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Abstract. MicroRNA (miR)‑335‑5P has the ability to regulate 
chondrogenic differentiation and promote chondrogenesis in 
mouse mesenchymal stem cells. It is also abnormally elevated 
in human osteoarthritic chondrocytes. However, the biological 
function of miR‑335‑5P in osteoarthritis (OA) is not well 
understood. The present study investigated the mechanism 
of miR‑335‑5P in the pathogenesis of OA. To investigate the 
effect of miR‑335‑5P on the pathogenesis of OA in vitro, a 
miR‑335‑5P mimic and inhibitor were transfected into chon‑
drocytes. Cell Counting kit‑8 assay and flow cytometry were 
used to observe the effects of miR‑335‑5P on chondrocyte 
apoptosis and the expression of cartilage‑specific genes, such 
as aggrecan, collagen  II, matrix metalloproteinase 13 and 
collagen X, were detected by reverse transcription‑quantitative 
PCR and western blot analysis. Moreover, the current study 
assessed whether HMG‑box transcription factor 1 (HBP1) is a 
novel target of miR‑335‑5P with dual luciferase reporter assays. 
Finally, a rescue experiment was used to prove the regulation 
between miR‑335‑5P and HBP1. The results revealed that 
HBP1 was a novel target of miR‑335‑5P, and that miR‑335‑5P 
mediated the apoptosis of chondrocytes and changes in carti‑
lage‑specific genes via targeting HBP1. Overall, the present 
study revealed that miR‑335‑5P mediated the development of 
OA by targeting the HBP1 gene and promoting chondrocyte 
apoptosis. These data suggested that miR‑335‑5P may be 
used to develop novel early‑stage diagnostic and therapeutic 
strategies for OA.

Introduction

Osteoarthritis (OA) is a type of disease in which articular 
cartilage becomes fibrotic and ulcerated and can be lost (1). 
The common clinical manifestations of OA are joint pain 
and tenderness, joint stiffness, joint swelling, bone friction 
and joint weakness (2). In general, OA can be pathologically 
summarized as cartilage degeneration and synovitis, and its 
main features are the degradation of articular cartilage tissue 
and the apoptosis of chondrocytes (3). Although the cause 
of OA is still unclear, studies have shown that microRNAs 
(miRNAs/miRs) are closely related to OA (4‑7). Therefore, 
discovering and exploring the functions of miRNAs may 
provide new strategies for OA treatment in the near future.

In recent years, 990 known miRNAs and 1,621 potential 
miRNAs have been found in human OA chondrocytes (5). It 
has been demonstrated that miRNAs are not only involved in 
cartilage development, including growth plate development, 
osteogenic and chondrogenic differentiation, and osteoclast 
formation, but also participate in the development of OA 
related to chondrocyte apoptosis and abnormal cartilage 
metabolism (6,8). Moreover, miRNAs and cytokines accelerate 
the course of disease or delay the course of disease through 
mutual synergy and antagonism (9).

miRNAs are a group of endogenous small noncoding 
RNAs (22‑25 nucleotides) that regulate gene expression at the 
post‑transcriptional level by directly targeting the 3'‑untrans‑
lated region (3'‑UTR) of a gene. They are important regulators 
of different biological processes, including cell proliferation, 
differentiation, migration, apoptosis and tumorigenesis (10). 
Under normal conditions, miRNA expression has strict tissue 
and temporal specificity, and is highly conserved in evolution, 
while abnormally expressed miRNAs may cause disease. 
miR‑335‑5P was originally discovered as a tumour metas‑
tasis suppressor targeting the transcription factors Sry‑ box 
transcription factor 4 and tenascin C and is encoded by the 
second intron of the mesoderm‑specific transcript gene (11). 
miR‑335‑5P can inhibit the proliferation and migration of 
primary bone marrow‑derived human mesenchymal stem cells 
(MSCs) (12). In addition, it has been reported that the expres‑
sion of four miRNAs, namely miR‑138‑5P, miR‑146a‑5P, 
miR‑335‑5P and miR‑9‑5P, was significantly upregulated 
in human knee joint OA according to gene chip and in situ 
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hybridization techniques, suggesting that miR‑335‑5P 
may play an important role in the development of OA (13). 
However, the biological function of miR‑335‑5P in OA is not 
well understood. Thus, the present study investigated the effect 
of miR‑335‑5P on chondrocytes and whether miR‑335‑5P may 
be a potential target for OA treatment.

