EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 1693-1701, 2020

LncRNA MIR4435‑2HG inhibits the progression of
osteoarthritis through miR‑510‑3p sponging
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Abstract. Osteoarthritis (OA) is a disorder of diarthrodial
joints that can have multiple causes. Long non‑coding RNAs
(lncRNAs) participate in multiple diseases, including OA.
It has recently been reported that the lncRNA microRNA
4435‑2HG (MIR4435‑2HG) is downregulated in OA tissues;
however, the biological role of MIR4435‑2HG during OA
progression remains unclear. In the present study, interleukin
(IL)‑1β was used to establish an in vitro model of OA. Protein
expressions of matrix metallopeptidase (MMP) 1, MMP13,
collagen II, interleukin (IL)‑17A, p65, phosphorylated (p)‑p65,
Iκ B and p‑Iκ B in CHON‑001 cells were detected by western
blotting. Gene expressions of IL‑17A, MIR4435‑2HG and
miR‑510‑3p in tissues or CHON‑001 cells were measured by
reverse transcription‑quantitative PCR and western blotting,
respectively. Cell Counting Kit‑8 assay and immunofluorescence staining were used to investigate cell proliferation, and
cell apoptosis was detected by flow cytometry. The association
between MIR4435‑2HG, miR‑510‑3p and IL‑17A was investigated using the dual luciferase report assay. MIR4435‑2HG
and miR‑510‑3p overexpression were transfected into
CHON‑001 cells. The results demonstrated that miR4435‑2HG
overexpression significantly increased proliferation and inhibited apoptosis of CHON‑001 cells. In addition, miR‑510‑3p
was identified as the downstream target of MIR4435‑2HG,
and miR‑510‑3p directly targeted IL‑17A. The results from the
present study suggested that MIR4435‑2HG could mediate the
progression of OA by inactivating the NF‑κ B signaling
pathway. In addition, miR4435‑2HG overexpression
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inhibited OA progression, suggesting that miR4435‑2HG may
be considered as a potential therapeutic target in OA.
Introduction
Osteoarthritis (OA) affects ~50 million adults in China, and
the currently available treatment strategies only manage
pain (1,2). OA leads to the breakdown and gradual loss of
joint cartilage, triggering debilitating pain and subsequent
disability (3). The disease mainly affects the aging population,
and >37% of individuals aged 60 years or older are affected
by OA (4). At present, arthroscopic surgery and painkiller
therapy are the main treatment options for OA; however, these
treatment strategies result in 36,000,000 ambulatory care
visits and 750,000 hospitalizations annually (5,6), leading to
a high socioeconomic burden (7). Identifying new treatment
strategies for OA is therefore important.
An increasing number of studies repor ted that
non‑coding RNAs (ncRNAs) are possible mediators of cell
proliferation (8,9). ncRNAs are defined as transcripts of >200
nucleotides in length with limited or no protein‑coding capacity,
which are referred to as long non‑coding RNAs (lncRNAs) (10).
lncRNAs serve crucial roles in multiple diseases (11). For
example, Jiang et al (12) reported that the lncRNA heart and
neural crest derivatives expressed 2‑antisense RNA1 inhibits
5‑fluorouracil resistance by modulating the microRNA
(miR)‑20a/programmed cell death 4 axis in colorectal cancer.
Furthermore, Li et al (13) reported that the Pvt1 oncogene
regulates chondrocyte apoptosis in OA by acting as a
miR‑488‑3p sponge. In addition, Xiao et al (14) demonstrated
that the lncRNA MIR4435‑2HG is downregulated in OA and
can mediate chondrocyte proliferation and apoptosis. However,
the role of miR4435‑2HG during the progression of OA remains
unknown. The present study aimed therefore to investigate the
biological function of MIR4435‑2HG in OA in vitro.
Materials and methods
Tissue collection. OA cartilage tissues (taken from patients
with OA) and normal cartilage tissues (n=20 in each group)
were collected from patients at the Second Affiliated Hospital
of Inner Mongolia Medical University between February 2019
and June 2019. Clinicopathological characteristics were also
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collected from these patients who provided written informed
consent. Patients were diagnosed with OA according to The
American College of Rheumatology classification criteria for
the diagnosis of OA (15). The present study was approved by
the Institutional Ethical Committee of the Second Affiliated
Hospital of Inner Mongolia Medical University. Patient characteristics are presented in Table I. Normal tissues were collected
from patients who have suffered from traffic accidents. These
patients provided written informed consent. Collected tissues
were stored at ‑80˚C until further use.
Cell culture. The human chondrocyte cell line CHON‑001 and
293T cells were obtained from the American Type Culture
Collection. Cells were cultured in RPMI‑1640 medium
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific,
Inc.) and 2 mM glutamine (Sigma‑Aldrich; Merck KGaA)
andplaced at 37˚C in a humidified incubator containing 5%
CO2. CHON‑001 cells were treated with 10 ng/ml interleukin
(IL)‑1β (Sigma‑Aldrich; Merck KGaA) at room temperaturefor 24 h to generate an in vitro model of OA (16). The
nuclear factor κ B (NF‑κ B) inhibitor BAY 11‑7085 (10 µM)
was purchased from MedChemExpress.
Cell transfection. 293T cells (5x106/well) were transfected
with 1 µg/µl pLVX‑IRES‑Puro‑MIR4435‑2HG overexpression (OE) vector or pLVX‑IRES‑Puroempty vector (both from
Shanghai GenePharma Co., Ltd.) using Lipofectamine® 3000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. The helper packaging vectors
(pLP/VSVG, pLP1 and pLP2) were obtained from Invitrogen,
Thermo Fisher Scientific, Inc., and used at a concentration of
1 µg/µl. After transfection, cells were incubated at 32̊C for
48 h. Subsequently, the 293T lentiviral supernatant containing
the retroviral particles, was collected following centrifugation
at 4˚C, 956 x g for 15 min.
For transduction, supernatant was passed through a 45‑µm
filter (Costar; Corning, Inc.) to obtain viral particles, which
were then added to CHON‑001 cells. After transduction for
48 h, cells were selected with puromycin (Sigma‑Aldrich;
Merck KGaA). The knockdown efficiency was verified by
reverse transcription‑quantitative PCR (RT‑qPCR).
RT‑qPCR. Total RNA was extracted from tissues or
CHON‑001 cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's
protocol. Total RNA was reverse transcribed into cDNA using
the PrimeScript RT reagent kit (Takara Bio, Inc.) according
to the manufacturer's protocol. Subsequently, RT‑qPCR was
performed using the SYBR premix Ex Taq II kit (Takara
Bio, Inc.) according to the manufacturer's protocol. All
reactions were performed in triplicate as follows: 2 min
at 94̊C, followed by 35 cycles at 94̊C for 30 sec and 55̊C
for 45 sec. The sequences of the primes used for RT‑qPCR
were as follows: MIR4435‑2HG forward, 5'‑GGAAGTG GT
GGCTATGAGTCAG‑3' and reverse, 5'‑TGTCAAT TTGAA
ACTTAAA AAGCAG‑3'; IL‑17A forward, 5'‑CTACAACCG
ATCCACC TCACC‑3' and reverse, 5'‑AGCCCACGGACA
CCAGTATC‑3'; β‑actin forward, 5'‑GTCCACCGCAAATGC
TTCTA‑3' and reverse, 5'‑TGCTGTCACCTTCACCGTTC‑3';

