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ABSTRACT
OBJECTIVE: The aim of this study was to evaluate the effects and mechanism of miRNA-31 in synovial cells 
apoptosis induced by RA.
METHODS: The miRNA-31 gene expressions were extracted from synovial tissues of normal and RA patients 
by RT-PCR and H & E staining. The synovial cells of RA patients were isolated and randomly divided into Con-
trol, Blank and miRNA groups. The cell apoptosis of difference groups were measured by fl ow cytometry; the 
TNF-α and IL-1β concentrations of difference groups were measured by Elisa assay; TLR4 and NF-κB proteins 
expressions were measured by WB assay and the correlation between TLR4 and miRNA-31 were evaluated 
by double luciferase target experiment.
RESULTS: The miRNA-31 gene expression was signifi cantly suppressed in RA tissues (p<0.001); Compared 
with control group, the cell apoptosis rate of miRNA group was signifi cantly suppressed (p<0.001); TNF-α and 
IL-1β concentrations were signifi cantly down-regulation in culture fl uid (p<0.001, respectively) and TLR4 and 
NF-κB proteins expressions were signifi cantly depressed (p<0.001, respectively) in miRNA group. By double 
luciferase target experiment, the TLR4 was a target gene of miRNA-31.
CONCLUSION: miRNA-31 is a key role in synovial cells apoptosis induced by RA (Fig. 7, Ref. 23). Text in PDF 
www.elis.sk.
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Introduction

Rheumatoid arthritis (RA) is a chronic infl ammatory, sym-
metrical and systematic autoimmune disease (1). The etiology and 
mechanism of RA has been unclear and there is no cure for it at 
now (2), non-steroidal anti-infl ammatory drugs (NSAIDs) are the 
main methods for clinical treatment of RA (3). There were some 
adverse reactions and severe gastrointestinal reactions in process 
of non-steroidal anti-infl ammatory drugs treatment (4). MiRNA 
is a kind of non encoding single stranded RNA molecules encod-
ing the endogenous gene length of about 22 nucleotides, highly 
conserved in evolution, the suppression of mRNA expression 
by inhibiting the target rent target mRNA translation process or 
infl uence the stability of mRNA, and a variety of physiological 
processes in vivo play an important role in the pathogenesis of 
miRNA and many diseases are closely related (5). There had been 
reports that a variety of miRNA were abnormal in RA patients (6–
10). miRNA-31 was an important role in cell apoptosis (11, 12). 

However, It has been unclear that the effects and mechanism of 
miRNA-31 in RA development.

Materials and methods

Clinical sample
Synovial tissues were taken from joint replacement patients 

which were joint injury or RA from the Second Hospital of Tang-
shan City. The synovial tissues were stored at –80 °C until mea-
sured the miRNA-31 gene expression by RT-PCR assay and fi xed 
in the 10 % polyoxymethylene until H&E staining.

RT-PCR assay
The total RNA were extracted from normal and RA synovial 

tissues by Supplier Agreement of Trizol (Invitrogen, USA); Tak-
ing RNA to measure pure by ultraviolet spectrophotometer, the 
purity is 1.8–2.1 in conformity with the requirements to continue 
the next step. cDNA reverse transcriptase synthesis by suppli-
er aggrement of miRNA reverse transcriptase synthesis kit, the 
miRNA-31 gene expression was measured by Real-timePCR in-
structions (Tanara, Japan). The miRNA-31 gene primer sequence 
(Nanjing Kingsy biological technology company, China) as fol-
lowing: miRNA-31: F: 5’-GGAGAGGAGGCAAGATGCTG-3’; 
R: 5’-GGAAAGATGGCAATATGTTG-3’; U6: F: 5’-TCGCTTC-
GGCAGCACATA-3’; R: 5’-GGCCATGCTAATCTTCTCTG-3’. 



Bratisl Med J 2018; 119 (6)

355 – 360

356

Each sample was set up with 3 complex holes for quantitative 
detection. The reaction takes U6 as the internal reference. The 
CT value of each hole was recorded, the average value of each 
hole was taken as the result, and the results were analyzed by 
2-ΔΔCT method.

H & E staining
The synovial tissues were fi xed in the 10 % polyoxymethylene 

for 24 h, Paraffi n embedded, made into 5 μm slices, the sections 
were H & E staining, observation pathological changes under op-
tical microscope. 

RA separation and culture of synovial cells
The synovial tissues of the knee joint were removed in a ster-

ile environment, washing by PBS, the synovial tissues were cut, 
added 2 ml DMEM culture fl uid and 2 ml I type collagenase (2.5 
mg/ml) to culture in incubator (37 °C, 5% CO2) for 4–6 h, fi lter-
ing, centrifugal, discarding the supernatant. Adding DMEM cul-
ture solution to resuspension cell, the cells as 1×106 cells/ml were 
inoculated in the cell culture bottle. The cells were cultured in the 
incubator (37 °C, 5 % CO2).