Materials and methods

Ethics statement. Human articular cartilage was harvested 
from a patient following a traumatic amputation. The patient 
provided their written informed consent. All protocols were 
approved by the Ethics Committee of Fuzhou Second Hospital 
Affiliated to Xiamen University (Fuzhou China).

Isolation, culture and transfection of human primary artic‑
ular chondrocytes. Under sterile conditions, cartilage slices 
were dissected from a sample of a male patient with traumatic 
amputation (age, 32 years) on May 10, 2018 with no history of 
OA. The excess fibrous connective tissue in the specimen was 
removed, and the cartilage tissue was cut to a size of ~1 mm3 
and washed with PBS containing 1% penicillin and gentamicin 
double antibiotic solution. Then, 5 µl 0.25%  trypsin were 
added, the tissue was digested in a 37˚C incubator for 30 min, 
and the supernatant was discarded. Next, 6ml 0.2% type II 
collagenase (Sigma‑Aldrich; Merck KGaA) was added, the 
tissue was digested in a 37˚C incubator for 16 h, and cells were 
collected every 4 h. The cell suspension was filtered through a 
75 µm mesh filter and centrifuged at 4˚C, 500 x g for 5 min, and 
the supernatant was discarded. The suspension was washed 
three times with DMEM Complete Medium (Beijing Dingguo 
Changsheng Biotechnology Co., Ltd). containing 10% foetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.). 
Finally, the cells were seeded into a culture flask at a density 
of 1x105 cells/ml and cultured at 37˚C in a 5% CO2 incubator 
as described previously (5). For the primary cell culture, only 
chondrocytes from the normal articular cartilage harvested 
from the femoral condyles and tibial plateaus of the tissue 
donor was used. The cells were identified by toluidine blue 
(Sigma‑Aldrich; Merck KGaA) staining and type II collagen 
(cat. no. ab34712; Abcam) immunohistochemistry staining 
(Fig. S1). The immunohistochemistry staining procedure was 
as follows: The slides were rewarmed at 37˚C for 45 min after 
incubating with 50 µl of type II collagen antibody (1:500) at 
4˚C overnight. After washing with PBS three times, the slides 
were incubated with 40‑50 µl goat anti‑rabbit IgG antibody 
(1:500; cat. no. ab 205718; Abcam) at room temperature for 
1  h. Slides were then observed under a light microscope 
after incubation with freshly prepared 1 mg/ml DAB solu‑
tion (Sigma‑Aldrich; Merck KGaA) for 5‑10 min in the dark 
at 37˚C. After rinsing with tap water for 10 min, the slides 
were counterstained with hematoxylin (Sigma‑Aldrich; 
Merck KGaA) at 37˚C for 1 min. After thoroughly rinsing each 
sample in water, the cells were immersed in 1% hydrochloric 
acid alcohol and then 1% aqueous ammonia, followed by 
thorough washing in water. The cells from each sample were 
then dehydrated in 70% ethanol for 2 min, 80% ethanol for 
2 min, 90% ethanol twice for 2 min, 95% ethanol twice for 
2 min and 100% ethanol twice for 2 min. The cells were then 
immersed in xylene solution twice for 2 min and mounted on a 

glass slide in neutral resin, sealed with a neutral gum seal and 
finally examined using a Nikon TE2000 microscope.

A total of 5x104 chondrocytes per well were seeded into 
six‑well plates, and the cells grown to ~80%  confluence. 
Transfection was performed according to the instructions for 
Lipofectamine® 3000 transfection reagent (cat. no. L3000015; 
Invitrogen; Thermo Fisher Scientific, Inc.). Briefly, mimics or 
inhibitors (75 nM of each) were mixed with the transfection 
agent in Opti‑MEM for 20 min, and then added to serum‑free 
medium. After 6 h of transfection, the solution was changed. 
Cells were cultured for another 48 h, subjected to TRIzol® 
(Thermo Fisher Scientific, Inc.) RNA isolation and cell images 
were captured using a Nikon  TE2000 light microscope 
(magnification, x100) or cells were cultured for 72 h to be 
used for western blot analysis. The hsa‑miR‑335‑5P mimic 
and inhibitor were biosynthesized by Shanghai GenePharma 
Co., Ltd. The hsa‑miR‑335‑5P mimic sequence was 5'‑UAC​
AGU​ACU​GUG​AUA​ACU​GAA‑3' and the mimic negative 
control (NC) sequence was 5'‑GTT​CTC​CGA​ACG​TGT​CAC​
GT‑3', the hsa‑miR‑335‑5P inhibitor sequence was 5'‑ACA​
UUU​UUC​GUU​AUU​GCU​CUU​GA‑3' and the inhibitor NC 
sequence was 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3'. The 
overexpression vector pCMV3‑C‑Myc‑HMG‑box transcrip‑
tion factor 1 (HBP1) and empty vector were purchased from 
Sino Biological, Inc.

