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Abstract. Osteoarthritis (OA), characterized by the 
degeneration of articular cartilage, is a major problem in 
aging populations, and cartilage chondrocytes have been 
indicated to serve a curial role in the progression of OA. 
MicroRNA‑200b‑3p (miR‑200b) was preliminarily identi‑
fied to participate in OA. However, its role and mechanism 
of action in injured chondrocytes in OA remain unclear to 
date. In the present study, lipopolysaccharide (LPS)‑treated 
cells isolated from normal knee articular cartilage were used 
to mimic inflammatory injury of OA chondrocytes. Cell 
viability, apoptosis and inflammatory responses were detected 
using Cell Counting Kit‑8, flow cytometry and enzyme‑linked 
immunosorbent assay, respectively. The expression levels of 
miR‑200b and fucosyltransferase‑4 (FUT4) were measured by 
reverse transcription‑quantitative PCR and western blotting. 
The association between miR‑200b and FUT4 was verified 
using TargetScan software, dual‑luciferase reporter assay and 
RNA immunoprecipitation. The results indicated that LPS 
treatment decreased cell viability of primary chondrocytes, 
and increased apoptosis rate and production of IL‑1β, IL‑6 
and TNF‑α. The expression level of miR‑200b was down‑
regulated, and that of FUT4 was upregulated in OA cartilage 
tissues and LPS‑treated normal chondrocytes compared with 
normal cartilage tissues and chondrocytes. Overexpression of 
miR‑200b via transfection with miR‑200b mimic inhibited the 
apoptosis rate and reduced the levels of IL‑1β, IL‑6 and TNF‑α 
in LPS‑stimulated chondrocytes. However, the suppres‑
sive effect of miR‑200b overexpression on the LPS‑induced 

inflammatory injury in chondrocytes was reversed by the 
restoration of FUT4 levels. Notably, FUT4 was indicated to 
be a downstream target of miR‑200b and was negatively regu‑
lated by miR‑200b. Taken together, the results of the current 
study indicated that miR‑200b protected chondrocytes from 
LPS‑induced inflammatory injury in vitro by targeting FUT4. 
These findings revealed the miR‑200b/FUT4 axis as a poten‑
tial candidate to target the degeneration of cartilages, thereby 
inhibiting the progression of OA.

Introduction

Osteoarthritis (OA) is the most prevalent joint disease, and has 
been considered to be a type of non‑inflammatory arthritis for 
a number of years (1). The characteristics of OA include pain, 
tenderness, limited movement, crepitus and different levels of 
inflammation without systemic effects (2). Due to the close 
association with age, OA has become one of the major prob‑
lems in elderly individuals (3). Articular cartilage degradation 
is one of the principal pathological alterations in OA, and the 
fate of articular cartilage is determined by articular chon‑
drocytes (4). Mechanistically, the imbalance in extracellular 
matrix (ECM) synthesis and degradation results in injuries in 
articular cartilage, including inflammatory injury. Moreover, 
apoptosis of chondrocytes has been suggested to serve an 
essential role in the pathogenesis of OA (5). Therefore, chon‑
drocytes, as the only cell type in articular cartilage (6), have 
been most commonly used in OA research to elucidate the 
pathogenesis of this condition.

Increasing evidence has suggested that non‑coding RNAs 
participate in OA (7), and microRNAs (miRNAs/miRs) are 
one class of non‑coding RNAs with about 22 nucleotides (8). 
Recently, dysregulation of miRNAs has also been indicated to 
be associated with the maintenance of cartilage homeostasis 
and inflammatory response during the progression of OA (9), 
including miR‑320, miR‑21 and miR‑140 (10‑12). miR‑200b‑3p 
(miR‑200b) has been revealed to be an important regulator 
of cell proliferation and motility in various types of cancer, 
such as cervical cancer and breast cancer (13‑15). However, 
although the regulatory mechanism of miR‑200b has been 
preliminarily identified in cartilage cells from patients with 
OA, its potential role in OA has not been widely studied (16).

As key membrane‑bound proteins in the surface of 
cells residing in the endoplasmic reticulum and Golgi (17), 
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fucosyltransferases (FUTs) have been reported to participate 
in miscellaneous biological processes, including inflamma‑
tion (15,18). Accumulating evidence has indicated that FUTs 
may regulate the development of rheumatoid arthritis (RA) 
and juvenile idiopathic arthritis (19,20), whereas the effect 
of FUTs in OA remains not fully understood. FUT4 has been 
indicated to mediate OA progression following miR‑26a/b 
targeting (21). The present study examined the association 
between FUT4 and miR‑200b in injured chondrocytes in OA.

