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Abstract: Objective: This paper aimed to investigate miR-140 in promoting bone mesenchymal stem cells (BMSCs) 
to proliferate via targeting FGF9. Methods: Sixty-six bone marrow specimens from patients with osteoarthritis in 
the orthopedics department of our hospital from January 2018 to October 2019 were collected. A further 66 bone 
marrow specimens from healthy people during the same period were selected as controls. qPCR was adopted for 
detecting miR-140 expression in the two groups of bone marrow specimens. miR-140 overexpression vectors were 
constructed and then transfected into the BMSCs, whose proliferation, invasion, migration, and apoptosis were 
observed. Western blot was adopted for detecting cartilage differentiation markers (Sox9 and Has2). The binding 
site of miR-140 and FGF9 was predicted, and their targeted relationship was detected. Results: miR-140 expres-
sion downregulated in osteoarthritis (P<0.05), and its overexpression inhibited BMSCs to proliferate and promoted 
their apoptosis (P<0.05). Sox9 and Has2 were inhibited (P<0.05). According to dual luciferase reporter gene assay, 
luciferase activity remarkably reduced when miR-140 bound to FGF9 (P<0.05). Conclusion: miR-140 promotes the 
proliferation and cartilage differentiation of BMSCs via inhibiting FGF9.
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Introduction

Osteoarthritis is the main cause of joint pain 
and disability [1], characterized by arthralgia, 
tenderness, and constrained motion [2]. Af- 
fecting more than 25% of the population older 
than 18 years old, the disease may lead to 
pathological changes such as the gradual loss 
and destruction of articular cartilage [3]. In 
addition to causing disability, it affects peo- 
ple’s physical health, and may negatively aff- 
ect their mental health [4]. At present, the  
treatment of this disease lacks intervention 
measures that can change its natural course 
[5]. miRNAs are non-coding RNA molecules  
that act as negative regulators of gene ex- 
pression and regulate a series of biological 
functions [6], exerting a pivotal function in cel-
lular signal transduction and in vivo regulations 
[7]. miR-140, as one of them, is abnormally 
expressed in various diseases [8]. In an in vitro 

model of human lung A549 cells, miR-140-5p 
downregulation increases levels of inflam- 
matory cytokines induced by acute lung injury 
[9]. This miRNA is involved in nephroblastoma 
progression via targeting TGFBRI/SMAD2/3 
and IGF-1R/AKT signaling pathways [10]. 
Additionally, low miR-140 expression is nega-
tively correlated with the severity of osteoar- 
thritis [11]. As a transcription factor related to 
gliogenesis in vertebrate central nervous sys-
tem, Sox9 has strong gliogenesis activity [12]. 
Sox9 and hyaluronic acid synthase 2 (Has2)  
are both chondrogenesis markers [13]. Fi- 
broblast growth factor 9 (FGF9) belongs to the 
fibroblast growth factor family and is involved  
in a series of biological processes including 
tumor growth and invasion [14]. During skele- 
tal development, this factor has a complex and 
important effect on endochondral ossification 
and intramembranous bone formation [15]. 
miR-140 is an effective chondrogenic differen-
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tiation inducer of human bone mesenchymal 
stem cells (BMSCs) [16], and miR-140-5p in- 
hibits tumor growth and metastasis by inhibit-
ing FGF9 expression in hepatocellular car- 
cinoma [17]. This suggests that miR-140 and 
FGF9 have an influence on the biological  
mechanism of cells. Therefore, effects of miR-
140 on BMSCs through targeting FGF9 were 
explored in this study.

Materials and methods

Specimen collection

Sixty-six bone marrow specimens from patients 
with osteoarthritis in the orthopedics depart-
ment of our hospital from January 2018 to 
October 2019 were collected, consisting of  
38 males and 28 females. Another 66 bone 
marrow specimens from healthy people during 
the same period were selected as controls, 
consisting of 35 males and 31 females.