Reverse transcription quantitative PCR (RT‑qPCR). Total 
RNA was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac‑
turer's protocol. To detect miR‑335‑5P expression, the TaqMan 
MicroRNA RT system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) was used to generate cDNA, and the expression 
of miR‑335‑5P was measured using the miR‑335‑5P TaqMan 
microRNA assay (Applied Biosystems; Thermo  Fisher 
Scientific, Inc.). Data were analysed using the comparative 
2‑ΔΔCq method (6), and values were normalised to U6 expres‑
sion. For the detection of gene expression, RT was performed 
using the PrimeScript II 1st Strand cDNA Synthesis kit (Takara 
Bio, Inc.), followed by qPCR according to the instructions 
provided with the SYBR Premix Ex Taq kit (Takara Bio, Inc.). 
The expression levels of genes were normalized to the expres‑
sion of GAPDH. The primers for the genes and miR‑335‑5P 
are shown in Table I. For RT‑qPCR, the following thermal and 
thermocycling conditions were used: 50˚C for 3 min and 95˚C 
for 3 min for RT; and 40 cycles of 94˚C for 1 min and 56˚C for 
1 min for the q‑PCR. For miRNA, the following thermal and 
thermocycling conditions were used: 95˚C for 10 min for RT; 
followed by 40 cycles of 94˚C for 1 min, 56˚C for 1 min and 
72˚C for 1 min for qPCR. Relative expression of the genes was 
evaluated with the 2‑ΔΔCq method (6).

Western blot analysis. A total of 48  h post‑transfection, 
chondrocyte proteins were extracted using cell lysis buffer 
(cat. no. 9803S; Cell Signaling Technologies, Inc). The protein 
concentration was determined by the BCA method. A total 
of 30  µg protein was loaded per lane. The proteins were 
subjected to SDS‑PAGE on 10% gels and then transferred 
to a PVDF membrane. After blocking with 5% skim milk 
powder at room temperature for 1 h, anti‑aggrecan (ACAN; 
cat. no. ab3778; Abcam), anti‑collagen II (cat. no. ab34712; 
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Abcam), anti‑collagen  X (cat.  no.  ab58632; Abcam), 
anti‑matrix metalloproteinase (MMP)13 (cat. no. ab39012; 
Abcam), anti‑Bax (cat.  no.  ab32503; Abcam), anti‑Bcl2 

(cat. no. ab32124; Abcam), anti‑ NF‑κB (cat. no. ab16502; 
Abcam), anti‑IκB (cat.  no.  ab32518; Abcam), anti‑IL‑1α 
(cat. no. ab7632; Abcam), anti‑IL‑6 (cat. no. ab6672; Abcam) 
and anti‑β‑actin (cat.  no.  MA5‑15739; Sigma‑Aldrich; 
Merck KGaA) primary antibodies (1:1,000) were incubated 
with the membrane overnight at 4˚C. After rinsing three times 
with TBS‑Tween (TBST; 0.1% Tween‑20; 10 min/wash), the 
horseradish peroxidase‑conjugated AffiniPure Goat anti‑rabbit 
IgG (cat. no. 31460) or goat anti‑mouse IgG (cat. no. A24512) 
secondary antibodies (1:5,000) (Pierce; Thermo  Fisher 
Scientific, Inc.) were incubated with the membrane for 1 h at 4˚C. 
The blots were washed with TBST three times (10 min/wash) 
the protein of interest was developed by electrochemilumines‑
cence (Thermo Fisher Scientific, Inc.). The intensities of the 
proteins in western blots were semi‑quantified using ImageJ 
version 1.52 (National Institute of Health).

Cell Counting kit‑8 (CCK‑8) assay. Cell viability was assessed 
using a CCK‑8 kit (Dojindo Molecular Technologies, Inc.), 
according to the manufacturer's instructions. Chondrocytes 
were seeded at a density of 1x104 cells/well into 96‑well culture 
plates and cultured in DMEM/F12 containing 10% FBS at 
37˚C in a 5% CO2 incubator, with five duplicate wells in each 
group. At 24, 48 and 72 h after transfection, the cells were 
incubated with 100 µl WST‑8 at 37˚C for 4 h. The absorbance 
of cells was measured by a spectrophotometer at 570 nm.

