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Abstract. – OBJECTIVE: To explore the effect 
of micro ribonucleic acid (miR-9) on cartilage re-
generation of osteoarthritis in rabbits through 
the regulation of the Notch signaling pathway. 

MATERIALS AND METHODS: A total of 30 
specific pathogen-free Sprague-Dawley rab-
bits were randomly divided into control group 
(healthy rabbits, n=10), model group (osteoar-
thritis model, n=10) and miR-9 group (osteoar-
thritis model + miR-9 interference, n=10). The 
degeneration degree of rabbit knee articular 
cartilage in three groups was assessed through 
the Mankin’s score. The morphology of carti-
lage tissues was observed under an optical mi-
croscope. Expressions of the Notch1, B-cell 
lymphoma-2 (Bcl-2), Bcl-2 associated X protein 
(Bax) proteins, and collagen II (CII) in chondro-
cytes were detected via the immunohistochem-
ical assay. 

RESULTS: In rabbits of control group, the ar-
ticular cartilage had a smooth surface and com-
plete structure, and the cells were arranged or-
derly with a clear tidal line. A large number of 
articular chondrocytes died in model group, 
while it was improved in miR-9 group. The 
Mankin’s score was 3.52±0.79 points in control 
group, 6.73±0.95 points in model group, and 
5.37±0.61 points in miR-9 group, showing sig-
nificant differences among the three groups 
(p<0.05). Results of immunohistochemistry 
showed that the protein expressions of Notch1 
and Bax were higher in model group, but lower 
in control group and miR-9 group (p<0.05). The 
protein expression of Bcl-2 was lower in model 
group but was upregulated in control group and 
miR-9 group (p<0.05). The results of Reverse 
Transcription-Polymerase Chain Reaction (RT-
PCR) revealed that the expressions of Notch1 
and Bax in control group were lower than those 
in model group and miR-9 group (p<0.05), while 
the expression of Bcl-2 in model group was low-
er than that in control group and miR-9 group 
(p<0.05). According to the results of immunohis-
tochemistry, the CII optical density (OD) value 

was 0.18±0.013, 0.25±0.05 and 0.22±0.009 in con-
trol group, model group, and miR-9 group, re-
spectively. It could be seen that the CII OD value 
was the highest in model group, indicating that 
the CII expression in articular cartilage in osteo-
arthritis was negatively correlated with the se-
verity of osteoarthritis. 

CONCLUSIONS: MiR-9, through the down-reg-
ulation of the expressions of Notch and Bax, can 
activate the Bcl-2 to promote the differentiation 
and regeneration of chondrocytes. It can facili-
tate the cartilage regeneration of osteoarthritis 
in rabbits through the mediation of the CII ex-
pression.
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Introduction

The morbidity rate of knee osteoarthritis 
(KOA) in females is 1.3 times than in males, and 
it constantly rises with aging. According to the 
data of WHO, more than 60% of global osteo-
arthritis patients are the elderly over 50 years1,2. 
About 77% of osteoarthritis patients suffer from 
limited mobility, and disability occurs in 25% of 
them3,4. KOA results from degenerative changes 
of the knee, senescence, blocked proliferation and 
differentiation of knee articular chondrocytes, 
and the sharply declined number of chondrocytes. 
The factors leading to KOA are related to age, 
metabolic function, immune function, obesity, 
genetics, and environment. Articular cartilage is 
mainly composed of cartilage tissues. The metab-
olism of articular cartilage mainly depends on the 
proliferation and differentiation of articular chon-
drocytes. It is found that articular chondrocytes 
account for 2-3% of total articular cartilage tis-
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sues, which can secrete many important substanc-
es required for articular cartilage such as colla-
gen, phosphorus, and alkaline phosphatase5-7.

Gu et al8 have demonstrated that micro ribo-
nucleic acid (miR-9) can promote chondrocyte 
regeneration and self-renewal in osteoarthritis 
through the inhibition of the PRTG protein. Some 
studies have also found that miR-9 is involved in 
bone metabolism and plays an important role in 
the development of bone tissues. Notch signaling 
pathway, as a widely studied signaling pathway, 
participates in cellular metabolism, embryon-
ic development, and maturation. The process of 
bone remodeling includes bone formation and 
bone resorption9,10. Bone formation derived from 
mesenchymal stem cells interacts with bone re-
sorption of osteoclasts. This interaction is sig-
nificant in bone development and remodeling11. 
The inactivation of the Notch signaling pathway 
can promote bone development and regulate the 
differentiation and commitment of stromal stem 
cells, which has a direct relation with osteocyte 
reconstruction and regulation of osteogenic tis-
sues12. In the present study, the rabbit model of 
osteoarthritis was established to study the effect 
of miR-9 on the bone of the right knee. The poten-
tial correlation between the Notch signaling path-
way and miR-9 was further analyzed to provide a 
theoretical basis for the biological researches on 
bone health.

