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Osteoarthritis (OA) is one of the most common chronic joint disease. Long non-coding RNAs
(lncRNAs) have been confirmed to play important roles in a variety of diseases including
OA. However, the underlying mechanism of lncRNA differentiation antagonizing non-protein
coding RNA (DANCR) in OA has not been well elucidated. The expression of DANCR in
cartilage tissues from OA patients was detected using quantitative real-time PCR. After cell
transfection, the effects of DANCR inhibition on the proliferation, apoptosis and inflamma-
tory factors of OA chondrocytes were detected using Cell Counting Kit-8 assay and flow
cytometry assay. Novel target of DANCR was then identified through bioinformatics anal-
ysis and confirmed by luciferase reporter assay and RNA immunoprecipitation assay. The
expression of DANCR was significantly increased in OA patients. Function assays demon-
strated that DANCR suppression inhibited the proliferation, inflammation, and promoted
apoptosis of chondrocytes cells. Additionally, DANCR regulated survival of OA chondro-
cytes through acting as a competitive endogenous RNA for miR-216a-5p. Furthermore,
JAK2 was a direct target of miR-216a-5p, and DANCR regulated the JAK2/STAT3 signal
pathway through miR-216a-5p in OA chondrocytes. In the present study, we concluded
that DANCR promoted the proliferation, inflammation, and reduced cell apoptosis in OA
chondrocytes through regulating miR-216a-5p/JAK2/STAT3 signaling pathway, indicating
DANCR might be a useful biomarker and potential therapeutic target for OA treatment.

Introduction
Osteoarthritis (OA) is a common chronic joint disease, which is mainly characterized by proteolytic degra-
dation of the cartilage and synovial inflammation [1]. The incidence rate of OA increases with age, so it
has become the main cause of pain, disability, and shortening of adult working life around the world [2].
Current therapeutic options for OA are aimed at pain reduction and symptom control. However, there is
no approved treatment that can modify the disease progression [3]. To improve the therapeutic options
available for patients with OA, it is necessary to explore the pathophysiology and regulatory mechanism
of OA.

Long non-coding RNAs (lncRNAs) are a class of transcripts (longer than 200 nucleotides in length)
without the function of encoding proteins [4]. LncRNAs have been shown to play essential roles in multi-
ple biological processes [5–7]. In recent years, increasing evidences have demonstrated that dysregulation
of lncRNA is closely associated with diverse diseases including OA [8–10]. For example, lncRNA-CIR was
significantly up-regulated in OA patients and overexpression of lncRNA-CIR promoted the degradation
of the extracellular matrix of chondrocyte in OA [11].
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Differentiation antagonizing non-protein coding RNA (DANCR) is located in human chromosome 4q12, and is
reported to play an important role in a variety of cellular biological processes. For example, Yuan et al. suggested that
lncRNA DANCR increased stemness features of hepatocellular carcinoma by derepression of cateninβ-1 (CTNNβ-1)
[12]. Zhang et al. revealed that lncRNA DANCR promoted the proliferation and chondrogenic differentiation through
up-regulating Smad3 and STAT3 in human mesenchymal stem cells [13]. However, the functional role and underlying
molecular mechanisms of DANCR involved in OA progression remain uncertain.

In the present study, we examined the expression of DANCR in cartilage samples from OA patients and healthy
subjects, and then investigated the functional role of DANCR in OA chondrocytes.

Materials and methods
Clinical samples
30 OA cartilage tissues were collected from patients who underwent total knee replacement surgery. 20 normal car-
tilage tissues were obtained from patients with femoral neck fracture who underwent total hip replacement surgery
without OA or rheumatoid arthritis history. All patients signed written informed consent in the present study. The
present study was approved by the Research Ethics Committee of Jinling Hospital.

Cell culture
The chondrocytes were isolated from OA cartilage tissues as previously described [14]. Chondrocytes were cultured
in the Dulbecco’s modified Eagle’s medium (DMEM) containing 10% FBS in a humidified atmosphere at 37̊C with
5% CO2.

