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Abstract. – OBJECTIVE: To investigate 
whether microRNA-485-5p (miR-485-5p) can 
participate in osteoarthritis by inhibiting chon-
drogenic differentiation of bone marrow mesen-
chymal stem cells (BMSCs) and promoting the 
secretion of inflammatory factors.

MATERIALS AND METHODS: BMSCs were 
obtained from mouse bone marrow samples and 
identified by flow cytometry. The expression of 
specific genes and miR-485-5p in the differen-
tiation of BMSCs was detected by quantitative 
reverse transcriptase-polymerase chain reac-
tion (qRT-PCR). The influence of miR-485-5p on 
chondrogenic differentiation was subsequent-
ly evaluated by toluidine blue staining, detec-
tion of chondrogenic specific gene expression 
and inflammatory factors. After over-expressing 
SOX9, it was assessed whether miR-485-5p can 
affect the chondrogenic differentiation of BM-
SCs by inhibiting SOX9, so as to promote the se-
cretion of inflammatory factors.

RESULTS: The miR-485-5p level was nega-
tively correlated with the degree of differentia-
tion of BMSCs. After overexpression of microR-
NA-485-5p in BMSCs, the expression of carti-
lage surface marker genes and toluidine blue 
staining were reduced, while the expression of 
cartilage surface inflammation factors, includ-
ing interleukin and tumor necrosis factor, was 
significantly enhanced. Meanwhile, opposite re-
sults were observed when miR-485-5p was in-
hibited. In addition, overexpression of SOX9 
could restore the secretion of inflammatory cy-
tokines induced by microRNA-485-5p.

CONCLUSIONS: MiR-485-5p can decrease the 
level of SOX9, promote the production of inflam-
matory factors on the cartilage surface, and 
block the differentiation of mouse BMSCs into 
chondrocytes.
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Introduction

Osteoarthritis (OA) is a type of chronic ar-
thritis disease characterized by degeneration 
and destruction of articular cartilage tissue, 
formation of osteophytes on the non-suppor-
ting surface of the joint, and subchondral bone 
hyperplasia1. OA disease occurs in large and 
small joints throughout the body, with joint pain, 
dysfunction and malformations2. In recent years, 
many molecular biology studies about arthritis 
have shown that the onset of osteoarthritis in-
volves a variety of factors to induce its onset, 
such as age, genetic susceptibility, imbalance of 
cartilage tissue metabolism, and abnormal apop-
tosis and proliferation of chondrocyte3. Howe-
ver, there are few drugs for clinical treatment 
of osteoarthritis diseases, so it is necessary 
to study the pathophysiological development of 
osteoarthritis.

Bone marrow mesenchymal stem cells (BM-
SCs) are adult stem cells located in the bone 
marrow cavity. They have self-renewal and 
multi-differentiation capabilities and play a vi-
tal role in the development, decline, and disea-
se of the body. Under the influence of different 
inducing factors, BMSCs can differentiate into 
osteoblasts, adipocytes, chondrocytes, etc.4. 
Additionally, they have important clinical po-
tential for the development and reconstruction 
of bone and cartilage, injury repair and tissue 
regeneration. Thus, BMSCs were usually used 
to study the occurrence and development of 
osteoarthritis.

MicroRNAs are a type of endogenous non-en-
coded single-stranded RNA molecules discove-
red in recent years that are highly conserved in 
evolution and are approximately 17-25 nucleo-
tides in length. MicroRNAs are widely present 
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in animals as well as plants. They can bind to 
mRNAs of their target genes in a complementary 
base pairing manner, thereby degrading target 
genes or inhibiting their translation to play a role 
in post-transcriptional regulation. Recent resear-
ches5-7 have demonstrated that miRNAs play a 
crucial regulatory role in inflammation and are 
involved in the development and progression of 
many inflammatory diseases. MiR-485-5p has 
been proved to be involved in the regulation of 
many physiological and pathological processes. 
It cannot only participate in the regulation of 
immune and inflammatory response, but also 
be related to the development of many tumors. 
Diaz-Prado et al8 used miRNA microarray te-
chnology to screen out miRNAs with potential 
regulatory roles in OA cartilage tissue. Among 
them, miR-485-5p was highly expressed; howe-
ver, its specific mechanism in inflammation re-
mains to be explored.

