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Abstract. Chondrocyte apoptosis is an important factor 
in the development and progression of osteoarthritis (OA). 
Cryptotanshinone (CTS) can inhibit chondrocyte apoptosis, 
but the specific mechanism remains unknown. The aim of the 
present study was to explore how CTS may affect chondrocyte 
apoptosis. Reverse transcription‑quantitative PCR and western 
blotting were used to validate microRNA (miR)‑574‑5p, 
YY1‑associated factor 2 (YAF2), Bcl‑2 and Bax expression 
levels. H&E, Safranin O and TUNEL staining assays were 
used to evaluate the apoptosis of arthritic chondrocytes 
in  vivo. A Cell Counting Kit‑8 assay and flow cytometry 
were performed to detect cell proliferation and apoptosis of 
chondrocytes in vitro. The methylation level of the miR‑574‑5p 
promoter was measured via methylation specific PCR. The 
degree of chondrocyte apoptosis and the expression levels of 
YAF2 and Bcl‑2 were decreased in the mice with OA, and 
were increased in the OA + CTS mice, while the expression 
levels of miR‑574‑5p and Bax showed opposite changes. 
Furthermore, the degree of chondrocyte apoptosis and the 
expression levels of the aforementioned key factors in chon‑
drocytes were consistent with those observed in vivo. The 
methylation degree of the miR‑574‑5p promoter was increased 
by the addition of CTS, and was reduced after the addition of 
a methylation inhibitor, 5‑aza‑CdR, indicating that CTS could 
regulate the methylation of miR‑574‑5p promoter. The present 
study suggested that CTS could downregulate the expression 
of miR‑574‑5p by regulating its methylation, and thus, could 
improve YAF2 expression and affect chondrocyte apoptosis.

Introduction

Osteoarthritis (OA) is caused by the imbalance of the decom‑
position and anabolic metabolism among chondrocytes, 
extracellular matrix (ECM) and subchondral bone. Moreover, 
it is manifested as pain and inflammation in the affected joints, 
and in severe cases, leads to restricted or even disabled joint 
activity (1,2). OA is a common disease worldwide, and with the 
aging of the population, the incidence of OA increases year by 
year (3,4). OA not only harms the health of patients and affects 
their quality of life, it also causes a heavy economic burden on 
families and society (5).

The main pathological feature of OA is the significantly 
increased apoptotic rate of articular chondrocytes  (6). 
Apoptosis is a type of programmed cell death, which is 
initiated under the action of in vivo or in vitro factors, such 
as hypoxia and nutrient deprivation, eventually leading to 
increased expression levels of apoptosis‑related proteins and 
the occurrence of apoptosis (7).

Chondrocytes, the only cell component existing in articular 
cartilage, are mainly responsible for the synthesis and renewal 
of ECM, but also serve an irreplaceable role in maintaining 
the normal structure and physiological function of articular 
cartilage (8). Since normal chondrocytes are a necessary for 
maintaining the stability of ECM, chondrocyte apoptosis is 
a key factor in the degeneration of articular cartilage in OA, 
and the proportion of apoptosis is highly consistent with the 
destruction of articular cartilage (9). Therefore, it is particu‑
larly important to promote chondrocyte proliferation and 
inhibit its apoptosis, which is a key link in alleviating OA.

Our previous research has confirmed that Zhuanggu 
huoxue Decoction can promote the anabolism of cartilage 
matrix in rabbits with OA, including increasing the content 
of glucuronic acid in cartilage, reducing the moisture content 
of cartilage and preventing and slowing the degeneration 
of cartilage in OA (10), indicating that Zhuanggu huoxue 
Decoction has great application value in OA. However, due 
to the multi‑component, multi‑target and integrated charac‑
teristics of traditional Chinese medicine (TCM), its effective 
components and specific mechanisms are unknown, which 
limits its wide application to some extent (11). Therefore, 
the present study will further analyze the possible effective 
components of Zhuanggu huoxue Decoction and clarify its 
mechanisms.
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Zhuanggu huoxue Decoction is a clinical prescription for 
the treatment of OA using Pingle Village Guo's bone setting, 
which is composed of Radix rehmanniae preparata, Chinese 
yam, Achyranthes bidentata, Eucommia ulmoides, Asiatic 
cornelian cherry fruit, Salvia miltiorrhiza, Eupolyphaga 
sinensis and Carthami flos, amongst other ingredients (12). 
Among these factors, cryptotanshinone (CTS) is the most 
effective water‑soluble component in the pharmacological 
effect of Salva miltiorrhiza, which has been shown to have 
anti‑inflammatory, anti‑tumor and cell activity protective 
effects  (13,14). CTS was confirmed to effectively inhibit 
IL‑1β‑induced secretion of inflammatory factors (IL‑6 
and IL‑8) in OA synovial cells and reduce MMP‑1 expres‑
sion (15). Moreover, CTS has been reported to alleviate the 
development of OA in mice by reducing the expression levels 
of MMP‑13 and aggrecanases (such as ADAMTS like 5) 
that can induce chondrocyte degradation (15). CTS has also 
demonstrated protective effect on chondrocytes, but the 
specific targets remain unknown, which is also the focus of 
the present study.

