Counting kit (CCK)‑8 reagent (Dojindo 
Molecular Technologies, Inc.) was added to the cell culture 
medium and the plates were maintained at room temperature 
for 4 h. The absorbance was then measured at 450 nm using a 
microplate reader (Thermo Fisher Scientific, Inc.).

Flow cytometry. Cell cycle analysis was carried out as previ-
ously described using propidium iodide (PI) staining (17). FLS 
transfected with miR‑34a‑3p mimics, inhibitor or negative 
control (NC) vectors were seeded in 6‑well plates (1x106 cells), 
and incubated for 24 h until cell confluence reached 100%. 
Cells in each group were harvested and washed with cold 
PBS, after which they were fixed with 70% cold ethanol at 
4˚C overnight. Cells were then washed and resuspended in 
PBS, and were incubated in buffer containing 50 µg/ml PI and 
10 µg/ml RNase A (Beyotime Institute of Biotechnology) for 
30 min in the dark at 37˚C. The fraction of cells in the G1, S, 
and G2 phases of the cell cycle was analyzed using a Coulter 
Epics XL flow cytometer (BD Biosciences). The data were 
acquired and analyzed using FACSDiva software (version 4.1; 
BD Biosciences). Integration of the area under the curve for 
each of the cell cycle phases was performed with ModFit LT 
software (version 3.3; BD Biosciences).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). For detection of miRNA expression levels, 
miRNAs were isolated from FLS using a miRNeasy Mini 
kit (Qiagen GmbH), and purified by TURBO DNA‑free kit 
(Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, 
RNA was reverse transcribed to cDNA using a miScript II RT 
kit (Qiagen GmbH) as previously described (18); the samples 
were incubated at 37˚C for 60 min, 95˚C for 5 min and were 
then maintained at 4˚C. The relative expression levels of 
miRNAs were analyzed using the miScript SYBR Green 
PCR kit (Qiagen GmbH). Each qPCR was performed in a 
final volume of 20 µl containing 1X QuantiTect SYBR Green 
PCR Master mix (Qiagen GmbH), 2 µl cDNA and 0.5 mM 
each primer. The miScript Universal primer was used as the 
reverse primer for miRNA detection. In addition, for detec-
tion of mRNA expression levels, total RNA was extracted 
with TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and reverse transcribed to cDNA using the Prime Script 
RT reagent kit (Takara Bio, Inc.). The RT reaction conditions 
were as follows: 65˚C for 5 min, 30˚C for 6 min and 50˚C for 
60 min. qPCR was performed using the SYBR green detec-
tion kit (Takara Bio, Inc.). The miRNA and mRNA levels were 
analyzed using an ABI 7500 real‑time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). For detection of 
mRNA, the 20 µl reaction system consisted of 10 µl 2X SYBR 
green master mix, 7 µl H2O, 2 µl primers (10 µM) and 1 µl 
template DNA. The reaction mixtures were denatured at 95˚C 
for 15 min, followed by 40 cycles of annealing at 94˚C for 
15 sec, 55˚C for 30 sec and 70˚C for 30 sec. U6 was employed 
as the internal reference for miRNA and β‑actin was the 
internal reference for mRNA. All samples were analyzed in 
triplicate, and the relative expression levels were quantified 
using the 2‑ΔΔCq method (19). All primers are listed in Table I.
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Western blot analysis. Total protein of tissues and cells were 
lysed in 150  µl RIPA lysis buffer containing 1% phenyl-
methanesulfonyl fluoride (PMSF; Beyotime Institute of 
Biotechnology) according to the manufacturer's instructions. 
Protein concentration was quantified using a bicinchoninic 
acid protein assay (Takara Bio, Inc.), and 50  µg proteins 
were separated by 10% SDS‑PAGE prior to being transferred 
onto a polyvinylidene difluoride (PVDF) membrane (EMD 
Millipore). The PVDF membrane was blocked with 5% nonfat 

