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Abstract

Introduction. Osteoarthritis (OA) is the most prevailing musculoskeletal dysfunction triggered by lesions in syn-
ovial membranes and articular cartilage. MicroRNAs (miRNAs) have emerged as crucial regulators participated
in many biological processes, such as osteoarthritis. This study was undertaken to address the role of miR-25-3p
in the apoptosis of rat chondrocytes under an OA-like condition and its underlying mechanism.

Material and methods. OA cellular model was established in rat chondrocytes by TNF-« induction. Then, qRT-
-PCR and Western blotting were utilized for evaluation of the expressions of miR-25-3p and insulin-like growth
factor-binding protein 7 (IGFBP7), CCK-8 assay for inspection of chondrocyte viability, flow cytometry for as-
sessment of cell apoptosis rate, Western blotting for the detection of cleaved caspase-3 level and dual-luciferase
reporter gene assay for verification of the targeting relationship between miR-25-3p and IGFBP7.

Results. The miR-25-3p expression was decreased and IGFBP7 was elevated in TNF-a-induced rat chondrocytes.
The miR-25-3p inhibited chondrocyte apoptosis and IGFBP7 promoted apoptosis as evidenced by enhanced
cell viability and suppressed cell apoptosis in OA chondrocytes after miR-25-3p overexpression or IGFBP7
knockdown. The miR-25-3p facilitated chondrocyte viability and repressed cell apoptosis in OA by negatively
regulating IGFBP7.

Conclusions. MiR-25-3p negatively regulates IGFBP7 to promote chondrocyte proliferation and restrain chon-
drocyte apoptosis. Our findings suggest that the regulation of IGFBP7 by miR-25-3p may emerge as a novel
therapeutic regimen for OA. (Folia Histochemica et Cytobiologica 2021, Vol. 59, No. 1, 30-39)
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Introduction mately 40% [3]. Chondrocyte, a primary cell type of
articular cartilage which occupies approximately 1%

Osteoarthritis (OA) has been defined as a chronic ~ of total cartilage volume, is essential for retaining the

joint malady featured by degeneration of ligaments
and articular cartilage, thickening of subchondral
bone and generation of osteophytes [1, 2]. The prev-
alence of OA worldwide is staggeringly high with an
estimated over 250 million people affected and with
a lifetime risk for worsening to knee OA of approxi-
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dynamic equilibrium between catabolism and anabo-
lism of the extracellular matrix in articular cartilage
and has been deemed as one of the indispensable
regulators of OA pathogenesis [4, 5]. Declining cell
number and cell viability of chondrocytes is implicated
in the progression and advancement of OA [6]. Thus,
the prevention of chondrocyte apoptosis and the pro-
motion of chondrocyte proliferation may be potential
therapeutic strategies for OA treatment.

MicroRNAs (miRNAs) play roles in a variety of
physiological functions and disease processes by me-
diating cleavage and destabilization of mRNA [7].
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MiR-25-3/IGFBP7 in OA chondrocytes

Zhixi Duan et al. have illustrated that miR-15a-5p
motivates the degeneration and proliferation of
chondrocytes through PTHrP inhibition [8]. Another
study describes that the promotion of chondrocyte ap-
optosis and suppression of chondrocyte proliferation
in OA can be caused by miR-181 [9]. These studies
emphasize the possibility that miRNAs are associated
with OA pathogenesis. In neurons, miR-25-3p was
shown to suppress epileptiform discharges by ham-
pering apoptosis and oxidative stress [10]. Besides,
miR-25 possesses an inhibitory effect on sepsis-in-
duced cardiomyocyte apoptosis [11]. However, the
definite mechanism of miR-25-3p in the apoptosis of
chondrocytes remains largely unexplored. Serving as
a low-affinity insulin growth factor binder, insulin-like
growth factor-binding protein 7 (IGFBP7) may confer
significant protective effects on bone metabolism [12].
In breast cancer, IGFBP7 can block cancer cell growth
through induction of apoptosis and senescence [13].
Additionally, the elevated IGFBP7 expression in hu-
man OA chondrocytes has been recently reported [14].
Accordingly, IGFBP7 may represent an up-and-com-
ing target during the therapy of apoptosis-related OA.
Herein, this study presented that miR-25-3p was
significantly suppressed and IGFBP7 was remark-
ably elevated in TNF-a-induced rat chondrocytes.
Overexpression of miR-25-3p significantly enhanced
cell viability and inhibited cell apoptosis in rat chon-
drocytes in vitro. Interestingly, we corroborated that
miR-25-3p regulates IGFBP7 by directly targeting
the 3’-UTR of IGFBP7. Our findings suggest that the
regulation of IGFBP7 by miR-25-3p may emerge as
a novel therapeutic regimen for OA.