U6 forward, 5'‑CTCG CT TCG G CAG CACAT‑3' and reverse
5'‑AACG CTTCACGAATTTGCGT‑3'. miRNA and mRNA
expression levels were quantified using the 2-ΔΔCq method (17)
and normalized to the internal reference genes β‑actin or U6.
Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay
(Beyotime Institute of Biotechnology) was used to assess
cell proliferation according to the manufacturer's protocol.
CHON‑001 cells were plated in 96‑well plates at a density of
5x103 cells/well and treated for 0, 24, 48 or 72 h at 37˚C. The
cells were cultured with 10 ng/ml IL‑1β alone, MIR4435‑2HG
OE lentivirus alone, or both (IL‑1β + MIR4435‑2HG OE).
Subsequently, CHON‑001 cells were incubated with 10 µl
CCK‑8 reagent for 2 h at 37˚C. The absorbance was measured
at a wavelength of 450 nm using a microplate reader (Thermo
Fisher Scientific, Inc.).
Western blotting. Total protein was extracted from cell lines
using RIPA lysis buffer (Beyotime, Institute of Biotechnology).
Total protein was quantified using abicinchoninic acid protein
kit (Thermo Fisher Scientific, Inc.). Protein (40 µg per lane) was
separated by SDS‑PAGE on 10% gels and transferred to PVDF
membranes (Thermo Fisher Scientific, Inc.). Subsequently,
the membranes were blocked with 5% skimmed milk in
TBST for 1 h at room temperature. The membranes were
incubated overnight at 4̊C with primary antibodies against
collagen II (cat. no. ab239007), matrix metalloproteinase
(MMP)‑1 (cat. no. ab118973), MMP13 (cat. no. ab219620),
IL‑17A (cat. no. ab136668), p65 (cat. no. ab16502), inhibitor
of κ B (Iκ B; cat. no. ab109330), p‑p65 (cat. no. ab6503),
p‑Iκ B (cat. no. ab225650) and β‑actin (cat. no. ab179467). All
primary antibodies were purchased from Abcam and diluted at
1:1,000. Following primary incubation, membranes were incubated with HRP‑conjugated secondary antibodies (Abcam;
cat. no. ab20272, 1:5,000) for 1 h at room temperature. Protein
bands were visualized using the ECL kit (Thermo Fisher
Scientific, Inc.). β‑actin was used as the loading control. The
Image‑Pro Plus version 6 0 software was used for densitometry
analysis.
Immunofluorescence. CHON‑001 cells were cultured in
24‑well plates overnight at the density of 5x10 4 cells/well.
Cells were pre‑fixed with 4% paraformaldehyde at room
temperature for 10 min and fixed in pre‑cooled methanol at
4˚C for another 10 min. Subsequently, cells were incubated
overnight at 4̊C with a primary antibody against Ki67
(1:1,000; cat. no. ab270650; Abcam). Following primary
incubation, cells were incubated with a goat anti‑rabbit IgG
(HRP‑conjugated) antibodies (1:5,000; ab125900, Abcam) at
room temperature for 1 h. Cells were observed using a CX23
fluorescence microscope (magnification, x200; Olympus
Corporation).
Cell apoptosis analysis. CHON‑001 cells were seeded in
6‑well plates at a density of 5x104 cells/well and cultured for
48 h. CHON‑001 cells were centrifuged at 15 x g for 5 min
(at 4˚C), and the pellet was resuspended in 100 µl binding
buffer. Subsequently, 5 µl Annexin V‑fluorescein isothiocyanate and 5 µl propidium iodide were added to the cells for
15 min at 4˚C. Samples were analyzed by flow cytometry
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Table I. Clinical characteristics of patients with osteoarthritis and healthy controls.
Clinical characteristics