Materials and methods

Bioinformatics analysis. The microarray GSE93008 
dataset  (16) was downloaded from the Gene Expression 
Omnibus (GEO) database (https://www.ncbi.nlm.nih.
gov/pubmed). This dataset comprised three normal controls 
and three osteoarthritis samples. The relevant genes in the 
samples were analyzed using GEO2R (http://www.ncbi.nlm.
nih.gov/geo/geo2r) and R language program (4.0.3). The 
screening conditions were adjusted P<0.05 and |logFC|≥1.

OA mouse model. A total of 12 male C57BL/6 mice (age, 
12 weeks; weight, 20‑25 g) were provided by Junke Biological 
Co., Ltd., and housed in ZK‑SLJ mouse cages (Henan Zhike 
Hongrun Environmental Protection Technology Co., Ltd.) at 
20˚C with 50% humidity and a 12‑h light/dark cycle. The 
animals had unlimited access to a standard rodent chow and 
water, and adapted for ≥7 days before the experiment. The 
mice were randomly divided into three groups of 12 mice 
each: i) Sham group, the mice were injected with 20 µl 0.9% 
normal saline; ii) OA model group, 20 µl 0.9% normal saline 
containing 0.6 mg monosodium iodoacetate (MIA; AIKE 
Regent) was injected into the knee joint and after 14 days, the 
mice were gavaged with 0.5% sodium carboxymethyl cellu‑
lose; and iii) OA + CTS group, CTS (MedChemExpress) was 
dissolved in 0.5% sodium carboxymethyl cellulose (Sangon 
Biotech Co., Ltd.) to form an oral suspension and then gavaged 
using a syringe after 14 days of MIA injection (10 mg/kg/day) 
until 1 day before death. After performing the Von Frey test, 
the mice were sacrificed by cervical dislocation, and then 
the knee tissues were collected. The knee tissues of 6 mice 
were stained, and the expression levels of related genes in 
the other 6 mouse knee tissues were detected via western 
blotting and reverse transcription‑quantitative (RT‑q) PCR, 
amongst other techniques. All animal procedures were 
approved by Luoyang Orthopedic‑Traumatological Hospital 
of Henan Province (Henan Provincial Orthopedic Hospital) 
and complied with the Institutional Animal Care and Use 
Committee.

Cell cultures and treatments. Isolation and culture of chondro‑
cytes was performed as described previously (17). The knee 
joints were collected from male C57BL/6 mice (age, 4 days; 
weight, <12 g; Junke Biological Co., Ltd.; housing conditions 
as previously described), cleaned with sterile PBS at 4˚C and 
cut into pieces. After digestion with 0.25% trypsin (Thermo 
Fisher Scientific, Inc.) in an incubator at 37˚C for 30 min, 
the knee joints were incubated with 0.2% collagenase type II 
(Thermo Fisher Scientific, Inc.) at 37˚C for another 24 h. The 
residual collagenase was removed with PBS. Next, 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin 
and 100 mg/ml streptomycin were added into DMEM/Nutrient 
Mixture F‑12 Ham (Merck‑KGaA), and then cultured at 37˚C 
with 5% CO2 after inoculation. The chondrocytes used in this 
study were passaged twice.

Chondrocytes were obtained and divided into four groups 
according to different treatments. In the IL‑1β group, chon‑
drocytes were treated with 0.5 ng/ml IL‑1β (Sigma‑Aldrich; 
Merck KGaA) at 37˚C for 24 h to simulate arthritis (18). In the 
IL‑1β + CTS group, chondrocytes were treated with 0.5 ng/ml 
IL‑1β for 24 h and 10 µM CTS for 8 h, both at 37˚C (18‑20). In 
the IL‑1β + CTS + microRNA (miRNA/miR)‑574‑5p mimic 
and IL‑1β + CTS + miR‑574‑5p mimic + pcDNA‑YAF2 
groups, chondrocytes were treated with 0.5 ng/ml IL‑1β for 
24 h and 10 µM CTS for 8 h at 37˚C. After that, cells were 
plated into 6‑well plates and cultured to 70‑80% confluence, 
and then transfected with 100  pmol miR‑574‑5p‑mimic 
(Thermo Fisher Scientific, Inc.), 100 pmol NC mimic and/or 
1 µg/µl pcDNA‑YY1‑associated factor 2 (YAF2) at 37˚C for 
48 h using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. After 
48 h of cell transfection, the cells were collected for subsequent 
experimentation. In the IL‑1β + CTS + 5‑aza‑2'‑deoxycytidine 
(5‑aza‑CdR; Sigma‑Aldrich; Merck KGaA) group, chon‑
drocytes were treated with 0.5 ng/ml IL‑1β for 24 h, 10 µM 
CTS for 8 h and 5 µM 5‑aza‑CdR (methylation inhibitor; 
Sigma‑Aldrich; Merck KGaA) for 24 h at 37˚C.