Flow cytometry. An Annexin V‑Fluorescein Isothiocyanate 
(FITC) Apoptosis Detection kit (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to detect apoptotic activity according 
to the manufacturer's instructions. Chondrocytes were seeded 

into six‑well plates at a density of 1x106 cells/well in DMEM 
containing 10% FBS. When the cells reached 60% confluence, 
they were transfected. After 48 h, the cells were digested 
with 0.5% trypsin and resuspended in 300 µl binding buffer 
containing 5 µl Annexin V‑FITC and 1 µl propidium iodide 
solution (100 µg/ml). After incubation for 20 min in the dark at 
room temperature, the stained cells were analysed by BD FACS 
Calibur with CellQuest Pro Software 5.1 (BD Biosciences).

Luciferase reporter assay. The miR‑335‑5P response element 
in the 3'‑UTR of HBP1 (both wild‑type and mutant HBP1) 
was cloned into the pMIR‑REPORT miRNA luciferase 
reporter vector (Ambion, Inc.; Thermo Fisher Scientific, 
Inc.) containing firefly luciferase confirmed by sequencing. 
The region of HBP1 was predicted using TargetScan 7.2 
(http://www.targetscan.org/). 293T cells (The Cell Bank of 
Type Culture Collection of the Chinese Academy of Science) 
were co‑transfected with the miR‑335‑5P mimic and wild‑type 
or mutant HBP1 3'‑UTR luciferase reporters together with 
the Renilla plasmid for 48 h using the miR‑335‑5P mimic NC 
as the negative control. Then, firefly and Renilla luciferase 
activities were measured according to the manufacturer's 
instructions using a Dual‑Luciferase Reporter Assay System 
(Promega Corporation), and the firefly luciferase activity 
was normalized to the value of the Renilla luciferase activity. 
Each experiment was repeated in triplicate. The statistical 
data are expressed as the mean ± standard error of the mean 
(SEM).

Statistical analysis. Data were analysed using GraphPad 
Prism 6 software (GraphPad Software, Inc.). The statistical 
data are expressed as the mean ± SEM. A two‑tailed Student's 
t‑test was used to compare two groups. One‑way ANOVA with 
Bonferroni post hoc test was used for multiple comparisons. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑335‑5P mimic promotes the apoptosis of chondrocytes. 
To investigate the effect of miR‑335‑5P on chondrocyte apop‑
tosis, the miR‑335‑5P mimic and the miR‑335‑5P inhibitor 
were transfected into chondrocytes. After 48 h, the expression 
levels of miR‑335‑5P were detected by RT‑qPCR (Fig. 1B). The 
results showed that the level of miR‑335‑5P was significantly 
higher in the mimic group than in the mimic NC group, and 
the level in the inhibitor group was significantly lower than 
that in the inhibitor NC group (Fig. 1B), indicating that the 
miR‑335‑5P mimic and inhibitor were successfully transfected 
into chondrocytes. Images of cell morphology were captured 
(Fig. 1A), cell activity was detected by CCK‑8 assay (Fig. 1C, 
P<0.05, vs. control group), apoptosis was detected using flow 
cytometry (Fig.  1D and E), and Bax and Bcl2 expression 
were detected by western blotting (Fig. 1F and G, P<0.01, vs. 
control group). For miR‑335‑5p mimic, miR‑335‑5p mimic NC 
was used as the control, for miR‑335‑5p inhibitor, miR‑335‑5p 
inhibitor NC was used as the control. The results showed 
that compared with the mimic control group, miR‑335‑5P 
mimic transfection inhibited the viability of chondrocytes and 
promoted chondrocyte apoptosis.

Table I. Primer sequences for aggrecan, collagen II, MMP13, 
collagen X and GAPDH.

