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Objective: To elucidate the expression and function of miR-34a in rat osteoarthritic

cartilage cells, and further to explore its mechanism.

Material and Methods: Rat model of osteoarthritis was constructed and knee joint

cartilage cells were isolated in vitro. Immunocytochemical staining was used for identifica-

tion. qRT-PCR was used to detect the expression of miR-34a in cartilaginous tissues and

cartilage cells. Cartilage cells were divided into blank control (BC), negative control (NC),

miR-34a inhibitor (34aI), osteoarthritis model (OA), osteoarthritis model + negative control

(OA + NC) and osteoarthritis model + miR-34a inhibitor (OA + 34aI) groups. Cell prolif-

eration was detected by CCK-8 and colony formation assays. Cell apoptosis was studied by

flow cytometry and Western blot. PI3K/AKT-pathway-related proteins were also analyzed by

Western blot. To further validate the effect of miR-34a on the PI3K/Akt pathway, the

cartilage cells were divided into blank control (BC), osteoarthritis model (OA), osteoarthritis

model + miR-34a inhibitor (OA + 34aI), osteoarthritis model + PI3K activator (OA + IGF-1)

and osteoarthritis model + miR-34a inhibitor + PI3K inhibitor (OA + 34aI + LY) groups, the

experiments above were repeated.

Results: The expression of miR-34a in cartilaginous tissues and cells of osteoarthritis model

was significantly higher than that in normal (p < 0.05). After silencing miR-34a gene, the cell

proliferation and proteins expression of PI3K/Akt pathway were increased, while the apop-

tosis rate and expression of apoptosis-related proteins were decreased. Addition of PI3K

activator also evidently promoted proliferation and inhibited apoptosis. The protein expres-

sion of Bax, Cleaved caspase-3 and Cleaved caspase-9 were dramatically decreased, while

the ratios of p-PI3K/PI3K and p-Akt/Akt were increased in OA + IGF-1 group.

Conclusion: Downregulation of miR-34a regulated proliferation and apoptosis of cartilage

cells by activating PI3K/Akt pathway, providing a potential therapeutic approach for the

treatment of osteoarthritis.
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Introduction
Osteoarthritis is a degenerative joint disease that can ultimately lead to joint

damage.1 Articular cartilage degeneration, subchondral sclerosis and synovial

inflammation are the characteristics of osteoarthritis.2 The etiology of osteoarthritis

is multifactorial, including aging, strain, trauma, infection, obesity, joint congenital

anomalies, metabolic disease, and so on.3,4 Osteoarthritis increases with the pro-

longation of lifespan and has become one of the global clinical problems that

burden patients and health care systems.5 Although osteoarthritis has received

Correspondence: Ruixiang Yang
Orthopedic Surgery, The 3rd People’s
Hospital of Qingdao, No. 29 Yongping
Road, Licang District, Qingdao, People’s
Republic of China
Tel +86 138 6421 2816
Email l7m1wzp@163.com

Clinical Interventions in Aging Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Interventions in Aging 2020:15 373–385 373

http://doi.org/10.2147/CIA.S241855

DovePress © 2020 Tao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
lin

ic
al

 In
te

rv
en

tio
ns

 in
 A

gi
ng

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


attention from researchers in terms of drug development

and physical exercise, the therapeutic effect is still

unsatisfactory.6,7 Therefore, it would be of great clinical

value to find new molecularly targeted drugs or new ther-

apeutic target that can effectively treat osteoarthritis.

MicroRNAs (miRNAs) are short noncoding RNAs

molecules (19–25 nucleotides length) that regulate the

expression of many human-protein-coding genes.8

miRNA plays an important role in a variety of biological

processes by bind to the complementary sequences in the

3ʹ untranslated region to involve the post-transcriptional

regulation.9,10 miR-34a is a member of the miR-34

family and is the most significantly regulated down-

stream miRNA of the p53 pathway.11 Numerous studies

indicate that the dysregulation of P53 is related to the

progression of various diseases, miR-34a influences p53-

mediated cell apoptosis, cell-cycle arrest in the G1 phase

and silences in several types of cancer.12–14 The crucial

role of miRNA in various diseases is related to their

regulation of essential cellular processes and

pathways.15 Previous studies have demonstrated that an

apoptosis activation by the intrinsic and extrinsic way

might be due to a protection mechanism after sublethal

injury.16,17 The phosphatidylinositol-3-kinase-protein

kinase B (PI3K/Akt) mediated signaling is one of the

most critical pathways in regulation of cellular survival,

proliferation, differentiation and apoptosis.18 Growth fac-

tors and hormones trigger PI3K phosphorylation events,

which in turn coordinate cell growth, cell cycle entry, cell

migration and cell survival.19 Moreover, the PI3K path-

way inhibits the cell cycle progression by repressing

downstream molecule Akt.19 These findings together

build a strong rationale for the miR-34a and PI3K/AKT

pathway in order to achieve a better outcome for osteoar-

thritis patients.

