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Abstract
Osteoarthritis (OA), a major cause of pain and disability, is a serious public issue worldwide. Some microRNAs (miRNAs) and
SOX9 have been found to be expressed in OA. Therefore, the aim of this study is to investigate effects of microRNA-384-5p
(miR-384-5p) on cartilage cell proliferation and apoptosis in mice with OA by targeting SOX9 through the NF-κB signaling
pathway. First, bioinformatics was used to predict the SOX9-mediated miRNA (miR-384-5p), and dual luciferase reporter gene
assay was conducted to further verify the relationship between miR-384-5p and SOX9. Then, the expression of miR-384-5p,
SOX9, and NF-kB in mice modeled with OA was detected. To investigate the specific mechanism of miR-384-5p in OA,
mimic and inhibitor of miR-384-5p and siRNA against SOX9 were used to transfect cartilage cells. Finally, proliferation, cell
cycle, and cell apoptosis were detected using MTT assay and flow cytometry, respectively. Our results indicated that OA mice
exhibited decreased expression of SOX9 and NF-kB but higher miR-384-5p expression. In addition, over-expressed miR-384-
5p or silenced SOX9 could inhibit cell proliferation, and block cell cycle entry and induces apoptosis. SOX9 was a target gene
of miR-384-5p. The NF-kB signaling pathway was inactivated after overexpression of miR-384-5p. Furthermore, we also
observed that the effect of miR-384-5p inhibition was rescued when SOX9 was knocked down. The results support the view
that inhibition of miR-384-5p could impede apoptosis and promote proliferation of cartilage cells through activating the NF-κB
signaling pathway by promoting SOX9, thereby preventing the development of OA.

Introduction

Osteoarthritis (OA) is one of the most common rheumatic
disorders, whose main characteristics are cartilage break-
down and synovial inflammation. Clinical symptoms
include joint swelling, synovitis, and inflammatory pain [1].
Pain is the prime symptom of OA and sensitization may
contribute to the pain severity [2]. The known causes of OA
include many aspects such as age, adiposity, injury, over-
use, and infection [3]. Recently, the incidence of OA is
steadily rising due to the aging population and the growing
epidemic of obesity [4]. OA is the most frequent form of
arthritis worldwide affecting about 40% people over the age

of 70 years [5]. At present, treatment regimens for articular
injury, such as physical therapy or anti-inflammatory drugs,
aim to cure the surface symptoms, but have minute effects
on the underlying causes [6]. Due to the susceptibility and
high incidence of OA, it is trivial to detect early diagnosis
markers of OA to improve treatment efficacy [7].

microRNA (miRs) is one of the small non-coding classes
of RNAs that post-transcriptionally regulate gene expres-
sions by combining the 3′ UTR of their target gene mes-
senger RNAs (mRNAs), leading to mRNA degradation or
translation inhibition [8]. miR-382-5p is one of the mem-
bers of miRNAs that only recently proved to have great
effects on the function of the neural system [9]. miR-382-
5p/DLC-1 axis is reported to play an important role in the
mediation of hepatitis B virus core protein-enhanced
hepatocellular carcinoma motility [10]. SOX9 is one of
the well-known signs for the skeleton before the appearance
of cartilage blastemas [11], which have been found
expressed in OA [12]. Besides, nucleus factor-kappa B (NF-
κB) proteins, including a group of transcription factors,
contribute to the formation of homo- and heterodimers [13],
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which has also been found in OA [14]. Liu et al. demon-
strated melatonin alleviated inflammasome-induced pyr-
optosis by blocking NF-κB/GSDMD signaling pathway in
adipose tissue of mice [15]. Wu et al. found that novel
therapeutic strategies have been developed and are under
investigation to selectively modulate miRNAs, which could
potentially enable personalized OA therapy [16]. Never-
theless, the literature investigating the association between
miR-384-5p and OA remains to be limited in number.

Henceforth, the present study aims to evaluate the effects
of miR-384-5p on cartilage cell proliferation and apoptosis
in mice with OA by targeting the SOX9 gene through the
NF-κB signaling pathway.

Materials and methods

Ethical statement

All animal experimentation in the study was approved by
the Institutional Animal Research Committee of Tongji
Medical College. The animal experimental procedures were
performed in accordance with protocols approved by the
Institutional Animal Care and Use Committee.

Chip variation analysis

Using the GEO database (https://www.ncbi.nlm.nih.gov/
geo/), the related chips of OA were retrieved, and the
GSE16464 expression chip was obtained. The chip
included OA samples and normal samples. The difference
between gene expression in OA samples and normal
samples was analyzed using the R limma package, and |
logFC| > 2 and p value < 0.05 were used as screening
criteria for differentially expressed genes. Through the R
language “pheatmap” package, the infrared images of the
differentially expressed genes were constructed.

Genetic association analysis

Using the MalaCards database (http://www.malacards.org/),
“osteoarthritis” was used as the key word in order to obtain
the known genes of OA, and the 10 highest score genes
were selected for correlation analysis. In the STRING
database (https://string-db.org/), the 10 known genes of OA
and the first 30 differentially expressed genes in GSE16464
were analyzed to find the most core gene.