Materials and Methods

Laboratory Animals and Grouping
A total of 30 specific pathogen-free Sprague-Daw-

ley rabbits aged 8 weeks old were purchased from 
the Hebei Medical University Animal Center. This 
investigation was approved by the Animal Ethics 
Committee of Hebei Medical University Animal 
Center.

Instruments and Reagents
The instruments and reagents used in this ex-

periment were as follows. The goat anti-rabbit an-
tibody was purchased from Abcam (Cambridge, 
MA, USA), reverse transcription kit from TaKa-
Ra (Otsu, Shiga, Japan), rabbit Notch1 polyclonal 
antibody, rabbit B-cell lymphoma-2 (Bcl-2) poly-
clonal antibody and Bcl-2 associated X protein 
(Bax) polyclonal antibody from Sigma-Aldrich (St. 
Louis, MO, USA), trypsin and medium from Hy-
clone (South Logan, UT, USA), hematoxylin-eosin 
(HE) staining kit from Maxim (Fuzhou, China), 

ultrasonic imager from PHILIPS (Amsterdam, 
Netherlands), polyvinylidene difluoride (PVDF) 
membrane from Millipore (Billerica, MA, USA), 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
containing fetal bovine serum (FBS) from Sangon 
(Shanghai, China), and rabbit immunoglobulin G 
antibody from DAKO (Glostrup, Denmark).

Establishment of Animal Model 
and Grouping

A total of 30 rabbits were randomly divided 
into control group (healthy rabbits, n=10), mod-
el group (osteoarthritis model, n=10) and miR-9 
group (osteoarthritis model + miR-9 interference, 
n=10). After fasting for 12 h, the rabbits were anes-
thetized via abdominal injection of anesthetics. 
The knee joint of the rabbit was forced to bend at 
right angles. The villous around the knee joint was 
shaved off, and the medial joint was cut to expose 
the subcutaneous tissues. Surrounding soft tissues 
were separated to expose the knee joint. Then, the 
medial and lateral ligaments were cut off, and the 
wound was sutured. Post-operative anti-inflamma-
tion was performed. The operation should be per-
formed carefully and the injury to the articular car-
tilage surface should be avoided as far as possible. 
After the operation, the rabbits were fed in separate 
cages, and they had free access to the activity. The 
morphology of the knee articular cartilage in each 
group was observed. The successful preparation of 
osteoarthritis model was verified through patho-
logical examinations.

Drug Intervention and Observation
At 4 weeks after the operation, different re-

agents were injected into the knee joint cavity of 
rabbits on Tuesday and Friday every week. The 
miR-9 solution was injected in rabbits of miR-9 
group, while an equal volume of phosphate-buff-
ered saline (PBS) was injected in control group 
and model group for 8 consecutive weeks.

Specimen Collection
After the reagents were injected for 8 weeks, 

the rabbits in each group were executed, and the 
cartilage tissues of the right knee were taken. The 
articular cartilage tissues on the weight-bearing 
surface of the distal femoral medial and lateral 
condyle were taken using the sharp surgical blade 
and preserved.

Mankin’s Score
The degree of cartilage injury was quantitative-

ly analyzed using the Mankin’s score. Pathologi-
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cal indexes observed included cartilage structure 
score, cell count score, cartilage color score, and 
tidal line score (Table I).

HE Staining
The cartilage tissues of rabbits were fixed in 4% 

paraformaldehyde overnight, dehydrated, embed-
ded in paraffin and placed for 24 h. The collagen 
deposition in cartilage tissues was observed using 
the Masson method, and the cartilage structure of 
rabbits was detected via HE staining. After an-
tigen retrieval, the tissue sections were sealed 
with serum for 30 min. Sections were incubated 
with the primary antibody at 4°C overnight and 
the secondary antibody for 40 min using the two-
step method on the next day. Color development 
was performed using diaminobenzidine (DAB), 
and the sections were observed under the light 
microscope to quantify the protein expressions of 
Notch1, Bax, and Bcl-2 in each group.

Immunohistochemistry
The cartilage tissue sections were deparaffin-

ized, immersed in 3% of methanol-HZOZ for 20 
min, washed with PBS once every 10 min for 3 
times and sealed with goat serum at room tem-
perature for 0.5 h. Subsequently, the sections were 
incubated with 100 μg of primary antibody at 
35°C overnight, rewarmed at 37°C for 35 min and 
washed with PBS for 3 times (5 min/time). Sections 
were then incubated with 100 μg of the second-
ary antibody and washed again with PBS at room 
temperature once every 5 min for 3 times. Color 
development was conducted using DAB, and the 
staining was observed under the microscope after 
2 min. The sections were washed with PBS once 
every 2 min for 3 times and counterstained with 
HE for 15 min. Finally, the Notch1, Bcl-2, Bax, and 
collagen II (CII)-positive cells were observed, and 
the absorbance of CII expression was calculated.