Gene	 Primer sequence (5'to 3')

Aggrecan	 F: CTTCCGCTGGTCAGATGGAC
	 R: CGTTTGTAGGTGGTGGCTGT
Collagen II	 F: CCTACAATAATAATATATACCCCACCA
	 R: ATGTGTTTTCAGTGATCATGTTTTC
MMP13	 F: GCACTTCCCACAGTGCCTAT
	 R: AGTTCTTCCCTTGATGGCCG
Collagen X	 F: AAAGGCCCACTACCCAACAC
	 R: GTGGACCAGGAGTACCTTGC
IL‑1α	 F: AGCTATGGCCCACTCCATGAAG
	 R: ACATTAGGCGCAATCCAGGTGG
IL‑6	 F: AGACAGCCACTCACCTCTTCA
	 R: CACCAGGCAAGTCTCCTCATT
GAPDH	 F: GGAAGGTGAAGGTCGGAGTCA
	 R: CTGGAAGATGGTGATGGGATTTC

MMP13, matrix metalloproteinase 13; F, forward; R, reverse.
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Figure 1. miR‑335‑5P promotes chondrocyte apoptosis in vitro. (A) Chondrocytes were transfected with the miR‑335‑5P mimic NC, miR‑335‑5P mimic, 
miR‑335‑5P inhibitor NC or miR‑335‑5P inhibitor. Cell images were taken with a Nikon TE2000 microscope after 48 h (x100). (B) Relative expression levels 
of miR‑335‑5P were detected in the different treatment groups. (C) Chondrocytes were transfected and a Cell Counting Kit‑8 assay was used to determine 
cell viability 48 h post‑transfection. (D and E) Chondrocyte apoptosis (including early and late apoptosis) was analysed by flow cytometry. Cell apoptosis 
data are shown as the mean ± SEM of three independent experiments. (F and G) Western blotting was used to study the expression of Bax and Bcl2. *P<0.05, 
**P<0.01 compared with the miR‑335‑5P mimic NC group; #P<0.05, ##P<0.01 compared with the miR‑335‑5P inhibitor NC group. miR/miRNA, microRNA; 
NC, negative control; OD, optical density.
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miR‑335‑5P regulates cartilage‑specific genes in human 
chondrocytes in vitro. To determine the regulation of carti‑
lage‑specific genes by miR‑335‑5P, cells were harvested 48 h 
after transfection, and the expression of cartilage‑specific genes 
was detected by western blotting and RT‑qPCR. As shown in 
Fig. 2A and B, the miR‑335‑5P mimic significantly downregu‑
lated the protein expression of ACAN (P<0.05) and collagen II 
(P<0.05), and significantly upregulated the expression levels of 
MMP13 (P<0.01) and collagen X (P<0.001) compared with the 
mimic control. Conversely, the miR‑335‑5P inhibitor signifi‑
cantly upregulated the expression levels of ACAN (P<0.05) and 
collagen II (P<0.05) and downregulated the protein expression 
of MMP13 (P<0.01) and collagen X (P<0.01) compared with 
the inhibitor control. In addition, compared with the mimic 
NC group, the overexpression of miR‑335‑5P significantly 
downregulated the mRNA expression levels of collagen  II 
(P<0.05), and upregulated the mRNA expression levels of 
MMP13 (P<0.001) and collagen  X (P<0.01). Conversely, 
inhibition of miR‑335‑5P significantly upregulated the mRNA 
expression levels of collagen II (P<0.05) and downregulated 
the mRNA expression levels of MMP13 (Fig. 2C, P<0.05) 

compared with the inhibitor NC. These results suggested that 
miR‑335‑5P may inhibit the expression of the anabolic genes 
ACAN and collagen  II, and promote the expression of the 
OA‑related genes MMP13 and collagen X. Because inflamma‑
tion usually accompanies OA, the NF‑κB signalling pathway 
and inflammatory factors were measured in cells. The results 
showed that the NF‑κB signalling pathway was activated, and 
the levels of IL‑1α (P<0.01) and IL‑6 (P<0.01) in cells trans‑
fected with miR‑335‑5p mimics were significantly increased 
compared with the NC group. Conversely, the NF‑κB signalling 
pathway was suppressed and the expression of IL‑1α (P<0.05) 
and IL‑6 (P<0.05) in cells transfected with miR‑335‑5p inhibi‑
tors was significantly decreased compared with the inhibitor 
control (Fig. S2).

Prediction of HBP1 as a target of miR‑335‑5P. To further 
investigate the molecular mechanism of miR‑335‑5P in OA, the 
miR‑335‑5P mimic and miR‑335‑5P inhibitor were transfected 
into chondrocytes. After 48 h, the expression of HBP1 was 
detected by RT‑qPCR and western blot analysis. As expected, 
the overexpression of miR‑335‑5P non‑significantly restricted 