The sequences of the mimics were as follows: 
Mimic‑negative control (NC), 5'‑UGG​GUU​UGU​GUG​UGU​
GAG​UGU​GU‑3'; and miR‑574‑5p mimics, 5'‑UGA​GUG​
UGU​GUG​UGU​GAG​UGU​GU‑3'. Mimic‑NC and miR‑574‑5p 
mimics were synthesized by Shanghai GenePharma Co., 
Ltd. The full‑length sequence of YAF2 cDNA was amplified 
via PCR and cloned into the pcDNA3.1 vector (Invitrogen; 
Thermo Fisher Scientific, Inc.) to generate pcDNA‑YAF2 
constructs by Ke Lei Biotechnology Co., Ltd. An empty vector 
was used as the corresponding control.

293T cells were purchased from the Shanghai Cell Bank of 
the Chinese Academy of Sciences. 293T cells were cultured in 
high glucose‑DMEM containing 10% (v/v) FBS and 1% peni‑
cillin/streptomycin (Thermo Fisher Scientific, Inc.). The cells 
were cultured at 37˚C with 5% CO2.

RT‑qPCR. Total RNAs from each sample were extracted using 
TRIzol® reagent (Vigorous Biotechnology), and then reverse 
transcribed using a cDNA Synthesis kit (Takara Biotechnology 
Co., Ltd.) at 37˚C for 15 min and 85˚C for 5 sec. A qPCR assay 
was then used to validate the expression levels of miR‑574‑5p, 
miR‑468‑3p, miR‑32‑3p and miR‑672‑5p and YAF2, which 
was performed on the ABI 7500 Fast Real‑Time PCR system 
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(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
RT‑qPCR reaction was conducted in 20 µl reaction volumes 
containing cDNA, primers and SYBR Green Real‑time PCR 
Master mix (Shanghai Yeasen Biotechnology Co., Ltd.). The 
following thermocycling conditions were used: Initial dena‑
turation at 95˚C for 5 min; followed by 40 cycles at 95˚C for 
10 sec, 60˚C for 30 sec and 72˚C for 30 sec. The 2‑ΔΔCq method 
was used to access the relative RNA expression levels (21,22). 
GAPDH and U6 were used as internal references, respectively. 
The primer sequences are listed in Table I.

Methylation specific PCR (MSPCR). The UCSC database 
(https://genome.ucsc.edu) was used to predict the promoter 
sequence of miR‑574‑5p, and the upstream 2 kB region of the 
promoter was extracted. MethPrimer (http://www.urogene.
org/methprimer), an online analysis site, was used to analyze 
and predict the CpG islands of miR‑574‑5p promoters. The 
methylation status of miR‑574‑5p was detected via MSPCR. 
For MSPCR, total genomic DNA was isolated from chondro‑
cytes in the different groups using a Genomic DNA Mini kit 
(Thermo Fisher Scientific, Inc.) and then 1 µg DNA was treated 
with bisulfate using the EZ DNA Methylation kit (Zymo 
Research Corp.) according to the manufacturer's instructions. 
Specific primers in the form of unmethylated or methylated 
were used: Methylated forward, 5'‑TTA​ATT​TAG​AAT​CGG​
GAA​ATT​TTA​C‑3' and reverse, 5'‑CAC​TAC​ACC​CTA​ACC​
TAC​TAC​GAA‑3; and unmethylated forward, 5'‑GAG​ATC​
CAA​AAC​TAT​CAG​TCT​TGA​ATG​GC‑3 and reverse, 5'‑GTG​
TCT​GCT​CAC​AGC​AGT​GAA​ACC​CTA​A‑3'. The MSPCR 
products were electrophoresed on 2% SYBR™ safe stained 
agarose gel.

Western blotting. The expression levels of YAF2, Bcl‑2 and 
Bax were analyzed using western blot analysis. Cells were 
rinsed in phosphate buffer, and then dissociated using RIPA 
lysis buffer (EMD Millipore). The concentrations of protein 
extracts were determined using the Bradford method. An 
equal amount of protein (80 µg) was electrophoresed via 10% 
SDS‑PAGE, and then transferred to PVDF membranes (EMD 
Millipore). PVDF membranes were blocked in 5% non‑fat milk 
at room temperature for 1 h, and then incubated with primary 
antibodies (anti‑YAF2, 1:10,000, cat. no. ab177945; anti‑Bax, 
1:1,000, cat. no. ab32503; anti‑Bcl‑2, 1:1,000, cat. no. ab182858; 
all Abcam) overnight at 4˚C. Next, all membranes were incu‑
bated with HRP‑labeled secondary antibody (1:2,000; cat. 
no. ab6721; Abcam) at room temperature for 1 h. Immunoblots 
were visualized using an ECL kit (Beyotime Institute of 
Biotechnology) according to the manufacturer's instructions, 
and then the chemiluminescent signals of protein bands were 
recorded. GAPDH was used as an internal control.

Von Frey test. The Von Frey test was used to measure the 
mechanical nociceptive threshold of mice at 0, 7, 14 and 
21 days (19). Mice were placed on the test bench with a mesh 
bottom and adapted for 30 min. Then, the hind paw plantar 
of each mouse was vertically stimulated with calibrated von 
Frey cilia (0.02‑1.4 g; Stoelting Co.) to ensure that the cilia 
continued to flex for ≥2 sec during stimulation. Each mouse 
was stimulated with cilia of the same intensity for five times, 
and the behavior of the mice was recorded. The occurrence 

of related behavioral reactions (foot shrinking, leg swinging, 
licking, leg lifting, etc.) were recorded as positive reactions, 
and the minimum stimulus intensity of three positive reactions 
was recorded as the paw withdrawal threshold (PWT) of the 
mouse.