Inclusion and exclusion criteria

Inclusion criteria: Those who were diagnosed 
with osteoarthritis by rheumatoid factor test 
[18] and had complete clinical data. The study 
was approved by the Ethics Committee of 
Shandong Provincial Third Hospital. Patients 
and their family members were informed in 
advance of this experiment and signed the 
informed consent form.

Exclusion criteria: Those with severe hepatic 
and renal insufficiency; those who had received 
other treatments before.

Main instruments and materials

Human BMSCs were purchased from Shanghai 
Huzhen Industrial Co., Ltd. Real-time fluores-
cence quantitative PCR instrument was pur-
chased from Guangzhou Huafeng Biological 
Technology Co., Ltd. Apoptosis detection kit 
was purchased from Hangzhou Bever Medical 
Devices Co. Ltd. Trizol reagent was purchased 
from Beijing Biolab Science And Technology 
Co., Ltd. 10% fetal bovine serum (FBS) was  
purchased from Shanghai Lianshuobao is 

nology Co., Ltd. CCK8 assay kit was purchased 
from G-CLONE, Beijing. Ultraviolet spectropho-
tometer was purchased from Clinx Science 
Instruments, Shanghai. BD flow cytometer was 
purchased from Derica Biotech, Beijing. Tran- 
swell chamber was purchased from Shanghai 
SunBio Biomedical Technology Co., Ltd. Rever- 
se transcriptase was purchased from Shang- 
hai Kang Lang Biological Technology Co., Ltd. 
Microplate reader was purchased from Beijing 
Image Trading Co., Ltd. Paraformaldehyde was 
purchased from Zibo Qixing Chemical Tech- 
nology Co., Ltd. Crystal violet stain was pur-
chased from Shenzhen Xinyaosheng Industrial 
Co., Ltd. Primers for miR-140 and internal refer-
ence were synthesized by Beijing Sino-US Taihe 
Biotechnology Co., Ltd. See Table 1 for details.

Methods

Detection of miR-140 expression by qPCR:  
miR-140 expression in bone marrow speci- 
mens from patients with osteoarthritis and 
healthy people was detected by qRT-PCR, and 
total RNA was extracted from the specimens 
using the Trizol reagent, with the steps strictly 
performed based on the kit instructions. The 
concentration and purity of the total RNA  
were detected by the UV spectrophotometer. 
The RNA with OD260/OD280 between 1.8- 
2.0 was taken out for cDNA synthesis using 
reverse transcriptase and oligonucleotide ac- 
cording to the kit instructions. Transcription 
reaction system (total 20 μL) was composed  
of buffer (4 μL), reverse transcriptase (2 μL), 
total RNA (2 μL), and RNase-free water (12 μL). 
The reaction conditions were water bath at 
42°C for 1 hour and then at 95°C for 5 min-
utes. Amplification was performed on the PCR 
instrument, with GADPH as an internal refer-
ence control. miR-140 expression was detect-
ed on the fluorescence quantitative PCR in- 
strument using miR-140 specific primers bas- 
ed on the kit instructions. PCR system (total  
20 μL) was composed of upstream primer (0.4 
μL), downstream primer (0.4 μL), Taq DNA 
Polymerase (0.5 μL), and ddH2O added to  
make up to the system. The reaction condition 

Table 1. Primer sequences
Upstream primers (5’-3’) Downstream primers (5’-3’)

miR-140 GCGGCGGCAGTGGTTTTACCC ATCCAGTGCAGGGTCCGAGG
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

Biotechnology Co., Ltd. DMEM was 
purchased from Jieshikang Biote- 
chnology Co., Ltd., Qingdao. Tran- 
sfection reagent Lipofectamine 
TM2000 was purchased from 
Suzhou Yuheng Biological Tech- 
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was 94°C for 10 s, and then cycling (94°C for  
5 s, annealing at 52°C for 30 s, 72°C for 15 s) 
for 40 times. Three replicate wells were provid-
ed for each experiment. Three repeated experi-
ments were carried out. The experimental 
results were analyzed by relative quantification, 
and relative miR-140 expression was calculat-
ed by 2-ΔΔCT.