Figure 2. miR‑335‑5P regulates cartilage‑specific genes in human chondrocytes in vitro. Chondrocytes were transfected with the miR‑335‑5P mimic NC, 
miR‑335‑5P mimic, miR‑335‑5P inhibitor NC or miR‑335‑5P inhibitor. After 48 h, the levels of ACAN, collagen II, MMP13, and collagen X were analysed 
by (A and B) western blotting and (C) reverse transcription‑quantitative PCR. *P<0.05, **P<0.01, ***P<0.001 compared with the miR‑335‑5P mimic NC group; 
#P<0.05, ##P<0.01 compared with the miR‑335‑5P inhibitor NC group. ACAN, aggrecan; MMP13, matrix metalloproteinase 13; miR, microRNA; NC, negative 
control.
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the mRNA expression of HBP1, whereas the downregulation of 
miR‑335‑5P non‑significantly enhanced the mRNA expression 
of HBP1 (Fig. 3B; P>0.05;). In addition, the western blotting 
results showed that the miR‑335‑5P mimic significantly down‑
regulated the protein expression of HBP1 (P<0.05) compared 
with the mimic NC. By contrast, the miR‑335‑5P inhibitor 
significantly upregulated the levels of HBP1 (Fig. 3C, P<0.01) 
compared with the inhibitor NC.

Subsequent bioinformatics analysis was used to assess 
the targeted regulatory relationship between miR‑335‑5P and 
HBP1. It was found that the 3'‑UTR of HBP1 has a potential 
binding site for miR‑335‑5P (Fig. 3A). This result suggested 
that HBP1 may be a potential target gene of miR‑335‑5P. 
To verify whether miR‑335‑5P directly binds to the 3'‑UTR 
(46‑52 bp) of HBP1, the 3'‑UTR (+1 to +1,000 bp) of HBP1 and 
the fragment containing the binding site mutation were inserted 

Figure 3. HBP1 expression is regulated by miR‑335‑5P and represents a novel direct target of miR‑335‑5P. (A) Target sequence in the 3'‑UTR of human HBP1 
predicted to bind hsa‑miRNA‑335‑5P. HBP1 expression was analysed by (B) reverse transcription‑quantitative PCR and (C) western blotting after chondro‑
cytes were transfected with the miR‑335‑5P mimic NC, miR‑335‑5P mimic, miR‑335‑5P inhibitor NC or miR‑335‑5P inhibitor. (D-E) The 3'‑UTR+1‑+1,000 
sequence of HBP1 and the fragment of the binding site mutation were cloned into the vector pMIR‑REPORT and confirmed by sequencing (underlined 
sequence represents mutant sites). (F) In 293T cells, the luciferase reporter assay was used to test the activity of the HBP1 3'‑UTR reporter. The miR‑335‑5P 
mimic was cotransfected into cells with the wild‑type HBP1 3'‑UTR or mutant‑HBP1‑3'‑UTR. The miR‑335‑5P mimic NC served as a NC. *P<0.05 compared 
with the miR‑335‑5P mimic NC group; ##P<0.01 compared with the miR‑335‑5P inhibitor NC group. HBP1, HMG‑box transcription factor 1; miR, microRNA; 
mut, mutant; NC, negative control; WT, wild type.
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into the pMIR‑REPORT miRNA luciferase reporter vector. 
The pMIR‑Report‑HBP1 wild‑type and pMIR‑Report‑HBP1 
mutant were constructed and confirmed by sequencing 
(Fig. 3D). Then, the luciferase reporter assay was used to 
confirm whether miR‑335‑5P regulates HBP1 transcriptional 
activity. The miR‑335‑5P mimic NC and the miR‑335‑5P 
mimic were transfected into pMIR‑Report‑HBP1 wild‑type 
and pMIR‑Report‑HBP1‑mutant 293T cells. After 48  h, 
the firefly and Renilla luciferase activities were assessed. The 
results showed that the luciferase activity of the miR‑335‑5P 
mimic group was significantly lower than that of the mimic 
control group in the transfected pMIR‑Report‑HBP1 wild‑type 
cells but not in the pMIR‑Report‑HBP1‑mutant cells (Fig. 3E, 
P<0.05). These results indicated that miR‑335‑5P may specifi‑
cally bind to the 3'‑UTR of HBP1 and that HBP1 could be a 
novel specific target gene of miR‑335‑5P.