milk in in PBS containing 0.1% Tween‑20 for 1 h at room 
temperature and was then incubated with primary antibodies 
at 4˚C overnight. The primary antibodies were as follow: 
Anti‑cyclin‑dependent kinase 2 (CDK2; cat. no. 2546), anti‑cell 
division cycle 25A (CDC25A; cat. no. 3652), anti‑cyclin D1 
(cat. no. 2978), anti‑MMP‑9 (cat. no. 2270), anti‑tumor necrosis 
factor (TNF)‑α (cat. no. 3707) and anti‑interleukin (IL)‑6 (cat. 
no. 12153; all from Cell Signaling Technology, Inc.), β‑actin 
(cat. no. ab8226; Abcam) and anti‑MMP‑1 (cat. no. ab137332; 
Abcam). All primary antibodies were used at a dilution of 
1:1,000. Subsequently, the membrane was incubated with goat 
anti‑rabbit immunoglobulin G horseradish peroxidase‑linked 
secondary antibodies (1:2,000; cat. no. 7074, Cell Signaling 
Technology, Inc.) for 1 h at room temperature. Blots were 
visualized using an enhanced chemiluminescence reagent (cat. 
no. 32106; Thermo Fisher Scientific, Inc.). Semi‑quantification 
of image density was performed using ImageJ version 1.38 
software (National Institutes of Health).

miR‑34a‑3p target prediction and luciferase reporter assay. 
The potential targets of miR‑34a‑3p were predicted using 
TargetScan (www.targetscan.org/vert_72) and MiRWalk 
2.0 (mirwalk.umm.uni‑heidelberg.de). Subsequently, the 
predicted target genes were investigated using a luciferase 
reporter assay. Briefly, miR‑34a‑3p was inserted into a 
GV272 vector (Shanghai GeneChem Co., Ltd.) and fragments 
containing a miR‑34a‑3p‑binding site in the 3'‑untranslated 
region (UTR) of predicted genes were cloned into a GV268 
plasmid vector (Shanghai GeneChem Co., Ltd.). The 
QuikChange II Site‑Directed Mutagenesis kit (Agilent 
Technologies, Inc.) was used to mutate the binding sites; the 
mutated fragments were also inserted into a GV268 plasmid 
vector (3'‑UTR mut).

Luciferase reporter assay was performed on the 293 cell 
line (cat. no. CRL‑3216; ATCC) using a Dual‑Luciferase® 
Reporter Assay system (cat. no. E1910; Promega Corporation). 
Briefly, 293 cells at a density of 4x104 were transfected with 
50  ng GV272‑miR‑204‑3p, and 40  nM of either control 
GV268‑3'‑UTR or GV268‑3'‑UTR mut by Lipofectamine® 
2000. After 48 h, 293 cells were lysed with 200 µl 1% sodium 
dodecyl sulfate (SDS) and separated by centrifugation at 
15,000 x g for 3 min at 4˚C. The prepared dual luciferase 
reporter mixture was added to the supernatant of lysed cells 
and the relative luciferase activity normalized against Renilla 
luciferase was immediately measured using a Synergy™ 2 
luminometer (BioTek Instruments, Inc.).

Statistical analysis. Statistical analysis was detected using 
GraphPad Prism version 6.0 software (GraphPad Software, 
Inc.). All data are presented as the means ± standard deviation. 
Differences were analyzed using one‑way analysis of variance 
followed by Tukey's multiple comparison test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑34a‑3p expression is decreased in FLS from patients 
with RA. To identify the potential effect of miR‑34a‑3p on RA, 
the expression levels of miR‑34a‑3p were compared between 
different groups. The FLS purified from patients with RA 

Table I. Primers for reverse transcription‑quantitative PCR.