Therefore, we hypothesized that miR-34a may be

effective in the treatment of osteoarthritis. This study

aimed to evaluate the effects of miR-34a in rat model

of osteoarthritis, and explored the mechanism of inhibi-

tion of miR-34a on cartilage cells proliferation and

apoptosis.

Materials and Methods
Experimental Animal
Thirty male Sprague Dawley (SD) rats (250 ± 30g, 8–10

weeks old) were purchased from Beijing Weitonglihua

Experimental Animal Technology Co., Ltd., license

number SCXK (Beijing) 20160006. Rats were raised in

the specific pathogens free (SPF) room with relative

humidity 55 ± 5% at 23 ± 2°C and free to water and

food. All experiments follow the NIH guidelines (NIH

Pub. No. 85–23, revised 1996) and have been reviewed

and approved by the Animal Protection and Use

Committee of The 3rd People’s Hospital of Qingdao.

Establishment of Osteoarthritis Model
Rats were randomly divided into OA model group

(Model) and normal control group (Normal), 15 in

each group. An osteoarthritis model was established

based on previous researches.20,21 The rats in the

Model group were anesthetized by intraperitoneal injec-

tion of 3% sodium pentobarbital (50 mg/kg). After

a 2 cm incision was made in the longitudinal direction

of the knee joint in the aseptic condition, sterile ophthal-

mic scissor was used to cut the medial collateral liga-

ment and anterior and posterior cruciate ligaments.

Then, the incision was sutured and the injured limb

was not fixed to establish the OA model. The rats in

Normal group were no special treatment. All rats were

intramuscularly injected with 2 x 104 U/kg penicillin

daily for 3 days. One week later, all rats were driven

daily for 30 mins, 3 weeks consecutively.

Isolation and Primary Culture of Cartilage

Cells
After anesthetized by intraperitoneal injection of 3%

sodium pentobarbital (50 mg/kg), rats were sacrificed

by dislocation. Rat bilateral knee articular cartilage

was taken and stored in a refrigerator at −80°C. The

other part was cut into small sections (<1 mm3) and

washed in phosphate buffer containing double antibody.

After digested with 0.2% trypsin and 0.2% type II

collagenase for 30 mins and 2 hrs, respectively, the

sections were centrifuged at 300 x g for 10 mins. The

cells were cultured in Dulbecco’s Modified Eagle

Medium (DMEM, Gibco, Rockville, MD, USA) supple-

mented with 20% fetal bovine serum (Sigma-Aldrich,

St. Louis, MO, USA) and 1% penicillin-streptomycin in

a 37°C, 5% CO2 incubator (Thermo Fisher Scientific,

Waltham, USA).

Immunocytochemical Staining
Cells grown on glass coverslips were fixed with paraf-

ormaldehyde for 30 mins, broken by 0.5% Triton X-100
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for 20 mins and added into 3% H2O2 for 15–20 mins.

Each step was followed by the procedure washed with

PBS 2–3 times. After blocking in serum protein at 37°C

for 30 mins, cells in positive group were incubated in

rabbit anti-rat Collagen II antibody (1:200, orb235107,

Biorbyt, Cambridge, UK) at 37°C for 30 mins and the

cells in negative group were incubated with PBS. Then,

horseradish peroxidase-labeled goat anti-rabbit IgG

(Proteintech, USA) was added at 37°C for 30

mins and washed with PBS 2–3 times. After incubated

with SABC for 30 mins, the cells were colored with

DAB, slightly re-stained with hematoxylin, dehydrated

in ethanol gradient, transparent, mounted in neutral tree

lipid. Finally, cells were observed under a 400X micro-

scope (Olympus, Japan) and identified the cartilage

cells.