Grouping and treatment
The synovial cells were randomly divided into control group 

which were treated with normal treatment; Blank group which 
were transferred with empty vector and miRNA group which 
were transferred with miRNA-31. The synovial cells were taken 
and inoculation in 6-hole culture dish, there were 1×106 cells/ml 
in every holes. When the cell density was 80–90 %, the cells of 
Blank and miRNA groups were transferred with LipofectamineTM 
2000 (Sigma, USA) or miRNA-31 (Sigma, USA) following by 
Supplier Agreement. 

MTT assay
After transfection for 72 h, the logarithmic growth period sy-

novial cells of difference groups were collected and washed by 
PBS, added 0.25 % trypsin to digest, centrifugal, made as single 
cell suspension, regulation cell suspension as 1×106 cells/ml, In-
oculated in the 96-hole plate, culture overnight, added 20 μl MTT 
(5mg/ml) and cultured at 37 °C for 4 h, removing the supernatant, 
added 100 μl DMSO to every holes. After shocking for 10 min, 
the absorbance value were measured at 570 nm, and measured 
the cell proliferation. 

Cell apoptosis by fl ow cytometry
After transfection for 48 h, the cells of difference groups were 

collected and washed by PBS for 2 times. Adding 100 μl Binding 
buffer to resuspension cells, after that, added 5 μl Annexin V and 
1 μl PI to culture for 15 min in dark, added 400 μl Binding buffer 
to measure the cell apoptosis by fl ow cytometry, using FlowJo 7.6 
software to analysis apoptosis.

TNF-α and IL-1β concentrations by Elisa assay
After treatment for 48 h, the culture fl uid of difference groups 

were collected and centrifugal to collect supernatant. The TNF-α 

and IL-1β concentrations were measured by Elisa kits following 
by supplier agreement.

The relative proteins expression by WB assay
The total protein was extracted by total protein extraction 

kit (NanJing KeyGen Biotech Co., Ltd., China), the total protein 
concentration was measured by BCA method (NanJing KeyGen 
Biotech Co., Ltd., China), the 20 μg total protein was taken to 
electrophoretic separation by 10 % SDS-PAGE, transferred the 
protein to PVDF member, adding the fi rst antibodies (GAPDH 
1:1000; TLR4 1:1000 and NF-κB 1:500) to culture overnight at 4 
°C, washing by PBS, added HRP marked second antibody (1:1000) 
to culture for 1 h, adding enhanced chemiluminescence (ECL) to 
color, using Chemiluminescent imaging system (TANON 5200) 
to analysis the gray value by Imagel software.

Double luciferase reporter gene experiment
The TLR4-UTR sequence and its mutants containing the miR-

NA-31 binding site were inserted into the downstream of the 
luciferase reporter gene of the pmirGLO vector. The wild type 
and mutants obtained were named as TLR 4-WT and TLR4-Mul, 
constructed the plasmid, miRNA-Control and miRNA-31 were 
transfected into synovial cells; cultured at 48h after transfection, 
using dual luciferase reporter gene assay kit for detection of lu-
ciferase activity in cells.

Statistical analysis
The relative data of this study were analysis by SPSS 22.0 

software and shown as mean ± SD (standard deviation); The dif-
ference was analysis by one way ANOVA with t-test, p < 0.05 was 
shown the difference had statistical signifi cance.

Results

miRNA-31 gene expression and pathology of difference tissues
Compared with normal synovial tissue, the miRNA -31 gene 

expression was signifi cantly suppressed in RA synovial tissue (p 
< 0.001) (Fig. 1). By H & E staining, In NC rats, the pathology of 
synovial tissue had no changes. The synovial layer is composed 

Fig. 1. The miRNA-31 gene expression in NC and RA synovial tissues 
by RT-PCR. *** p < 0.001 , compared with NC.
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of the membrane cells and arranged in an orderly manner. The 
pathology of RA synovial tissues were the thickness of the ma-
trix layer was obviously thickened, the structure of the collagen 
fi bers in the subsynovial layer changed, and the infl ammatory 
cells were mainly infi ltrated by lymphocyte (Fig. 2). Depending 
on these results, we inferred that miRNA-31 knockdown might be 
the result which lead RA in RA patients. We wanted to verifi cation 
miRNA-31 effects by following experiment.

The cell proliferation and apoptosis of difference 
The cell proliferation rate of miRNA group was signifi cantly 

up-regulation compared with that of Control group (p < 0.001) (Fig. 
3) and there were no signifi cantly difference between Control and 
Blank groups (p > 0.05) (Fig. 3). Meanwhile, The cell apoptosis 
rate of miRNA group was signifi cantly suppressed compared with 
that of Control group (p < 0.001) (Fig. 4); the cell apoptosis rate 
of Blank group was no signifi cantly difference compared with 
Control group (p > 0.05) (Fig. 4). These results were shown that 
miRNA-31 overexpression had effects to improve synovial cell 
proliferation by suppressing cell apoptosis induced by RA.