H&E and Safranin O (SO staining). The cartilages of the knee 
joints of the mice in each group were removed after surgery 
and rinsed with pre‑cooled PBS. After fixation with 4% para‑
formaldehyde at room temperature for 48 h, routine paraffin 
embedding was performed and 5‑µm sections were created. A 
H&E Staining kit (Beyotime Institute of Biotechnology) was 
used for H&E and SO staining. In H&E staining, the sections 
were stained with hematoxylin dye solution for 5 min, placed 
in 1% hydrochloric acid ethanol differentiation solution for a 
few sec and rinsed with water. The sections were then stained 
with eosin solution for 3 min at room temperature and washed 
with water. The sections were subsequently dehydrated in 
gradient alcohol (70, 80, 90 and 100%) for 5 min and washed 
with xylene I and II for 5 min. For SO staining, after treatment 
with 1% hydrochloric acid ethanol differentiation solution 
at room temperature for 15 sec, sections were soaked in 1% 
dilute ammonia for 5 sec. After washing with water, sections 
were stained with Fast Green Stain for 3 min and quickly 
rinsed with 1% acetic acid for 10 sec. Sections were stained 
with eosin for 3 min at room temperature and the following 
steps were the same as the H&E staining. Cartilages of knee 
joints in different groups of mice were observed with a CKX41 
phase‑contrast microscope (magnifications, x200 and x400; 
Olympus Corporation).

Alcian Blue staining. Chondrocytes at the logarithmic 
growth stage were inoculated into 6‑well plates at a density 
of 1x105 cells/well, and cultured in an incubator of 5% CO2 
at 37˚C. When the cells reached 90% fusion, they were washed 
once with PBS, fixed with paraformaldehyde for 10 min at room 
temperature, stained with 1% Alcian blue for 30 min at 20˚C, 
and then washed once with 0.1% HCl solution. The Alcian Blue 
Stain kit (Sigma‑Aldrich; Merck KGaA) was used for Alcian 
Blue staining. Cells were visualized using a light microscope 
(magnification, x1,000; YS110; Nikon Corporation).

TUNEL analysis. TUNEL staining was used to determine 
the apoptotic status of chondrocytes in different groups, and 
the apoptotic nuclei were stained brown. TUNEL staining 
was performed using TUNEL Apoptosis Detection kit IV 
(FITC+POD; Wuhan Boster Biological Technology, Ltd.) 
according to the manufacturer's instructions. Briefly, cells were 
fixed with 4% paraformaldehyde for 30 min at room tempera‑
ture. Before adding TUNEL working solution for 1 h at 37˚C, 
DNase I was used to digest the cells for 30 min to prepare 
positive cell controls. After adding 3,3'‑diaminobenzidine for 
15 min at room temperature, the slides were mounted with 
neutral balsam mounting media (Sangon Biotech Co., Ltd.) and 
the apoptotic nuclei showed a yellow‑brown color. Apoptotic 
cells were visualized using a CKX41 phase‑contrast micro‑
scope (magnifications, x200 and x400; Olympus Corporation).

Flow cytometry assay. The chondrocytes in the logarithmic 
growth phase were digested with 0.25% trypsin (Thermo 
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Fisher Scientific, Inc.) and inoculated into 6‑well cell culture 
plates at a density of 2x106 cells/well. The Annexin V FITC 
APOPTOSIS Detection kit I 100TST (BD Pharmingen; BD 
Biosciences) was used according to the manufacturer's instruc‑
tions. Briefly, 5 µl Annexin V‑FITC and 10 µl propidium iodide 
(PI) was added, and cells were incubated at room temperature 
for 15 min in dark. A CytoFLEX flow cytometer (Beckman 
Coulter, Inc.) was used to detect cell fluorescence immediately 
after staining with PI solution at room temperature. FlowJo 
Software 10 (FlowJo LLC) was used for data analysis. Early 
and late apoptotic cells were counted to determine the levels of 
cardiomyocyte apoptosis.

Dual‑luciferase assay. First, the binding sites of miR‑574‑5p 
and YAF2 were predicted via the miRDB database 
(http://www.mirdb.org), and the binding sites were ampli‑
fied by PCR. Then, the binding sites were inserted into the 
pmirGLO reporter vector (Promega Corporation) to construct 
the YAF2 wild‑type (WT) plasmid (Luc‑WT‑YAF2). The 
YAF2 mutant (MUT) plasmid (Luc‑MUT‑YAF2) was 
constructed by mutating nucleotides using gene mutation 
technology. After cells were plated into 6‑well plates and 
cultured to 70‑80% confluence, they were co‑transfected with 
0.25 µg Luc‑WT‑YAF2, 0.25 µg Luc‑MUT‑YAF2 and 0.25 µg 
miR‑574‑5P‑mimic or 0.25 µg mimic‑NC into 293T cells at 
37˚C for 24 h using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). The Luciferase Assay kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to detect the lucif‑
erase activity of each group. Normalized relative luciferase 
activity=Firefly luciferase activity/Renilla luciferase activity.