Materials and Methods 

Isolation and Culture of MSCs
The specific-pathogen-free (SPF) mice were 

sacrificed, and their femur and tibia were isolated 
and placed in Dulbecco’s Modified Eagle Me-
dium (DMEM) medium containing penicillin/
streptomycin. The femur and tibia were cut from 
the marrow cavity with sharp scissors and the bo-
ne marrow was flushed repeatedly. Bone marrow 
was collected in a 15 mL centrifuge tube. The cell 
suspension was filtered and seeded at 2.5 x 106/
mL; then, a complete medium was used to remo-
ve the non-adherent cells 3 hours later. Medium 
was changed every 3-4 days. After about ten days 
of culture, when large cloned clumps presented, 
they were digested with trypsin and seeded at 
5×105/mL, which were Passage 1 bone marrow 
mesenchymal stem cells. The mice were achieved 
from the animal model center of Nanjing Univer-
sity. All operations have been approved by the 
The First People’s Hospital of Changzhou Ethics 
Committee.

Flow Cytometry 
Bone marrow mesenchymal stem cells cultu-

red for 5 passages were collected, and CD45 and 
CD90 expression was evaluated by flow cytome-
try. 1 × 10 6 cells were harvested, incubated with 
the appropriate concentration of antibody at 37°C 
in the dark for 30 min, and shaken every 10 min 
to avoid cell precipitating. The treated cells were 

detected by flow cytometry FACS Aria I, and 
the data were analyzed and plotted by FLOWJO 
software (TreeStar, Ashland, OR, USA).

Osteogenic Differentiation 
3rd generation of BMSCs was seeded at 2 × 104/

cm2, and when the cells grew to 70-80%, the 
culture medium was replaced with osteogenic 
induction medium (10 μmol/L dexamethasone, 
50 μmol/L VitC, 10 mmol/L β-phosphoglycerol 
sodium, 100 mL/L fetal bovine serum). The cells 
were induced for 14-21 days.

Adipogenic Differentiation 
The 3rd generation BMSCs was seeded at 

2×104/cm2, and began to be induced to differen-
tiate; then, it was cultured 2 days after complete 
fusion differentiation. After 3 days of culture wi-
th Dulbecco’s Modified Eagle Medium (DMEM) 
containing 0.5 mmol/L 3-isobutyl-1-methylxan-
thine, 5 mg/L insulin, and 1 μmol/L dexametha-
sone, the cells were switched to DMEM contai-
ning 5 mg/L insulin for one day and then induced 
for 14 to 21 days.

Chondrogenic Induction 
When BMSCs grew to 70-80%, the induction 

medium was added (20 μmol/L dexamethasone, 
600 μmol/L ascorbic acid, 2 mL Insulin-Tran-
sferrin-Selenium (ITS) supplement, 200 μmol/L 
sodium pyruvate, 194 mL/L fetal bovine serum). 
The following steps were as the same as method 
3 and 4 mentioned.

RNA Extraction
The medium in the wells was removed, and 

the cells were collected and lysed by TRIzol (Ta-
KaRa, Otsu, Shiga, Japan). 250 μL chloroform 
were added and mixed after shaking for 30 s, 
then centrifuged at 4°C. The aqueous phase was 
aspirated and an equal volume of pre-chilled 
isopropanol was added. After centrifugation, the 
precipitate was gently washed with 75% ethanol 
and dissolved in 20 μL of diethyl pyrocarbonate 
(DEPC) water. After RNA concentration was 
measured, they were placed in a refrigerator at 
-80°C until use.