Materials and methods

Ethical statement. The experimental scheme was author-
ized by the Research Ethics Committee of Chenzhou No. 1
People’s Hospital. All procedures involving animals were
in compliance with the Guide for the Care and Use of
Laboratory Animals.

Cell culture. Male Wistar rats (140 = 10 g) were supplied by
Laboratory Animal Center, Chinese Academy of Sciences
(Beijing, China). Rats were anesthetized and sacrificed by
cervical dislocation. Then chondrocytes were isolated from
cartilage tissues of rats under sterile conditions. In brief,
cartilage was digested with trypsin (Thermo, Waltham,
MA, USA) at 37°C for 30 min and then with 0.2% type 1I
collagenase (Thermo) for 3 h at 37°C. Five min of shaking
every 1 hin a constant temperature container was necessary
until the fragments were digested. When cartilage mass was
visible to the naked eye in floccule shape, isolated chondro-
cytes were observed under an inverted microscope. Cell
digestion was terminated by exposure to fetal bovine serum
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(FBS, Gibco, Carlsbad, CA) and stroking with a pipette
tip. After that, cells were filtrated (200 mesh), centrifuged
(1,500 rpm x 10 min) and washed 3 X with phosphate-buff-
ered saline (PBS). Cells were cultured with Dulbecco’s
modified Eagle medium (DMEM) containing 10% of FBS
and 1% of penicillin/streptomycin (Solarbio, Beijing, China)
in an incubator (Thermo) at 37°C in 5% CO,. After 48 h of
incubation, the culture medium was changed to remove the
non-adherent cells, followed by replacement every other day.
Cell morphology and adherent growth were recorded under
an inverted microscope. The passage was conducted after the
cell adherence to 85% ~ 90%. The chondrocytes of the 3" to
5 generation were utilized in the experiments. Identification
of chondrocytes was performed using toluidine blue staining
and immunofluorescent staining of type II collagenase.

Toluidine blue staining [15]. The adherent chondrocytes
were digested to prepare a cell suspension, and then cells
(1 x 10°/mL) were seeded into six-well plates for incubation.
When cells were completely attached and the cell conflu-
ence reached approximately 80%, the culture medium was
discarded before the cells were washed 3 x in PBS. Cells
in each well were fixed in 4% paraformaldehyde (2 mL) in
refrigerator at 4°C for 1 h, followed by three times of PBS
washing, exposure to 1 mL of toluidine blue (an appropriate
stain for detecting aggrecan, Sangon Biotech, Shanghai,
China) at room temperature for 1 h, and toluidine blue was
removed after washing 3 X with PBS. The inverted micro-
scope was utilized for observation of the cells.

Immunofluorescent staining. Cells (1 X 10°/mL) were
placed on disposable confocal dishes for incubation, prior to
three times of PBS rinsing, 30 min of fixation in 2 mL of 4%
paraformaldehyde at room temperature, 3 X of PBS rinsing,
20 min of permeation with 1 mL of 0.1% TritonX-100 solution
atroom temperature and 3 X of PBS rinsing. After that, cells
were blocked with 1 mL of 10% goat serum (Zsbio, Beijing,
China) at room temperature for 30 min. Cells were incubated
with primary antibody (1 mL) against 10% goat serum-diluted
rabbit anti-type II collagen (ab34712, 1:200, Abcam, Cam-
bridge, MA, USA) overnight in the dark at 4°C, and then
washed 3 X with PBS. Following incubation with the secondary
antibody (1 mL) against 10% goat serum-diluted Alexa Fluor
(ab150077, 1:500, Abcam) at 37°C for 1 h and washing 3 X with
PBS, cells were immersed in 1 mL of DAPI (SigmaAldrich,
Merck KGaA, Darmstadt, Germany) at room temperature
for 2 min, followed by washing 3x with PBS. Images were
captured by a laser scanning confocal microscopy (200X,
green light: wavelength of 543 nm, blue light: wavelength of
458 nm, Olympus OLS5000, Tokyo, Japan) after the cells
were covered with 1 mL of anti-fading mounting medium.