Cell Transfection and Grouping
The cells were passaged one day before transfection,

cultured in a 6-well plate, and transfected at

a confluency of 40%. Lipofectamine TM2000

(Invitrogen, Carlsbad, CA) and plasmid (GenePharma,

Shanghai, China) were added to a sterile centrifuge tube

containing 200 μL DMEM, respectively. After standing

at room temperature for 5 mins, plasmid mix was added

to the Lipofectamine TM2000. Then, the mix was added

to a 6-well plate and incubated for 6 hrs. The plate was

gently shaken every 1 hr to make the liposomes and

plasmids to fully interact with the cells. The OA and

Normal cells were divided into 6 groups: the cells in the

blank control group (BC) and Model group (OA) were

not treated, the cells in the negative control group (NC)

and Model + negative control group (OA+NC) were

transfected with negative miR-34a, the cells in the

miR-34a Inhibitor group (34aI) and Model + miR-34a

Inhibitor group (OA + 34aI) were transfected with

miR-34a Inhibitor.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
After 48 hrs, qRT-PCR was used to detect the expression of

miR-34a in cartilaginous tissues and cartilage cells, and

verify cell transfection. TRIzol kit (Takara, Dalian, China)

was used to extract total RNA, the OD260/OD280 between

1.8 and 2.0 indicated that the purity was qualified. RNAwas

then transcribed into cDNA using the reverse transcription

kit (Applied Biosystems, Waltham, MA, USA). qRT-PCR

was performed using Mastercycler® nexus X2 (Eppendorf,

Hamburg, Germany). Primer sequences (Shanghai

Shenggong Bioengineering Technology Service Co., Ltd.,

Shanghai, China) are as follows: miR-34a, Forward: 5′-GC

CTGGCAGTGTCTTAGCT-3′ and Reverse: 5′- GTGCAG

GGTCCGAGGTC −3ʹ. U6, Forward: 5′- GACCTCTATGC

CAACACAGT −3ʹ and Reverse: 5′- AGTACTTGCGCT

CAGGAGGA −3ʹ. The reaction conditions were: 95°C for

15 s, 60°C for 60 s and 72°C for 40 s (35 cycles). U6

mRNA as an internal parameter and data were processed by

the 2−ΔΔCt method.

Cell Counting Assay Kit-8 (CCK-8) Assay
Logarithmic growth cells were planted into 96-well

plates at a density of 2×104 cells/mL, 100 μL per well.

The cells were incubated in a 37°C, 5% CO2 incubator,

10 μL CCK-8 solution (PA137267, Pierce) was added to

each well after 24 hrs, 48 hrs, 72 hrs and 96 hrs. After

cultured for another 4 hrs, Enzyme-linked immunosor-

bent assay was used to measure absorbance (OD) at

450 nm.

Colony Formation Assay
After digested with 0.25% trypsin, logarithmic growth

phase cells were blown into individual cell. Then, cells

were plated in a 6-well plate at 500 cells/well and cultured

at 37°C, 5% CO2 for 2–3 weeks, fresh medium were

changed every three days. After fixed by methanol, cells

were stained with 1 mL Giemsa working fluid for 30 mins.

Finally, the plates were washed in ultrapure water and air-

dried. The inverted microscope (Olympus, Japan) was

used to count colonies.

Flow Cytometry
Cells were collected and resuspended in 1 x PBS at

4°C. After centrifuging at 1000 rpm for 5–10 mins,

cells were resuspended with 300 μL of 1 x Binding

Buffer. 5 μL of FITC-labeled annexin-V (Beyotime

Biotechnology, Shanghai, China) was added to the

tube and the cells were incubated for 15 mins in the

dark. Then, 5 μL of propidium iodide solution was

added and incubated in the dark for 5 mins. Two

hundred μL of 1 x Binding Buffer was added prior to

analysis by flow cytometer (Beckman Coulter, Brea,

CA, USA) and Cell Quest 5.1 software (BD

Bioscience, San Diego, CA).

Dovepress Tao et al

Clinical Interventions in Aging 2020:15 submit your manuscript | www.dovepress.com

DovePress
375

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Western Blot
Forty-eight hours after cell transfection, bicinchoninic acid

(BCA) protein assay kit (Beijing Suolabao Biotech, Beijing,

China) was used to quantitate the protein. Then, the proteins

were separated by 10% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) and trans-

ferred onto polyvinylidene difluoride (PVDF) membrane.