Real-Time Quantitative Polymerase 
Chain Reaction (RT-qPCR)

A reverse transcription reaction system was pre-
pared on ice using PrimeScript RT reagent Kit (Ta-
KaRa, Code No. RR037A, Otsu, Shiga, Japan), and 
complementary deoxyribose nucleic acid (cDNA) 
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was obtained after the reaction was completed. 
The quantitative PCR procedure of miRNA was 
performed according to the miScript SYBR Green 
PCR Kit instructions. The total reaction system 
was 10 μL. PCR amplification conditions were: 
pre-denaturation at 94°C for 5 min, followed by 
40 cycles at 94°C for 30 s, 55°C for 30 s, and 72°C 
for 90 s. The primer sequences were: miR-485-5p 
(5’-AGAGGCTGGCCGTGATGAATTC-3’), CO-
L2A1 (F: 5’-GGGTCACAGAGGTTACCCAG-3’, 
R: 5’-ACCAGGGGAACCACTCTCAC-3’), 
COL10A1 (F: 5’-TTCTGCTGCTAATGTTCT-
TGACC-3’, R: 5’-GGGATGAAGTATTGT-
GTCTTGGG-3’), ACAN (F: 5’-GTGGAGCC-
GTGTTTCCAAG-3’, R: 5’-AGATGCTGTT-
GACTCGAACCT-3’), MATN3 (F: 5’-TCTCC-
CGCATCATCGACACT-3’ R: 5’-GTCGGAA-
TAGGTGTTGAGCTG-3’), IL-6 (F: 5’-TCCAA-
TCTGGGTTCAATCAGGCGA-3’, R: 5’-TTCC-
CTCATACTCGTTCTGGAGGT-3’), TNF-α (F: 
5’-CACGTTGTAGCCGACATCAACTCT-3’ R: 
5’-GTTGTCTTCCAGCTTCACACCGTT-3’), 
SOX9 (F: 5’-AGTACCCGCATCTGCACAAC-3’, 
R: 5’-ACGAAGGGTCTCTTCTCGCT-3’), IL-
8 (F: 5’-CTTGTCATTGCCAGCTGTGT-3’, R : 
5’-TGACTGTGGAGTTTTGGCTG-3’), IL-1 (F: 
5’-CTCAGCAACACTCCTAT-3’, R: 5’-TCCTG-
GTCTGCAGGTAA-3’), GAPDH (F: 5’-ACC-
CACTCCTCCACCTTTGA-3’, R: 5’-CTGTT-
GCTGTAGCCAAATTCGT-3’), U6 (F: 5’-CTC-
GCTTCGGCAGCAGCACATATA-3’, R: 5’-AA-
ATATGGAACGCTTCACGA-3’).

Transfection
Logarithmic growth cells were selected to se-

ed in plates, then transfected with miR-485-5p 
NC, mimic, inhibitor based on the Lipofectamine 
2000 instructions (Thermo Fisher Scientific, Wal-
tham, MA, USA). The culture medium was repla-
ced 6 hours after transfection. The interference 
sequences were as follows: miR-485-5p mimics 
(5-AUAAUGCUAAUCGUGAUAGGGCU-3, R: 
5’-CGCUAUCACGAUUAGCAUUAAUA-3’), 
miR-485-5p inhibitor (sense: 5’-AAAACAUU-
CAUUGUUGUCGGUGG-3’, anti-sense: 5’- CA-
GUACUUUUGUGUAGUACAA-3’), negative 
control, (sense: 5’-UUCUCCGAACGUGUCAC-
GUTT-3’, anti-sense: 5’-ACGUGACACGUUCG-
GAGAATT-3’).