Regulation of chondrocyte apoptosis and cartilage‑specific 
genes by miR‑335‑5P via targeting HBP1. To further confirm 
whether miR‑335‑5P regulated HBP1 expression, promoted 
chondrocyte apoptosis and regulated the expression of carti‑
lage‑specific genes, miR‑335‑5 and pcDNA3.1‑Myc‑HBP1 
plasmids were cotransfected into chondrocytes. After 48 h, 
RT‑qPCR was performed to detect the miR‑335‑5P expression 
level (P<0.05; Fig. 4A), and western blotting was performed 
to detect HBP1 overexpression (Fig.  4A). The expression 
levels of ACAN (P<0.05, vs. control group) and collagen II 
(P<0.05) were found to be significantly upregulated, and 
the expression levels of MMP13 (P<0.001) and collagen X 
(P<0.01) were significantly downregulated after cotransfec‑
tion with the miR‑335‑5P and pcDNA3.1‑Myc‑HBP1 plasmids 
compared with cotransfection with the miR‑335‑5P and 
vector (Fig. 4B and C). For pcDNA3.1‑Myc‑HBP1, empty 
vector was used as the control, for miR‑335‑5P mimic + 
Myc‑HBP1, miR‑335‑5P mimic + empty vector was used as 
the control. Furthermore, cell viability was detected by CCK‑8 
assays (Fig. 4D, P<0.05, vs. control group), and apoptosis 
was detected using flow cytometry (Fig. 4G and H, P<0.05, 
vs. control group). Bax and Bcl2 expression was detected by 
western blotting to test chondrocyte apoptosis (Fig. 4E and F). 
These results suggested that HBP1 may have a role in the 
downstream effects of miR‑335‑5P on chondrocyte apoptosis 
and cartilage‑specific gene expression to some degree.

Discussion

In previous studies, the expression of miR‑335‑5P was signifi‑
cantly increased in osteoarthritic chondrocytes compared with 
normal cartilage (7,13). However, to the best of our knowledge, the 
biological function of miR‑335‑5P in OA has not been reported, 
and the molecular mechanism is not yet clear. This study aimed 
to investigate the effects of miR‑335‑5P on chondrocyte apoptosis 
and its underlying molecular mechanisms in OA.

In the present study, a miR‑335‑5P mimic and inhibitor 
were transfected into chondrocytes. Notably, chondrocyte 
apoptosis was observed after transfection of miR‑335‑5P 
mimic. Although no relationship between chondrocyte 
apoptosis and the occurrence and development of OA has 
previously been demonstrated (3), the evidence provided here 
indicated that chondrocyte apoptosis may occur during the 

whole process of OA. Thus, inhibiting chondrocyte apoptosis 
may serve as a target for the treatment of OA. Moreover, 
miR‑335‑5P could inhibit the expression of extracellular 
matrix (ECM) synthesis‑related genes, such as ACAN and 
collagen II, and promote the mRNA and protein levels of ECM 
degradation‑related enzymes, such as MMP13 and collagen X. 
As inflammation usually accompanies OA, the NF‑κB signal‑
ling pathway and inflammatory factors in cells were also 
measured. These results showed that the NF‑κB signalling 
pathway was activated, and that the levels of IL‑1α and IL‑6 
were significantly increased in cells that were transfected with 
miR‑335‑5p mimics compared with the control group. It is 
well‑known that inflammation of chondrocytes regulates the 
expression of cartilage‑specific genes, such as IL‑1, which 
may suppress expression of cartilage‑specific types II and X 
collagens and increase types I and III collagens in human 
chondrocytes. Hence, it was hypothesized that the molecular 
mechanisms underlying the effect of miR‑335‑5p on aberrant 
expression of cartilage‑specific genes may be related to inflam‑
mation. In summary, these results indicated that miR‑335‑5P 
may have a negative regulatory role in the pathogenesis of OA. 
In a study of osteogenic differentiation induced by OA and 
normal human bone marrow‑derived MSCs, it was demon‑
strated that miR‑335‑5P was associated with the OA process 
and had potential to aid in the development of OA therapies (7).

In addition, mechanistic studies have revealed that 
miR‑335‑5P may target a group of negative regulators, including 
dishevelled‑associated activator of morphogenesis 1 and Rho 
kinase 1 of the SRY‑box‑transcription factor 9 (Sox9), and 
knocking out Sox9 caused chondrocyte defects (14). The level 
of miR‑335‑5P can affect the expression of its target dick‑
kopf‑related protein 1 (DKK1) and DKK1 can further act on the 
Wnt signalling pathway (15). In addition, it has been reported 
that the Wnt signalling pathway may play an important role 
in chondrocyte proliferation and differentiation, and the Wnt 
pathway is closely related to the occurrence and development 
of OA (16). It is believed that the expression of miR‑335‑5P may 
have a potential influence on the biology of chondrocytes and 
thus miR‑335‑5P may play a role in the development of OA. 
This study revealed HBP1 as a newly predicted target gene of 
miRNA‑335‑5P. Through online bioinformatics analysis and the 
dual luciferase assay, the 3'‑UTR of HBP1 was verified to bind 
to miR‑335‑5P by Specific binding site. These results suggested 
that HBP1 is a potential new target of miR‑335‑5P in vitro.