SOX9-regulated miRNA prediction

SOX9-regulated miRNAs in mice were predicted in databases
DIANA (http://diana.imis.athena-innovation.gr/DianaTools/
index.php?r=microT_CDS/index), miRDB (http://mirdb.org/

miRDB/index.html), miRSearch (https://www.exiqon.com/
miRSearch), microRNA.org (http://34.236.212.39/microrna/
home.do), and TargetScan (http://www.targetscan.org/vert_
71/). All prediction results of DIANA, miRDB, miRSearch,
and microRNA.org and Conserved sites of TargetScan were
selected in the current study. The web (http://bioinformatics.
psb.ugent.be/webtools/Venn/) was established using a Venn
diagram to find the intersection of the prediction results of five
databases. In the microRNA.org, mirSVR score of miRNA in
the intersection was retrieved to determine the miRNA to be
investigated.

Establishment of mice model

A total of 30 clean and healthy male mice (weighing about
20 g) were purchased from the Experimental Animal Center
of Tongji Medical College (Wuhan, China). The mice were
raised in the following feeding conditions: free access to
food and water, under natural light, at room temperature
(18–22 °C), relative humidity (40–70%), and under noise
(≤50 dB). The mice were raised in the aforementioned
conditions and subsequently divided into the following two
groups: the control group and the OA group, with 15 mice
in each group. OA models were established after destabi-
lization of the medial meniscus (DMM) as follows: in the
OA group, after mice were fixed and disinfected, the medial
patellar ligament was sliced using a microblade, exposing
the articular cavity; the fat pad was separated with a blunt
dissection to expose the area within the femoral inter-
condylar in order to observe the medial meniscus tibial
ligament; the medial meniscus tibial ligament was sliced
using a microblade, and then the overlying skin and tissues
were sutured. Injuries of the articular cartilage injury were
avoided with maximal care during surgery. The mice in the
OA group were not fixed after surgery, and they could move
freely in the cage. The mice were administered an intra-
peritoneal injection of penicillin (80,000 unit/rat, 0.1 ml,
Sigma, San Francisco, USA) to prevent infection; no
treatment was performed in the control group. During the
observation, in the OA group, the articular surface of mice
appeared to be rough or anabrotic, synovial hyperplasia
occurred in intra-articular and the amount of synovial fluid
increased significantly, the degree of cartilage deficiency
was serious, and the structure of cartilage was disordered.
Henceforth, using the aforementioned observations, we
could conclude that OA mice models were well established.

Hematoxylin–eosin (HE) staining

After 12 weeks, mice in two groups were sacrificed by neck
dislocation, fresh knee cartilage tissues were collected and
then put in the 40 g/L paraformaldehyde solution with
phosphate buffer saline (PBS) for 20 h. Fixed specimens
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were put into 0.5 mol/L ethylene diamine tetraacetic acid
(EDTA) solution with PBS to decalcify for 30 days, the
solution was replaced one time during the process, then a
vertical incision was made to the articular cartilage with a
scalpel blade for the area of 1.0 cm × 0.5 cm × 0.2 cm, dried
by automatic dehydrator (ASP6025, Lecia, Germany),
embedded by paraffin, conventional histopathological slides
were collected with 3 μm consecutive section. After con-
ventional dewaxing and dehydration of sections, HE stain-
ing was conducted as follows: the sections were placed on a
heating plate at 60 °C for 30 min. Dimethylbenzene
(12868603-3, 500 ml, Xinchuyang Chemical Industry Co.,
Ltd., Wuhan, Hubei, China) was rinsed two times using
absolute alcohol for 5 min. The sections were soaked in
95%, 90%, 80%, 70% alcohol for 5 min respectively, then
rinsed with distilled water for 5 min. After hematoxylin
staining (AR0005, BOSTER Biological Technology Co.,
Ltd., Wuhan, Hubei, China) for 5 min, the sections were
washed with tap-water for 5 min. Sections were immersed
in 1% hydrochloric acid–ethanol for 20 s to differentiate
unsecured hematoxylin. Then, the sections were left until
they turned blue, using lithium carbonate for 30–60 s, and
washed with distilled water for 30 s. Sections were dried in
75% and 85% ethanol for 30 s, respectively; in 95% I and II
ethanol for 3 min, respectively; in 100% I and II ethanol for
10 min, respectively, and dried naturally. After clearing by
dimethylbenzene I and II for 10 min, respectively, the sec-
tions were blotted and mounted in neutral resin, and dif-
ferences in cellular morphology and tissue staining were
observed under a microscope at a magnification of ×100.

Immunohistochemistry

After the cartilage of mice were conventionally sectioned
and dewaxed, immunohistochemistry was conducted as
follows: after heating three times in a microwave with 3%
H2O2 at room temperature for 10 min, the antigen retrieval
solution was added to the cartilage tissue at room tem-
perature for 10 min. Cartilage tissue was rinsed three times
with 0.15 mol/L PBS for 2 min; normal goat serum was not
washed but kept at room temperature for 20 min. Primary
antibody of SOX9 (SOX9 antibody of Rabbit anti-Mice, 1
µg/ml, Cell Signaling Technology) was added to the carti-
lage tissue at 4 °C overnight and rinsed with 0.15 mol/L
PBS (two times) for 3 min. Then, goat anti-rabbit IgG
antiserum (diluted at a ratio of 1:1000, Abcam Trading Co.,
Ltd., Shanghai, China) was added to the cartilage tissue at
37 °C for 20 min and rinsed with 0.15 mol/L PBS for 3 min
with two times. Afterwards, the Strept Avidin–Biotin
Complex (SABC) solution was added to the cells at 37 °C
for 20 min and rinsed with 0.15 mol/L PBS for 4 min with
three times. Sections were colored using diaminobenzidine
(DAB) for 5–10 min (Sigma, San Francisco, USA) and

uniformly washed with distilled water. Subsequently, the
sections were stained with hematoxylin slightly (Sigma, San
Francisco, USA), dehydrated, and sealed. The protein
expression of SOX9 was observed under a microscope,
counted, and photographed. Criteria for positive expression
of the protein were as follows: five visual fields were col-
lected continuously, completely unstained as negative;
positive index <10% as low expression; 10–50% as high
expression; >50% as the significant high expression [17].