Cell proliferation detection. Cell proliferation detection was 
conducted according to the Cell Counting Kit‑8 (CCK‑8) 
instructions (MedChemExpress). Chondrocytes at the loga‑
rithmic growth stage were inoculated into 96‑well plates 
(1x105 cells/well) and incubated in an incubator (37˚C; 5% CO2) 

for 48 h. Next, 100 µl CCK‑8 solution (10% concentration) 
was added for further culture for 1 h at 37˚C. The absorbance 
value (optical density value) at 450 nm was determined using 
a microplate reader. All the experiments were repeated three 
times.

Statistical analysis. SPSS 20.0 software (IBM Corp.) was used 
for statistical analysis of data collected from ≥3 independent 
experiments. The measurement data are presented as the 
mean ± SD. An unpaired Student's t‑test was used to analyze 
the difference between the two groups. One‑way ANOVA and 
Tukey's post hoc test were used to analyze the data between 
multiple groups. P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

Expression levels of miR‑574‑5p, YAF2, Bax and Bcl‑2 in the 
mouse model of OA. Differential expression analysis based on 
the microarray data set GSE93008 (Sham vs. OA, n=3 vs. n=3) 
of OA mice was performed. Taking the adjusted P‑value <0.05 
and |logFC|≥1 as screening conditions, four conservative 
miRNAs, namely miR‑574‑5p, miR‑468‑3p, miR‑32‑3p and 
miR‑672‑5p, were identified (data not shown). RT‑qPCR was 
used to detect the expression levels of four conserved miRNAs 
in the Sham group and OA group, and the results demonstrated 
that miR‑574‑5p had the most significant changes, indicating 
that miR‑574‑5p may be an important regulatory factor 
affecting OA (Fig. 1A).

Yang et al (23) reported that YAF2 has a protective effect 
on chondrocytes by inhibiting cell apoptosis. Therefore, 
RT‑qPCR was performed to detect the expression levels of 
miR‑574‑5p and YAF2 in the Sham group, OA group and 
OA + CTS group. The results demonstrated that the expression 
level of miR‑574‑5P was the highest in the OA group, and was 
downregulated in the OA + CTS group (Fig. 1B). However, 

Table I. Primer sequences for reverse transcription‑quantitative PCR.

Gene	 Primer sequence (5'→3')

YY1‑associated factor 2	 F: TCGGATGAGGGTTACTGGGACTG
	 R: AATCTTGGCCTGGTTTTCTTATGG
miR‑574‑5p	 F: CGCGTGAGTGTGTGTGTGTGA
	 R: AGTGCAGGGTCCGAGGTATT
miR‑468‑3p	 F: UAUGACUGAUGUGCGUGUGUCUG
	 R: GACUGAUGUACUGAUAAGAAACUCAGU
miR‑32‑3p	 F: TTTCTCTATCGATAGGTACCGGCAGTTACCATTTCACAC
	 R: CACGCCGAATCAACATCAGTCTGATAA
miR‑672‑5p	 F: UGAGGUUGGUGUACUGUGUGUGA
	 R: ACACACAGUCGCCAUCUUCGA
GAPDH	 F: TGCCCCCATGTTCGTCA
	 R: TTGGCCAGGGGTGCTAAG
U6 	 F: CTCGCTTCGGCAGCACA
	 R: AACGCTTCACGAATTTGCGT

F, forward; R, reverse; miR, microRNA.
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compared with the Sham group, YAF2 expression in the OA 
group was significantly decreased, while YAF2 expression in 
the OA + CTS group was increased (Fig. 1B and C). In addi‑
tion, the expression levels of Bcl‑2 and Bax, which inhibit and 
promote cell apoptosis (24), respectively, were measured. The 
western blotting results indicated that the protein expression 
level of Bcl‑2 in OA mice was markedly downregulated, but 
was increased after the gavage of CTS suspension, while the 
protein expression level of Bax exhibited the opposite effects 
(Fig. 1C).

Effect of CTS on chondrocyte apoptosis in vivo. To investigate 
the effect of OA on pain sensation in mice, the present study 
compared the differences in PWT between Sham group, OA 
group and OA + CTS group. The bilateral PWT in the OA 
group was detected using a Von Frey test, and the results 
demonstrated that there was no significant change between the 
Sham group and the OA‑contralateral group at day 21, while 
the PWT in the OA‑ipsilateral group was markedly decreased 
compared with the Sham and OA‑contralateral groups 
(Fig. S1). Thus, this study only compared the unilateral PWT 
between the Sham group, OA group and OA + CTS group. As 
presented in Fig. 1D, when compared with the Sham group, 
the PWT of mice in the OA group at day 21 was significantly 
reduced, and the PWT was significantly increased at day 21 in 

the OA + CTS group compared with the OA group, indicating 
that CTS could relieve the pain of mice with OA.