After blocking with 5% fat-free dried milk for 2 hrs at

room temperature, the membranes were incubated overnight

at 4°C with primary rabbit anti-rat antibodies against Bax

(1:500, orb224426, Biorbyt, Cambridge, UK), Bcl-2 (1:500,

orb226346, Biorbyt, Cambridge, UK), Cleaved caspase-3

(1:500, ab2302, Abcam), Cleaved caspase-9 (1:400,

ab2324, Abcam), PI3K (1:1000, orb137259, Biorbyt,

Cambridge, UK), p-PI3K (1:1000, orb338965, Biorbyt,

Cambridge, UK), Akt (1:1000, orb213545, Biorbyt,

Cambridge, UK), p-Akt (1:1000, orb222951, Biorbyt,

Cambridge, UK) and β-actin (1:1000, ABIN2854709, anti-

bodies-online, Aachen, Germany). Subsequently, horserad-

ish peroxidase-conjugated goat anti-rabbit immunoglobulin

G secondary antibody (1:1000, #7074, Cell Signaling

Technology, USA) was used. The bands were observed and

recorded using enhanced chemiluminescence (ECL) system

(ImageQuant LAS 4000, General Electric Company,

Fairfield, CT, USA), and the gray scale scanning and quanti-

fication were performed by Image J (National Institutes of

Health) software.

To further validate the effect of miR-34a on the

PI3K/Akt pathway, the pathway activator (IGF-1, 100

ng/mL, Shanghai Hengyuan Biotechnology Co., Ltd.,

Shanghai, USA) and inhibitor (LY294002, 30 μM,

Shanghai Haoran Biotechnology Co., Ltd., Shanghai,

China) were used. The cartilage cells were divided into

blank control (BC), osteoarthritis model (OA), osteoar-

thritis model + miR-34a inhibitor (OA + 34aI), osteoar-

thritis model + PI3K activator (OA + IGF-1) and

osteoarthritis model + miR-34a inhibitor + PI3K inhibi-

tor (OA + 34aI + LY) groups, the experiments above

were repeated.

Statistical Analysis
Statistical analysis was performed using SPSS 19.0

(SPSS Inc., Chicago, IL). Mean ± SD was used to

measure the data. Significant differences between two

groups were assessed by t-test. Pairwise comparisons

were performed with the one-way analysis of variance

(ANOVA) test and LSD analysis used to further analy-

sis. P < 0.05 at least is considered as statistically

significant.

Results
The Identification of Cartilage Cells and

Gene Expression of miR-34a in

Cartilaginous Tissues and Cartilage Cells
Immunocytochemical staining has shown that the cyto-

plasmic area of the negative group was transparent, and

the cytoplasmic area of the experimental group was

brownish yellow (Figure 1A). Compared with Normal

group, the mRNA expression of miR-34a was signifi-

cantly increased in Model group (p < 0.05, Figure 1B).

Meanwhile, compared with BC group, the mRNA

expression of miR-34a was also significantly increased

in OA group (p < 0.05, Figure 1C). Those results

indicated that the expression of miR-34a was elevated

in cartilaginous tissues and cartilage cells of

osteoarthritis.

Effects of miR-34a on the Proliferation of

Cartilage Cells
The miR-34a interfering and overexpressing cartilage

cell line were constructed, and the transfection effect

was verified by qRT-PCR. The results of Figure 2A

show that the transfection is successful. Cell prolifera-

tion ability was detected by CCK-8 and colony forma-

tion assays (Figure 2B and C). There was no significant

difference in cell proliferation ability between BC and

NC groups and between OA and OA+NC groups

(p > 0.05). Compared with BC group, the cell prolifera-

tion and colony formation were significantly increased

in 34aI group (p < 0.05). While, compared with BC

group, the cell proliferation ability was significantly

decreased in OA, OA + NC and OA + 34aI groups

(p < 0.05). In addition, compared with 34aI group, the

proliferation ability was significantly decreased in OA +

34aI group (p < 0.05). However, compared with OA +

NC group, cell proliferation and colony formation were

significantly increased in OA + 34aI group (p < 0.05).

Taken together, these results suggested that the down-

regulation of miR-34a could promote proliferation of rat

osteoarthritic cartilage cells.
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Effects of miR-34a on the Apoptosis of

Cartilage Cells
As shown in Figure 3, the apoptosis rate and proteins

expression of Bax, Cleaved caspase-3 and Cleaved

caspase-9 were dramatically decreased after silencing

miR-34a gene, while the protein expression of Bcl-2

was increased. Compared with 34aI group, the apoptosis

rate and expression of apoptosis-related proteins were

Figure 1 The identification of cartilage cells (A, ×400 and scale bars=50 µm) and gene expression of miR-34a in cartilaginous tissues (B) and cartilage cells (C). %p < 0.05

compared with Normal group; @p < 0.05 compared with BC group.
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significantly increased in OA + 34aI group (p < 0.05).