Cell culture and transfection: The cells were 
conventionally sub-cultured in a high-glucose 
DMEM (10% FBS solution +1% penicillin/strep-
tomycin solution) in an incubator (37°C, 5% 
CO2). They were inoculated into a 6-well plate  
to allow their density reach 60%-70%. miR-
140-mimics and NC-mimics were transfected 
into the cells with the Lipofectamine TM2000 
kit based on the instruction.

Detection of cell growth curve: The transfected 
BMSCs were prepared into a cell suspension, 
which was inoculated into a 96-well plate at 
100 μL/well, with each well provided with 3 
same wells. Each well was mixed with 20 μL of 
cell proliferation colorimetric assay reagent 
(CCK-8) at 24, 48, 72, and 96 hours, respec-
tively, and then cultured in the incubator (37°C, 
5% CO2) for 2 hours. Next, the optical density 
(OD) value at 490 nm was measured by a fully 
automated microplate reader, so as to observe 
cell proliferation. Three repeated experiments 
were conducted.

Detection of cell migration and invasion: The 
cells were first digested with trypsin, and then 
resuspended with serum-free medium. The 
resuspension (200 μL) was used for migration 
determination, and approximately 5×104 cells 
were placed in the upper chamber of the 
Transwell. Another resuspension (200 μL) was 
taken for invasion determination, and approxi-
mately 5×104 cells together with FBS-con- 
taining medium (1 mL) were added to the  
lower chamber of the 6-well plate. After 24- 
hour conventional culture, the cells in the  
upper chamber were wiped off with cotton 
swabs, while those migrating to the lower  
chamber were fixed with 4% paraformaldehy- 
de and stained with 0.1% crystal violet. After 
the Transwell chamber was dried, a membrane 
was prepared and sealed. The number of cells 
penetrating the membrane was observed and 
counted under an optical microscope. Three 
repeated experiments were conducted.

Detection of cell apoptosis: The apoptosis 
assay kit was used to detect cell apoptosis 

according to the kit’s instruction. The BD flow 
cytometer was used to detect the cells trans-
fected for 48 hours and stained with Annexin V 
and PI in the 6-well plate. Three repeated 
experiments were conducted.

Detection of Sox9 and Has2 expression by 
Western blot (WB): RIPA buffer was used to  
lyse total cell protein. The same amount of  
protein was separated by 10% SDS-PACE, 
transferred to PVDF membrane, and then 
sealed for 1 hour. After addition with universal 
secondary antibody (goat anti-rabbit, Shang- 
hai YuanMu Biological Technology Co., Ltd.),  
the membrane reacted at room temperature 
for 2 hours, was then cleaned 3 times, and 
then fixed and developed in the ECL color devel-
opment system.

Detection of targeted relationship between 
miR-140 and FGF9 by dual luciferase reporter 
gene assay (DLRGA): The DNA fragment of 
FGF9mRNA 3’-UTR containing the miR-140 
putative binding site was synthesized. Next,  
the fragment was sub-cloned to the Xho I and 
Not I sites downstream of the renilla luciferase 
coding region of psiCHECK-2 vector, which  
was verified by Sangon Biotech sequencing. 
PsiCHECK2-FGF9-wt or PsiCHECK2-FGF9-mut 
was constructed, and then miR-140-mimics  
or miR-NC and Wt-FGF9 or Mut-FGF9 were 
transfected into the BMSCs using the Lipo- 
fectamine TM2000. The cells were collected 
after 48-hour transfection. Firefly and renilla 
luciferase activities were analyzed using DL- 
RGA (Promega) based on the manufacturer’s 
instruction.