Establishment of OA cellular model. TNF-« is a commonly

used stimulus to establish OA cellular models [16]. In the
present study, 20 ng/mL of TNF-a (PeproTech, Rocky Hill,
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Table 1. Primers’ sequences

Xiao He, Lili Deng

Name Sequences (5’-3’)

miR-25-3p Forward CATTGCACTTGTCTCGGTCTGA
Reverse GCTGTCAACGATACGCTACGTAACG

U6 Forward UUCUCCGAACGUGUCACGUTT
Reverse UGACACGUUCGGAGAATT

IGFBP7 Forward CGAGCAAGGTCCTTCCATAGT
Reverse GGTGTCGGGATTCCGATGAC

GAPDH Forward GGAGCGAGATCCCTCCAAAAT
Reverse GGCTGTTGTCATACTTCTCATGG

NJ, USA) was used to stimulate chondrocytes. Briefly, cells
were immersed in culture medium with 20 ng/mL of TNF-«
for 6 h, and then the medium was changed into normal
culture medium for 24 h of additional culture. Cells in the
OA group were treated with 20 ng/mL of TNF-¢ for 6 h of
OA modeling, and cells in the Sham group were cultured
in normal medium. To determine expression levels of the
studied molecules and functional tests, cells were seeded
onto six-well plates and exposed to the Lipofectamine 2000
reagent for cell transfection. After that, cells were cultured
in normal medium for 24 h prior to 6 h of 20 ng/mL TNF-«
treatment, and then the medium containing TNF-a was
replaced with normal medium for 24 h of additional incu-
bation. Then the levels of miR-25-3p and IGFBP7 were
measured as described below.

Cell transfection and grouping. The miR-25-3p mimic,
mimic-NC (100 nM), miR-25-3p inhibitor, inhibitor-NC
(100 nM), pcDNA3.1-IGFBP7 and pcDNA3.1 (2 nug) were
supplied by GenePharma (Shanghai, China). When cell
confluence reached 70% ~ 80%, cell transfection was
performed according to the introduction provided with the
Lipofectamine 2000 kit (Invitrogen, Carlsbad, CA, USA).
Cells were transfected with above plasmids and accordingly
grouped into the miR-25-3p mimic group, mimic-NC group,
miR-25-3p inhibitor group, inhibitor-NC group, pcD-
NA3.1-IGFBP7 group, pcDNA3.1 group and Blank group.

Quantitative reverse transcription polymerase chain
reaction (QRT-PCR). Total RNA was obtained from
chondrocytes by utilizing TRIzol (Invitrogen). Reverse
transcription was performed with the reverse transcription
kit (TaKaRa, Tokyo, Japan). All operations were conducted
based on the manufacturer’s instructions. The expression of
gene was inspected by LightCycler 480 qPCR instrument
(Roche, Indianapolis, IN, USA), and reaction condition
was instructed by the fluorescence quantitative PCR kit
(SYBR Green Mix, Roche Diagnostics). The real-time
PCR program was as follows: 95°C for 10 s, followed by
45 cycles of 95°C for 5 s, 60°C for 10 s and 72°C for 10 s.
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A final extension was performed at 72°C for 5 min. The
experiments were done in triplicate. The internal reference
was GAPDH and data analysis utilized 224 method. The
formula is as follows: AACt = [Ct CHeerence gene))

The primer

(target gene)-

experimental group-[Ct(target gene)-Ct(reference gene)] control group®

sequences are presented in Table 1.