Lipopolysaccharide (LPS), also known as endotoxin, can 
induce inflammatory response both in vitro and in vivo (22). 
Numerous inflammatory cytokines have been indicated to 
be highly expressed after LPS treatment, such as interleukin 
IL‑1β, IL‑6, IL‑8 and TNF‑α (23). Therefore, LPS‑stimulated 
cell models have been widely used to identify novel therapeutic 
targets for the treatment of OA (23‑25). Moreover, miRNAs 
have been revealed to be implicated in LPS‑induced articular 
chondrocyte injury in OA (4,24,25).

The present study aimed to investigate the expression level 
of miR‑200b in cartilage tissues from patients with OA and 
its role in an LPS‑induced chondrocyte OA model in vitro. A 
mechanistic study was also performed to explore the associa‑
tion between miR‑200b and FUT4 in modulating inflammatory 
injury in LPS‑treated knee articular chondrocytes.

Materials and methods

Patients and tissue specimens. Normal cartilage specimens 
were obtained from 14 patients with emergency traumatic 
amputation (8 males and 6 females; average age, 34.6 years) 
and 14 patients with OA (5 males and 9 females; average age, 
45.3 years) between Jan, 2014 and Dec. 2016 at the Yan'an 
People's Hospital (Yan'an, China). The average body height 
and weight were 165.6 cm and 65.4 kg in normal patients 
and 162.3 cm and 62.7 kg in patients with OA. All normal 
patients with arthritis, including RA, OA and septic arthritis, 
were excluded from the present study. Among the patients 
with OA, patients were excluded if they received orthopedic 
surgery before, or suffered a fracture, septic arthritis or other 
serious diseases. The pathological diagnosis was confirmed 
by two professor pathologists, and the diagnostic criteria of 
knee OA used were in accordance with the International 
Classification of Diseases, Tenth Revision, Clinical 
Modification (code M17) (26). The samples were isolated 
form the knee articular cartilage and subsequently placed 
into liquid nitrogen at ‑73˚C. Written informed consent was 
obtained from each patient and the study was approved by 
the Ethics Committee of Yan'an People's Hospital. Moreover, 
the present study involving human subjects, human mate‑
rial or human data was performed in accordance with the 
Declaration of Helsinki.

Cell culture and LPS stimulation. Under aseptic conditions, 
normal cartilage tissues and OA cartilages were removed 
from fibrous connective tissues and cut into small pieces. 
After washing with PBS containing 100 U/ml penicillin 
and 100 µg/ml streptomycin solution (Gibco; Thermo Fisher 
Scientific, Inc.), the cartilage tissues were subjected to sequen‑
tial digestion with 0.25% trypsin (Invitrogen; Thermo Fisher 
Scientific, Inc.) for 30 min at 37˚C and subsequently with 

0.2% collagenase type II (EMD Millipore) in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) for 10 h at 37˚C. Following 
filtration with filters (100 and 40 µm; JingAn Biological), the 
cells in medium were centrifuged at 400 x g for 15 min at room 
temperature, and subsequently resuspended in fresh culture 
media supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.). The cartilage cells and HEK 293T (293T) (cat. 
no. CRL‑3216; American Type Culture Collection) cells were 
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) 
containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) 
in humidified air with 5% (v/v) CO2 at 37˚C. The first passage 
chondrocytes were obtained after cell cultivation for 10 days.

All experiments were performed on cells between the first 
and third passage stimulated with LPS (MilliporeSigma), and 
the cells were treated with 0.25% trypsin (Invitrogen; Thermo 
Fisher Scientific, Inc.) for 1 min at 37˚C between passages. 
LPS was dissolved in ultrapure water at a stock concentration 
of 5 mg/ml according to the manufacturer's instructions. For 
LPS stimulation, chondrocytes were incubated in serum‑free 
DMEM containing LPS at 1, 5 and 10 µg/ml for 48 h at 37˚C. 
The blank group was incubated in serum‑free DMEM without 
LPS.