The HBP1 gene encodes HMG‑box transcription factor 1, 
which is involved in Wnt signalling inhibition and cell senes‑
cence (17,18). Most reports on this gene have focused on the 
activities of transcription factors in various types of human 
cancer but less so in OA (19,20). However, it is known that 
the Wnt pathway and cellular senescence play a role in the 
aetiology of OA (15,16). It was previously reported that the 
decreased expression of this gene was associated with OA 
susceptibility (21). Thus, the function of HBP1 in the activa‑
tion of the Wnt pathway and the attenuation of senescence may 
be risk factors for the development of OA.

Another possible reason for the association between 
OA and HBP1 is that HBP1 plays a role in the regulation of 
superoxide production, which is a cause of OA aetiology (22). 
Grishko et al (23) demonstrated that oxidative stress in OA 
resulted in decreased cell viability, decreased mitochondrial 
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Figure 4. Cartilage‑specific genes and chondrocyte apoptosis are regulated by miR‑335‑5P via targeting HBP1. (A) Overexpression of HBP1 was analysed 
by western blotting and reverse transcription‑quantitative PCR after the chondrocytes were transfected with the vector, pcDNA3.1‑Myc‑HBP1, miR‑335‑5P 
mimic alone or miR‑335‑5P mimic + pcDNA3.1‑Myc‑HBP1. *P<0.05 compared with the vector group; #P<0.05 compared with the miR‑335‑5P mimic + vector 
group. (B and C) Chondrocytes were transfected and the expression levels of ACAN, collagen II, MMP13 and collagen X were assessed by western blotting. 
*P<0.05, **P<0.01, ***P<0.001 as indicated. (D) Cell Counting Kit‑8 was used to determine cell viability, and the data are shown as the mean ± SEM of three 
independent experiments. (E and F) Western blot analysis was used to study the apoptosis‑associated protein expression of Bax and Bcl2. *P<0.05, **P<0.01as 
indicated. (G and H) Chondrocyte apoptosis was analysed by flow cytometry. Cell apoptosis data are shown as the mean ± SEM of three independent experi‑
ments. *P<0.05 compared with the vector group; #P<0.05 compared with the miR‑335‑5P mimic + vector group. ACAN, aggrecan; miR, microRNA; MMP13, 
matrix metalloproteinase 13; HBP1, HMG‑box transcription factor 1; OD, optical density.
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DNA repair ability after reactive oxygen species (ROS) 
stimulation and an increased phenotype of apoptosis in OA 
pathogenesis, indicating that the decreased involvement of 
mitochondrial DNA damage and repair ability play an impor‑
tant role in the development of OA. Neutrophils are often found 
in the joints and synovial fluids when their surface is attacked 
by immune complexes and complement components, and large 
quantities of free radicals can be released (24). Under normal 
conditions, there is a balance between the oxidation system 
and the antioxidant system, and the presence of ROS can 
prevent the invasion of pathogens (25). However, under patho‑
logical conditions, the increased production of ROS inhibits 
the proliferation of chondrocytes, which results in their death 
and inhibits the synthesis of cartilage matrix proteoglycans 
and collagen (26‑28). Additionally, the oxidation of cartilage 
collagen causes collagen cleavage, which changes the perfor‑
mance of collagen fibres, making them prone to fatigue damage, 
accelerating degradation of the cartilage matrix, reducing the 
elasticity and strength of cartilage, damaging chondrocytes and 
leading to the occurrence of OA (28). Although this study has 
unveiled the influence of miR‑335‑5P on chondrocytes in vitro, 
a lack of the effects of miR‑335‑3p on an animal model of 
OA in vivo is one limitation of the study. Hence, the effects of 
miR‑335‑3p on the animal model of OA remain to be explored.

In conclusion, the present study has revealed that 
miR‑335‑5P may act as a regulator of OA by inducing chon‑
drocyte apoptosis, and HBP1 was identified as a novel target 
of miR‑335‑5P. Furthermore, HBP1 was involved in the occur‑
rence of OA via miR‑335‑5P. Therefore, miR‑335‑5P may be a 
promising therapeutic target, providing a new repair pathway 
for the clinical treatment of OA.
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