Western blotting. Cells were lysed with RIPA lysate (Be-
yotime Biotechnology, Shanghai, China) to obtain protein
samples. After the protein concentration was analyzed by a
BCA kit (Beyotime), the corresponding volume of protein
was added to the loading buffer (Beyotime) and mixed. The
solution containing proteins was placed in a boiling-water
bath for 5 min of denaturation. Electrophoresis was con-
ducted for 30 min at 80 V and then for 1 ~ 2 h at 120 V
once bromphenol blue reached the separation gel. Then, the
proteins were transferred onto membranes at 220 mA for
120 min in an ice-bath. The membranes were rinsed 1 ~ 2
min with washing solution and sealed in the blocking solution
at room temperature for 60 min. After blocking, the mem-
branes were incubated with the primary antibodies against
GAPDH (517485, 1:1000, Cell Signaling, Boston, USA),
IGFBP7 (ab74169, 1:1000, Abcam) and cleaved caspase-3
(ab49822, 1:1000, Abcam) overnight at 4°C on a shaking
table. Following incubation, the membranes were washed
3 x with washing solution for 10 min before incubation with
horseradish peroxidase-labeled goat anti-rabbit IgG (1:5000,
Beijing ComWin Biotech Co., Ltd., Beijing, China) for 1 h
at room temperature. The membranes were washed 3x for
10 min and exposed to developing liquid for color devel-
opment. Then chemiluminescence imaging analysis system
(Bio-rad, Hercules, CA, USA) was utilized for observation.

Flow cytometry. One milliliter of cell suspension was seeded
onto asix-well plate (5 x 10° cells/well) and cultured in an incu-
bator at 37°Cin 5% CO,. After 24 h, adherent cells were digest-
ed by trypsin, washed with precooled PBS twice (2,000 rpm,
5 min) and re-suspended with 1 mL of Annexin V binding
buffer. Flow cytometry (flow cytometer, FACSCalibur,
BD Biosciences) was utilized to assess cell apoptosis after
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cell exposure to 10 uL of propidium iodide (PI) and 5 uL
of Annexin V-FITC for 30 min at room temperature in the
dark. The experiments were done in triplicate.

CCK-8 assay. The cell viability was measured with CCK-8
assay kit (CCK-8, Merck KGaA). One hundred microliters
of cell suspension in each well of 96-well plates (1,500 cells
/well) was incubated at 37°C in 5% CO,,. After 24 h of pre-in-
cubation, 10 uLL of CCK-8 was added for 2 h of additional
incubation. The absorbance (optical density, OD) at the
wavelength of 450 nm was determined by using a microplate
reader, and the experiment was repeated 3X. The absorb-
ance value A was measured and the proliferation rate was
reckoned. Proliferation rate (%) = [A. ,,ecion group) ™ (Contron)/
A (Blank group)'A (Control)] X 100%. A (transfection group)” absorbance
value of cells subjected to cell transfection and CCK-8 solution;
A (controy- ADsOrbance value of cells incubated with culture medi-
um and CCK-8 solution; A (Blankgroup)® absorbance value of cells
without cell transfection but incubated with CCK-8 solution.

Dual-luciferase reporter gene assay. The TargetScan (http:/
www.targetscan.org/vert_72/) was used to predict the binding
site of miR-25-3p and IGFBP7. The mutated and wild type
sequences in the binding site of miR-25-3p and IGFBP7
were determined in accordance with the predicted results
(mut-IGFBP7, wt-IGFBP7) and cloned into luciferase
expression vectors (pGL3-Basic). Then the vectors were
cotransfected with miR-25-5p (0, 50 nM, 300 nM, Gene
Pharma, Shanghai, China) into HEK293T cells. After cell
transfection, HEK293T cells were incubated with 100 wLL
of cell lysis buffer on a shaking table at room temperature
for 20 min to lyse the cells. Firefly luciferase activity or Re-
nilla luciferase activity was measured after cell suspension
exposure to 50 uL of luciferase reaction solution (Promega,
Madison, WI, USA) or 50 uL of Stop&Glo reagent (Pro-
mega). The relative activity was calculated as the ratio of
firefly luciferase activity to Renilla luciferase activity. Renilla
luciferase activity was regarded as the internal control. Three
replicates were set for this test.

Statistical analysis. Statistical analysis was conducted by utiliz-
ing GraphPad Prism 5 software (GraphPad Software Inc., San
Diego, CA, USA). Student’s #-test was adopted for the com-
parison between two groups. Dunnett’s multiple comparisons
test for comparisons among multiple groups, and the Pearson
correlation coefficient was applied to assess the correlation
among parameters. P values of significance were atp < 0.05.

