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EXPERIMENTAL STUDY

The function of microRNA-34a in osteoarthritis
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ABSTRACT
AIM: To discuss the effects and mechanism of microRNA-34a in cell apoptosis induced by osteoarthritis.
METHODS: Collection of the normal and osteoarthritis synovial tissues and measurements of the miRNA-34a 
and TGIF2 gene expression. In the cell experiment, the cells were divided into Control, Blank and miRNA in-
hibitor group. The cell proliferation and apoptosis of the different groups were measured by MTT and fl ow cy-
tometry and the TGIF2 protein expression in the different groups was evaluated by WB assay. The correlation 
between TGIF2 and miRNA-34a was analyzed by Double luciferase experiment. 
RESULTS: Compared with normal synovial tissues, the miRNA-34a gene expression was signifi cantly up-regulated 
and TGIF2 gene expression was signifi cantly suppressed in osteoarthritis synovial tissues (p < 0.001, respec-
tively). The cell proliferation was signifi cantly depressed and the cell apoptosis rate was signifi cantly increased 
in miRNA inhibitor group compared with the Control group (p < 0.001, respectively). Using the WB assay it was 
shown that the TGIF2 protein expression of miRNA inhibitor group was signifi cantly suppressed compared with 
that of Control group (p < 0.01). By Double luciferase assay, TGIF2 gene was one target gene of miRNA-34a.
CONCLUSION: miRNA-34a could induce osteoarthritis synovial cell apoptosis via regulation of TGIF2 in vitro 
(Fig. 6, Ref. 29). Text in PDF www.elis.sk.
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Introduction

Osteoarthritis (OA) is a common degenerative joint disease 
characterized by a degressive change in articular cartilage. OA 
not only causes articular cartilage damage, but also involves the 
entire joint, resulting in articular cartilage degeneration, fi brosis, 
and joint surface damage (1, 2). However, the treatment of OA 
is limited to symptomatic treatment. The clinical application of 
non-steroidal anti-infl ammatory drugs and hormones only allevi-
ates pain symptoms and cannot reverse the pathological process of 
OA (3, 4). MicroRNA (miRNA) is an endogenous non coded RNA 
with a length of 18–25 nucleotide fragments, which regulates gene 
expression by binding to the 3 ‘UTR region of the target mRNA 
(5). The current clinical trials based on miRNA and therapy have 
been conducted in a variety of diseases, with great clinical diag-
nosis and treatment. However, similar treatments for arthritis are 
relatively scarce. In OA cartilage, it has been found that miRNA 
may be involved in the pathological process of OA (6–10). Some 
studies reported that miRNA-34a can suppress cell proliferation 
by stimulating cell apoptosis (11, 12). TGIFs belong to the TALE 
domain protein family, which includes TGIF, TGIF2/TGIF2LX/Y 
in the human genome. TGIFs can participate in the proliferation 
of cells in a variety of ways, and can interact with Smads proteins 

and TGF signal regulates the occurrence of tumor (13–18). How-
ever, the effect and mechanism of TGIF2 in the development of 
OA has been unclear by now. 

Materials and methods

Materials 
The synovial tissues were taken from osteoarthritis and joint 

replacement patients who were treated in the Second Hospital of 
Tangshan City. The synovial tissues were divided into 2 parts: one 
part was stored at −80 °C until measuring miRNA-34a and TGIF2 
gene expression and separation of the synovial cells; another part 
was fi xed in 10 % polyoxymethylene and embedded in paraffi n. 
The paraffi n block was cut to 4 μm dections, the section was used 
for H&E staining. 