RNA extraction and quantitative real-time PCR
Total RNAs were isolated from human cartilage tissues and cultured chondrocytes using the Trizol reagent (In-
vitrogen, Carlsbad, U.S.A.), and then reversed transcribed. Quantitative real-time PCR (qRT-PCR) was carried
out using the SYBR Green PCR Kit (Takara, Japan) on the ABI 7500 Fast Real-Time PCR system (Applied
Biosystems, CA, U.S.A.) following the manufacturer’s instructions. Relative miRNA expression was normal-
ized to the U6 expression, and the expression of mRNA and lncRNA was normalized to GAPDH. The relative
gene expression was calculated using the 2−��C

t method. The primer sequences were showing as follows:
DANCR: 5′-GCGCCACTATGTAGCGGGTT-3′ (forward) and 5′-TCAATGGCTTGTGCCTGTAGTT-3′ (reverse),
MiR-216a-5p: 5′-GGGCTGGACCGAGAGAGTTT-3′ (forward) and 5′-CCTTGTACGTGGTGGGATTGA-3′

(reverse), JAK2: 5′-GGGAGGTGGTCGCTGTAAAA-3′ (forward) and 5′-ACCAGCACTGTAGCACACTC-3′

(reverse), Interleukin-6 (IL-6): 5′-GACTGATGTTGCTGACAGCCACTGC-3′ (forward)
and 5′-TAGCCACTGCTTCTGTGACTCTAACT-3′ (reverse), IL-8: 5′-AAACCACCGGAAGGAACCAT-3′

(forward) and 5′-GCCAGCTTGGAAGTCATGT-3′ (reverse).

Cell transfection
The specific interference sequence for DANCR (si-DANCR) was constructed at Genechem (Shanghai,
China), and then transfected into chondrocytes. The sequences were showing as follows: si-DANCR-1:
5′-UCGGAGGUGGAUUCUGUUA-3′, si-DANCR-2: 5′-AGCCAACTATCCCTTCAGT-3′. MiR-216a-5p mimics,
miR-216a-5p inhibitors, and respective negative control miRNA were synthesized by GenePharma (Shanghai, China).
Transfection was performed using Lipofectamine 3000 (Invitrogen, U.S.A.) according to the manufacturer’s instruc-
tions.

Cell counting kit-8 assay
Cell proliferation was assessed by Cell Counting Kit-8 (CCK-8) assay. The cells were seeded in a 96-well plate at a
density of 2 × 103 cells/well. After incubation for 24, 48, 72, and 96 h, CCK-8 solution (DOJINDO, Tokyo, Japan)
was added to each well. The absorbance was measured at the wavelength of 450 nm using a microplate reader.

Cell apoptosis assay
Cell apoptosis was determined using the Annexin V-FITC/PI apoptosis detection kit (BD Biosciences, U.S.A.). The
cells were harvested after transfection for 48 h, washed twice with PBS, and then stained with Annexin V-FITC and
PI for 15 min at room temperature in the dark. Apoptotic cells were analyzed using FACS flow cytometry (BD Bio-
sciences, U.S.A.).
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Figure 1. LncRNA DANCR expression was significantly increased in OA patients

The expression of DANCR in articular cartilage samples from normal patients and OA patients was detected by qRT-PCR. Data are

shown as mean +− S.D. *P<0.05.

Luciferase reporter assay
The amplified DNA sequences were cloned to the pmirGLO dual-luciferase vector (Promega, Madison, WI, U.S.A.)
to form the wild-type DANCR 3′UTR (DANCR-WT) and mutated DANCR 3′-UTR (DANCR-MUT) reporter vec-
tors. Human chondrocytes were plated in 24-well plates overnight and then transfected with the wild-type or mutated
reporter vectors and miR-216a-5p mimic using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, U.S.A.). Similarly, the
JAK2-WT and JAK2-MUT reporter vectors were synthesized and transfected into chondrocytes. 48 h after trans-
fection, the luciferase activity was measured by the dual-luciferase reporter assay system (Promega, Madison, WI,
U.S.A.).

Western blot assay
Chondrocytes were lysed on ice with RIPA protein extraction reagent and then protein concentrations were measured
using the BCA Protein Assay Kit (Beyotime, Shanghai, China). Protein fractions were separated by 10% SDS/PAGE
and then transferred onto PVDF membrane (Millipore, Bedford, MA, U.S.A.). After blocked with 5% non-fat milk for
1 h at room temperature, membranes were incubated with specific primary antibodies (Abcam, Cambridge, U.K.) at
4◦C overnight. The membranes were then incubated with HRP-conjugated secondary antibodies at room temperature
for 1 h. All bands were finally analyzed using the ECL detection system (Pierce Biotechnology, Rockford, U.S.A.)
according to manufacturer’s instructions.

RNA immunoprecipitation assay
RNA immunoprecipitation (RIP) assay was performed by the EZ-Magna RIP RNA-Binding Protein Immunopre-
cipitation Kit (Millipore, Bedford, MA, U.S.A.) following the manufacturer’s protocol. Chondrocytes were collected
and resuspended in RIP lysis buffer. Then, cell lysate was incubated with RIP buffer containing magnetic beads con-
jugated with anti-Argonaute2 (anti-Ago2) or anti-IgG (negative control) overnight at 4◦C. RNA was purified from
RNA–protein complexes bound to the beads. The relative enrichment of DANCR and miR-216a-5p were measured
by qRT-PCR analysis.