TUNEL assay

Sections were treated according to the instructions of the
TUNEL kit (Dingguo Changsheng Biotechnology Co., Ltd.,
Beijing, China). Paraffin section was used as the pretreat-
ment before TUNEL assay. The operation steps of TUNEL
staining were as follows: 10 μl reaction solution was added
to the sections (mixture of 1 μl enzyme and 9 μl reaction
buffer); and then cells were rinsed with Buffer A two times
(each time for 1 min). A total of 50 μl blocking buffer was
added to the cells and then cells were cultured at 37 °C for
30 min, and blocking buffer was removed. A total of 40 μl
colored reaction buffer was added to the cells, then cells
were cultured at 37 °C for 60 min, and rinsed two times with
Buffer B (each time for 1 min). A total of 40 μl BUIP/NBT
colored reaction buffer with sections was added to the
cassette for 20 min, while staining was allowed to proceed
continuously without any background; rinsed two times
with Buffer B (each time for 1 min). Cells were counter-
stained with nucleus fast red for 20 s, washed by water, and
dehydrated with ethanol of gradient concentration, until
cleared and sealed. Nucleus of positive cell was yellow in
color. Six non-overlapping high-power visual fields from
each section were collected randomly (×200), and calcu-
lated for average percentage of positive cells according to
the visual fields. Apoptosis Index (AI)= apoptotic nucleus
number/total nucleus number × 100% [18].

Targeting relationship between miR-384-5p and
SOX9

Targeted gene of miR-384-5p was analyzed using various
databases including microRNA.org and miRbase, and Tar-
getScan was used to verify if SOX9 is a direct target gene of
miR-384-5p. To confirm this, we firstly established DNA
recombinant plasmid pSOX9-Wt and pSOX9-Mut, which
was inserted into the SOX9-3′-UTR wild sequence and
mutation sequence. Gene amplification was performed for
full length of 3′-UTR of SOX9, production of polymerase
chain reaction (PCR) was cloned at multiple clone sites of
downstream of pmirGLO Luciferase (Promega company,
Madison, WI, USA), which was the binding site of miR-
384-5p and its targeted gene was predicted with
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bioinformatics. Aimed at site-directed mutagenesis of this
site, pRL-TK carrier (TaKaRa, Dalian, China), which
express ranilla luciferase, was regarded as the internal
reference, in order to adjust differences of transfection rate
and cell number. miR-384-5p mimic and negative control
(NC) of miR-384-5p were transfected with luciferase,
respectively in order to enter in the cartilage cells. After
transfection for 48 h, the former culture medium was
cleaned, and rinsed with PBS two times. Passive lysis buffer
(PLB) (100 μl) was added to the cells in each hole, after
lightly shaken at room temperature for 15 min, the cell
lysate was collected. Program was set to perform pre-
reading for 2 s and reading for 10 s. LARII Stop &Glo®
Reagent (100 μl) was added each time. Well-prepared
LARII Stop & Glo® Reagent and luminescent tube or
plate with cell lysate (20 μl for each sample were collected)
were placed in the bioluminescence detector. Start program,
and data were saved after reading the fluorescence. The
calculation was performed according to the following for-
mula: relative fluorescence value= activity value of firefly
luciferase/activity value of ranilla luciferase.

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR)

Based on the published mRNA sequence of mice, primers
of miR-384-5p, SOX9, NF-κB, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) were detected using
Primer Premier 5.0 (Taka, Dalian, China) (Table 1), and
primers were synthetized by the TaKaRa company (Dalian,
China). According to the instruction of Trizol (Invitrogen,
Car, CA, USA), total RNA of the cells and cartilage tissues
were extracted. Then, RNA was reverse transcribed to
cDNA by PrimeScript RT kit (TaKaRa, Dalian, China)
following the instructions of the kit, and the system of
reverse transcription was 10 μl. The set reaction conditions
were as follows: reverse transcription reaction at 37 °C for

45 min; reverse transcription of enzyme inactivation at 85 °
C for 5 s. The reaction mixture was taken to operate RT-
qPCR with the instruction of SYBR® Premix Ex TaqTM II
kit (TaKaRa Company, Dalian, China). The reaction system
was as follows: 25 μl SYBR® Premix Ex TaqTM II (2×), 2 μl
PCR forward primer, 2 μl reverse primer, l μl ROX Refer-
ence Dye (50×), 4 μl DNA template, and 16 μl dH2O. RT-
qPCR was conducted using the ABI PRISM® 7300 system
(ABI, Massachusetts, USA), reverse transcription and
amplification process were performed according to the
instructions of kit. Reaction conditions were as follows: 40
cycles of pre-denaturation at 95 °C for 30 s; denaturation at
95 °C for 5 s; annealing extension at 60 °C for 30 s. U6 was
regarded as the internal reference of miR-384-5p, while
GAPDH was the internal reference of other genes. The
differences in relative gene expression between two groups
were analyzed by 2−△△Ct. All experiments were repeated
three times (the method is also applicable for in vitro/cell
experiments).