Next, HE and SO staining were conducted to reveal the 
morphology of mouse cartilage between the Sham group, 
OA group and OA + CTS group. In the Sham group, it was 
found that the cartilage remained intact and the chondrocytes 
(blue) were ordered neatly, while the cartilage was thinner and 
the number of chondrocytes was decreased in the OA group 
(Fig. 1E). After the addition of CTS, the apoptosis of chondro‑
cytes was alleviated (Fig. 1E). SO staining of the cytoplasmic 
matrix in the Sham group was normal, while the degree of 
the cytoplasmic matrix in the OA group was increased and 
was recovered in the OA + CTS group (Fig. 1F). In addition, 
TUNEL staining results identified that there was no positive 
nuclear staining in the Sham group, and that the number of 
apoptotic cells in the OA group was markedly increased, while 
the number of apoptotic cells was significantly decreased after 
adding CTS (Fig. 1G).

Expression levels of miR‑574‑5p, YAF2, Bax and Bcl‑2 in 
chondrocytes. Next, it was verified whether the expression 
levels of miR‑574‑5p, YAF2, Bax and Bcl‑2 in chondrocytes 
were consistent with those in the mouse model of OA. The 
successful differentiation of chondrocytes was first determined 
using Alcian Blue staining (Fig. 2A), and then the chondrocytes 

Figure 1. Expression levels of miR‑574‑5p, YAF2, Bax and Bcl‑2 in the mouse model of OA. (A) Differential expression analysis based on the microarray data 
set GSE93008 (Sham vs. OA, n=3 vs. n=3) of OA mice was performed. RT‑qPCR was used to detect the expression levels of four conserved miRNAs in the 
Sham group and OA group. (B) RT‑qPCR was performed to detect the expression levels of miR‑574‑5p and YAF2 in the Sham group, OA group and OA + CTS 
group. (C) Western blot analysis was used to detect the protein expression levels of YAF2, Bax and Bcl‑2 in OA mice. (D) Von Frey test was used to measure 
mechanical nociceptive threshold of mice at 0, 7, 14 and 21 days. (E) H&E and (F) SO staining were performed to reveal the morphology of mouse cartilage 
between Sham group, OA group and OA + CTS group. (G) Chondrocyte apoptosis was detected using a TUNEL assay. Magnifications, x200 and x400. 
**P<0.01, ***P<0.001 vs. Sham group;  ###P<0.001 vs. OA group. OA, osteoarthritis; CTS, Cryptotanshinone; miRNA/miR, microRNA; YAF2, YY1‑associated 
factor 2; SO, Safranin O; RT‑qPCR, reverse transcription‑quantitative PCR.
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were divided into control group, IL‑1β group and IL‑1β + CTS 
group after different treatments. The differential expression 
levels of miR‑574‑5p and YAF2 in chondrocytes were detected 
via RT‑qPCR, and the results indicated that the expression 
level of miR‑574‑5p in the IL‑1β group was increased, but was 
decreased in the IL‑1β + CTS group (Fig. 2B). By contrast, 
YAF2 mRNA and protein expression levels were both 
decreased in the IL‑1β group compared with control group, 
and were increased after the addition of CTS (Fig. 2B and C).

Western blot analysis revealed that, compared with control 
group, the protein level of Bax in the IL‑1β group was mark‑
edly increased, while the expression of Bcl‑2 was decreased. 
After adding CTS, the protein expression level of Bax was 
downregulated, while the expression level of Bcl‑2 was 
upregulated (Fig. 2C).

As shown in Fig. 2D and E, the apoptotic rate of chon‑
drocytes in the IL‑1β group detected by flow cytometry was 
higher compared with that in the control group, while the apop‑
totic rate in the IL‑1β + CTS group was decreased. All these 
findings suggested that the expression levels of miR‑574‑5p 
and the pro‑apoptotic gene Bax were upregulated, while the 
expression levels of YAF2 and the anti‑apoptotic gene Bcl‑2 
were downregulated in arthritic chondrocytes, indicating that 
CTS could alleviate the apoptosis of chondrocytes.

CTS affects chondrocyte apoptosis by regulating the expres‑
sion of miR‑574‑5p and then interfering with YAF2. Since the 
biogenic analysis found that miR‑574‑5p may target binding 
to YAF2 (Fig.  3A), a dual‑luciferase reporter assay was 
performed to determine whether miR‑574‑5p could interact 

with the YAF2 promoter. The 293T cells were co‑transfected 
with the YAF2 promoter‑luciferase reporter plasmid and 
mimic‑NC or miR‑574‑5p mimic. As presented in Fig. 3B, 
in the Luc‑WT‑YAF2 group, the luciferase activity of the 
miR‑574‑5p mimic was significantly decreased compared 
with that in 293T cells transfected with mimic‑NC, indicating 
that miR‑574‑5p had a regulating effect on YAF2. The mRNA 
expression levels of YAF2 were validated in Fig. S2.