Cell Counting Kit (CCK)‑8 assay. The viability of the chon‑
drocytes was determined using CCK‑8 kit (Dojindo Molecular 
Technologies, Inc.). In brief, the chondrocytes were seeded into 
96‑well plates (Corning, Inc.) at a density of 1x104 cells/well for 
24 h, and subsequently treated with 0, 1, 5 and 10 µg/ml LPS 
for 48 h as aforementioned. The cells were cultured with 20 µl 
CCK‑8 solution (5 g/l) in PBS for another 2 h, and the optical 
density at 450 nm was measured on a microplate reader. Each 
group was assayed in triplicate.

Flow cytometry. For cell apoptosis analysis, LPS‑treated 
chondrocytes were seeded into 6‑well plates (Corning, Inc.) 
at a density of 1x105 cells/well for 24 h and were subsequently 
analyzed with flow cytometry using an Annexin V‑FITC 
apoptosis detection kit (Beyotime Institute of Biotechnology). 
The apoptotic cells were labelled according to the manu‑
facturer's protocol. In brief, the adherent and floating cells 
were harvested and washed twice with PBS three times. 
Subsequently, 100 µl cells of each group were stained in 
a binding buffer containing Annexin V‑FITC and PI for 
30 min at 4˚C in the dark. Fluorescence was analyzed with 
CytoFLEX LX flow cytometer (Beckman Coulter, Inc.) using 
CytExpert software (version 2.0; Beckman Coulter, Inc.). The 
blank group was treated with 0 µg/ml LPS, and the control 
groups were transfected with miR‑NC mimic or co‑trans‑
fected with miR‑200b mimic and pcDNA. For cell surface 
marker detection, cartilage cells on passage 1 were collected 
by 0.25% trypsin (Invitrogen; Thermo Fisher Scientific, 
Inc.) for 1 min at 37˚C, and washed with PBS three times; 
1x107 cells were resuspended in the binding buffer, followed 
by incubation with monoclonal antibodies against CD44 (cat. 
no. AF0105; 1:100; Beyotime Institute of Biotechnology) 
and CD151 (cat. no. FAB1884P; 1:100; R&D Systems China 
Co., Ltd.) conjugated to FITC or phycoerythrin for 30 min at 
room temperature in the dark. After washing with PBS once, 
these cells were analyzed with a FACScan flow cytometer 
(Becton‑Dickinson and Company), using CellQuest software 
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(version 5.1; Becton‑Dickinson and Company). The results 
were obtained from three independent experiments.

ELISA. ELISA was performed to measure the concentration 
of IL‑1β, IL‑6 and TNF‑α that were released in the culture 
supernatants. Chondrocytes without and with transfection 
were seeded into 24‑well plates (Corning, Inc.) for 24 h. 
After LPS (0, 1, 5 and 10 µg/ml) stimulation, the culture 
supernatants were collected to measure the inflammatory 
factor levels according to the manufacturer's instructions of 
each kit. The ELISA kits used were as follows: Human IL‑1β 
(cat. no. ab100562), human IL‑6 (cat. no. ab46027) and human 
TNF‑α ELISA kit (cat. no. ab46087), all from Abcam. Three 
independent experiments in triplicate were performed.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA from OA cartilages and LPS‑treated chondrocytes was 
isolated using TRIzol® reagent (Thermo Fisher Scientific, 
Inc.). Briefly, 300 ng total RNA was used to synthesize cDNA 
at 42˚C for 15 min using All‑in‑one MasterMix (Applied 
Biological Materials Inc.) for mRNA and Bestar™ qPCR 
RT kit for miRNA (DBI Bioscience). The amplification of 
cDNA was performed using SYBR® Premix Ex Taq Master 
Mix (Takara Bio, Inc.) or Bestar® SYBR Green qPCR Master 
Mix (DBI Bioscience) on the ABI PRISM 7500 Real‑time 
PCR System (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The thermocycling conditions were 40 cycles of 95˚C for 
15 sec, 60˚C for 60 sec and 95˚C for 15 sec. RNA expression 
was calculated using the 2‑ΔΔCq method (27). All primers were 
synthesized by Shanghai GenePharma Co., Ltd. and are listed 
in Table I. All experiments were performed at least in tripli‑
cate. The data are presented as fold change relative to control 
levels. GAPDH (for mRNA) or U6 (for miRNA) were used for 
normalization.