Western blot analysis

Cartilage tissue of mice was collected and added with liquid
nitrogen, and ground to a homogeneous fine powder. Pro-
tein lysate (Solarbio Science & Technology Co., Ltd.,
Beijing, China) was added to the samples, and the samples
were centrifuged at 4 °C for 20 min with 25,764g, and the
supernatant was collected and stored, respectively for
sparing. After lytic protein was immersed in the water bath
at 100 °C for 10 min, samples were loaded to 10% SDS-
polyacrylamide gel electrophoresis at 80 V for 30 min and
100 V for 90 min. After electrophoresis, the protein was
transferred to 0.2 mol/L nitrocellulose filter (NC filter) for
120 min at 200 mA. The membrane was placed in 50 g/l 1×
Tris-buffered saline and Tween 20 (TBST) in skimmed
milk, lightly shaken at room temperature for 1 h in order to
block the nonspecific binding site. And then, 1× TBST was

Table 1 RT-qPCR primer
sequence for miR-384-5p,
SOX9, NF-κB, U6, and GAPDH

Gene Primer sequence

miR-384-5p F: 5′-GAAGATCTCTTCAAAGTGAACAGCCCAGT-3′
R: 5′-CCCAAGCTTAGCTTCTTGAAGGCTTCCTATG-3′

SOX9 F: 5′-TGAAGATGACCGACGAGCAGGAGAAG-3′
R: 5′-CTTCCTCGCTCTCCTTCTTCAG-3′

NF-κB F: 5'-TGCAGGCTCCTGTGCGAGTG-3'

R: 5'-TCCGGTGGCGATCGTCTGTGT-3'

U6 F: 5′-ATGACGTCTGCCTTGGAGAAC-3′
R: 5′-TCAGTGTGCTACGGAGTTCAG-3′

GAPDH F: 5′-GCCAAAAGGGTCATCATCTCCGC-3′
R: 5′-GGATGACCTGCCCACAGCCTTG-3′

Note: F forward, R reverse, miR-384-5p microRNA-384-5p, SOX9 SRY related HMG box-9, NF-κB cell
nucleus factor-κB, GAPDH glyceraldehyde-3-phosphate dehydrogenase, RT-qPCR reverse transcription
quantitative polymerase chain reaction
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used to rinse samples for 5 min, repeated three times. Pri-
mary antibody (rabbit-anti-mouse antibody of SOX9 for 1
µg/ml, rabbit-anti-mouse of NF-κB antibody for 0.5 µg/ml,
Cell Signaling Technology) was added to the cleaved pro-
tein, and incubated in refrigerator at 4 °C overnight, then the
primary antibody was removed, followed by the addition of
1× TBST for 5 min again, repeated three times. Then, the
secondary antibody (goat anti-rabbit labeled by horseradish
peroxidase (HRP), diluted at a ratio of 1:1000, Shanghai
USEN Biological Technology Co., Ltd., Shanghai, China)
was added to the cleaved protein and incubated at room
temperature for 2 h, then the secondary antibody was
removed, and washed with 1× TBST three times. The
membrane was put in the chemiluminescence (ECL) reac-
tion mixture at room temperature for 1 min. Surface
moisture of the membrane was absorbed and covered with a
preservative film, exposed, developed, and fixed in a dark
room, and staining results were observed. GAPDH (diluted
at a ratio of 1:1000, Sigma, San Francisco, USA) was
regarded as the internal reference, and the ratio of gray
value between the targeted brand and internal reference
brand was expressed as the relative expression of protein
(the method is also suitable for in vitro/cell experiments).

Cell culture and grouping

OA mice and normal mice were sacrificed using the neck
dislocation method (Beijing Vital River Laboratory Animal
Technology Co., Ltd., Beijing, China). Bilateral slides of
knee joint cartilage of mice were extracted after sterilization
and rinsed with L-DMEM (Gibco, CA, USA) three times,
followed by the addition of 1 g/L II collagenase (Sigma, San
Francisco, USA) to another culture medium. The cartilage
fragments were placed in the medium and then the medium
was placed in an incubator (Heal Force HF90, Healthforce
Biomedical Technology Company, Hong Kong, China) at
37 °C for 4 h. After digestion, the cell suspension was fil-
tered with a 150 stainless steel mesh, centrifuged for 3–5
min at 179g, and the supernatant was discarded, then,
double antibodies (100 U/ml streptomycin and 100 U/ml
penicillin) (Procell Co., Ltd., Wuhan, China) and 12% fetal
bovine serum (FBS) (HyClone, UT, USA) were added. Cell
number was counted, and the cartilage cells were placed in
the medium culture plate and cultured in an incubator with
5% CO2 and saturated humidity for 24 h. The culture
medium was replaced through the degree of cell adhesion.
After the first time of medium change, it was changed every
3 days. Cell growth was observed under an inverted
microscope (XDM-200C, Puqian Optical Instrument Co.,
Ltd., Shanghai, China). When cartilage cells reached 90%
confluency, 0.02% EDTA (Promega, WI, USA) and 2.5 g/L
trypsin (Promega, WI, USA) were used to conduct cell-
passage activity. Cells were rinsed with PBS solution and