Healthy, n

Patients, n

P‑value

Age, years
48±8
52±10
0.786
Sex			
Male
17
18
0.821
Female
13
12
0.678
BMI, kg/m2
23.7±2.1
24.1±2.5
0.788
BMI, Body Mass Index.

Figure 1. MIR4435‑2HG was downregulated in OA tissues. (A) Expression levels of MIR4435‑2HG in human OA tissues or normal tissues were detected using
RT‑qPCR. β‑actin was used as an internal control. (B) Expression levels of miR‑510‑3pin OA and normal tissues were detected using RT‑qPCR. U6 was used
as an internal control. **P<0.01 vs. normal group. OA, osteoarthritis; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR.

(BD Biosciences) and apoptotic cells were analyzed using
the WinMDI software version 2.9 (Invitrogen; Thermo Fisher
Scientific, Inc.).
Downstream target genes prediction. Downstream target
genes of MIR4435‑2HG were predicted by using the
publicly available program Starbase 2.0 (http://starbase.
sysu.edu.cn/). In addition, miR‑526b‑3p targeted gene
prediction was performed using two publicly available
programs, TargetScan 7.2 (www.targetscan.org/vert_71/) and
miRDB 4.0 (www.mirdb.org). The results obtained from
Starbase were considered to be the downstream target genes
of MIR4435‑2HG. The resulting data of TargetScan 7.2 and
miRDB 4.0 were selected as the direct gene of miR‑526b‑3p.
Dual luciferase reporter assay. The partial sequences of
MIR4435‑2HG and the IL‑17A 3'‑untranslated region (UTR)
containing the putative binding sites of miR‑510‑3p were
provided by Sangon Biotech Co., Ltd. The sequences were
cloned into the pmirGLO Dual‑Luciferase miRNA Target
Expression Vectors (Promega Corporation) to construct
wild‑type (WT) reporter MIR4435‑2HG and IL‑17A
vectors. The mutant (MUT) MIR4435‑2HG sequence and