Cell transfection. The primary chondrocyte were seeded into 
six‑well plates (Corning, Inc.) at a density of 5x104 cells/well 
for 24 h prior to transfection, and 293T cells were pre‑seeded 
in 24‑well plate at a density of 5x103 cells/well. For overex‑
pression purposes, the coding domain sequence of FUT4 was 
inserted into pcDNA3.1 vector (Invitrogen; Thermo Fisher 
Scientific, Inc.), and equal amount of empty vector was used 
as negative control. miR‑200b mimic and its negative control 
miR‑NC mimic were purchased from Shanghai GenePharma 
Co., Ltd.. For knockdown purposes, anti‑miR‑200b and 
anti‑miR‑NC were provided by Shanghai GenePharma Co., 
Ltd.. Cell transfection was performed using Lipofectamine® 
3000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) in 
serum‑free DMEM at 37˚C for 6 h, and the culture medium 
was replaced with complete cell culture DMEM medium for 
48 h prior to further analysis. Briefly, 2 µg vectors and 30 nM 
oligonucleotides were transfected into cells in six‑well plate, 
and 20 ng vectors and 20 nM oligonucleotides were transfected 
in a 24‑well plate. After transfection for 48 h, chondrocytes 
were treated with 0 or 10 µg/ml LPS at 37˚C for another 48 h.

Dual‑luciferase reporter assay. Prediction of potential 
targets was performed using TargetScan software (version 
7.2; http://www.targetscan.org/vert_72/). The putative 
binding sites of hsa‑miR‑200b in the 3'‑untranslated region 

of FUT4 (FUT4 3'‑UTR) were mutated (FUT4‑MUT). 
Subsequently, the wild‑type FUT4 3'‑UTR (FUT4‑WT) and 
FUT4‑MUT were cloned into pMIR‑Luciferase Reporter 
Vector (Invitrogen; Thermo Fisher Scientific, Inc.). 293T 
cells (cat. no. CRL‑3216; American Type Culture Collection; 
1x104 cells/well) in the logarithmic growth phase were plated 
in 24‑well plates (Corning, Inc.), followed by co‑transfection 
with 20 nM miR‑200b/NC mimic and 20 ng FUT4‑WT/MUT 
using Lipofectamine® 3000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). After transfection for 48 h, the cells 
were collected to measure the relative luciferase activity 
using the Dual‑Luciferase® Reporter Assay System (Promega 
Corporation) with comparison with Renilla luciferase. All 
transfections were performed in triplicate.

RNA immunoprecipitation (RIP). Magna RIP™ RNA‑binding 
protein immunoprecipitation kit (EMD Millipore; cat. 
no. 17‑700) was used for RIP assay in chondrocyte extracts after 
transfection with miR‑200b/NC mimic. Immunoprecipitation 
of mRNAs were bound to 5 µl argonaute‑2 (Ago2; cat. 
no. 03‑110; EMD Millipore) or IgG (control; 03‑198; 
EMD Millipore) antibody. The immunoprecipitated mRNAs 
were isolated using TRIzol reagent (Thermo Fisher Scientific, 
Inc.) and FUT4 mRNA expression was measured via 
RT‑qPCR. All procedures were performed according to the 
manufacturer's protocol.

Western blotting. Total protein from LPS‑treated chon‑
drocytes was extracted using RIPA lysis buffer (Beyotime 
Institute of Biotechnology), and protein concentration was 
determined using a BCA Protein Assay kit (Pierce; Thermo 
Fisher Scientific, Inc.). A total of 20 µg of proteins/lane were 
resolved on SDS‑PAGE (12% gel), and transferred onto PVDF 
membranes (EMD Millipore). The membranes were blocked 
with 5% nonfat milk for 1 h at 25˚C, and subsequently incu‑
bated with primary antibodies overnight at 4˚C. The following 
primary antibodies were supplied by Abcam: Anti‑FUT4 
(1:500; cat. no. ab181461) and anti‑β‑actin (1:1,000; cat. 
no. ab8227). After incubation with HRP‑conjugated secondary 
antibodies against mouse (cat. no. A0216; 1:1,000; Beyotime 

Table I. Sequences of primers used in reverse transcription‑ 
quantitative PCR.