The relative infl ammatory factors of difference groups
To evaluate the relative infl ammatory factors expression in dif-

ference groups, we measured the TNF-α and IL-1β concentrations 
Fig. 3. The cell proliferation rate of difference groups by MTT assay. 
*** p < 0.001, compared with Control group.

Fig. 4. The cell apoptosis rate of difference groups by fl ow cytometry. *** p < 0.001, compared with Control group.

Fig. 2. The pathology of NC and RA synovial tissues by H&E stain-
ing (×200).

NC RA
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of difference groups in culture fl uid by Elisa assay. The results were 
shown that the TNF-α and IL-1β concentrations were signifi cantly 
reduced with miRNA-31 over-expression in miRNA group (p < 
0.001, respectively). The relative data were shown in Figure 5.

The relative protein expression of difference groups by WB assay
By WB assay, we measured the relative proteins expression 

to explain the mechanism of miRNA-31 in RA treatment. The re-
sults were shown that TLR4 and NF-κB proteins expressions of 

miRNA group were signifi cantly depressed compared with those 
of Control group (p < 0.001, respectively) and there were no sig-
nifi cantly differences between Control and Blank groups in TLR4 
and NF-κB proteins expression in vitro study (p > 0.05, respec-
tively). The relative data were shown in Figure 6.

The correlation between miRNA-31 and TLR4
To analysis the correlation between miRNA-31 and TLR4, we 

used double luciferase target experiment to verifi cation the cor-

Fig. 5. The IL-1β and TNF-α concentrations of difference groups by Elisa assay. *** p < 0.001, compared with Control group.

Fig. 6. The relative proteins expressions of difference groups by WB assay. *** p < 0.001, compared with Control group.

Fig. 7. Double luciferase target experiment. *** p < 0.001, compared with miRNA-Control.
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relation between miRNA-31 and TLR4. The results were shown 
that the LUC activities of miRNA-Control and miRNA-31 were 
no signifi cantly differences in TLR4-Mul, however, the miRNA-31 
was signifi cantly suppressed compared with miRNA-Control in 
TLR4-WT (p < 0.001). Depending on those results, we inferred 
that TLR4 might be the target gene of miRNA-34. The relative 
data were shown in Figure 7.

Discussion

Rheumatoid arthritis (RA) is a multisystemic infl ammatory 
autoimmune disease that mainly involves the surrounding joints. 
Rheumatoid arthritis is a serious threat to human health due to its 
high disability rate and organ involvement. At present, the effect 
of clinical treatment is also needed to improve. Therefore, it is 
necessary to explore the treatment of RA.

miRNA is encoded by the corresponding gene and is tran-
scribed through a series of processing processes to form a mature 
small RNA molecule. Mature miRNA is retained in functional 
complexes, and plays an important regulatory role in gene ex-
pression by inhibiting the translation of mRNA or affecting the 
stability of mRNA by binding to target mRNA (13). MiRNA 
is a key part of the regulation of cytokine signaling pathway 
and rheumatoid arthritis (14–16). Therefore, we study the in-
teraction of rheumatoid arthritis and miRNA and explore the 
downstream signal pathway, so as to provide a theoretical basis 
for the rational treatment and intervention of RA (17). In our 
present study, we fi rstly evaluated miRNA-31 gene expression 
and evaluated the pathology in normal and RA synovial tis-
sues, the results were shown that miRNA-31 gene expression 
was down-regulation with RA pathology change. Depending on 
those results, we hypothesized that miRNA-31 over-expression 
may improve synovial cell injury induced by RA. In the vitro 
cell experiment, the results were shows that miRNA-31 over-
expression enhanced synovial cell proliferation by suppressing 
cell apoptosis. 

IL-1β and TNF-α are two important roles of infl ammation in 
RA development (18–20). IL-1β and TNF-α high concentration 
leaded cell apoptosis (21, 22). TLR4 plays an important role in the 
body’s immune defense. As a bridge between immune response 
and infl ammatory response, TLR4 ligand can activate NF-κB 
transcription factor, and the expression of many infl ammatory fac-
tors needs NF-κB participation (like as IL-1β and TNF-α) (23). In 
present study, with miRNA-31 supplement, the RA synovial cell 
apoptosis was suppressed, meanwhile, the results also found that 
IL-1β and TNF-α concentrations were decreased via suppressing 
TLR4/NF-κB activation. Depending on those results, we inferred 
that TLR4 might be a target gene of miRNA-31. By double lucif-
erase target experiment, the result confi rmed TLR4 was a target 
gene of miRNA-31. 

Conclusion

miRNA-31 was a potential therapeutic gene to RA.miRNA-31 
over-expression had effects to improve synovial cell proliferation 

by suppress apoptosis and regulate IL-1β and TNF-α concentra-
tion via TLR4/NF-κB pathway.
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