then digested with trypsin. Finally, cells were centrifuged
and collected. Cell counter (Vi-CELL XR, Beckman
Coulter, Brea, USA) was applied in order to count the
number of cells, and then inoculated in a 30 mm culture
medium for 6 × 106 cells/ml. The third generation of carti-
lage cells was inoculated in a 6-well plate at a density of 1 ×
106 cells/well. Cell grouping and transfection was as fol-
lows: the normal group (cartilage cells from normal mice
without any treatment), the blank group (cartilage cells from
OA mice without any treatment), the NC group (cartilage
cells from OA mice transfected with miR-382-5p negative
sequence), the miR-384-5p mimic group (cartilage cells
from OA mice transfected with miR-384-5p mimic
sequence), the miR-384-5p inhibitor group (cartilage cells
from OA mice transfected with miR-384-5p inhibitor
sequence), the siRNA-SOX9 group (cartilage cells from OA
mice transfected with siRNA sequence of SOX9), the miR-
384-5p inhibitor+ siRNA-SOX9 group (cartilage cells
from OA mice transfected with inhibitor of miR-384-5p and
siRNA sequence of SOX9). Cartilage cells in the logarith-
mic phase were inoculated in a 6-well plate, when cell
density reached 30–50%, cells were transfected following
the instructions of lipofectamin 2000 (Invitrogen, Car, CA,
USA). In the miR-384-5p mimic, siRNA-SOX9 (transfected
sequence of siRNA-SOX9 was 5′-AACGAGAGCGA
GAAGACCC-3′), miR-384-5p inhibitor, miR-384-5p inhi-
bitor+ siRNA-SOX9 synthesized by Shanghai Gene-
Pharma Co., Ltd. (Shanghai, China) and NC lyophilized
powder (Invitrogen, Car, CA, USA) were centrifuged and
dissolved in water without RNase. The lipofectamin 2000
(5 μl) was diluted by 250 μl serum-free culture medium
Opti-MEM (Gibco, CA, USA). The above two solutions
were mixed and incubated at room temperature for 20 min.
The mixture was added to the culture plate; after cultured at
37 °C with 5% CO2 for 6–8 h, the complete medium was
replaced and incubated for 24–48 h to continue the follow-
up experiments.

MTT assay

Cartilage cells in the logarithmic phase of growth were
collected and monolayer cell culture was conducted with
0.25% trypsin. Cell suspension (cell density of 2.5 × 105

cells/ml) was prepared using RPMI 1640 culture medium
(Shanghai Fusheng Industrial Co., Ltd., Shanghai, China)
with 10% FBS, and cells were inoculated into a 96-well
plate, 8 wells (100 μl each) in each group. Cells were cul-
tured with 5% CO2 at 37 °C, and 10 μl of 5 mg/ml MTT
solution (Sigma, San Francisco, USA) was added at the
24th hour, 48th hour, and 72nd hour time intervals,
respectively, followed by continuous culture for 4 h. Optical
density (OD) value at the wavelength of 570 nm in each
well was measured using an automatic microplate reader
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(BIO-RAD, CA, USA). All experiments were repeated
three times.

Flow cytometry

After transfection for 48 h, cartilage cells among different
groups were collected, centrifuged at 1610g for 8 min in
order to form a single cell suspension, and the supernatant
was removed, followed by adding 1× 300 μl binding buffer
and 5 μl Annexin V-FITC (Sigma, San Francisco, USA) for
incubation at room temperature in dark conditions for 15
min. A total of 5 μl propidium iodide (PI) dye and 200 μl 1×
Binding Buffer were added 5 min before detection, and cell
apoptosis was detected using flow cytometry (FACSCali-
bur, Beckman Coulter, Brea, USA). The figure of cell
apoptosis: the left lower quadrant presented the normal cells
(An−PI−), the right lower quadrant presented apoptotic
cells in the early stage (An+PI−), the right upper quadrant

referred to apoptotic cells in the late stage (An+PI+), the
left upper quadrant referred to apoptotic cells (An−PI+).
Cell apoptosis rate was expressed by cell apoptosis per-
centage at an early stage in the total cell number, and all
experiments were repeated three times.

After transfection or 48 h, cartilage cells in different
groups were collected, centrifuged at 179g for 5 min, then
the supernatant was removed, followed by rinsing with PBS
two times, and the cells were resuspended. Cell con-
centration was adjusted to 1 × 106 cells/ml, and 1 ml of pre-
cooled 75% ethanol (−20 °C) was added to fix cells at 4 °C
for 1 h, and then cells were centrifuged to abandon absolute
ethanol. Cells were rinsed two times in PBS and
the supernatant was removed, followed by the addition of
100 ml RNase A (Sigma, San Francisco, USA) in dark
conditions, and the cells were immersed in a water bath at
37 °C for 30 min, followed by adding 400 μl PI dye (Sigma,
San Francisco, USA) at 4 °C in dark conditions. After 30
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interaction association analysis; each circle represents a gene, word in

the circle is GeneSymbol, the color and the size of that circle repre-
sents core degree of the gene, and the red and large circle indicates a
high degree of core while blue and small circle represents degree of
core; direct line of circles indicates a direct or indirect interaction
between the two genes. c Venn analysis of SOX9-mediated miRNA
prediction; blue represents DIANA database, red represents miRDB
database, gray represents TargetScan database, yellow represents
miRSearch database, and green represents microRNA.org database;
the number represents the number of miRNA in the region and “6” in
the center area means there are six miRNAs all found in the five
databases; SOX9 SRY-related HMG box-9 (color figure online)
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min, the cells were passed through a 200-mesh sieve
(10,000 cells were counted), and cell cycle was detected
using flow cytometry. Distribution curve of DNA con-
centration was obtained in each cell. All experiments were
repeated three times. The figure of cell cycle: Y-axis:
effective cell count; X-axis: DNA contention.