Gene Primer sequence (5'‑3')

miR‑200b F: GCTGCTGAATTCCATCTAATTTCCAAAAG 
 R: TATTATGGATCCGCCCCCAGGGCAATGGG 
FUT4 F: TCCTACGGAGAGGCTCAG 
 R: TCCTCGTAGTCCAACACG
U6 F: AACGCTTCACGAATTTGCGT 
 R: CTCGCTTCGGCAGCACA 
GAPDH F: GTCAACGGATTTGGTCTGTATT 
 R: AGTCTTCTGGGTGGCAGTGAT

miR‑200b, miRNA‑200b‑3p; FUT4, fucosyltransferase 4; U6, U6 
small nuclear RNA; F, forward; R, reverse.
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Institute of Biotechnology) or rabbit (cat. no. A0208; 1:1,000; 
Beyotime Institute of Biotechnology) at room tempera‑
ture for 1.5 h, the bands were visualized using an ECL kit 
(EMD Millipore) according to standard protocols. β‑actin 
was used as an internal standard to normalize protein levels 
analyzed on Image‑Pro Plus software (version 6.0; Media 
Cybernetics, Inc.). Western blotting of the same proteins was 
performed in triplicate.

Statistical analysis. Data are presented as the mean ± SD from 
three independent experiments. Statistical significance was 
determined using independent Student's t‑test for compari‑
sons between two groups and one‑way ANOVA followed by 
Tukey's post hoc test for comparisons among multiple groups. 
Data analysis was performed using GraphPad Prism v6.0 
(GraphPad Software Inc.). P<0.05 was considered to indicate a 
statistically significant difference.

Results

LPS‑induced inflammatory injury in knee articular chon‑
drocytes in vitro. In the present study, patients with OA 
and control patients were recruited for knee cartilage tissue 
isolation. OA cartilages were used for the separation of OA 
chondrocytes (Fig. S1), while normal chondrocytes were 
isolated from normal cartilages, followed by LPS treatment for 
the establishment of the OA model. Firstly, the cultured cells 
from normal cartilages were analyzed using surface markers 
of chondrocytes (CD44 and CD151) via flow cytometry. The 
results indicated that 83.2% of the cells were CD44+/CD151+ 
(Fig. S2), suggesting that the majority of the cells were chondro‑
cytes. Subsequently, a cell model of LPS‑induced chondrocyte 
injury in vitro was established and verified. Chondrocytes 
were exposed to LPS, and cell behaviors were measured. As 
presented in Fig. 1A, 5 and 10 µg/ml LPS induced a significant 
decrease in cell viability compared with control cells, while 
the apoptosis rate was increased from 6.9 to 16.7% (5 µg/ml 
LPS) and 26.3% (10 µg/ml LPS) (Fig. 1B and C). The release 
of IL‑1β, IL‑6 and TNF‑α was gradually upregulated by LPS 
in a concentration‑dependent manner (Fig. 1D‑F). Taken 
together, these results indicated that LPS reduced cell viability, 
but promoted apoptosis and pro‑inflammatory factor secre‑
tion in chondrocytes in a dose‑dependent manner, suggesting 
that LPS may mimic the inflammatory injury of OA in knee 
articular chondrocytes in vitro. Moreover, OA chondrocytes 
isolated from patients with OA also exhibited increased 
apoptosis and inflammatory response compared with control 
chondrocytes (Fig. S3A‑E).

miR‑200b expression is downregulated in OA cartilage and 
LPS‑treated chondrocytes. miR‑200b expression was detected 
using RT‑qPCR, and it was revealed that the level of miR‑200b 
was lower in cartilage samples isolated from patients with 
OA compared with that in normal patient samples (Fig. 2A). 
Consistently, LPS treatment altered miR‑200b expression 
level in chondrocytes, as 5 and 10 µg/ml LPS resulted in a 
significant decrease in miR‑200b level compared with that in 
the blank group (0 µg/ml LPS; Fig. 2B). These data indicated 
that miR‑200b expression was downregulated in patients with 
OA and LPS‑stimulated chondrocytes.