Statistical analysis
All the data were presented as the mean +− S.D. from three independent experiments as indicated. Statistical analysis
was carried out using SPSS 20.0 (SPSS, Chicago, IL, U.S.A.). Differences between groups were analyzed by two-tailed
Student’s t-test, χ2 test or one-way ANOVA analysis. P<0.05 was considered statistically significant.

Results
DANCR expression was significantly increased in OA patients
To explore whether DANCR was altered in OA, the expression level of DANCR was detected using qRT-PCR assay in
30 OA patients and 20 normal patients. As shown in Figure 1, the DANCR expression was significantly up-regulated
in the OA group compared with the normal group (P<0.05).
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Figure 2. DANCR inhibition suppressed the proliferation, inflammation, and promoted apoptosis in OA chondrocytes

(A) The relative expression of DANCR in OA chondrocytes with DANCR inhibition. (B) The effect of DANCR inhibition on expression

of inflammatory factors (IL-6 and IL-8) in OA chondrocytes was detected by qRT-PCR. (C and D) The effect of DANCR inhibition

on proliferation and colony formation of OA chondrocytes was detected by CCK-8 assay colony formation assay. (E) The effect

of DANCR inhibition on apoptosis of OA chondrocytes was detected by flow cytometric assay. Data are shown as mean +− S.D.
*P<0.05, **P<0.01.

DANCR suppression inhibited cell proliferation, inflammation, and
promoted cell apoptosis in OA chondrocytes
To investigate the effect of DANCR on OA chondrocytes, DANCR was decreased in chondrocytes through cell trans-
fection (Figure 2A, P<0.05). qRT-PCR was used to determine the expression levels of inflammatory factors, includ-
ing IL-6 and IL-8. Results showed that IL-6 and IL-8 were significantly inhibited in chondrocytes by down-regulation
of DANCR (Figure 2B, P<0.05). By performing CCK-8 assay and colony assay, we found that down-regulation of
DANCR suppressed the proliferation viability of chondrocytes cells (Figure 2C,D, P<0.05). In addition, we ana-
lyzed the difference in cell apoptosis after DANCR inhibition by flow cytometric assay. The results showed that
down-regulation of DANCR induced cell apoptosis in chondrocytes (Figure 2E, P<0.05). These results indicated
that DANCR could promote proliferation, inflammatory cytokine expression, and reduce apoptosis of chondrocytes.

DANCR directly interacted with miR-216a-5p in OA chondrocytes
Recent studies indicated that lncRNAs could act as a competitive endogenous RNA (ceRNA) or molecular sponges for
specific miRNAs, and in turn regulating their biological functions. To further investigate the underlying mechanism
of DANCR in OA, the online software (starBase v2.0) was used to research for the miRNAs interacted with DANCR.
Interestingly, we found that miR-216a-5p contained putative binding sites with DANCR (Figure 3A). To confirm
whether miR-216a-5p was a direct target of DANCR in chondrocytes, a dual-luciferase reporter assay was performed.
The results showed that miR-216a-5p mimics significantly decreased the luciferase activity of DANCR-WT reporter
vector but not the DANCR-MUT reporter vector (Figure 3B, P<0.05). In addition, an anti-Ago2 RIP assay was
also applied to identify the endogenous interaction between DANCR and miR-216a-5p in chondrocytes. The results
showed that DANCR and miR-216a-5p were preferentially enriched in the Ago2 pellet compared with the negative
control (Figure 3C, P<0.05). Furthermore, DANCR inhibition strongly increased the expression of miR-216a-5p in
chondrocytes (Figure 3D, P<0.05).
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Figure 3. DANCR directly interacted with miR-216a-5p in OA chondrocytes

(A) A putative miR-216a-5p target site in the 3′-UTR of DANCR mRNA. (B) Luciferase reporter assay demonstrated that miR-216a-5p

mimics significantly decreased the luciferase activity of DANCR-WT in OA chondrocytes. (C) The interaction between DANCR and

miR-216a-5p was detected by RIP assay. (D) DANCR inhibition increased the relative expression of miR-216a-5p in OA chondro-

cytes. (E) The relative expression of miR-216a-5p was significantly down-regulated in OA patients compared with normal patients.