RT-PCR assay
The total RNA was extract from synovial tissues from os-

teoarthritis and joint replacement patients by Trizol total RNA 
extraction kit (Invitroge, USA), taking 1.5 μg RNA following by 
Taq RNA PCR Kit (AMV) Ver 3.0 (Bao biologic engineering Co., 
Ltd., China) operation method, confi guration reaction system and 
placed in the PCR instrument reaction system as follows: 30 °C 
for 10 min, 42 °C for 30 min, 99 °C for 5 min, 5 °C for 5 min, the 
cDNA was synthesized. The relative genes’ primers were added 
as follows: miRNA-34a: F: 5’-TCTATTTGCCATCGTCTA-3’; 
R: 5’-CAGGCAGCTCATTTGGAC-3’. TGIF2: F: 5’-AGAGT-
GCACTGCATGATAGCGTTCT-3’; R: 5’-CCAATGATAAAA-
CAACCATTTGG-3’. β-actin: F:5’-GGACTTCGAGCAAGAGA-
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TGG-3’; R:5’-AGCACTGTGTTGGCGTACAG-3’. PCR reaction 
conditions were as follows: 95 °C for 3 min, 94 °C for 40 s, 54 °C 
for 40 s, 72 °C for 1 min, 72 °C for 3 min, the total cycles were 29 
cycle in ABI step one plus real-time system (Applied Biosystems, 
USA). The mRNA-level of the genes of interest were expressed as 
the ratio of a gene of interest to β-actin mRNA for each sample. 
The comparative Ct (ΔΔCt) method was used to determine the 
expression fold change.

OA synovial cell isolation and culture
Synovial tissue of the knee joint was aseptically removed, 

washed by PBS, cut, 2 ml DMEM culture fl uid and 2 ml I type 
collagenase (2.5 mg/ml) were added, the cells were cultured in in-
cubator (37 °C, 5% CO2) for 4–6 h, fi ltered with 200 mesh gauze, 
Centrifuged and the supernatant was abandoned. After adding 
DMEM culture fl uid to re-suspend cells, cells were inoculated 
into a culture bottle as 1×106/ml and cultured in the incubator 
(37 °C, 5 % CO2). The cells were divided into 3 groups: Control 
group treated with normal treatment; Blank group transfected 
with blank vector and miRNA inhibitor group transfected with 
miRNA-34a inhibitor. 

Morphological observation and identifi cation of synovial cells
The cell suspension was added in the 96 hole cell culture plate 

(Prefabricated 10mm slide), was cultured for 24h, the slide was 
remove, rinsed with PBS, dehydrated in graded ethanol, fi xed, 

stained with conventional HE, xylene transparent after mounting 
and cell morphology was observed under microscope. 

Synovial cells transfection
T cells were inoculated on a 6-hole plate. There were 1×106 

cells/ml in every hole, Before transfection, the cell density was 
80 – 90 %. Depending on Lipofectamine 2000 (Sigma, USA) 
instruction manual, the synovial cells of Blank and miRNA in-
hibitor groups, respectively, were transfected with empty vector 
and miRNA-34a inhibitor (Guangzhou Ruibo company. China). 

MTT assay 
After transfection for 24 h, the cells of different groups were 

collected , washed by PBS, digesed by 0.25 % trypsin, centrifuged 
resulting in a single cell suspension, than the cell suspension was 
adjusted to concentration of 1×106 cells/ml, inoculated in 96-well 
plate, cultured overnight, then 20 μl MTT solution (5 mg/ml) was 
added and continued to culture for 4 h at 37 °C, after that the su-
pernatant was removed, 100 μl DMSO were added to every hole, 
after shaking for 10 min, absorbance by Enzyme-linked immuno-
sorbent at 570 nm was evaluated. The cell proliferation of different 
groups was evaluated afterwards.