Western Blot Assay
The cell lysate containing the protease inhi-

bitor phenylmethylsulfonyl fluoride (PMSF) was 
used to lyse cells on ice, then the lysate was 

centrifuged at 12 000 r/min for 20 min. The su-
pernatant was taken and the total protein concen-
tration was measured by the bicinchoninic acid 
(BCA) method (Pierce, Rockford, IL, USA). 50 
μg of total protein were taken from each sample 
and loaded on sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE) gel 
for electrophoresis, after which, the protein sam-
ples were transferred to polyvinylidene difluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
USA). The membrane was blocked with skim 
milk for 2 hours. The specific primary antibodies 
were added and incubated overnight. The secon-
dary antibody was incubated after the membrane 
was washed. Finally, exposure was performed to 
detect relative protein expression

Toluidine Blue Staining
The second generation of cells was seeded with 

the cell concentration of 4×104 cells/mL. After 
the cells grew to 50-60%, the original culture 
medium was removed. Subsequently, 4% para-
formaldehyde was used to fix the cells at room 
temperature for 1 hour. The cells were covered 
using 1% toluidine blue, and stained at room 
temperature for 4 hours. The solution was deco-
lorized with anhydrous ethanol and then stopped 
by distilled water. At last, the stained cells were 
observed under an inverted microscope.

Statistical Analysis
Statistical analysis was performed by Statisti-

cal Product and Service Solutions (SPSS) 22.0 
statistical software (IBM, Armonk, NY, USA). 
Measured data were presented as mean±stand-
ard deviation. Comparison between groups was 
analyzed using t-test. p < 0.05 was considered 
statistically significant. The GraphPad Prism 5 
software (La Jolla, CA, USA) was applied to 
complete related statistical charting. *p < 0.05, 
**p < 0.01, ***p < 0.001.

Results

Identification of BMSCs Phenotype
and Their Multilineage Differentiation 
Capabilities

Observed under the microscope, cell colonies 
appeared after the MSCs seeded, and most of 
them were fibroblast-like long spindle. The Fi-
gure 1A showed the morphology of BMSCs on 
the first and third day of culture (Figure 1A). 
Flow cytometry was used to detect two BMSCs 
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markers in cells that were passaged stably to the 
7th passage. The results showed that CD45 was 
negatively expressed (2.3%) while CD90 was 
positively expressed (96.8%) in our cells (Figure 
1B). Subsequently, we evaluated the expression 
of atopic genes by qRT-PCR in BMSCs that were 
induced for 14 days. The results indicated that 
the osteogenic specific genes (Runx2, ALP) were 

significantly increased after osteogenic induction 
for 14 days, and the adipogenic specific genes 
(ADIPOQ, FABP4) also showed a significant 
upward trend after adipogenesis for 14 days. 
However, miR-485-5p level was significantly 
reduced both during osteogenic differentiation 
and adipogenic differentiation of BMSCs (Figure 
1C-1E). Subsequently, we induced the differen-

Figure 1. Phenotype identification of BMSCs and identification of their multilineage differentiation capabilities. A, After 1 
day and 3 days of growth, the primary BMSCs showed a long spindle shape. B, The flow cytometric identification of BMSCs 
showed antigens, including negative antigen CD45 and positive antigen CD90. C, After BMSCs osteogenic induction, the 
expression of Runx2 and ALP, the marker genes of osteoblasts in cells was detected. D, The expression of adipose marker 
mRNAs ADIPOQ and FABP4 after induction of adipogenesis in BMSCs. E, After 14 days of induction of osteogenesis 
and adipogenesis, miR-485-5p expression was changed in the cells. F, During cartilage induction, the expression of various 
cartilage surface markers was induced on different days. G, During the chondrogenic induction, the expression of miR-485-5p 
was detected on days 3, 5, and 7 respectively.
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tiation of BMSCs into chondrocytes and detected 
dynamic changes in the expression of cartilage 
surface markers (COL2A1, ACAN, and SOX9) 
on day 0, day 3, and day 7 after induction of 
differentiation, and found that the levels of these 
genes increased over time (Figure 1F). However, 
miR-485-5p level at corresponding time points 
decreased dramatically with the increase of in-
duction days (Figure 1G). These results indicated 
that microRNA-485-5p may participate in the 
regulation of BMSCs differentiation.