IL‑17A 3'‑UTR containing the putative binding sites of
miR‑510‑3p were generated using the Q5 Site‑Directed
Mutagenesis kit (New England Biolabs, Inc.) according
to the manufacturer's protocol. The aforementioned MUT
sequences were cloned into pmirGLO vectors to construct
MUT reporter MIR4435‑2HG and IL‑17A vectors. The
WT or MUT MIR4435‑2HG vectors were transfected into
CHON‑001 cells together with control (untransfected cells),
10 nM vector‑control (pcDNA‑3.1 vector, Beyotime) or 10 nM
miR‑510‑3p mimic using Lipofectamine ® 2000 reagent
(Thermo Fisher Scientific, Inc.) for 48 h, according to the
manufacturer's instructions (blank group means untransfected cells; vector control group means cells transfected with
pcDNA‑3.1 vector). The sequence of the miR‑510‑3p mimic
was as follows: 5'‑AAUCCUU UGUCCCUGG GUGAGA‑3'.
The sequence of mimic negative control was as follows:
5'‑UCACAACCUCCUAGAA AGAGUAGA‑3'. Similarly, the
WT and MUT IL‑17A vectors were transfected into 293T cells
together with control, vector‑control or miR‑510‑3p mimics
using Lipofectamine 2000 for 48 h. Relative luciferase activities were detected using a Dual‑Glo Luciferase assay system
(Promega Corporation). The data were normalized to Renilla
luciferase activity.
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Figure 2. Establishment of an in vitro model of osteoarthritis. CHON‑001 cells were treated with 10 ng/ml IL‑1β for 24 h. (A) Expressions of MMP1, MMP13
and collagen II in CHON‑001 cells were detected by western blotting. (B) Relative protein expression of MMP1 was normalized to β‑actin. (C) Relative protein
expression of MMP13 was normalized to β‑actin. (D) Relative protein expression of collagen II was normalized to β‑actin. **P<0.01 vs. control. MMP, matrix
metalloproteinase; IL‑1β. IL, interleukin.

Figure 3. MIR4435‑2HG OE promoted the growth of IL‑1β‑treated CHON‑001 cells. Cells were treated with empty vector (control), IL‑1β, MIR4435‑2HG OE
vector or IL‑1β+ MIR4435‑2HG OE. (A) Expression of MIR4435‑2HG in CHON‑001 cells was detected by reverse transcription‑quantitative PCR. (B) OD
values were measured in CHON‑001 cells after0, 24 and 48 h using Cell Counting Kit‑8 assay. (C and D) Proliferation of CHON‑001 cells was assessed by
Ki‑67 staining. Red immunofluorescence indicated Ki‑67. Blue immunofluorescence indicated DAPI. (E and F) CHON‑001 cells were doubled stained with
Annexin V and PI. Cell apoptosis was measured by flow cytometry. **P<0.01 vs. control; ##P<0.01 vs. IL‑1β. OE, overexpression; IL, interleukin; PI, propidium
iodide; OD, optical density.

Statistical analysis. Data were presented as the means ± standard deviation. Comparison between two groups was analyzed
by the Student's t‑test. Multi‑group comparison was analyzed
using one‑way ANOVA followed by Tukey's post hoc test.
Statistical analysis was conducted using GraphPad Prism
version 7 (GraphPad Software, Inc.). P<0.05 was considered to
indicate a statistically significant difference.
Results
MIR4435‑2HG is downregulated andmiR‑510‑3p is upregu‑
lated in OA tissues. Expression levels of MIR4435‑2HG and

miR‑510‑3p were determined in OA and normal tissues using
RT‑qPCR. As indicated in Fig. 1A, MIR4435‑2HG expression level was significantly downregulated in OA tissues
compared with normal tissues. However, the expression level
of miR‑510‑3p was significantly up regulated in OA tissue
compared with normal tissue (Fig. 1B).
Establishment of an in vitro model of OA. To establish an
in vitro model of OA, CHON‑001 cells were treated with
10 ng/ml IL‑1β (Fig. 2). The expression of MMP1 and MMP13
in CHON‑001 cells was significantly increased following
IL‑1β treatment. However, the expression of collagen II was
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Figure 4. MIR4435‑2HG OE downregulated MMP1 and MMP13 and upregulated collagen II in IL‑1β‑treated CHON‑001 cells. (A) Protein expression of
MMP‑1, MMP13 and collagen II in CHON‑001 cells was detected by western blotting. (B) Relative protein expression of MMP1 was normalized to β‑actin.
(C) Relative protein expression of MMP13 was normalized to β ‑actin. (D) Relative protein expression of collagen II was normalized to β ‑actin. **P<0.01
vs. control; ##P<0.01 vs. IL‑1β. OE, overexpression; IL, interleukin; MMP, matrix metalloproteinase.