Statistical analysis

Statistical analysis was performed using the SPSS
21.0 software (IBM Corp., Armonk, NY, USA), and mea-
surement data were expressed as mean ± standard deviation
(SD) while enumeration data were expressed by t-test.
Comparisons among groups were analyzed using one-way
analysis of variance (ANOVA). p < 0.05 was considered to
be statistically significant.

Results

miR-384-5p is predicted to affect OA by regulating
SOX9

The GEO database was used to retrieve the related
expression chip data of OA. The GSE16464 expression chip
was obtained. The difference between OA samples and
normal control samples was analyzed. Finally, 1331 dif-
ferentially expressed genes were obtained, of which 717
genes were up-regulated in OA, and 614 genes were down-
regulated in OA. Infrared images of the 30 most sig-
nificantly different genes were constructed (Fig. 1a). In
order to screen other OA-related genes, the MalaCards
database was used to search for the known genes of OA and
the top 10 genes were chosen for subsequent analysis
(Table 2). In the STRING database, the correlation analysis
of 30 different genes in GSE16464 and the retrieved 10 OA-
related genes was conducted (Fig. 1b). It was found that
COL2A1, GDF5, MATN3, and other nine genes were at the
core position. Further analysis of the nine genes showed

that SOX9 were not the known genes associated with OA,
and it was found that SOX9 was related to the NF-kB
signaling pathway [19–21]. In order to further understand
the mechanism of SOX9 in OA, the miRNA databases,
DIANA, miRDB, TargetScan, miRsearch, and microRNA.
org, were used to predict the miRNA regulation of SOX9.
In order to improve the accuracy of prediction results,
predictions of the SOX9 gene were conducted in five
databases of DIANA, miRDB, TargetScan, miRsearch, and
microRNA.org, and extracted the intersection of five data-
bases (Fig. 1c). A total of six miRNAs were in the inter-
section of five databases and the combination ability of the
six miRNAs and SOX9 was consequently analyzed. The
prediction results of microRNA.org database showed that
mmu-miR-384-5p with the lowest miRSVR score had the
strongest binding capacity with SOX9. These results imply
that mmu-miR-384-5p can regulate the NF-kB signaling
pathway and ultimately affect the development of OA by
inhibiting the expression of the SOX9 gene.

OA mice present with pathological features with
cartilage exfoliation

In the control group, cartilage matrix was light pink under
the microscope with homogenous staining, and cartilage
cell was blue. Four-layer structures and tidal line of carti-
lage were clear. The surface layer appeared to be covered

Table 2 The top 10
osteoarthritis-related genes

Symbol Description Score PubMed IDs

COL2A1 Collagen Type II Alpha 1 Chain 77.28 19019890, 8244341, 11708863

ACAN Aggrecan 67.27 8195777, 16583443, 16188468

ASPN Asporin 65.34 15640800, 184342116, 19997821

FRZB Frizzled-Related Protein 62.91 16889986, 18819822, 17237116

COMP Cartilage Oligomeric Matrix Protein 56.45 17124839, 8311563, 19177799

GDF5 Growth Differentiation Factor 5 53.45 17384641, 19029166, 19565498

CILP Cartilage Intermediate Layer Protein 48.54 11315923, 16413503

MMP13 Matrix Metallopeptidase 13 47.87 15067375, 15498796, 8730110

MATN3 Matrilin 3 43.96 20077500, 14749384, 17881354

COL9A1 Collagen Type IX Alpha 1 Chain 41.52 8244386, 15733274

Fig. 2 HE staining results of cartilage tissues of mice in the OA and
control group (the original magnification is ×100). HE staining
hematoxylin–eosin staining and OA osteoarthritis
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with flat cartilage cells, the middle level was covered with
circular cartilage cells, and proliferating cartilage cells could
be observed in the deep and calcified layers (Fig. 2a). In the
OA group, cell number significantly decreased, arranged
without sense of depth, and the cartilage matrix was stained
unevenly, cell electron concentration significantly
increased, the nuclei and cytoplasm were beyond identifi-
cation, the surface layer of cartilage was incomplete or even
disappeared, and subchondral bone revealed. All these
conform to pathological characteristics of OA (Fig. 2b).

OA mice have decreased positive expression rate of
SOX9 in cartilage tissue

Results of immunohistochemistry (Fig. 3) indicate that the
protein expression of SOX9 was largely observed in the nuclei
and expressed as brown-yellow granules, and the positive
expression rate of SOX9 in the control group was significantly
higher compared to the OA group (p < 0.05), indicating low
expression of SOX9 in OA mice.