The cell apoptosis test
Annexin V-fl uoresceimisothiocyanate/propidium iodide (An-

nexin V-FICT/PI) Double staining method was used to measure 

A B
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Fig. 1. The clinical data and analysis. A) Normal synovial tissue by H&E staining (×200), B) OA synovial tissues by H&E staining (×200), C) 
the miRNA-34a gene expression of different tissues, *** p < 0.001, vs normal tissue, D) the TGIF2 gene expression of different tissues, *** p 
< 0.001, vs normal tissue.
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the cell apoptosis. The cells of different groups were collected and 
washed by PBS for 3 times, using 0.25 % pancreatin to digest, 
centrifuged at 1000r/min for 5 min, the cells were collected; add-
ing the PBS in the tube to repeal again. 500 μl combined buffer 
solution were added in the cells, and a single cell suspension was 
prepared with the concentration of 1×106 cell/ml. The single cell 
suspension was transferred to fl ow tube, 5 μl Annexin V-FITC were 
added into the tube and it was stored for 30 min in the dark, then 
2.5 μl PI was added into the tube 5 min before measuring, the cell 
apoptosis of different groups was fi nally evaluated.

WB assay
The synovial cells of 3 groups were collected and washed by 

pre-cold PBS for 2 times, centrifuged at 1000 r/min for 5 min, the 
supernatant was removed 70 μl pre-cold cell lysate were added to 
precipitate suspension cell, placed on ice for 30 min., centrifuged 
at 12000 r/min for 10 min at 4 °C, then the supernatant was col-
lected. The total protein concentrations were measured by BCA 
method. The sample protein concentrations of different groups 
were adjusted to be similar, taking protein sample (25 μg total pro-
tein/lane) and added the same volume buffer solution, SDS-PAGE 
electrophoresis, transferring fi lm, using 5 % non-fat milk powder 
to close for 2 h, after that mice anti human TGIF2 and GAPDH 
antibodies (1:200) were added and cultured overnight at 4 °C, then 
washed and subsequently the corresponding alkaline phosphatase 
marked second antibodies were added to the culture for 2 h, al-
kaline phosphatase color rendering and imaging under automatic 

gel imaging analysis system, using Scion Corporation analysis 
software to analyze the TGIF2 protein expression, GAPDH was 
considered as reference. The experiment was repeated for 3 times.

Statistical analysis
The relative data were analyzed by SPSS 22.0 software, the 

data are shown as mean ± SD (standard deviation), and the Stu-
dent–Newman–Keuls test and one-way ANOVA were used to 
compare the variables among different groups. p < 0.05 means 
there were signifi cantly differences.

Results

Normal and RA synovial tissues and relative gene expressions
Using H&E staining, there were just 1–3 layers of cells in the 

normal synovial tissue (Fig. 1A); However, synovial layer was 
thickened in the RA synovial tissue (Fig. 1B). RT-PCR assay re-
sults showed that miRNA-34a gene expression of normal synovial 
tissues was signifi cantly up-regulated and TGIF2 gene expression 
of normal synovial tissues was signifi cantly down-regulated com-
pared with those of RA synovial tissues (p < 0.001, respectively). 
Depending on this result, we inferred that miRNA-34a might be 
in negative correlation with IGIF2 in RA.

RA synovial cells Morphological observation and identifi cation
The RA primary synovial cells were cultured in vitro, including 

macrophage like synovial cells (MCs/A type cell), fi broblast like 
synovial cells (FCs/B type cell) and dendritic cells (DCs/C cells) 
in inverted microscope. Under the microscope, the morphology 
of the cells was mainly spindle shaped, and the two poles were 
long and elongated. The end of the cells was connected to the 
adjacent cells and interwoven into a network (Figs 2A and 2B). 
H&E staining showed that most of the nuclei were round or oval, 
the nucleolus was clear and nucleolus number was 1–3 (Fig. 2C). 

The cell proliferation of difference groups by MTT assay
Compared with the Control group, the cell proliferation rate 

of miRNA inhibitor group in which the miRNA-34a was knocked 
down was signifi cantly increased (p < 0.001); And there were no 
signifi cant differences between Control and Blank group, this 
shows that the transfection had no affects on cell proliferation in 
this study. The relative data are shown in Figure 3.

A B C

Fig. 2. Synovial cell morphology. A) Undyed (×200); B) undyed (×100); C) H&E staining (×400).