After treatment with IL‑1β and CTS, chondrocytes 
were transfected with miR‑574‑5p‑mimics and then 
co‑transfected with pcDNA‑YAF2. The mRNA expression 
levels of miR‑574‑5p and YAF2 after cell transfection with 
miR‑574‑5p mimic and pcDNA‑YAF2 were detected via 
RT‑qPCR (Fig.  S3). The expression level of miR‑574‑5p 
in arthritic chondrocytes with addition of IL‑1β was 
increased, and then decreased after the addition of CTS 
(Fig. 3C), indicating that CTS could reduce the expression 
of miR‑574‑5p in arthritic chondrocytes. After chondrocytes 
treated with IL‑1β and CTS, and then transfected with 
miR‑574‑5p‑mimics, miR‑574‑5p expression was found to be 
upregulated (Fig. 3C). In addition, there was no significant 
change in the expression level of miR‑574‑5p after overex‑
pressing YAF2 (Fig. 3C). Opposite results were found for the 
mRNA and protein expression levels of YAF2, indicating that 
overexpression of miR‑574‑5p could decrease the expression 
of YAF2 (Fig. 3D and E). Transfection with pcDNA‑YAF2 
reversed the effect of miR‑574‑5p mimic, as YAF2 expres‑
sion was significantly increased (Fig. 3D and E).

Bax expression was upregulated in arthritic chondrocytes 
and was downregulated after the addition of CTS, which was 

Figure 2. Expression levels of miR‑574‑5p, YAF2, Bax and Bcl‑2 in chondrocytes. Chondrocytes were divided into Con group, IL‑1β group and IL‑1β + CTS 
group after different treatments. (A) Alcian Blue staining was used to detect the differentiation of chondrocytes. Magnification, x1,000 (B) Differential expres‑
sion levels of miR‑574‑5p and YAF2 in chondrocytes were detected via reverse transcription‑quantitative PCR. (C) Western blot analysis was used to detect 
the protein expression levels of YAF2, Bax and Bcl‑2 in chondrocytes. (D) Apoptotic rate of chondrocytes was detected via flow cytometry, and (E) the results 
were quantified. **P<0.01, ***P<0.001 vs. control group; #P<0.05, ##P<0.01, ###P<0.001 vs. IL‑1β group. Con, control; CTS, Cryptotanshinone; miR, microRNA; 
YAF2, YY1‑associated factor 2.
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upregulated after IL‑1β + CTS‑treated cells were transfected 
with miR‑574‑5p‑mimic. Moreover, after transfection with 
pcDNA‑YAF2, the expression of Bax was decreased (Fig. 3E). 
By contrast, the protein expression level of Bcl‑2 showed an 
opposite trend, indicating that miR‑574‑5p could increase Bax 
expression and decrease Bcl‑2 expression (Fig. 3E).

Next, a CCK‑8 assay was performed to detect the effects 
of CTS, miR‑574‑5p and YAF2 on chondrocytes prolifera‑
tion. The results demonstrated that the proliferative ability of 
chondrocytes in the IL‑1β group was significantly decreased, 
but this was restored after the addition of CTS. However, the 
proliferative ability of chondrocytes after transfection with 
miR‑574‑5p‑mimic was decreased to a level similar to that 
of the IL‑1β group (Fig. 3F). Furthermore, transfection with 
pcDNA‑YAF2 could reverse the effect of miR‑574‑5p, and the 
proliferative ability was significantly increased.

Flow cytometry results identified that the apoptotic rate 
of OA chondrocytes was markedly increased compared with 
the Blank group, while the apoptotic rate in the IL‑1β + CTS 
group was decreased and was increased after transfection with 
miR‑574‑5p‑mimic (Fig. 3G). Moreover, the addition of YAF2 
decreased the apoptotic rate of chondrocytes. These results 
suggested that CTS could affect chondrocyte proliferation and 
apoptosis by regulating the expression of miR‑574‑5p and then 
interfering with YAF2.

CTS regulates the methylation of the miR‑574‑5p promoter. 
Since it was found that the CTS/miR‑574‑5p/YAF2 signaling 
pathway could affect the proliferation and apoptosis of arthritic 
chondrocytes, this study further aimed to investigate how CTS 
regulates the expression of miR‑574‑5p and thus affects YAF2 
expression. It has been reported that CTS can upregulate the 

Figure 3. CTS affects chondrocyte apoptosis by regulating the expression of miR‑574‑5p and then interfering with YAF2. (A) Biogenic analysis and 
(B) dual‑luciferase reporter assay was preformed to verify the interaction between miR‑574‑5p and YAF2. Chondrocytes were divided into Blank group, IL‑1β 
group, IL‑1β + CTS group, IL‑1β + CTS + miR‑574‑5p‑mimic group and IL‑1β + CTS + miR‑574‑5p‑mimic + pcDNA‑YAF2 group. *P<0.05. Differential 
expression levels of (C) miR‑574‑5p and (D) YAF2 in chondrocytes were detected via reverse transcription‑quantitative PCR. (E) Western blot analysis was 
used to detect the protein expression levels of YAF2, Bax and Bcl‑2 in chondrocytes. Cell proliferation and apoptosis of chondrocytes were detected using a 
(F) Cell Counting Kit‑8 assay and (G) flow cytometry. *P<0.05, ***P<0.001  vs. Blank group; #P<0.05, ##P<0.01, ###P<0.001 vs. IL‑1β group; &P<0.05, &&P<0.01 
vs. IL‑1β + CTS group; @P<0.05, @@P<0.001 vs. IL‑1β + CTS + miR‑574‑5p‑mimic group. CTS, Cryptotanshinone; miR, microRNA; YAF2, YY1‑associated 
factor 2; OD, optical density; Luc, luciferase; NC, negative control; RLU, relative luciferase activity; WT, wild‑type; MUT, mutant.