Cell apoptosis in cartilage tissue of OA mice is
increased

Cell apoptosis in cartilage tissue was detected using
TUNEL staining as follows: in normal cartilage cells, cells
were well-distributed, and there was no evident staining of

the cell nuclei, or variety in the size of cell body. There was
weak positive expression in normal cartilage, primarily
localized in the surface layer of cartilage (Fig. 4a). In
apoptotic cells, TUNEL staining was expressed by positive
expression, which infers that the cell nuclei were stained
dense brown-yellow, with bright agglomeration in the
chromatin, as well as decreased adhesion between the
apoptotic cells and adjacent cells with oval or round shrunk
cell. Positive expression was observed in the migrating
layer and deep layer of cartilage in the OA group (Fig. 4b).
Compared with the normal group, cell AI increased sig-
nificantly in the OA group (p < 0.05) (Fig. 4c).

SOX9 is the target gene of miR-384-5p

According to the online analysis software (microRNA.org,
miRbase, and TargetScan), there was a specific binding
region between 3′-UTR on SOX9 gene and the miR-384-5p
sequence, indicating that SOX9 was the targeted gene of
miR-384-5p (Fig. 5a). A luciferase assay was performed in
order to test the targeting relationship between SOX9 and
miR-384-5p (Fig. 5b). The experimental results indicated that
compared with NC group, the luciferase activity of SOX9-Wt
was decreased significantly in the miR-384-5p mimic group
(p < 0.05), and the luciferase activity of SOX9-Mut has no
significantdifferences among the miR-384-5p mimic group
and NC group (p > 0.05), suggesting that miR-384-5p could

Fig. 3 Decreased positive expression rate of SOX9 in mice with OA
detected by immunohistochemical staining (the original magnification
is ×200). a Immunohistochemical staining of cartilage tissue of mice in
the OA group and the control group (the original magnification is

×200). b Comparison of positive expression rate of SOX9 in cartilage
tissue of mice. *p < 0.05 vs. the control group; OA osteoarthritis and
SOX9 SRY-related HMG box-9

Fig. 4 Induced cell apoptosis in cartilage tissue of mice with OA. a
TUNEL staining of cartilage tissue of mice in OA and normal mice
(the original magnification is ×200). b Comparison of cell apoptosis

index of cartilage tissue of mice in OA and normal mice. *p < 0.05 vs.
the control group; OA osteoarthritis
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specifically bind to SOX9-3′-UTR and down-regulate the
expression of SOX9 after transcription.

OA mice have decreased expression of SOX9 and NF-
κB but increased expression of miR-384-5p in
cartilage tissue

Results of RT-qPCR and Western blot analysis indicated
(Fig. 6) that compared with the control group, the expres-
sion of miR-384-5p in cartilage tissue significantly
increased, while mRNA and protein expression of SOX9
and NF-κB remarkably decreased in the OA group (all p <
0.05).

miR-384-5p inhibits cell proliferation after
transfection

Results of MTT assay are shown in Fig. 7: within 24 h, cell
proliferation among groups was essentially consistent (p >

0.05). After 48 h and 72 h, compared with the normal group,
cell proliferation decreased remarkably in other groups (all
p < 0.05). Compared with the blank group, there were no
significant cell proliferation differences among the NC
group and the miR-384-5p inhibitor+ siRNA-SOX9 group
(p > 0.05). Cell proliferation in the miR-384-5p mimic
group and the siRNA-SOX9 group decreased evidently
(both p < 0.05), and cell proliferation in the miR-384-5p
inhibitor group increased significantly (p < 0.05); compared
with the miR-384-5p inhibitor group, cell proliferation in
the miR-384-5p mimic group, siRNA-SOX9 group, and
miR-384-5p inhibitor+ siRNA-SOX9 group all decreased
significantly (all p < 0.05).

miR-384-5p promotes cell apoptosis after
transfection

Cell apoptosis and cell cycle distribution are shown in Fig. 8.
Compared with the normal group, cell apoptosis rate
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reporter gene assay. *p < 0.05 vs. the negative control group; miR-
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Fig. 6 Mice with OA exhibit decreased expression of SOX9 and
NF-κB and increased expression of miR-384-5p in cartilage tissue.
a Expression of miR-384-5p is increased and mRNA expression of
SOX9, NF-κB is decreased in cartilage tissue of mice with OA by
RT-qPCR. b Western blot analysis found protein expression of
SOX9 and NF-κB is decreased in cartilage tissue. *p < 0.05 vs. the

control group; OA osteoarthritis, miR-384-5p microRNA-384-5p,
SOX9 SRY-related HMG box-9, NF-κB cell nucleus factor-κB,
GAPDH glyceraldehyde-3-phosphate dehydrogenase, and RT-
qPCR reverse transcription quantitative polymerase chain reac-
tion. The experiment is repeated for three times
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significantly increased in other groups, cell number also
increased in G0/G1 phase while decreased in S phase (all p <
0.05). Compared with the blank group, in the NC group and
the miR-384-5p inhibitor+ siRNA-SOX9 group, there were
no significant differences on apoptosis rate and cell number
both in G0/G1 and S phases (all p > 0.05). Compared with the
blank group, in the miR-384-5p mimic group and the siRNA-
SOX9 group, cell apoptosis rate significantly increased, and
cell number significantly increased in G0/G1 phase while
decreased in S phase (p < 0.05); in the miR-384-5p inhibitor
group, cell apoptosis rate significantly decreased, cell number
obviously decreased in G0/G1 phase while increased S phase
(all p < 0.05). Compared with the miR-384-5p inhibitor group,
in the groups of miR-384-5p mimic, siRNA-SOX9 and miR-
384-5p inhibitor+ siRNA-SOX9, cell apoptosis rate and cell
number in G0/G1 phase significantly increased, but cell
number in S phase significantly decreased (all p < 0.05).