Gene
name	 Primer sequences

CDK2	 Forward: 5'‑CAGTACTGCCATCCGAGAGA‑3'
	 Reverse: 5'‑GAATGCCAGTGAGAGCAGAG‑3'
CDC25A	 Forward: 5'‑CCTCCGAGTCAACAGATTCA‑3'
	 Reverse: 5'‑GGGTCGATGAGCTGAAAGAT‑3'
Cyclin D1	 Forward: 5'‑GTCTTCCCGCTGGCCATGAAC
	 TAC‑3'
	 Reverse: 5'‑GGAAGCGTGTGAGGCGGTAGT
	 AGG‑3
MMP‑1	 Forward: 5'‑AAATGCAGGAATTCTTTGGG‑3'
	 Reverse: 5'‑ATGGTCCACATCTGCTCTTG‑3
MMP‑9	 Forward: 5'‑TTGACAGCGACAAGAAGTGG‑3'
	 Reverse: 5'‑GGCACAGTAGTGGCCGTAG‑3
TNF‑α	 Forward: 5'‑CATCTTCTCAAAATTCGAGTG
	ACAA‑ 3'
	 Reverse: 5'‑TGGGAGTAGACAAGGTACAA
	CCC‑ 3'
IL‑6	 Forward: 5'‑AGTTGCCTTCTTGGGACTGA‑3'
	 Reverse: 5'‑TCCACGATTTCCCAGAGAAC‑3
MDM4	 Forward: 5'‑AGGTGCGCAAGGTGAAATGT‑3'
	 Reverse: 5'‑CCATATGCTGCTCCTG CTGAT‑3'
TRAF3	 Forward: 5'‑ACTGCAAGAGTCAGGTTCCG‑3'
	 Reverse: 5'‑CAAGTGTGCACTCAACTCGC‑3
TRAF1	 Forward: 5'‑CATGCAGGAGCATGAGGCT
	ACC‑ 3'
	 Reverse: 5'‑CCACCACCCTCTGCTCCAAGC‑3
PTPN11	 Forward: 5'‑TCAGCACAGAAATAGATGTG‑3'
	 Reverse: 5'‑TGCTTATCAAAAGGTAGTCA‑3'
XIAP	 Forward: 5'‑GTGGTGGAAAACTGAAAAAT
	 TGG‑3'
	 Reverse: 5'‑GAAAGTGTCGCCTGTGTTC
	 TGA‑3
β‑actin	 Forward: 5'‑CCTGGCACCCAGCACAAT‑3'
	 Reverse: 5'‑GGGCCGGACTCGTCATAC‑3
U6	 Forward: 5'‑CTCGCTTCGGCAGCACATA‑3'
	 Reverse: 5'‑AACGATTCACGAATTTGCGTC‑3

CDK2, cyclin‑dependent kinase 2; CDC25A, cell division cycle 
25A; IL‑6, interleukin 6; MDM4, murine double minute 4; MMP, 
matrix metalloproteinase; PTPN11, protein tyrosine phosphatase 
non‑receptor type 11; TNF‑α, tumor necrosis factor α; TRAF, TNF 
receptor‑associated factor; XIAP, X‑linked inhibitor of apoptosis.
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and OA were incubated under the same conditions and the 
results of RT‑qPCR demonstrated that the expression levels of 
miR‑34a‑3p were generally lower in RAFLS compared with 
in OAFLS and normal FLS (Fig. 1). This result indicated the 
potential function of miR‑34a‑3p in the pathogenesis of RA.

Increased expression levels of miR‑34a‑3p inhibit the prolifer‑
ation and cell cycle progression of RAFLS. To investigate the 
potential effects of miR‑34a‑3p on RAFLS, miR‑34a‑3p mimics 
and inhibitor vectors were transfected into RAFLS (Fig. 2A). 
As demonstrated in Fig. 2B, upregulated miR‑34a‑3p expres-
sion had an inhibitory effect on FLS proliferation (P<0.01). 
Therefore, the effects of miR‑34a‑3p on the cell cycle of FLS 
were further investigated. The results of flow cytometry were 
consistent with the CCK‑8 assay; the number of miR‑34a‑3p 
mimics‑transfected FLS in G1 phase was significantly higher 
compared with in the control group (P<0.01), which suggested 
that high miR‑34a‑3p expression may effectively inhibit the 
cell cycle of FLS (Fig. 2C and D). By contrast, knockdown 
of miR‑34a‑3p promoted the cell cycle; however, this was not 
significant.

High miR‑34‑3p expression suppresses the expression levels 
of cell cycle control genes. The cell cycle control genes serve 
a crucial role in progression of the cell cycle. To further 
verify the inhibitory effects of miR‑34a‑3p on the cell cycle 
of RAFLS, the expression levels of several cell cycle control 
genes (CDK2, CDC25A and cyclin D1) were measured. As 
demonstrated in Fig. 3A‑C, the transcriptional and post‑tran-
scriptional levels of these genes were significantly decreased, 
compared with in the control and NC groups (P<0.01). The 
inhibitory effects of miR‑34a‑3p were most marked on the 
mRNA and protein expression levels of CDK2. Conversely, 
the miR‑34a‑3p inhibitor vector appeared to exert little effects 
on the cell cycle control genes. These results further verified 
that miR‑34a‑3p had an inhibitory effect on the cell cycle 
progression of RAFLS.