significantly decreased in CHON‑001 cells. Since these three
proteins are key markers of OA (18), the results suggested that
the in vitro model of OA had been successfully established.
MIR4435‑2HG OE significantly promotes the proliferation
of CHON‑001 cells treated with IL‑1β. To investigate the
gene expression, RT‑qPCR was performed (Fig. 3A). The
expression level of MIR4435‑2HG in CHON‑001 cells was
significantly decreased following IL‑1β treatment (Fig. 3A).
However, MIR4435‑2HG expression was increased following
transfection with MIR4435‑2HG OE, which reversed the
inhibitory effect of IL‑1β. MIR4435‑2HG may therefore act as
an OA suppressor. In addition, the results from CCK‑8 assay
demonstrated that MIR4435‑2HG OE significantly increased
CHON‑001 cell proliferation; however, IL‑1β significantly
inhibited the proliferation of CHON‑001 cells (Fig. 3B).
Thus, MIR4435‑2HG OE reversed the inhibiting effect of
IL‑1β on cell proliferation. Similarly, the Ki‑67‑positive rate
of CHON‑001 cells was significantly decreased by IL‑1β,
which was reversed by MIR4435‑2HG OE (Fig. 3C and D).
Furthermore, IL‑1β significantly increased CHON‑001

cell apoptosis; however, MIR4435‑2HG OE inhibited the
pro‑apoptotic effect of IL‑1β treatment on CHON‑001 cells
(Fig. 3E and F). Taken together, these results indicated that
MIR4435‑2HG OE may significantly enhance the proliferation
of CHON‑001 cells following treatment with IL‑1β.
MIR4435‑2HG OE downregulates MMP1 and MMP13
expression and upregulates collagen II expression in
IL‑1β‑treated CHON‑001 cells. Western blotting was used to
detect protein expression in CHON‑001 cells. MIR4435‑2HG
OE significantly decreased the expression of MMP1 and
MMP13 and upregulated the protein expression of collagen
II in IL‑1β ‑treated CHON‑001 cells, compared with IL‑1β
treatment alone (Fig. 4).
MIR4435‑2HG OE significantly suppresses the progres‑
sion of OA via the miR‑510‑3p/IL‑17A axis. To explore the
underlying mechanism of MIR4435‑2HG in OA progression
in vitro, Starbase, Targetscan, miRDB predictions were used
together with a dual luciferase reporter assay. According to
Starbase predictions, miR‑510‑3p was identified as a potential

1698

LIU et al: LNCRNA MIR4435-2HG INDIRECTLY TARGETS IL-17A

Figure 5. MIR4435‑2HG OE significantly suppressed the progression of OA via the miR‑510‑3p/IL‑17A axis. (A) Gene structure of MIR4435‑2HG at the
position of 1467‑1473 indicated the predicted target site of miR‑510‑3p in its 3'UTR, with a sequence of GACAATC. (B) Luciferase activity was measured in
CHON‑001 cells following co‑transfection with WT/MT MIR4435‑2HG 3'‑UTR plasmid and miR‑510‑3p with the dual luciferase reporter assay. (C) Gene
structure of IL‑17A at the position of 724‑731 indicated the predicted target site of miR‑510‑3p in its 3'UTR, with a sequence of GUUAGUU. (D) Luciferase
activity was measured in CHON‑001 cells following co‑transfection with WT/MT IL‑17A 3'‑UTR plasmid and miR‑510‑3p with the dual luciferase reporter
assay. (E) Gene expression of IL‑17A in CHON‑001 cells was detected by RT‑qPCR. (F) Gene expression of miR‑510‑3p in CHON‑001 cells was detected
by RT‑qPCR. (G) Gene expression of IL‑17A in CHON‑001 cells was detected by RT‑qPCR. **P<0.01 vs. control. OE, overexpression; IL, interleukin; miR,
microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; WT, wildtype; MT, mutant; UTR, untranslated region; NC (empty vector), negative control.