miR-384-5p or silencing of SOX9 inhibits the NF-κB
signaling pathway

As shown in Fig. 9, compared with the normal group, in other
groups, expression of miR-384-5p significantly increased, but
mRNA and protein expression of SOX9 and NF-κB decreased
(all p < 0.05). Compared with the blank group, there was no
significant difference in the NC group (p > 0.05); in the miR-
384-5p mimic group, expression of miR-384-5p significantly
increased, but mRNA and protein expression of SOX9 and
NF-κB decreased (all p < 0.05); in the miR-384-5p inhibitor
group, expression of miR-384-5p significantly decreased,
mRNA and protein expression of SOX9 and NF-κB increased

significantly (all p < 0.05); in the siRNA-SOX9 group, there
was no significant difference on expression of miR-384-5p (p
> 0.05), mRNA and protein expression of SOX9 and NF-κB
obviously decreased (all p < 0.05); in the miR-384-5p
inhibitor+ siRNA-SOX9 group, expression of miR-384-5p
significantly decreased (p < 0.05), there was no significant
difference on mRNA and protein expression of SOX9 and NF-
κB (both p > 0.05). Compared with the miR-384-5p inhibitor
group, in the miR-384-5p mimic group and the siRNA-SOX9
group, expression of miR-384-5p significantly increased,
but mRNA and protein expression of SOX9 and NF-κB was
significantly decreased (all p < 0.05); in the miR-384-5p inhi-
bitor+ siRNA-SOX9 group, there was no significant differ-
ence on expression of miR-384-5p (p > 0.05), mRNA and
protein of SOX9 and NF-κB significantly decreased (both p <
0.05).

Discussion

OA is a complex multifactorial disease, known to be caused
by various genetic, mechanical, and environmental factors,
and also prevails as one of the most common diseases of
articulated joints [22]. miRs are an evolutionally conserved,
small (18–25 nucleotides), non-coding class of RNAs
exerting critical effects in post-transcriptional gene regula-
tion [23]. Therefore, the present study aims to evaluate the
effects of miR-384-5p on cartilage cell proliferation and
apoptosis in OA mice by targeting the SOX9 gene through
the NF-κB signaling pathway.

The findings of our study indicate that miR-384-5p is
capable of regulating the expression of SOX9, which is the
targeted gene of miR-384-5p, thereby inducing the occur-
rence of OA by the NF-κB signaling pathway. And in our
experiment, high expression of miR-384-5p and low
expression of SOX9 and NF-κB were found in cartilage
tissues of OA mice, suggesting that upregulation of miR-
384-5p and downregulation of SOX9 and NF-κB are
involved in OA development. Recently, Hiroshi et al. found
that miRs, regulate the expression of several targeted genes,
such as SOX9 and SP1 [24]. Gu et al. found that activation
of NF-κB signaling pathways would promote the release of
pro-inflammatory cytokines, which play important roles in
cartilage damage and bone metabolism homeostasis [25].
Interestingly, Yamagishi et al. demonstrated that Polycomb-
mediated silencing of miR-31 was implicated in the acti-
vation of NF-κB signaling in tumors, including adult T cell
leukemia/lymphoma (ATL) tumor cells [26]. SOX9 is a
special major transcription factor owing to its crucial role in
regulating various developmental pathways like chon-
drogenesis, gonadogenesis, and the pancreas [27]. Zhong
et al. noted that the mRNA and protein expression of SOX9
in OA cartilage decreased, and OA was initiated by
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differential regulation of signaling pathway, such as WNT,
which regulates the protein activity of SOX9 [28]. Hence-
forth, we inferred that miR-384-5p potentially holds great
influence on OA by targeting the SOX9 gene through the
NF-κB signaling pathway.

In addition, from comparisons of experimental data, we
detected that compared with the normal group, apoptosis

rate was higher in the OA group, and cell proliferation was
lower in other groups transfected with miR-384-5p mimic,
indicating that miR-384-5p could promote cell apoptosis
and inhibit cell proliferation. Recently, Jovanovic et al.
showed the potential and important role of miRs in reg-
ulating apoptosis at various levels, and in several organisms
by regulating gene expression [29]. For example, Chen
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et al. found that miR-200a regulates hepatic cellular cancer
(HCC) cell proliferation, migration, and invasion using its
targeted gene Foxa2 [30]. Moreover, Zhao et al. found that
miR-365 suppressed cell cycle progression and promoted
colon cancer cell apoptosis by targeted gene Cyclin D1
and Bcl-2 [31]. Based on these aforementioned reasons and
previous studies, we could infer that miR-384-5p could
regulate cell proliferation and apoptosis in cartilage tissue.
So, understanding the regulation of miR-384-5p may inspire
alternative therapeutic methods for OA.

In conclusion, this study showed that miR-384-5p could
regulate the expression of SOX9 negatively and inactivate
the NF-κB signaling pathway in order to induce the
appearance of OA, and further understanding the regulation
of miR-384-5p may yield alternative treatments OA meth-
ods. However, due to the limited sample size and time, the
specific mechanism of miR-384-5p in OA still lacks ade-
quate clinical data to be used in a clinical setting. Therefore,
a well-designed, prospective, randomized, multi-center
clinical trial will be needed in the future.
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