MiR-485-5p Inhibits the Differentiation 
of BMSCs Into Chondrocytes

MiR-control, miR-485-5p mimic and miR-
485-5p inhibitors were transfected into BMSCs 
to estimate miR-485-5p level, respectively. It was 
found that microRNA-485-5p mimic dramatical-
ly enhanced the level of miR-155-5p, while miR-
155-5p inhibitor decreased miR-155-5p expression 
(Figure 2A). Previous studies have shown that the 
expression of cartilage surface marker genes is 
negatively correlated with that of miR-485-5p in 

Figure 2. MiR-485-5p inhibits chondrogenic differentiation of BMSCs. A, Expression of miR-485-5p after overexpression 
and knockout of miR-485-5p in BMSCs, respectively. B-E, After overexpression and knockout of miR-485-5p in BMSCs, 
cartilage was induced for 7 days and the expression of COL2A1 (B), COL10A1(C), ACAN (D) and MATN3 (E) in the cells. F, 
After overexpression and knockout of miR-485-5p in BMSCs, cartilage was induced for 7 days and SOX9 protein expression 
was observed in the cells. G, After overexpression and knockout of miR-485-5p in BMSCs, cartilage induction was altered by 
toluidine blue staining for 7 days (×40).
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the process of inducing BMSCs to differentiate 
into cartilage, then it is suspected whether miR-
485-5p is involved in the regulation of chondro-
genic differentiation of BMSCs. Therefore, we 
overexpressed and inhibited miR-485-5p, then 
the level of cartilage surface marker genes, inclu-
ding COL2A1, COL10A1, ACAN and MATN3, 
were detected 7 days after the induction. It was 
found that overexpressing miR-485-5p signifi-
cantly reduced the marker genes, while the rever-
se results were observed with downregulation of 
miR-485-5p (Figure 2B-2E). Western blot results 
revealed that after overexpression of miR-485-5p, 
the protein level of SOX9 was significantly redu-
ced, and miR-485-5p inhibitor had the opposite 
effect (Figure 2F). Seven days after transfection 
and cartilage induction, the result of toluidine 
blue staining displayed that compared with the 
normal control group, miR-485-5p-mimic tran-
sfection reduced the blue staining of intracellular 
matrix of BMSCs (Figure 2G). On the contrary, 
transfection of miR-485-5p-inhibitor significantly 
enhanced the blue staining. The above experi-
mental results revealed that high expression of 
miR-485-5p could inhibit the differentiation of 
BMSCs into chondrocytes.

MicroRNA-485-5p Promotes the 
Production of Inflammatory Factors

MicroRNA-485-5p was overexpressed and 
inhibited in BMSCs, respectively, and the secre-
tion of inflammatory cytokines on cartilage sur-
face, including IL-1, IL-6, IL-8 and TNF-α, was 
detected 7 days after the induction of chondroge-
nic differentiation. The results indicated that after 
overexpression of miR-485-5p, the levels of IL-1, 
IL-6, IL-8 and TNF-α in cells were significantly 
increased. Opposite results were observed with 
the inhibition of miR-485-5p (Figure 3A-D). The-
se results indicated that microRNA-485-5p can 
positively regulate the production of inflamma-
tory factors in chondrocytes, thus participating in 
the development of osteoarthritis.

SOX9 Can Reverse the Influence of 
miR-485-5p of Promoting the 
Production of Inflammatory Factors

After transfection of pcDNA-NC and pcD-
NA-SOX9 in BMSCs, it was found that pcD-
NA-SOX9 significantly increased the expression 
of SOX9 at mRNA and protein levels (Figure 
4A-B). With miR-485-5p overexpressed in BM-
SCs, we analyzed the expression of inflammatory 
cytokines including IL-1, IL-6, IL-8 and TNF-α 

7 days after inducing chondrogenic differentia-
tion. It indicated that overexpressing miR-485-
5p enhanced the levels of IL-1, IL-6, IL-8 and 
TNF-α in the cells. However, after overexpres-
sing SOX9 as well as miR-485-5p, the expres-
sion of these inflammatory factors was partially 
reversed but still higher than that in the control 
group. (Figure 4C-F). It was found that miR-485-
5p can promote the development of inflammatory 
response in chondrocytes through inhibiting the 
expression of SOX9.