FUT4 expression is directly modulated by miR‑200b. Recently, 
FUT4 has been reported to be aberrantly upregulated in OA 
cartilage tissues (19), therefore we hypothesized that FUT4 
may serve an important role in knee articular chondrocytes. 
FUT4 was predicted by TargetScan to be a potential target 
of miR‑200b, and the potential binding sites are presented in 
Fig. 3A. To examine this hypothesis, dual‑luciferase reporter 
assay and RIP assay were subsequently conducted in miRNA 
mimic‑transfected 293T cells and primary chondrocytes, 
respectively. Transfection of miR‑200b mimic resulted in 
overexpression of miR‑200b in 293T cells (Fig. S4A), which 
significantly reduced the luciferase activity of FUT4‑WT, but 
not that of FUT4‑MUT compared with miR‑NC (Fig. 3B). In 
chondrocytes, miR‑200b mimic also induced higher expres‑
sion levels of miR‑200b compared with miR‑NC (Fig. S4B), 
which resulted in an enrichment of FUT4 mRNA in RIP‑Ago2 
immunoprecipitated complexes (Fig. 3C). Moreover, following 
co‑transfection of miR‑200b mimic with either FUT4‑WT 
or FUT4‑MUT, miR‑200b expression was highly induced, 
and FUT4 mRNA expression level was reduced compared 
with miR‑NC‑transfected cells (Fig. S4C and D). Therefore, 
these results suggested a direct binding relationship between 
miR‑200b and FUT4.

FUT4 is upregulated in injured cartilage tissues and 
chondrocytes, and modulated by miR‑200b. Subsequently, 
the expression of FUT4 was examined using both RT‑qPCR 
and western blotting. The expression of FUT4 at the mRNA 
(Fig. 4A) and protein level (Fig. 4B) was upregulated in 
patients with OA compared with control patients, as well as 
in LPS‑treated chondrocytes compared with control cells 
(Fig. 4C and D). Moreover, overexpression of miR‑200b via 
mimic transfection reduced and knockdown of miR‑200b via 
anti‑miR‑200b transfection increased the FUT4 protein expres‑
sion level in chondrocytes (Fig. 4E and F, respectively). The 
transfection efficiency of miR‑200b mimic and anti‑miR‑200b 
is presented in Fig. S4B. These results demonstrated that 
FUT4 was highly expressed in injured cartilage tissues and 
chondrocytes and it was negatively modulated by miR‑200b.

Restoring FUT4 levels partially reverses the miR‑200b‑in‑
duced protective effect in LPS‑induced inflammatory injury 
in chondrocytes in vitro. The roles of miR‑200b and FUT4 in 
the LPS‑induced OA model in chondrocytes were explored. 
The pcDNA‑FUT4 vector was used to overexpress FUT4 
in chondrocytes, and chondrocytes were transfected with 
miR‑200b mimic alone or together with pcDNA‑FUT4 vector 
or empty vector. FUT4 mRNA level was significantly upregu‑
lated in cells transfected with pcDNA‑FUT4 compared with 
those transfected with the empty vector (Fig. S4E). The down‑
regulation of FUT4 induced by miR‑200b overexpression was 
attenuated by transfection with pcDNA‑FUT4 (Fig. 5A). After 
cell treatment with 10 µg/ml LPS for 48 h, the apoptosis rate 
was decreased from 30.5 to 16.9% in chondrocytes transfected 
with miR‑200b mimic compared with those transfected with 
miR‑NC, while it was increased to 22.8% in cells transfected 
with pcDNA‑FUT4 (Fig. 5B). Moreover, the high level of IL‑1β, 
IL‑6 and TNF‑α in LPS‑treated chondrocytes was decreased 
by miR‑200b mimic transfection, while this suppression was 
reversed following FUT4 overexpression (Fig. 5C‑E). These 
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data demonstrated that miR‑200b protected chondrocytes 
from LPS‑induced inflammatory injury in vitro by inhibiting 
FUT4.

Discussion

OA is a degenerative joint disease and its effective treatments 
primarily include the relief of pain and inflammation (28). 
One key pathological feature of OA is articular cartilage 
degeneration, which is largely attributed to the apoptosis of 
chondrocytes (29). Statistics have revealed that ~10% of the 
population suffer from OA, especially the elderly (30). At 
present, the available treatments are often accompanied 
by severe side effects. Therefore, there is a requirement to 
develop therapies for OA by identifying novel target genes 
using patients with OA tissues and cells, as well as multiple 
stimuli‑induced OA models. In the present study, chondrocytes 
were isolated from healthy patients and patients with OA, and 
normal chondrocytes were subjected to LPS stimulation.