Results

Identification of rat chondrocytes and OA cellular
model

The morphology of isolated rat chondrocytes was
identified by an inverted microscopy. As depicted in
Figure 1A, the rat chondrocytes are grown adherent
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to the wall, arranged in an irregularly rounded or
polygonal pattern and covered the bottom of dishes.
Toluidine blue staining of aggrecan secreted by rat
chondrocytes exhibited that the cell membrane and
cytoplasm of chondrocytes were in blue-purple and
the nuclei were in dark purple with obvious nucleoli
(Fig. 1B). Results of immunofluorescent staining of
specific type 11 collagenase secreted by rat chondro-
cytes expounded that the addition of specific type 11
collagen antibodies stained the cytoplasm to green,
and DAPI stained nucleus to blue (Fig. 1C). These
data indicated that the cells isolated from rat knee
joints are chondrocytes.

After TNF-a stimulation for OA modeling, CCK-8
assay, flow cytometry and Western blotting were
adopted to evaluate the model establishment. These
results manifested that the OA group had suppressed
proliferation rate (Fig. 1D, p < 0.01), elevated apop-
tosis rate (Fig. 1E, p < 0.01) and enhanced cleaved
caspase-3 expression (Fig. 1F, p < 0.01) when com-
pared with the Sham group. The above results proved
that the cells isolated and extracted in this experiment
are primary rat chondrocytes from the knee joint,
and the apoptosis of chondrocytes could be induced
by TNF-a. The successfully established OA cellular
models could be used for subsequent experiments.

miR-25-3p facilitates cell proliferation

and represses apoptosis in TNF-a-induced
chondrocytes

To ascertain the role of miR-25-3p in cell apoptosis
and proliferation under the OA-like condition, rat
chondrocytes were transfected with miR-25-3p mimic,
miR-25-3p inhibitor as well as corresponding negative
controls. qRT-PCR described that OA modeling de-
creased the expression of miR-25-3p in rat chondro-
cytes (Fig. 2A, p < 0.05, vs. sham group). Transfection
with miR-25-3p mimic heightened miR-25-3p level
(Fig. 2B, p < 0.05, vs. mimic-NC group), while trans-
fection with miR-25-3p inhibitor inhibited miR-25-3p
expression in the rat chondrocytes (Fig. 2B, p < 0.05,
vs. inhibitor-NC group), suggesting that miR-25-3p
mimic and inhibitor have good transfection efficiencies
and can be used in the subsequent experiments.
CCK-8 assay and flow cytometry were performed to fur-
ther identify the effect of miR-25-3p on the activity of
TNF-a-induced rat chondrocytes, and results revealed
that the OA + miR-25-3p mimic group possessed
elevated cell proliferation rate (Fig. 2C, p < 0.05)
and repressed cell apoptosis (Fig. 2D, p < 0.05)
in comparison to the OA + mimic NC group, while
the fall in cell proliferation (Fig. 2C, p < 0.05) and the
rise in cell apoptosis (Fig. 2D, p < 0.05) were observed
in OA + miR-25-3p inhibitor group when compared
with the OA + inhibitor NC group. No significant
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Figure 1. Isolation of rat chondrocytes and establishment of osteoarthritis (OA) cellular model. A. The morphology of rat
chondrocytes was observed by inverted microscopy, Scale bar indicates 100 um. B. Toluidine blue staining (purple, 100X).
C. Type II collagen staining (green, 200X ), and DAPI staining (blue, 200X ). The cell proliferation rate was determined by
CCK-8 assay (D), cell apoptosis rate was assessed by flow cytometry (E) and protein level of cleaved caspase-3 was measured

by Western blotting (F). **p < 0.01.

differences among the OA group, OA + mimic NC
group and OA + inhibitor NC group were noted with
regard to those indices (p > 0.05).

Western blotting showed that the OA + miR-25-3p
mimic group had decreased cleaved caspase-3 pro-
tein expression (Fig. 2E, p < 0.05, vs. OA + mimic
NC group), whereas the OA + miR-25-3p inhibitor
group had increased cleaved caspase-3 (Fig. 2E,
p < 0.05,vs. OA + inhibitor NC group). These find-
ings illustrated that miR-25-3p can enhance viability
of rat chondrocytes and suppress apoptosis of TNF-
-a-induced chondrocytes.