Statistical analysis

The differences were verified by SPSS 20.0 
(SPSS, Inc., Chicago, IL, USA). Measurement 
data were analyzed by t test, expressed by 
mean ± standard deviation (

_
x  ± sd). The com-

parison between multiple time points within 
groups was analyzed by repeated measures 
analysis of variance, and represented by F. The 
difference was statistically significant when 
P<0.05.

Results

Relative miR-140 expression

Relative miR-140 expression was (0.86±0.15) 
in the bone marrow specimens from patients 
with osteoarthritis and (2.26±0.04) in those 
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that miR-140 has a clear upregulation effect 
(P<0.05). See Figure 2 for details.

Growth of BMSCs at different time periods 
after transfection

From 0 h to 24 h, the difference was not sig- 
nificant in BMSC growth between the miR-
140-mimics and NC-mimics groups (P>0.05), 
while from 48 h to 96 h, the growth was lower 
in the miR-140-mimics group (P<0.05). See 
Figure 3 for details.

BMSC migration and invasion after transfec-
tion

After transfection, the migration number of 
BMSCs was (83.28±8.47) in the miR-140-mim-
ics group and (165.29±15.34) in the NC-mimics 
group. The migration number was lower in the 
miR-140-mimics group (P<0.05). See Figure  
4 for details. After transfection, the invasion 
number of BMSCs was (74.12±7.22) in the miR-
140-mimics group and (153.15±14.29) in the 
NC-mimics group. The invasion number was 
lower in the miR-140-mimics group (P<0.05). 
See Figure 5 for details.

Apoptotic rate of BMSCs after transfection

After transfection, the apoptotic rate of BM- 
SCs was (27.33±4.23)% in the miR-140-mim- 
ics group and (5.46±1.45)% in the NC-mimics 
group. The apoptotic rate was higher in the miR-

Figure 1. Relative miR-140 expression. Relative miR-
140 expression was lower in the bone marrow speci-
mens from patients with osteoarthritis (P<0.05). 
Note: * indicates the comparison with healthy people 
(P<0.05).

Figure 2. Effects of miR-140 after transfection with 
mimics. After transfection, relative miR-140 expres-
sion was remarkably higher in the miR-140-mimics 
group (P<0.05). Note: * indicates the comparison 
with the NC-mimics group (P<0.05).

Figure 3. Growth of BMSCs at different time periods 
after transfection. From 0 h to 24 h, the difference 
was not significant in BMSC growth between the miR-
140-mimics and NC-mimics groups (P>0.05), while 
from 48 h to 96 h, the growth was remarkably lower 
in the miR-140-mimics group (P<0.05). Note: * in-
dicates the comparison with the NC-mimics group 
(P<0.05).

from healthy people. The relative expression 
was lower in those from the patients with osteo-
arthritis (P<0.05). See Figure 1 for details.

Effects of miR-140 after transfection with 
mimics

After transfection, miR-140 expression was 
(1.24±0.23) in the miR-140-mimics group and 
(0.73±0.11) in the NC-mimics group. After 
transfection, the expression was higher in  
the miR-140-mimics group (P<0.05), indicating 
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140-mimics group (P<0.05). See Figure 6 for 
details.

Sox9 and Has2 protein expression levels

Sox9 protein expression was (0.52±0.04) in 
the miR-140-mimics group and (1.13±0.23) in 
the NC-mimics group. Has2 protein expression 
was (0.45±0.02) in the miR-140-mimics group 
and (1.21±0.24) in the NC-mimics group. Sox9 
and Has2 protein expression reduced in the 
miR-140-mimics group (P<0.05). See Figure 7 
for details.

miR-140 directly targeted FGF9

The binding site between miR-140 and FGF9 
was predicted through Starbase. According to 
DLRGA, miR-140-mimics could reduce FGF9-
Wt luciferase activity, but it did not affect FGF9-
Mut luciferase activity. This indicates that miR-
140 binding to FGF9 could remarkably reduce 
luciferase activity (P<0.05). See Figure 8 for 
details. Next, we observed the effects of inter-
fering with FGF9 on BMSCs, so FGF9 was re-
expressed in the cells transfected with miR-
140. The results showed that the re-expres- 
sion rescued the migration and invasion and 
growth defects of miR-140 in the cells express-
ing this miRNA. See Figure 9 for details.