downstream target of miR4435‑2HG. Furthermore, IL‑17A
was likely to be a potential target of miR‑510‑3p according
to the Targetscan and miRDB databases (Fig. 5A‑D). Since
previous studies reported that IL‑17A serves a key role in
the progression of OA (19,20), IL‑17A was also considered
as a direct target of miR‑510‑3p in the present study. The
aforementioned results were further verified by RT‑qPCR
(Fig. 5E). Expression of miR‑510‑3p was not altered by MI
miR4435‑2HG OE in CHON‑001 cells (Fig. 5F). However,
the expression of IL‑17A in CHON‑001 cells was significantly decreased in the presence of miR‑510‑3p mimics
(Fig. 5G). Taken together, these results suggested that
MIR4435‑2HG may inhibit OA via the miR‑510‑3p/IL‑17A
axis.
MIR4435‑2HG OE suppresses OA via regulation of
miR‑510‑3p/IL‑17A axis and NF‑ κ B signaling pathway.

To further investigate the underlying mechanism of
MIR4435‑2HG in OA progression, western blotting was
performed. The expression of IL‑17A in CHON‑001 cells was
significantly inhibited following treatment with IL‑1β, and
MIR4435‑2HG OE partially reversed IL‑1β‑mediated effects
on IL‑17A expression (Fig. 6A and B). MIR4435‑2HG OE
alone also significantly enhanced the expression of IL‑17A in
CHON‑001 cells. Furthermore, IL‑1β significantly increased
p‑p65 and p‑Iκ B expression in CHON‑001 cells. However,
IL‑1β‑induced effects on NF‑κ B signaling pathway were significantly suppressed by MIR4435‑2HG OE (Fig. 6A, C and D). In
addition, the NF‑κ B inhibitor BAY 11‑7085 further enhanced the
inhibitory effect of MIR4435‑2HG OE on NF‑κ B signaling
pathway (Fig. 6E‑G). These results demonstrated that
MIR4435‑2HG OE significantly suppressed the progression
of OA via the miR‑510‑3p/IL‑17A axis and by inactivating the
NF‑κ B signaling pathway.
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Figure 6. MIR4435‑2HG OE suppressed OA progression via the miR‑510‑3p/IL‑17A axis and inactivation of the nuclear factor‑κ B signaling pathway.
CHON‑001 cells were treated with IL‑1β, MIR4435‑2HG OE vector or IL‑1β+ MIR4435‑2HG OE. Then, (A) protein expression of IL‑17A, p‑p65, p65,
p‑Iκ B and Iκ B in CHON‑001 cells was measured by western blotting. (B) Relative protein expression of IL‑17A was normalized to β ‑actin. (C) Relative
protein expression of p‑p65 was normalized to p65. (D) Relative protein expression of p‑Iκ B was normalized to Iκ B. (E) CHON‑001 cells were treated with
IL‑1β, IL‑1β+ MIR4435‑2HG OE or IL‑1β+ MIR4435‑2HG OE + BAY‑11‑7085. Then, protein expression of p‑p65, p65, p‑Iκ B and Iκ B in CHON‑001 cells
were measured by western blot. (F) Relative protein expression of p‑p65 was normalized to p65. (G) Relative protein expression of p‑Iκ B was normalized to
Iκ B. **P<0.01 vs. control; ##P<0.01 vs. IL‑1β; ^P<0.05, ^^P<0.01 vs. IL‑1β+MIR4435‑2HG OE. OE, overexpression; OA, osteoarthritis, miR; microRNA; IL,
interleukin; Iκ B, inhibitor of κ B.