TNF-a-induced chondrocyte apoptosis is promoted
by IGFBP7

This study was undertaken to explore the role of
IGFBP7in OA. Analyses of qRT-PCR and Western
blotting manifested that the mRNA and protein lev-
els of IGFBP7 were increased in rat chondrocytes fol-
lowing TNF-« induction (Fig. 3A, p < 0.05, vs. sham
group). Additionally, overexpression of IGFBP7
heightened IGFBP7 expression (Fig. 3B, p < 0.05,
vs. pcDNA3.1 group), while knockdown of IGFBP7
diminished IGFBP7 expression (Fig. 3B, p < 0.05,
vs. si-NC group). These results indicated good
transfection efficiencies of si-IGFBP7 and pcD-
NA3.1-IGFBP7.

Results of CCK-8 assay, flow cytometry and West-
ern blotting revealed that transfection with pcD-
NA3.1-IGFBP7 elevated cell apoptosis (Fig. 3D,
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p < 0.05, vs. OA + pcDNA3.1 group) and protein
level of cleaved caspase-3 (Fig. 3E, p < 0.05), along
with decreased cell viability (Fig. 3C, p < 0.05) of
rat chondrocytes, while transfection with si-IGFBP7
had opposite findings (Fig. 3C-E, p < 0.05, OA +
si-IGFBP7 group vs. OA + si-NC group). There were
no remarkable differences in these factors among
the OA, OA + si-NC and OA + pcDNA3.1 groups.
Collectively, IGFBP7 can accelerate TNF-a-induced
chondrocyte apoptosis and inhibit cell proliferation.

miR-25-3p negatively mediates IGFBP7

The aforementioned results have addressed that
miR-25-3p and IGFBP7 play opposite roles in the
regulation of chondrocyte viability and apoptosis.
Subsequently, whether miR-25-3p can regulate
IGFBP7 in chondrocytes needs to be investigated.
Prediction by the online biological software StarBase
2.0 displayed that miR-25-3p had a binding site with
IGFBP7. Dual-luciferase reporter gene assay exhib-
ited that the luciferase activity of HEK293T cells in
the IGFBP7 3-UTR WT group was decreased by
transfection of miR-25-3p mimic in a dose dependent
manner (Fig. 4A, p < 0.05). While transfection with
miR-25-3p mimic had no significant impact on the
luciferase activity of HEK293T cells in the IGFBP7
3’-UTR MUT group, indicating the binding of miR-
25-3p and IGFBP7. qRT-PCR and Western blotting
further corroborated this finding. Transfection with
miR-25-3p mimic suppressed IGFBP7 in rat chon-
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Figure 2. MiR-25-3p enhances the viability and reduces the apoptosis of TNF-a-induced rat chondrocytes. qRT-PCR de-
tection of miR-25-3p expression in rat chondrocytes after OA modeling (A) and the transfection efficiency of miR-25-3p
mimic and inhibitor (B). CCK-8 assay was used to measure the effect of miR-25-3p on chondrocyte viability (C). The role
of miR-25-3p in cell apoptosis after OA modeling was determined by flow cytometry (D). Western blotting was utilized to
detect the effect of miR-25-3p on protein expression of cleaved caspase-3 after TNF-« induction (E). *p < 0.05, **p < 0.01,

OA — osteoarthritis.

drocytes (Fig. 4B-C, p < 0.05, miR-25-3p mimic
group vs. mimic NC group), whereas transfection with
miR-25-3p inhibitor raised IGFBP7 level (Fig. 4B-C,
p < 0.05, miR-25-3p inhibitor group vs. inhibitor NC
group). Taken together, miR-25-3p may negatively
regulate IGFBP7.