YUE et al:  CTS INTERFERES WITH CHONDROCYTE APOPTOSIS VIA miR-574-5p8

methylation levels of some molecular promoters in prostate 
cancer (25). Therefore, the 2 kb region upstream of miR‑574‑5p 
was examined, and the presence of CpG island was found 
(Fig.  4A), indicating that CTS may regulate miR‑574‑5p 
expression by affecting its methylation. The methylation levels 
of the miR‑574‑5p promoter in the Blank group, IL‑1β group, 
IL‑1β + CTS group and IL‑1β + CTS + 5‑aza‑CdR group 
were measured via MSPCR. The methylation degree of the 
miR‑574‑5p promoter was reduced in arthritic chondrocytes, 
but was restored after the addition of CTS. After the addi‑
tion of the methylation inhibitor 5‑aza‑CdR, the methylation 
degree of the miR‑574‑5p promoter was reduced, indicating 
that CTS could regulate the methylation of the miR‑574‑5p 
promoter (Fig. 4B).

Discussion

Non‑coding RNA (ncRNA) is a type of RNA that does not 
encode proteins. According to the length of ncRNA frag‑
ments, they can be divided into short ncRNA, such as small 
interfering RNA, piwi‑interacting RNA, miRNA and long 
non‑coding RNA (lncRNA) (26). ncRNAs are involved in 
almost every step of the life cycle, from gene transcription to 
mRNA splicing to RNA decay and translation (27).

miRNAs are a class of small molecular ncRNAs with a 
length of 20‑23 nucleotides. Previous studies have reported 
that miRNAs, as an important regulatory factor, are often 
observed in various diseases, and ~1/2 of the mRNAs are 
regulated by miRNAs  (28,29). Moreover, studies have 
confirmed that miRNAs and lncRNAs are involved in 

regulating OA progression by regulating chondrocyte 
activity and function  (27‑29). In order to identify key 
miRNAs that can affect OA, the present study established 
an OA mouse model. The C57BL/6 mice used in this study 
are easy to feed and are often used as experimental animal 
models of physiology and pathology, such as obesity, type 2 
diabetes, atherosclerosis and osteoporosis, and also used 
as an OA model (15,30). Next, the current study conducted 
bioinformation analysis on the OA mouse data set and found 
four conserved miRNAs, among which the expression level 
of miR‑574‑5p was the highest in the knee joint of mice 
with OA. Based on the protective effect of CTS on chondro‑
cytes and the differential expression of miR‑574‑5p, it was 
suggested that CTS may promote chondrocyte prolifera‑
tion and inhibit its apoptosis by regulating the expression 
of miR‑574‑5p, thus alleviating OA. However, the specific 
signal pathway remains unknown.

YAF2, a zinc finger protein, was first identified due to its 
interaction with the transcription factor Yin Yang 1, which has 
an effect on the proliferation of tumor cells (31). In genotoxic 
stress reactions, YAF2 can positively regulate the function of 
programmed cell death 5 in the human lung adenocarcinoma 
cell line A549 and human melanoma cell line HCT116 (32). 
Other studies have shown that the interaction between YAF2 
and polycomb group protein can inhibit the apoptosis induced 
by caspase 8 during the early embryonic development of 
zebrafish  (33). Based on the protective effect of YAF2 on 
chondrocytes by regulating apoptosis, the present study found 
that expression levels of YAF2 and the anti‑apoptotic gene 
Bcl‑2 were significantly decreased in mice with OA, while 
the expression levels of miR‑574‑5p and the pro‑apoptotic 
gene Bax showed opposite changes. The in vitro experiments 
demonstrated that the expression levels of miR‑574‑5p, YAF2, 
Bax and Bcl‑2 in chondrocytes were consistent with the in vivo 
findings. Furthermore, the addition of CTS could alter the 
effect, which verified that CTS could alleviate OA.

Next, the present study aimed to determine how CTS 
regulates the expression levels of miR‑574‑5P and YAF2, 
to ultimately affect chondrocyte apoptosis. Using biogenic 
analysis and verification experiments, it was identified that 
miR‑574‑5p could interact with the YAF2 promoter, and 
exerted a regulating effect on YAF2. The miR‑574‑5P/YAF2 
pathway has been confirmed, but it is necessary to further 
study how CTS regulates the expression of miR‑574‑5p. 
As a potential active ingredient in the treatment of prostate 
cancer, CTS could regulate the methylation of the key factor 
histone H3 lysine 9 (25). After the analysis and prediction, the 
present study further found that the methylation degree of the 
miR‑574‑5p promoter was increased by the effect of CTS, and 
was reduced after the addition of the methylation inhibitor.

In conclusion, the present study provided novel targets for 
the treatment of OA with CTS and validated that miR‑574‑5p 
is an important regulatory factor affecting OA. Furthermore, 
the present study investigated the mechanism via which CTS 
affects chondrocyte apoptosis by regulating the methylation of 
miR‑574‑5P, thus interfering with YAF2.
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