Discussion

qPCR was adopted for detecting relative miR-
140 expression in the bone marrow speci- 
mens from patients with osteoarthritis and 
healthy people. The relative expression was 
lower in those from the osteoarthritis patients, 

which suggests that miR-140 expression is 
downregulated in osteoarthritis. According to 
similar studies, miR-140 expression is remark-
ably reduced in the synovial fluid of patients 
with the disease [19], and the expression in 
synovium may be an early diagnostic marker  
for knee osteoarthritis. Therefore, miR-140 
expression can be used as an indicator of 
osteoarthritis progression [20]. In another 
study, Hsa-miR-140-3p expression in the artic-
ular cartilage of patients with osteoarthritis 
continuously reduced compared with healthy 
individuals [21]. These findings reveal that  
miR-140 can be used as a pathogenic detect-
ing factor, and its continuous decrease may  
be related to the adverse development of the 
disease. Therefore, we observed the biological 
mechanisms of BMSCs by transfecting miR-
140-mimics, and found that their proliferation 
was inhibited and their apoptosis was in- 
duced. Some studies have shown that miR-
140-5p inhibits the IL-1β-induced inflam- 
mation of chondrocytes via regulating HMGB1 
in osteoarthritis [22]. This miRNA is downregu-
lated in synovial tissues and cells in knee 
osteoarthritis. In addition, its upregulation can 
inhibit inflammatory responses and the apo- 
ptosis of synovial cells, and promotes cell  
proliferation, thus protecting synovial injury in 
the knee of rats with osteoarthritis [23]. 
Moreover, miR-140 is also downregulated in 
gastric cancer cells, and miR-140-5p directly 
targets YES1 to inhibit the biological mecha-
nism of the cells [24]. All of these factors  
demonstrate that osteoarthritis progression 
can be alleviated by regulating biological 
effects of miR-140 on BMSCs.

Figure 4. BMSC migration after transfection. After 
transfection, the migration number of BMSCs was 
remarkably lower in the miR-140-mimics group 
(P<0.05). Note: * indicates the comparison with the 
NC-mimics group (P<0.05).

Figure 5. BMSC invasion after transfection. After 
transfection, the invasion number of BMSCs was 
remarkably lower in the miR-140-mimics group 
(P<0.05). Note: * indicates the comparison with the 
NC-mimics group (P<0.05).
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Sox9 is a crucial transcription factor in deve- 
lopment and adult cartilage. Its genes are 
expressed in pluripotent bone progenitor cells 
and active during chondrocyte differentiation.  
It ensures chondrocytes following the pro- 
mise, promotes cell survival, and transcribes 
and activates many cartilage specific stru- 
ctural components and genes of regulatory  
factors [25]. Hyaluronic acid aggrecan con- 
tributes to the cell spacing in cartilage. The  
former is synthesized by Has2 in cartilage, and 
its function is to anchor the latter on the sur-

Figure 6. Apoptotic rate of BMSCs after transfection. A. After transfection, the apoptotic rate of BMSCs was remark-
ably higher in the miR-140-mimics group (P<0.05). Note: * indicates the comparison with the NC-mimics group 
(P<0.05). B. Flow cytometry maps.

Figure 7. Sox9 and Has2 protein expression levels. A. Sox9 and Has2 protein expression remarkably reduced in the 
miR-140-mimics group (P<0.05). Note: * indicates the comparison with the NC-mimics group (P<0.05). B. A WB 
diagram.