LPS‑induced inflammatory injury in chondrocytes has 
been widely studied (23,25). LPS has been reported to result 

in multiple organ damage by stimulating pro‑inflammatory 
cytokine secretion and inflammation‑related signaling path‑
ways (23). For example, Jia et al (4) revealed that LPS stimulation 
effectively attenuated cell viability, and increased apoptosis 
and the production of IL‑1β, IL‑6 and TNF‑α in knee articular 
chondrocytes ex vivo compared with LPS‑untreated chondro‑
cytes. Emerging evidence has indicated the involvement of 
non‑coding RNAs, including miRNAs and long non‑coding 
RNAs in ECM degeneration and chondrocyte reduction 
in LPS‑stimulated chondrogenic ATDC5 cells (31,32). For 
instance, overexpression of miR‑125b was revealed to inhibit 
the LPS‑induced inflammatory injury by suppressing MIP‑1α 
expression and NF‑κB and JNK signaling activation (4). On 
the contrary, high expression of miR‑146a has been indi‑
cated to aggravate the LPS‑induced inflammatory injury by 
downregulating CXCR4 and inhibiting the PI3K/AKT and 
Wnt/β‑catenin signaling pathways (24). In the present study, 
the expression levels and the role of miR‑200b in an OA model 
of inflammatory injury were investigated. The results indicated 
that miR‑200b was downregulated in OA cartilage tissues and 
LPS‑stimulated chondrocytes, which was in accordance with 

Figure 1. Inflammatory injury induced by LPS in knee articular chondrocytes. Knee articular chondrocytes were isolated from normal cartilage tissues, and 
subsequently exposed to LPS (0, 1, 5 and 10 µg/ml). (A) Cell viability was measured using Cell Counting Kit‑8 assay. (B) Apoptosis was detected by flow 
cytometry and (C) apoptosis rate was determined. The production of (D) IL‑1β, (E) IL‑6 and (F) TNF‑α was evaluated by ELISA. *P<0.05 vs. 0 µg/ml LPS. 
LPS, lipopolysaccharide.
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the finding of Wu et al (16). They proposed that miR‑200b 
might function as a repair factor for OA cartilage, because 
its upregulation suppressed the degradation of ECM in OA 
cartilage cells ex vivo, as indicated by the lower MMP and 
higher collagen II levels in miR‑200b mimic‑transfected 
cells compared with negative control‑transfected cells (16). 
Similarly, the present study demonstrated a suppressive role 
of miR‑200b in apoptosis and the inflammatory response 
in LPS‑treated chondrocytes in vitro. However, the role of 
miR‑200b in ECM degradation requires further investigation.

miR‑200b is considered to function as a regulatory factor of 
cell proliferation and motility in a number of types of cancer. 
For example, the epithelial‑mesenchymal transition and tumor 
growth of glioma were suppressed by miR‑200b overexpres‑
sion via downregulating ERK5 expression (33). Moreover, 
miR‑200b downregulation by low p73 has been indicated to 
promote androgen independence in prostate cancer cells (34). 
Nevertheless, few studies have investigated the potential func‑
tions of miR‑200b in OA pathogenesis. Additional evidence is 
required to verify the role of miR‑200b in vivo.

In the present study, overexpression of FUT4 was revealed 
to inhibit the miR‑200‑mediated protective effect in knee 
articular chondrocyte injury in vitro. DNA (cytosine‑5)‑meth‑
yltransferase 3A and FUT4 have been identified as 
downstream target genes of miR‑200b (16). FUT4 belongs to 
the fucosyltransferase family, which is a group of fucosylation 
synthases (21). It has been reported that FUTs are associated 
with signal transduction, inflammation, tumor progression and 
metastasis. For example, FUTs have been reported to mediate 
multidrug resistance in human hepatocellular carcinoma via 
the PI3K/AKT signaling pathway (18). In arthritis, FUT1 
and FUT7 were upregulated in RA synovial fibroblast cells 
and fluid, respectively (19,20). FUT1 and FUT2 have been 
demonstrated to mediate angiogenesis and inflammatory cell 
adhesion in RA. However, to the best of our knowledge, FUTs 
in OA have not been widely studied with the exception of one 
study. According to the results of Hu et al (21), the expression 
profile of FUT genes in healthy and OA human cartilage tissues 
was unraveled, and the expression level of FUT4, FUT1, FUT2 
and FUT3 was notably increased in OA tissues. According 

Figure 2. miR‑200b expression is downregulated in patients with OA and LPS‑induced chondrocytes. (A) Expression level of miR‑200b in cartilage samples 
isolated from normal control patients (n=14) and patients with OA (n=14). *P<0.05 vs. control. (B) Expression level of miR‑200b in LPS‑treated normal 
chondrocytes isolated from control patients. *P<0.05 vs. 0 µg/ml LPS. LPS, lipopolysaccharide; miR‑200b, microRNA‑200b‑3p; OA, osteoarthritis.