miR-25-3p negatively targets IGFBP7 to inhibit

the apoptosis of TNF-a-induced rat chondrocytes

It will be further verified whether miR-25-3p could
exert its effect on chondrocyte apoptosis by regulating
IGFBP7. CCK-8 assay, flow cytometry and Western
blotting uncovered that there were increased cell
viability (Fig. SA, p < 0.05), repressed cell apoptosis
(Fig. 5B, p < 0.05) and decreased cleaved caspase-3
expression (Fig. 5C, p < 0.05) in the OA + miR-25-3p
mimic group rather than in the OA group or OA
+ miR-25-3p mimic + pcDNA3.1-IGFBP7 group.
Furthermore, overexpression of IGFBP7 in OA chon-
drocytes heightened cell apoptosis rate, increased
cleaved caspase-3 expression, and diminished cell
viability (Fig. SA-C, p < 0.05, OA group vs. OA +
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pcDNA3.1-IGFBP7 group), while following exposure
to miR-25-3p mimic revered these trends (Fig. SA-C,
p < 0.05, OA + pcDNA3.1-IGFBP7 group vs. OA
+ miR-25-3p mimic + pcDNA3.1-IGFBP7 group).
These data implicated that miR-25-3p may negatively
target IGFBP7 to promote proliferation and restrain
apoptosis of rat chondrocytes induced by TNF-a.

Discussion

OA, typified by joint space narrowing and a degener-
ative loss of cartilage integrity, is a dominant reason
for disability, pain, and shortening of adult working
life [17]. Interestingly, there is evidence showing that
apoptosis is progressively recognized as a crucial driv-
er of OA cartilage pathology [18, 19]. Dysregulated
gene expression in chondrocytes is implicated in the
apoptosis and proliferation of chondrocytes, empha-
sizing the functional role of miRNAs in controlling
chondrocyte apoptosis and development of OA [9,
20]. In the present study, the chondrocytes were iso-
lated from cartilage tissues of rats under sterile con-
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Figure 3. IGFBP7 pushes the apoptosis of TNF-a-induced rat chondrocytes. A. The IGFBP7 expression in chondrocytes
after OA modeling was determined by qRT-PCR and Western blotting. B. The transfection efficiencies of si-IGFBP7 and
pcDNA3.1-IGFBP7 were measured by qRT-PCR. CCK-8 assay was used for the assessment of chondrocyte viability (C),
flow cytometry for determination of cell apoptosis after OA modeling (D), and Western blotting for measurement of cleaved
caspase-3 protein expression after TNF-¢ induction (E).*p < 0.05,**p < 0.01, ***p < 0.001; OA — osteoarthritis.

ditions, cell cultures were established and then cells
were induced with TNF-a. Subsequently, the effects
of miR-25-3p on the proliferation and apoptosis of
chondrocytes were researched in this study to reveal
OA etiology. The results from our study suggested
that miR-25-3p represses the apoptosis and promotes
the proliferation of rat chondrocytes under the OA-
like condition by IGFBP7 suppression.

Initially, we identified that the morphology of isolated
cells shared some characteristics with chondrocytes.
Furthermore, these findings were further supported
by the results of toluidine blue staining of aggrecan
and immunofluorescent staining of specific type 11
collagenase, which suggested that the isolated cells
from rats are chondrocytes. Then, the chondrocytes
were exposed to 20 ng/mL of TNF-¢ to induce OA in
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chondrocytes. A series of analyses demonstrated that
TNF-a induction caused apoptosis of chondrocytes,
indicating successful OA cellular model. The expres-
sion of miR-25-3p was significantly decreased in the in
vitro OA model. This has been previously suggested
by a bioinformatical analysis of the osteoarthritis-as-
sociated miRNA [21-25]. Additionally, miR-25-3p
was found to interfere with the proliferation and ap-
optosis of chondrocytes under the OA-like condition.
As a member of the miR-106b-25 cluster, miR-25 has
been identified to be abnormally expressed in various
types of tumor and to confer functional roles during a
variety of tumor-related processes, including tumor-
igenesis and cancer cell migration, proliferation and
metastasis [26]. For example, miR-25-3p functions as
an oncogenic miRNA in osteosarcoma by targeting
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Figure 4. IGFBP7 is negatively regulated by miR-25-3p in rat chondrocytes. A. Left: the binding site and mutation site of
IGFBP7 and miR-25-3p; right: the binding of miR-25-3p to IGFBP7 displayed by dual-luciferase reporter gene assay. The
regulation of miR-25-3p on the mRNA and protein levels of IGFBP7 was exhibited by qRT-PCR (B) and Western blotting
(C). *p < 0.05 compared to IGFBP7 3’UTR WT group; #*p < 0.05 compared to mimic NC group. *p < 0.05 compared to
inhibitor NC group. WT — wild type; NC — negative control; UTR — untranslated region.