Detection of Notch1, Bcl-2, and Bax 
Expression via RT-PCR

The cartilage tissues of rabbits were digested 
with trypsin, washed with PBS and added with 
0.9% of sodium chloride solution to obtain the 
chondrocytes. 20 mg of chondrocytes were placed 
in the Eppendorf (EP) tube and lysed in 1 mL of 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
to extract RNA. Then, RNA was reversely tran-
scribed into complementary deoxyribose nucleic 
acid (cDNA) using the A3500 reverse transcrip-
tion kit. Expressions of target genes were detected 
with nucleic acid gel dye using the CFX-96 qRT-
PCR instrument. The primers used were designed 
by the NCBI/Primer (Table II). Reaction condi-
tions were as follows: 98°C for 6 min, and a total 
of 55 cycles at 8°C for 28 s, 75°C for 30 s, and 
80°C for 4 min.

Statistical Analysis
Data were analyzed by the t-test in Statistical 

Product and Service Solutions (SPSS) 15.0 soft-
ware (IBM, Armonk, NY, USA). Univariate anal-
ysis was adopted for the intragroup comparison. 
All data were expressed as median ±SD. Compar-
ison between groups was done using the One-way 
ANOVA test followed by Post-Hoc Test (Least 
Significant Difference). p<0.05 suggested that the 
difference was statistically significant.

Results

Articular Cartilage in Each Group
The calcified layer, radiating layer, migration 

layer, and the superficial layer of the articular car-
tilage had a clear boundary and the tidal line was 
complete. It was observed that the articular car-
tilage had a smooth surface and complete struc-
ture without defects, and the chondrocytes were 

Table I. Mankin scoring criteria.

Cartilage structure score Cell count score Cartilage color score Tidal line score

Criteria Score Criteria Score Criteria Score Criteria Score
Normal 0 Normal 0 Normal 0 Normal 0
Arranged disorderly 
  but with clear layer 1 Mild hyperplasia 1 Slight fading 1 Multilayer 1
Arranged irregularly 
  and with disordered 
  layer 2 Moderate hyperplasia 2 Moderate fading 2 Blurred 2
Serious disorder 3 Severe hyperplasia 3 Severe fading and 3 Blood vessels pass 3
    no staining  through
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orderly arranged with a definite boundary, and a 
clear tidal line in control group. In model group, 
there was focal hyperplasia on the surface of ar-
ticular cartilage. Pronounced joint defects, irregu-
larly arranged chondrocyte, and a blurred bound-
ary were observed in model group. In addition, a 
large number of chondrocytes died, and the tide 
line disappeared. In miR-9 group, the surface of 
articular cartilage was rough, and the joint defects 
were improved compared to those in model group 
(Figure 1).

Mankin’s Score
The Mankin’s score was 3.52±0.79 points in 

control group, 6.73±0.95 points in model group, 
and 5.37±0.61 points in miR-9 group, showing 
significant differences among groups (p<0.05) 
(Figure 2).

Comparisons of Protein Expressions of 
Notch1, Bax, And Bcl-2 in Rabbits

The results of immunohistochemistry showed 
that the protein expressions of Notch1 and Bax 

were higher in model group but lower in control 
group and miR-9 group (p<0.05). The protein 
expression of Bcl-2 was lower in model group, 
but was significantly higher in control group and 

Table II. Primer sequences.

Protein Gene  Primer sequence

Notch1 Forward  5'-GACTCCAAGATGAAGAAGATGTG-3'
 Reverse  5'-GAGCATTCGCAGGTVCAAGCC-3'
Bax Forward  5'-TCCACCAAGAAGCTGAGCGAG-3'
 Reverse  5'-GTCCAGCCCATGATGGTTCT-3'
Bcl-2 Forward  5'-TTCTTTGAGTTCGGTGGGGTC-3'
 Reverse  5'-TGCATATTTGTTTGGGGCAGG-3’
GAPDH Forward  5'-CAACGGGAAAGCCATCACCA-3'
 Reverse  5'-ACGCCAGTAGACTCCACGACAT-3'

Figure 1. Articular cartilage morphology of rabbits in each group (Magnification 40x).

Figure 2. Mankin’s score of rabbits in each group. *p<0.05 
vs. control group. #p<0.05 vs. model group.
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miR-9 group (p<0.05). It can be seen that the ex-
pressions of Notch1 and Bax were inversely pro-
portional to Bcl-2, i.e., the increased expressions 
of Notch1 and Bax correspond to the decreased 
expression of Bcl-2 (Figure 3).