Figure 3. FUT4 is negatively regulated by miR‑200b via direct binding. (A) The putative binding sites of miR‑200b in FUT4 3'‑UTR were predicted, and 
luciferase reporter vectors containing the FUT4‑WT or FUT4‑MUT were constructed. (B) Luciferase assay in 293T cells co‑transfected with FUT4‑WT or 
FUT4‑MUT and miR‑200b mimic or miR‑NC. (C) Reverse transcription‑quantitative PCR following RIP assay was used to detect the mRNA expression 
level of FUT4 in RIP‑Ago2 and IgG‑RIP‑IgG in chondrocytes transfected with miR‑200b or miR‑NC. *P<0.05 vs. miR‑NC. miR‑200b, microRNA‑200b‑3p; 
FUT4, fucosyltransferase 4; NC, negative control; RIP, RNA immunoprecipitation; WT, wild‑type, MUT, mutant; UTR, untranslated region; Ago2, argonaute‑2.
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Figure 5. Role of FUT4 and miR‑200b in LPS‑induced chondrocyte injury in vitro. (A) Western blotting was used to examine FUT4 expression in normal chon‑
drocytes transfected with miR‑NC or miR‑200b or co‑transfected with miR‑200b and a vector carrying FUT4 or empty vector. After exposure with 10 µg/ml 
LPS for 48 h (B) the apoptosis rate and the production of (C) IL‑1β, (D) IL‑6 and (E) TNF‑α were examined by flow cytometry and ELISA, respectively. 
*P<0.05 as indicated. FUT4, fucosyltransferase 4; NC, negative control; LPS, lipopolysaccharide; miR‑200b, microRNA‑200b‑3p.

Figure 4. Expression of FUT4 in OA tissues and LPS‑induced chondrocytes. (A) FUT4 mRNA and (B) protein level in cartilage samples was detected by 
RT‑qPCR and western blotting. *P<0.05 vs. control tissues. (C) RT‑qPCR and (D) western blotting was used to measure FUT4 levels in LPS‑stimulated 
chondrocytes isolated from normal cartilages. *P<0.05 vs. 0 µg/ml LPS. Western blotting was used to examine FUT4 expression in normal chondrocytes 
transfected with (E) miR‑NC or miR‑200b and (F) anti‑miR‑NC or anti‑miR‑200b. *P<0.05 vs. the respective NC. FUT4, fucosyltransferase 4; NC, negative 
control; RT‑qPCR, reverse transcription‑quantitative PCR; OA, osteoarthritis; LPS, lipopolysaccharide; miR‑200b, microRNA‑200b‑3p.
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to the findings of the present study, FUT4 expression at the 
mRNA and protein level was increased in OA cartilage tissues 
and LPS‑treated chondrocytes compared with control tissues 
and cells, respectively. Functionally, overexpression of FUT4 
attenuated the miR‑200b‑induced suppressive effects on the 
apoptosis rate and the expression level of IL‑1β, IL‑6 and 
TNF‑α in LPS‑treated chondrocytes.

In consideration of the protective role of miR‑200b overex‑
pression in injured chondrocytes, including OA chondrocytes 
ex vivo (16) and LPS‑stimulated chondrocytes in vitro (from 
the results of the current study), miR‑200b may be a cartilage 
repair gene in OA. The findings of the current study suggested 
that miR‑200b may be a potential candidate to improve 
chondrocyte viability in knee OA by affecting apoptosis and 
inflammatory response of injured chondrocytes, as well as 
ECM degeneration, which is indicated by a previous study (35). 
In the future, additional studies should be performed to explore 
the signaling pathways of the miR‑200b/FUT4 axis involved in 
the progression of chondrocyte injury, such as the NF‑κB (21) 
and MAPK/ERK (16) pathway.

Collectively, the present study demonstrated that miR‑200b 
was downregulated in cartilage tissues from patients with OA, 
and upregulating miR‑200b attenuated LPS‑induced apoptosis 
and inflammatory response in knee articular chondrocytes 
in vitro via targeting FUT4.
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