Figure 5. MiR-25-3p inhibits the apoptosis of TNF-a-induced rat chondrocytes by suppressing IGFBP7. CCK-8 assay
was utilized for inspection of chondrocyte proliferation rate (A), flow cytometry for detection of cell apoptosis rate
(B) and Western blotting for assessment of cleaved caspase-3 expression (C). **p < 0.01 compared to OA group; *p < 0.05,
“&p < 0.01, #¢p < 0.001 compared to OA + miR-25-3p group; OA — osteoarthritis.

Merlin, and may serve as a potential therapeutic target  breast cancer, the biological effects of miR-25-3p on
for osteosarcoma [27]. Previously, miR-25 was ex- cell apoptosis and proliferation through BTG2 me-
pounded to involve in the metastasis and proliferation diation and subsequent activation of AKT and ERK-
of non-small cell lung cancer by targeting the LATS2/ MAPK pathway were also elucidated in a recent study
/YAP pathway [28]. Moreover, in triple-negative [29]. In agreement with recent studies, we found that
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miR-25-3p facilitated proliferation and suppressed
apoptosis of TNF-a-induced chondrocytes. Our
finding was subsequently corroborated by the loss
and gain of miR-25-3p function, which addressed that
overexpression of miR-25-3p enhanced cell viability,
decreased cell apoptosis and diminished cleaved
caspase-3, while knockdown of miR-25-3p promoted
cell apoptosis and repressed cell proliferation.

The second novel observation of this study that has not
been reported before is the finding of a possible role
of IGFBP7 in the pathomechanisms of OA because
we showed that there is a reciprocal relationship be-
tween the expression of miR-25-3p and IGFBP7 in the
TNF-a-induced OA model. In the current study, the
expression level of IGFBP7 was found to be increased
in rat chondrocytes following TNF-¢ induction. IGF-
BP7is a protein secreted from the IGFBP family [30].
In this study, IGFBP7 conferred crucial effects on the
biological behaviors of TNF-a-induced rat chondro-
cytes. A lot of experiments illustrated that IGFBP7
facilitated TNF-a-induced chondrocyte apoptosis and
inhibited cell proliferation. The previous study has
illustrated that IGFBP7 restrains thyroid carcinoma
cell proliferation through suppressing cell cycle pro-
gression and AKT activity [31]. IGFBP7 is reported
to trigger the apoptosis of acute myeloid leukemia cell
and to synergize with chemotherapy in suppressing
leukemia cells [32]. Additionally, IGFBP7 may exert
a therapeutic role in estrogen deficiency-induced
osteoporosis [12]. With regard to these evidences,
we ensured that IGFBP7 plays an indispensable role
in the proliferation and apoptosis of TNF-a-induced
rat chondrocytes. Subsequently, the online biological
software StarBase 2.0 predicted that IGFBP7 was a
target gene of miR-25-3p. Subsequently, dual-lucif-
erase reporter gene assay verified that miR-25-3p
can target the 3-UTR of IGFBP7. Toward this end,
gene cotransfection for rescue assay was arranged,
and we discovered that miR-25-3p can promote cell
growth and repress cell apoptosis in TNF-a-induced
rat chondrocytes by targeting IGFBP7.

In conclusion, these data signified that miR-25-3p/IG-
FBP7 axis may possess a positive effect on mediating
the pathologic response to apoptosis for chondrocytes.
Furthermore, our study provides evidence that miR-
25-3p suppresses the apoptosis of rat chondrocytes
and promotes cell proliferation by targeting IGFBP7.
This study may be useful for future research on tar-
geting miR-25-3p in the treatment of OA. However,
there exists a limitation in our study. These findings
were only observed in vitro and will be validated in
an animal model in future experiments. An investiga-
tion with larger sample sizes are needed to provide a
deeper insight regarding which pathways miR-25-3p
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modulates to affect the proliferation and apoptosis
of OA chondrocytes. More and more methods have
been shown to be effective in treating OA [33-35].
Therefore, it is still vital to explore new potential
treatment strategies for OA progression.
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