Increased miR‑34a‑3p expression inhibits MMPs and 
pro‑inflammatory cytokines in RAFLS. It has been reported 
that RAFLS can promote the expression levels of MMPs and 
pro‑inflammatory cytokines, thus resulting in the destruction 
of synovial tissue (20). The present study examined the mRNA 
and protein expression levels of two MMPs (MMP‑1 and 
MMP‑9) and two pro‑inflammatory cytokines (Fig. 4A‑C). It 
was observed that the expression levels of MMP‑1 and MMP‑9 
were significantly decreased in the miR‑34a‑3p mimics 
group compared with in the control group (P<0.01), which 
suggested that miR‑34a‑3p may protect the articular cartilage 
through inhibiting the expression levels of MMPs. In addition, 
miR‑34a‑3p significantly suppressed the expression levels of 
TNF‑α and IL‑6 (P<0.01); this may result in resistance to 
inflammation‑induced bone destruction. Conversely, inhibi-
tion of miR‑34a‑3p promoted the production of MMPs and 
pro‑inflammatory cytokines, but not significantly.

Affinity of miR‑34a‑3p to murine double minute 4 (MDM4) is 
greater compared with TNF receptor‑associated factor (TRAF) 
3. Two prediction algorithms (TargetScan and mirWalk) were 
combined to identify the potential target genes of miR‑34a‑3p; 

five predicted target genes were identified, MDM4, TRAF3, 
TRAF1, protein tyrosine phosphatase non‑receptor type 11 
and X‑linked inhibitor of apoptosis (XIAP). As determined by 
RT‑qPCR analysis, the expression levels of four genes (MDM4, 
TRAF3, TRAF1 and XIAP) were significantly decreased in the 
miR‑34a‑3p mimics group (P<0.01), and the inhibitory effects 
of miR‑34a‑3p mimics were the most marked on MDM4 and 
TRAF3 (Fig 5A). As shown in Fig. 5B, the 547‑554 nt position 
of the MDM4 3'‑UTR harbored one potential binding site for 
miR‑204‑3p (seven bases), whereas the 5700‑5706 nt position 
of the TRAF3 3'‑UTR included a potential binding site for 
miR‑204‑3p (six bases). MDM4 and TRAF3 were therefore 
considered potential target genes of miR‑34a‑3p.

Dual luciferase reporter plasmids were constructed to 
further identify the association between miR‑34a‑3p and 
MDM4 or TRAF3. The luciferase activity in the miR‑34a‑3p 
+ MDM4 3'‑UTR group was significantly reduced compared 
with in the Con + MDM4 3'‑UTR group (P<0.01). The 
luciferase activity in the miR‑34a‑3p + MDM4 3'‑UTR mut 
group exhibited no difference compared with in the control 
group. miR‑34a‑3p also had an effective inhibitory effect on 
the luciferase activity of TRAF3 3'‑UTR (P<0.01), whereas 
the luciferase activity of the miR‑34a‑3p + TRAF 3'‑UTR 
mut group exhibited no difference compared with in the Con 
+ TRAF3 3'‑UTR group. Notably, the inhibitory effects of 
miR‑34a‑3p on MDM4 luciferase activity were more marked 
compared with on TRAF3 luciferase activity (Fig. 5C). These 
findings suggested that miR‑34a‑3p possessed a stronger 
affinity to MDM4 compared with to TRAF3.

Discussion

The present study aimed to determine the function of the 
miR‑34 family, which has been reported to serve an impor-
tant role in the progression of apoptotic cell death (21,22). It 
has been observed that miR‑34a‑3p has functions opposite 
to other miR‑34 family members, including miR‑34a‑5p, 

Figure 1. Expression levels of miR‑34a‑3p in RAFLS are generally lower 
compared with in OAFLS. Synovial tissue specimens from patients with RA 
(n=20) and OA (OA, n=20) who underwent total knee replacement surgery, 
and healthy individuals (n=20) who underwent synovial biopsies, and FLS 
were cultured under the same conditions. The expression levels of miR‑34a‑3p 
were measured by reverse transcription‑quantitative polymerase chain reac-
tion. β‑actin was detected as an internal control. Each value represents the 
mean ± standard deviation. **P<0.01 vs. RA group. FLS, fibroblast‑like 
synoviocytes; miR, microRNA; OA, osteoarthritis; RA, rheumatoid arthritis.
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miR‑34b‑3p/5p and miR‑34c‑3p/5p  (15). The onset of OA 
and RA is associated with oxidative stress and inflammation; 
therefore, the expression levels of miR‑34a‑5p were detected 
in patients with RA and OA and were compared, in order to 
make the results more conclusive. By comparing the expres-
sion levels of miR‑34a‑3p in RAFLS with those in OAFLS, it 
was identified that the miR‑34a‑3p expression was consider-
ably reduced in RAFLS; therefore, it was hypothesized that 
miR‑34a‑3p may have an ameliorating effect on RA. To further 
determine the potential role of miR‑34a‑3p, overexpression 
and knockdown of miR‑34a‑3p were artificially induced, and 
the proliferation and activation of RAFLS were detected.