Discussion

Osteoarthritis is a clinically common disease 
with joint pain and joint dysfunction (including 
joint deformity) as the main clinical manifesta-
tion due to degeneration of articular cartilage9. 
The disability rate of osteoarthritis accounts for 
about 2% to 6% of the population. It is more 
common in middle-aged and elderly people, and 
more in female than male10. Scholars11,12 have 
indicated that the development of OA is closely 
related to cartilage injury caused by inflamma-
tion of articular cartilage at the molecular level. 
Abnormal mechanical stress can activate articu-
lar chondrocytes in a low metabolic state13 and 
stimulate cells to secrete a series of inflammatory 
mediators, which are released by macrophages 
when the body is in an inflammatory or damaged 
state12. These inflammatory mediators include 
cytokines, chemokines [e.g., interleukins (IL)-1, 
-6, -8, -17, -18] and reactive oxygen species. The 
above-mentioned various inflammatory factors 
act synergistically with lipogenic inflammatory 
mediators to promote catabolism of chondrocytes, 
and increase the release of hydrolyzing enzymes 
including aggrecanases and matrix metallopro-
teinases, resulting in damage of cartilage tissue. 
Many miRNAs have been shown to be important 
mediators of the signaling pathways involved in 
chondrogenic differentiation. For example, MiR-
140 aborts the inhibitory effect of HDAC4 on 
Runx2 through binding to HDAC4, thus promo-
ting cartilage differentiation14,15. MiR-145 negati-
vely regulates the SOX9-mediated chondrogenic 
differentiation of BMSCs by regulating SOX9 
protein expression16. In our research, we found 
that microRNA-485-5p level gradually decreased 
during the differentiation of BMSCs, and high 
expression of microRNA-485-5p was capable of 
inhibiting chondrogenic differentiation and pro-
mote the expression of inflammatory factors.
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The SOX gene family is a new type of gene 
family represented by the SRY gene that con-
trols development17. SOX9, which is expressed 
in all differentiated chondrocytes and pre-car-
tilage cells, is especially vital in the diffe-
rentiation of chondrocytes and is essential for 
establishment of cartilage growth plates, pro-
motion of normal endochondral ossification and 
timely development18. SOX9 is mainly involved 
in the process of regulating the differentiation 
of chondrocytes, while in normal state there 
is no enhancement effect on the metabolism of 
articular cartilage and the expression of type 
II collagen19. The SOX9 gene acts on the diffe-
rentiation stage of chondrocytes and is signifi-
cantly increased in degenerated chondrocytes. 

This gene participates in cartilage degeneration 
and differentiation along with regulation of OA 
chondrocytes20. Previous studies have reported 
that SOX9 is involved in the regulation of the 
maturation process of chondrocytes; however, it 
still needs to be further studied that the specific 
effects of SOX9 on chondrocytes and the diffe-
rences of cell cultured environment between in 
vitro and in vivo21. In this research, transfection 
of miR-485-5p mimics significantly increased 
miR-485-5p expression in BMSCs and reduced 
SOX9 expression, whereas miR-485-5p inhibitor 
increased SOX9 level. In addition, over-expres-
sion of SOX9 partially reverses the increased 
expression of inflammatory factors induced by 
miR-485-5p mimics.

Figure 3. miR-485-5p promotes the expression of inflammatory factors. After overexpression and knockout of miR-485-5p 
in BMSCs, cartilage was induced for 7 days. The level of IL-1 (A), IL-6 (B), IL-8 (C), and TNF-α (D) in cells.
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Conclusions

We found that high expression of miR-485-5p 
can inhibit the differentiation of BMSCs into 
chondroblasts and promote the expression of 
inflammatory factors to accelerate the develop-
ment of osteoarthritis, the mechanism of which 
may be associated with the inhibition of SOX9 
expression.
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