Fig. 3. The cell proliferation of different groups. *** p < 0.001; vs 
control group.
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The cell apoptosis of different groups 
Apoptosis is often accompanied by articular chondrocytes in 

OA. Flow cytometry was used to detect the apoptosis of OA sy-
novial cells. The result was shown that the cell apoptosis rate of 

miRNA inhibitor group was signifi cantly suppressed compared 
with that of Control group (p < 0.001). However, there were no 
signifi cant differences between Control and Blank groups (p < 
0.05). The relative data are shown in Figure 4.

Fig. 4. The cell apoptosis rate of different groups. *** p < 0.001; vs control group.

Fig. 5. The TGIF2 protein expression of different groups. *** p < 0.001; vs control group.
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The TGIF2 protein expression in different groups
Compared with Control group, the TGIF2 protein expression 

of miRNA inhibitor group was signifi cantly up-regulated (p < 
0.001) and the TGIF2 protein expression of Blank group was not 
signifi cantly different (p > 0.05) (Fig. 5). 

Double luciferase assay
The luciferase activity of miRNA-34a was not signifi cantly 

different compared with that of miRNA-Control group in TGIF2-
3’UTR-Mut in which the TGIF2 gene mutation; compared with 
miRNA-Control, the luciferase activity of miRNA-34a was sig-
nifi cantly suppressed compared with that of miRNA-Control in 
TGIF2-3’UTR-WT in which the TGIF2 gene was normal (p < 
0.001). The results were shown that TGIF2 was the target gene 
of miRNA-34a (Fig. 6).

Discussion

MiRNA can regulate gene expression through regulating 
protein translation process targeting mRNA or binding to spe-
cifi c mRNA. MiRNA is widely involved in human neural dif-
ferentiation, lipid metabolism, cell proliferation and apoptosis, 
physiological and pathological processes, and is an important 
regulator. 

As let-7 could regulate RAS gene expression in the lung can-
cer (19); miRNA-143 and miRNA-145 were down-regulated in 
the colon cancer tissues; miRNA plays an important role in human 
diseases (leukaemia, virus infection and others) (20, 21). The pre-
vious relative studies have reported that miRNA-34a overexpres-
sion could suppress cell proliferation by stimulating cell apoptosis 
enhancement (22–24). Studies have shown that miRNAs play an 
important role in the progress of OA (25, 26). Yamasaki et al re-
ported that the expression of miRNA-146 is increased in the low 
grade OA articular cartilage, and the expression of miRNA-146 

could be induced by IL-1β stimulation (27). Miyaki et al confi rmed 
that decreased OA in articular cartilage of miR-140 expression 
may lead to abnormal gene expression patterns characteristic of 
OA (28). Apoptosis of chondrocytes is a major factor in the prog-
ress of OA. Our present results have shown that miRNA-34a was 
highly expressed in the OA synovial tissues of OA patients and the 
synovial cell apoptosis was depressed with miRNA-34a knock-
down in in vitro study. 

Many studies have proved that TGIF2 might play key role 
in cell proliferation (16–18), TGIF2 was over-expressed in Non-
small cell lung cancer (NSCLC), and was considered as a cancer 
gene to partake in cell proliferation, G1/S cell cycle process (29). 
In the present study, it was found that TGIF2 gene expression 
was down-regulation in the OA synovial tissues of OA patients 
that might be the results of OA synovial cell apoptosis enhance-
ment and the cell apoptosis and TGIF2 protein were suppressed 
with miRNA-34a knock-down in in vitro study. By double lucif-
erase target experiment, the TGIF2 gene was one target gene of 
miRNA-34a.

Conclusion

The miRNA-34a over-expression might induce OA synovial 
cell apoptosis during OA progression; meanwhile, the miRNA-34a 
inhibitor had effects to improve OA synovial cell apoptosis in vin 
itro study. Based on those results, we inferred that miRNA-34a 
knock-down might be a potential method to treat OA in clinical 
practice.
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