Pannus formation is an important characteristic of RA, 
which is characterized by angiogenic factor‑mediated angio-
genesis and abnormal hyperplasia of the synovium  (23). 
The pannus, which is composed mostly of FLS, is formed 
alongside a marked infiltration of lymphocytes and macro-
phages (24). The increased number of FLS is a key participant 
in the progression of RA; FLS can attach to articular cartilage 
and secrete several types of pro‑inflammatory cytokines and 
MMPs to invade the ECM and cartilage, thus inducing severe 
joint damage and dysfunction (25,26). In the present study, 
enhanced miR‑34a‑3p expression significantly inhibited FLS 
proliferation, which may greatly decrease the production of 
pro‑inflammatory cytokines and MMPs, partly mitigating 
inflammation and bone destruction in patients with RA. In 
addition, the CDK family serves a vital role in regulating 
cell cycle progression; CDK2 can induce the G1/S transition 
and promote DNA replication (27). CDC25A and cyclin D1 
contribute to activating CDK2, and cyclin D1 can also induce 
phosphorylation of the retinoblastoma tumor suppressor 
protein family, activating E2F transcription factors and ulti-
mately driving G1/S progression (28,29). The results of the 
present study indicated that increased miR‑34a‑3p expression 

Figure 2. Increased miR‑34a‑3p expression inhibits the proliferation and cell cycle progression of RAFLS. miR‑34a‑3p mimics and inhibitor vectors were 
constructed and transfected into RAFLS. (A) Transfection efficiencies of all vectors were assessed by reverse transcription‑quantitative polymerase chain 
reaction. β‑actin was detected as an internal control. (B) Cell Counting kit‑8 assay was performed to determine the proliferation of FLS at 0, 24 and 48 h. 
(C and D) Cell cycle analysis was conducted using propidium iodide staining and flow cytometry. Each value represents the mean ± standard deviation (n=3). 
*P<0.05, **P<0.01 vs. Con group; #P<0.05, ##P<0.01 vs. NC group. Con, control; FLS, fibroblast‑like synoviocytes; miR, microRNA; NC, negative control; OD, 
optical density; RA, rheumatoid arthritis.

Figure 3. High miR‑34‑3p expression suppresses the expression levels of 
cell cycle control genes. (A) mRNA and (B and C) protein expression levels 
of CDK2, CDC25A and cyclin D1 were measured by reverse transcrip-
tion‑quantitative polymerase chain reaction and western blotting. β‑actin was 
detected as an internal control. Each value represents the mean ± standard 
deviation (n=3). **P<0.01 vs. Con group; ##P<0.01 vs. NC group. CDC25A, 
cell division cycle 25A; CDK2, cyclin‑dependent kinase 2; Con, Control 
group; miR, microRNA; NC, negative control.
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may suppress the expression levels of CDK2, CDC25A and 
cyclin D1, in order to elicit cell cycle arrest of FLS; these 
results may explain why the number of cells in G1 phase 
was much higher in the miR‑34a‑3p mimics group. MMPs 
produced by FLS enhance the migration and invasion of FLS, 
and previous studies have demonstrated that knockdown of 
SUMO‑conjugating enzyme UBC9 or sphingosine kinase 1 
notably mitigates the disease progression in RA by blocking 
the expression of MMPs (30,31). Combined with these studies 
and the findings of the present study, miR‑34a‑3p may effec-
tively inhibit cell proliferation, and the migratory and invasive 
capacities of FLS, and may thus protect articular cartilage 
from MMPs.

RA is a chronic inflammatory disease, and the functional 
mechanisms of several inflammatory cytokines have been 
studied in depth. Previous studies have demonstrated that the 
expression levels of TNF‑α and IL‑6 are closely associated 
with synovitis and joint destruction (32‑34). TNF‑α stimula-
tion can lead to fibrosis and the inflammatory response of 
FLS, resulting in production of IL‑6, vascular cell adhesion 

molecule‑1 and vascular endothelial growth factor, which 
participate in the pathophysiology of RA (35,36). In the current 
study, the expression levels of TNF‑α and IL‑6 are markedly 
decreased with increased expression levels of miR‑34a‑3p, 
which may suggest that miR‑34a‑3p expression had the ability 
to radically decrease inflammation in RA. A previous study 
demonstrated that coenzyme Q10, an endogenous antioxidant, 
can effectively downregulate inflammatory cytokines and 
oxidative stress by inhibiting TNF‑α and IL‑6 expression 
levels (37), and tocilizumab is considered a promising agent in 
RA treatment as it can specifically target IL‑6 (38). These data 
indicate a potential treatment effect of miR‑34a‑3p on RA.