Relative Expressions of Notch1, Bax, 
And Bcl-2 in Each Group of Rabbits

The results of RT-PCR revealed that the ex-
pressions of Notch1 and Bax in control group 
were lower than in model group, and miR-9 group 
(p<0.05), while the expression of Bcl-2 in model 
group was lower than in control group and miR-9 
group (p<0.05) (Figures 4 and 5).

CII Expression in Rabbits Detected Via 
Immunohistochemistry 

According to the results of immunohistochem-
istry, the CII OD value was 0.18±0.013, 0.25±0.05, 
and 0.22±0.009 in control group, model group and 
miR-9 group, respectively. It could be seen that 
the CII OD value was the highest in model group, 
indicating that the CII expression in articular car-
tilage in osteoarthritis was negatively correlated 
with the severity of osteoarthritis.

Discussion 

Hyperplasia at the joint margin, functional de-
generation, and injury of articular cartilage are 

Figure 3. Protein expressions of Notch1, Bax, and Bcl-2 detected via immunohistochemistry (Magnification 20x). 
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generally considered to be the pathogenic factors 
of osteoarthritis13. The morbidity rate of osteoar-
thritis is positively correlated with ageing14. The 
pathogenesis of osteoarthritis is a complex process 
involving multiple signaling pathways, genes, cy-
tokines, cartilage health, slow metabolism, stress 
disorder, and effect of enzymes on cartilage ma-
trix15,16. In this paper, the articular cartilage had a 
smooth surface and complete structure, and the 
chondrocytes were arranged orderly with a clear 
tidal line in control group. In model group, patho-
logical morphology of articular cartilages was 
much more pronounced. In miR-9 group, the sur-
face of articular cartilage was rough, and the joint 
defects were improved compared to those in mod-
el group. Xiang et al17 have revealed that chondro-
cytes are the only cell type in mature cartilage 
tissues, which contribute to maintain the stabil-
ity of the environment in cartilage. In the pres-
ent study, the Mankin’s score was much higher 
in model group compared to that of control group 
and miR-9 group. Moreover, studies have found 
that miR-9, through the down-regulation of the 
expression of PRTG, may inhibit the chondrocyte 
apoptosis in osteoarthritis, relieve the symptoms 
of osteoarthritis, and exert a protective effect in 
osteoarthritis18. Our study obtained consistent 
results that miR-9 could promote the maturation 
and development of chondrocytes.

The findings of immunohistochemistry showed 
that the protein expressions of Notch1 and Bax 
were higher in model group than in control group 
and miR group (p<0.05). The protein expression 
of Bcl-2 achieved the opposite trend as those of 
Notch1 and Bax. Subsequent qRT-PCR further 
validated these results. It can be seen that ex-
pression changes of Bax and Notch1 were simi-
lar, while Bcl-2 was the opposite. The Notch sig-

naling pathway plays an important role in bone 
development and self-renewal19, and it is also in-
volved in the formation and growth of cartilage. 
Inactivation of the Notch signal can effectively 
promote the formation of bone and cartilage, fa-
cilitate the early development of bone tissues and 
repair of bone defects, and control the occurrence 
of some bone diseases20,21. Wang et al22 showed 
that silence of the Notch signal can downregu-
late Bax and upregulate Bcl-2, thereby inhibiting 
chondrocyte apoptosis and exerting a protective 
effect on osteoarthritis. Among the apoptosis-re-
lated genes, Bcl-2 and Bax have the most prom-
inent features, and they are negatively correlated 
with each other. Besides, Wang et al23 argued that 
the silence of the Notch signal will contribute to 
the therapeutic effect on osteoarthritis, which is 
consistent with the results in this study.

According to the results of immunohistochem-
istry, CII OD value was the highest in model 
group, indicating that the CII expression in artic-
ular cartilage in osteoarthritis was negatively cor-
related with the severity of osteoarthritis. During 
the development of osteoarthritis, the increased 
degradation of CII has a direct relation with the 
imbalanced secretion. The destroyed extracellu-
lar matrix fiber network damages the chondro-
cytes24,25. According to the study of Bagur-Calafat 
et al26, inhibiting the the Notch signaling pathway 
can significantly inhibit the CII expression in 
articular cartilage in osteoarthritis. Osteocytes 

Figure 4. Expressions of Notch1, Bax, and Bcl-2 in rabbits 
detected via RT-PCR.

Figure 5. Differences in the relative expressions of Notch1, 
Bax, and Bcl-2 in rabbits. *p<0.05 vs. control group. #p<0.05 
vs. model group.
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synthesize and secrete collagen and proteoglycan 
outside the cells, forming the fiber network struc-
ture to protect the chondrocytes27.

Conclusions

We demonstrated that miR-9, through the 
down-regulation of the expressions of Notch and 
Bax, can activate Bcl-2 to promote differentiation 
and regeneration of chondrocytes. It can facilitate 
cartilage regeneration of osteoarthritis rabbits by 
regulating the CII expression.
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