Discussion
Previous studies suggested that certain lncRNAs are involved
in the pathology of OA (21,22). The present study demonstrated that MIR4435‑2HG was significantly downregulated
in IL‑1β‑treated CHON‑001 cells. Similarly, Wang et al (16)
indicated that the expression of lncRNA‑recombination signal
binding protein for immunoglobulin κ J region (RBPJ, previously known as CBF1) interacting corepressor displayed an
inhibitory role during OA progression. In addition, a recent
study reported that the inflammatory response plays an important role during the progression of OA (23). Tan et al (24)
demonstrated that IL‑1β serves a key role in the progression of OA. Furthermore, IL‑1β enhances injury in arthritic
cartilage and increases the expression of matrix‑degradation
proteins (25). These studies indicated that low expression of
MIR4435‑2HG was associated with the development of OA.
Collagen II, MMP1 and MMP13 are cartilage matrix
components (26,27). Inhibition of collagen II and upregulation of MMP13 and MMP1 could lead to the progression
of OA (28‑30). In the present study, in vitro experiments
were performed to further explore the biological role of
MIR4435‑2HG during OA progression. CHON‑001 cell proliferation was inhibited by IL‑1β. In addition, MIR4435‑2HGOE
significantly decreased the expression of MMP1 and MMP13
and increased the expression of collagen II in IL‑1β‑treated

CHON‑001 cells. These results were consistent with previous
studies indicating that MIR4435‑2HG OE attenuates the
progression of OA by modulating the expression of MMP1,
MMP13 and collagen II.
The mechanism underlying MIR4435‑2HG‑mediated
inhibition of OA progression in vitro was also investigated. A
dual luciferase reporter assay indicated that miR‑510‑3p was
the downstream target gene of MIR4435‑2HG. miRNAs are
highly conserved ncRNAs that display versatile biological
functions (31‑33). Lei et al (34) reported that the lncRNA
small nucleolar RNA host gene 1 could inhibit IL‑1β ‑induced
OA by inhibiting miR‑16‑5p‑mediated p38/MAPK and
NF‑κ B signaling pathway. In addition, the lncRNA metastasis associated lung adenocarcinoma transcript 1 promotes
the progression of OA by regulating themiR‑150‑5p/
AKT3 axis (35). However, the function of miR‑510‑3p in
OA remains unclear. The present study demonstrated that
miR‑510‑3p may promote OA progression. These findings
were similar to previous studies (36,37), demonstrating
that MIR4435‑2HG can inhibit the progression of OA by
sponging miR‑510‑3p.
It has been reported that miRNAs exert their function by
binding to target genes (38,39). To explore the underlying mechanism of miR‑510‑3p in the development of OA, the TargetScan
database was used for prediction of miR‑510‑3p target genes, and
IL‑17A was identified as a direct target of miR‑510‑3p. IL‑17A
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is an important immune regulator secreted by Th17 cells (40). It
has been reported that IL‑17A servesakey role in the pathogenesis of autoimmune diseases (41). In addition, IL‑17A deficiency
increases susceptibility to multiple diseases through STAT5
phosphorylation (42). In the present study, a luciferase reporter
assay also identified IL‑17A as a direct target gene of miR‑510‑3p.
In addition, IL‑1β treatment significantly decreased the expression of IL‑17A in CHON‑001 cells, which suggested that IL‑17A
may act as an OA suppressor. Zhang et al (43) reported that
IL‑17A upregulation could be involved in inflammatory arthritis
by acting as an inhibitor, which was similar to the results from
the present study, suggesting therefore that IL‑17A may be
considered as a key regulator during OA. Taken together, the
inhibition of IL‑1β‑induced CHON‑001 cell damage occurred by
upregulating the expression of IL‑17A.
NF‑ κ B signaling is a key regulator in multiple
diseases (44,45). NF‑κB is an evolutionarily conserved transcription factor that controls the expression levels of various cytokines
and adhesion molecules, and is involved in responses to infection, stress and damage (46). p65 is an important downstream
protein of NF‑κB (47). Activation of NF‑κB results in nuclear
translocation, which is regulated by the targeted phosphorylation and subsequent degradation of Iκ B (48). In the present
study, MIR4435‑2HG OE inactivated NF‑κB signaling pathway,
suggesting that NF‑κ B may serve as a promoter during OA.
Similar to the findings from the present study, Ren et al (49)
reported that IL‑17A could activate NF‑κB signaling pathway,
further supporting that MIR4435‑2HG may alleviate the
progression of OA via IL‑17A/NF‑κB axis. However, the present
study only focused on the association between miR4435‑2HG
and NF‑κB signaling pathway. Since IL‑6/STAT3 are involved
in the progression of OA (50,51), the effect of MIR4435‑2HG on
IL‑6/STAT3 signaling should be investigated in future studies.
In conclusion, MIR4435‑2HG OE significantly inhibited
the progression of OA in vitro, suggesting that MIR4435‑2HG
OE may serve as a novel therapeutic strategy for OA.
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