In the present study, it was suggested that MDM4 may be 
a potential target gene of miR‑34a‑3p, according to prediction 
software (TargetScan and MiRWalk). In addition, the predic-
tions were verified using a luciferase assay, which was helpful 
in further investigating the molecular mechanism underlying the 
effects of miR‑34a‑3p on the pathophysiology of RA. A previous 
study demonstrated a close association between the expression of 
MDM4 in FLS and the hyperplasia phenotype of RA synovial 
tissues (39). Therefore, it was hypothesized that the treatment 
effect of miR‑34a‑3p on RA may be dependent on miR‑34a‑3p 
effectively silencing MDM4 expression; however, further study 
is required to confirm this. Niederer et al (15) reported that the 

Figure 4. Increased miR‑34a‑3p expression inhibits MMPs and pro‑inflam-
matory cytokines in rheumatoid arthritis‑fibroblast‑like synoviocytes. 
(A) mRNA and (B and C) protein expression levels of MMP‑1, MMP‑9, 
TNF‑α and IL‑6 were measured by reverse transcription‑quantitative 
polymerase chain reaction and western blotting. β‑actin was detected as an 
internal control. Each value represents the mean ± standard deviation (n=3). 
**P<0.01 vs. Con group; ##P<0.01 vs. NC group. Con, Control group; IL, inter-
leukin; miR, microRNA; MMP, matrix metalloproteinases; NC, negative 
control; TNF, tumor necrosis factor.

Figure 5. Affinity of miR‑34a‑3p to MDM4 is stronger compared with 
TRAF3. (A) mRNA expression levels of five predicted target genes were 
measured in rheumatoid arthritis‑fibroblast‑like synoviocytes transfected 
with miR‑34a‑3p mimics and inhibitor vectors. β‑actin was detected as 
an internal control. (B) Potential miR‑34a‑3p binding sites in MDM4 and 
TRAF3. (C) Luciferase reporter assay further verified whether miR‑34a‑3p 
effectively targets MDM4 and TRAF3. Each value represents the 
mean ± standard deviation (n=3). *P<0.05, **P<0.01 vs. Con + 3'‑UTR group; 
#P<0.05, ##P<0.01 vs. NC group. 3'‑UTR, 3'‑untranslated region; Con, Control 
group; MDM4, murine double minute 4; miR, microRNA; TRAF3 NC, 
negative control; PTPN11, protein tyrosine phosphatase non‑receptor type 
11; TNF, receptor‑associated factor 3; XIAP, X‑linked inhibitor of apoptosis. 
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mechanism by which miR‑34a affects RA may be that miR‑34a 
inhibits apoptosis of RA synovial fibroblasts by upregulating the 
expression of its direct target XIAP. Another study also identi-
fied that miR‑34a‑deficient mice are resistant to collagen‑induced 
arthritis, and that miR‑34a is an epigenetic regulator of dendritic 
cell function that may contribute to RA, suggesting that RA 
regression can be aided using a miR‑34a inhibitor (40). A previous 
study also identified that inhibition of miR‑34a can improve 
arthritis in mice by decreasing the percentage of T cells, cytokine 
expression and bone loss (15). The two possible mature miRNAs 
of miR‑125a, miR‑125a‑3p and miR‑125a‑5p, have inverse effects 
on invasion and migration of lung cancer cells (41). The 3p arm 
presents more individually regulated targets based on poorly 
sequence conservation (42). Therefore, the present study hypoth-
esized that miR‑34a‑3p may exert a protective effect that may 
different from that of miR‑34a‑5p in RA. The development of RA 
is associated with inflammation and immunity, and miR‑34a can 
participate in RA through different pathways. Therefore, further 
research is required on the mechanism of action of miR‑34a in 
RA. Notably, miR‑34a‑3p serves a crucial role in the pathogenesis 
of RA. The present study demonstrated that it may inhibit FLS 
proliferation and suppress the production of pro‑inflammatory 
cytokines and MMPs, greatly ameliorating articular cartilage 
destruction. In conclusion, miR‑34a‑3p may be considered a novel 
therapeutic target for RA; however, its underlying mechanism 
requires further research.
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