Figure 8. Results of DLRGA. A. miR-140 and FGF9 
have a binding site. B. miR-140-mimics could reduce 
FGF9-Wt luciferase activity, but it did not affect FGF9-
Mut luciferase activity. This indicates that miR-140 

binding to FGF9 can remarkably reduce the lucifer-
ase activity (P<0.05). Note: * indicates the compari-
son with the NC-mimics group (P<0.05).
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face of chondrocytes [26]. Sox9 and Has2 have 
a great effect on chondrogenesis. In our study, 
miR-140 upregulation inhibited Sox9 and  
Has2 expression, indicating that the upregula-
tion may alleviate cartilage differentiation. 
According to some studies, compared with nor-
mal human umbilical cord mesenchymal stem 

cells, the intra-articular injection of 140-MSC 
remarkably enhances the self-repair of articu-
lar cartilage [27]. miR-140 can relieve early 
osteoarthritis progression by delaying chon- 
drocyte aging, thereby providing new evidence 
for the miR-mediated epigenetic regulation of 
chondrocyte aging to participate in disease 

Figure 9. Effects of interfering with FGF9 on BMSCs. A. BMSC growth after interfering with FGF9. From 0 h to 24 h, 
the difference was not significant in BMSC growth between the NC-mimics, miR-140-mimics, and miR-140-mimics 
+ FGF9 groups (P>0.05). From 48 h to 96 h, the growth in the miR-140-mimics group was lower than that in the 
NC-mimics group (P<0.05), while the growth in the miR-140-mimics + FGF9 group was remarkably higher than that 
in the miR-140-mimics group (P<0.05). Note: * indicates the comparison with the miR-140-mimics group (P<0.05). 
B. BMSC migration after interfering with FGF9. BMSC migration in the miR-140-mimics group was lower than that 
in the NC-mimics group (P<0.05), while the migration in the miR-140-mimics + FGF9 group was remarkably higher 
than that in the miR-140-mimics group (P<0.05). Note: * indicates the comparison with the miR-140-mimics group 
(P<0.05). C. BMSC invasion after interfering with FGF9. BMSC invasion in the miR-140-mimics group was lower 
than that in the NC-mimics group (P<0.05), while the invasion in the miR-140-mimics + FGF9 group was remarkably 
higher than that in the miR-140-mimics group (P<0.05). Note: * indicates the comparison with the miR-140-mimics 
group (P<0.05). D. BMSC apoptosis after interfering with FGF9. BMSC apoptosis in the miR-140-mimics group was 
higher than that in the NC-mimics group (P<0.05), while the apoptosis in the miR-140-mimics + FGF9 group was 
remarkably lower than that in the miR-140-mimics group (P<0.05). Note: * indicates the comparison with the miR-
140-mimics group (P<0.05). E. Flow cytometry maps. F. Sox9 and Has2 protein expression levels after interference 
with FGF9. Sox9 and Has2 protein expression in the miR-140-mimics group was lower than that in the NC-mimics 
group (P<0.05), while the protein expression in the miR-140-mimics + FGF9 group was remarkably higher than that 
in the miR-140-mimics group (P<0.05). Note: * indicates the comparison with the miR-140-mimics group (P<0.05). 
G. A WB diagram.
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pathogenesis [28]. Moreover, the intra-articular 
injection of miR-140 can alleviate osteoar- 
thritis progression through regulating the ECM 
steady state of rats, so it may be a new the- 
rapy for the disease [29], and may benefit 
patients with early osteoarthritis [30]. Finally, 
we found that miR-140 and FGF9 have a bind-
ing site, and that miR-140 binding to FGF9 
reduced luciferase activity. This suggests that 
miR-140 may promote BMSC proliferation and 
cartilage differentiation via targeting FGF9. 
Although there has been no clear study to  
show that miR-140 targets FGF9 to inhibit 
BMSC proliferation, other similar studies have 
revealed that miR-140-5p inhibits laryngeal 
squamous cell carcinoma partially through reg-
ulating FGF9 expression [31].

In summary, miR-140 may alleviate BMSC pro-
liferation and cartilage differentiation via inter-
action with FGF9.
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