However, compared with OA + NC group, the apoptosis

rate and expression of apoptosis-related proteins were

significantly decreased in OA + 34aI group (p < 0.05).

These results indicated that downregulation of miR-34a

could inhibit apoptosis of rat osteoarthritic cartilage

cells.

Effect of miR-34a on PI3K/

Akt-Signaling-Pathway-Related Proteins in

Cartilage Cells
The protein expression of PI3K, Akt and their phosphory-

lated forms in different group were assessed by Western

blot (Figure 4). The results showed that the ratios of

p-PI3K/PI3K and p-AKT/Akt in 34aI group were signifi-

cantly higher than the BC group (P < 0.05). However,

those protein ratios in OA, OA + NC and OA + 34aI

groups were significantly lower than that of BC group

(P < 0.05). Compared with the 34aI group, the expression

of PI3K/Akt-signaling-pathway-related proteins were sig-

nificantly decreased in OA + 34aI group (p < 0.05). While,

compared with OA + NC group, the expression of PI3K/

Akt-signaling-pathway-related proteins were significantly

increased in OA + 34aI group (p < 0.05). These findings

indicated that downregulation of miR-34a could activate

PI3K/Akt pathway.

Figure 2 Effects of miR-34a on the proliferation of cartilage cells. (A) qRT-PCR was used to detect the expression of miR-34a; (B) CCK8 and (C) cloning formation assays

were used to detect the cell proliferation. *p < 0.05 compared with BC group; #p < 0.05 compared with OA + NC group; ^p < 0.05 compared with 34aI group.
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miR-34a Regulates the Proliferation of

Cartilage Cells by Regulating PI3K/Akt

Pathway
As shown in Figure 5, compared with BC group, the

cell proliferation ability of the other groups was

decreased with different degrees (p < 0.05). When

compared with OA group, the cell proliferation ability

was significantly increased in OA + 34aI, OA + IGF-1

and OA + 34aI + LY groups (p < 0.05). While, com-

pared with OA + 34aI group, the cell proliferation

ability was significantly decreased in OA + 34aI +

LY group (p<0.05). These findings suggested that

Figure 3 Effects of miR-34a on the apoptosis of cartilage cells. (A) Flow cytometry was used to detect apoptosis rate; (B) Western blot was used to detect the expression

of apoptosis-related proteins. *p < 0.05 compared with BC group; #p < 0.05 compared with OA + NC group; ^p < 0.05 compared with 34aI group.
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downregulation of miR-34a regulates the proliferation

of cartilage cells by regulating PI3K/Akt pathway.

miR-34a Regulates the Apoptosis of

Cartilage Cells by Regulating PI3K/Akt

Pathway
Flow cytometry and Western blot were used to investi-

gate the cell apoptosis (Figure 6). Compared with BC

group, the apoptosis rate and expression of apoptosis-

related proteins including Bax, Cleaved caspase-3 and

Cleaved caspase-9 in the other groups were increased to

varying degrees, while the expression of Bcl-2 protein

was significantly decreased (p < 0.05). After treatment

with miR-34a inhibitor or PI3K activator/inhibitor, there

was a significantly decreased in the apoptosis rate and

the expressions of apoptosis-related proteins, with

a significantly increased in the expression of Bcl-2 (p <

0.05). Compared with OA + 34aI group, the apoptosis

rate and expression of apoptosis-related proteins were

significantly increased, and the expression of Bcl-2 pro-

tein was significantly decreased in OA + 34aI + LY

group (p < 0.05). These results demonstrated that down-

regulation of miR-34a regulates the apoptosis of carti-

lage cells by regulating PI3K/Akt pathway.

miR-34a Regulates Proliferation and

Apoptosis of Cartilage Cells by Activating

PI3K/Akt Pathway
As shown in Figure 7, compared with BC group, others all

have a significantly decreased in the ratios of p-PI3K/PI3K

and p-AKT/Akt. Moreover, those protein ratios in OA +

34aI, OA + IGF-1 and OA + 34aI + LY groups were

Figure 4 Effect of miR-34a on PI3K/Akt-signaling-pathway-related proteins in cartilage cells. *p < 0.05 compared with BC group; #p < 0.05 compared with OA + NC group;
^p < 0.05 compared with 34aI group.
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significantly higher than that of OA group (p < 0.05).

While, compared with OA + 34aI group, the expression

of PI3K/Akt-signaling-pathway-related proteins were sig-

nificantly decreased in OA + 34aI + LY group (p < 0.05).

Taken together, these results revealed that downregulation

of miR-34a regulates proliferation and apoptosis of carti-

lage cells by activating PI3K/Akt pathway.

Discussion
Until now, the exact cause of osteoarthritis remain myster-

ious, various modalities were used for the treatment of

osteoarthritis. However, the therapeutic effect is still unsa-

tisfactory. Previous study has demonstrated that specific

biomechanical stimuli and intercellular interactions pro-

duce intracellular signals that are powerful inducers or

suppressors of pro-inflammatory genes in chondrocytes.22

Thus, it is crucial that studying the key areas of

osteoarthritis pathogenesis to define the spectrum of ther-

apeutic targets that to reducing the symptomatic and struc-

tural effects of osteoarthritis.

miR-34a is the result of miR-34 gene mutation, located

on human chromosome 1p36.23 Studies have indicated that

miR-34a is frequently lost or downregulated in most

tissues.24–26 Therefore, this study hypothesized that miR-

34a also plays an important role in rat osteoarthritic carti-

lage cells. We first established an osteoarthritis rat model

and found that the expression of miR-34a was elevated in

cartilaginous tissues and cartilage cells of osteoarthritis.

This indicates that miR-34a plays a suppressive role in

osteoarthritic cartilage cells proliferation. Previous studies

already confirmed that miR-34a can induce cell cycle

arrest and growth inhibition by activating apoptosis.27,28

We then used CCK8 and cloning formation assays to

detect the cell proliferation. Furthermore, flow cytometry

Figure 5 miR-34a regulates the proliferation of cartilage cells by regulating PI3K/Akt pathway. (A) CCK8 and (B) cloning formation assays were used to detect the cell

proliferation. *p < 0.05 compared with BC group; %p < 0.05 compared with OA group; &p < 0.05 compared with OA + 34aI group.
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Figure 6 miR-34a regulates the apoptosis of cartilage cells by regulating PI3K/Akt pathway. (A) Flow cytometry was used to detect apoptosis rate; (B) Western blot was

used to detect the expression of apoptosis-related proteins. *p < 0.05 compared with BC group; %p < 0.05 compared with OA group; &p < 0.05 compared with OA + 34aI

group.
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and Western blot were used to evaluate the influences of

miR-34a on the cell apoptosis. The results show that

downregulation of miR-34a promotes proliferation and

inhibits apoptosis of rat osteoarthritic cartilage cells. All

those findings demonstrated that miR-34a plays a crucial

role in the pathogenesis and development of osteoarthritic

and maybe a new therapeutic target for osteoarthritis.

The mechanisms involved in the osteoarthritis have not

yet been completely elucidated. While the other protective

signaling pathways prevent cells from apoptosis, a number

of studies found that PI3KAKT pathway plays an important

role in preventing cell apoptosis.18 PI3K links to an extra-

ordinarily diverse group of cellular functions via the activa-

tion of Akt.29 To study the molecular mechanisms by which

miR-34a protects rat osteoarthritic cartilage cells, the protein

expression of PI3K, AKT, and their phosphorylated were

detected by Western blot. We found that after silencing miR-

34a gene, the ratios of p-PI3K/PI3K and p-AKT/Akt were

increased, which indicated that downregulation of miR-34a

could activate PI3K/Akt pathway. The phosphorylation of

PI3K/Akt pathway could protect cells via activation of Bcl-2

family and inhibition of caspase family.19 To further define

whether miR-34a regulates rat osteoarthritic cartilage cells

through the PI3K/Akt signaling pathway, the pathway acti-

vator and inhibitor were used. The results showed that the

addition of PI3K activator evidently increased the ratios of

p-PI3K/PI3K and p-Akt/Akt and the expression of Bcl-2,

while the expression of Bax, Cleaved caspase-3 and Cleaved

caspase-9 were dramatically decreased.

In conclusion, we found that downregulation of miR-34a

could promote proliferation and inhibit apoptosis of rat

osteoarthritic cartilage cells. The possible mechanisms may

Figure 7 miR-34a regulates proliferation and apoptosis of cartilage cells by activating PI3K/Akt pathway. *p < 0.05 compared with BC group; %p < 0.05 compared with OA

group; &p < 0.05 compared with OA + 34aI group.
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be by activating PI3K/Akt pathway. Our study demonstrated

that miR-34a was a potential therapeutic approach on

osteoarthritis treatment, which provides a new insight for

the clinical treatment of osteoarthritis.
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