(F) The inverse relationship was observed between DANCR and miR-216a-5p expression in OA cartilage tissues. Data are shown

as mean +− S.D. *P<0.05.
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Figure 4. DANCR regulated inflammation, proliferation, and apoptosis of OA chondrocytes through miR-216a-5p

(A) MiR-216a-5p inhibitors could decrease the miR-216a-5p expression in DANCR-down-regulation chondrocytes. (B) MiR-216a-5p

inhibitors abolished the inhibition of IL-6 and IL-8 expression in OA chondrocytes induced by DANCR inhibition. (C and D)

MiR-216a-5p inhibitors abolished the inhibition of proliferation and colony formation in OA chondrocytes induced by DANCR sup-

pression. (E) MiR-216a-5p inhibitors abolished the promotion of apoptosis in OA chondrocytes induced by DANCR inhibition. Data

are shown as mean +− S.D. *P<0.05, **P<0.01.

Moreover, we measured the expression of miR-216a-5p in cartilage tissues, and we found that miR-216a-5p expres-
sion was significantly decreased in the OA group compared with the normal group (Figure 3E, P<0.05). An inverse
correlation was found between DANCR and miR-216a-5p expressions in 30 OA patients by Pearson’s correlation
analysis (Figure 3F, P<0.05). These results indicated that miR-216a-5p was a direct inhibitory target of DANCR in
OA chondrocytes.

DANCR regulated proliferation, inflammation, and apoptosis of OA
chondrocytes through miR-216a-5p
To investigate whether miR-216a-5p was involved in the regulation of DANCR in OA chondrocytes, we transfected
the miR-216a-5p inhibitors into DANCR-suppression chondrocytes. As shown in Figure 4A, miR-216a-5p inhibitors
could decrease miR-216a-5p expression in DANCR-inhibition chondrocytes (P<0.05). qRT-PCR showed that the
inhibitory effects on IL-6 and IL-8 expression levels induced by DANCR inhibition in OA chondrocytes could be
partly abolished by the introduction of miR-216a-5p inhibitors (Figure 4B, P<0.05). Furthermore, CCK-8 and colony
formation assays revealed that the decrease of cell proliferation and colony formation ability induced by DANCR in-
hibition was reversed by the miR-216a-5p inhibitors (Figure 4C,D, P<0.05). Meanwhile, DANCR suppression led to
the promotion of apoptosis in chondrocytes, which was reversed by the miR-216a-5p inhibitors (Figure 4E, P<0.05).
These results revealed that DANCR promoted inflammation, proliferation, and reduced the apoptosis of OA chon-
drocytes through down-regulating miR-216a-5p expression.
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JAK2 was a direct target of miR-216a-5p in OA chondrocytes
MiRNAs influence biological functions by inversely regulating target genes. Through online bioinformatics soft-
ware, we found JAK2 was a potential downstream target of miR-216a-5p (Figure 5A). Luciferase reporter assay
showed that miR-216a-5p mimics significantly decreased the luciferase activity of JAK2-WT reporter vector but not
the JAK2-MUT reporter vector (Figure 5B, P<0.05). In addition, miR-216a-5p mimics remarkably inhibited the
mRNA and protein expression of JAK2 in OA chondrocytes (Figure 5C,D, P<0.05). Previous studies showed that
JAK2/STAT3 signaling pathway play important roles in osteoarthritis. In the present study, miR-216a-5p mimics also
led to significantly decrease of p-STAT3, which decreasing the activation of JAK2/STAT3 signaling pathway (Figure
5D, P<0.05). Moreover, qRT-PCR assay revealed that the expression of JAK2 was up-regulated in OA patients, and
negatively correlated with the expression of miR-216a-5p in OA samples (Figure 5E,F, P<0.05).

DANCR regulated the JAK2/STAT3 expression through miR-216a-5p in
OA chondrocytes
Based on the above, we further investigated whether DANCR involved in the miR-216a-5p/JAK2/STAT3 signaling
pathway in OA chondrocytes. The results showed that DANCR inhibition markedly decreased the mRNA and protein
expression of JAK2 in OA chondrocytes, which was obviously reversed by the introduction of miR-216a-5p inhibitors
(Figure 6A,B, P<0.05). Furthermore, pearson’s correlation analysis revealed that DANCR expression was positively
correlated with the JAK2 expression in OA patients (Figure 6C, P<0.05). Moreover, DANCR inhibition led to sig-
nificant decrease in the protein expression of p-STAT3, while miR-216a-5p inhibitors could abolish the inhibitory
effects (Figure 6B, P<0.05). Taken together, these results suggested that DANCR regulated the JAK2/STAT3 expres-
sion through miR-216a-5p in OA chondrocytes.

Discussion
OA is a degenerative disease of articular cartilage and the main pathological feature is cartilage destruction. Since
the underlying mechanism of OA is not fully learned, there is no fundamental therapy [15]. Recently, more and more
studies have demonstrated that lncRNAs play important roles in the development and progression of OA [16]. Several
lncRNAs were identified to participate in OA progression, including HOTAIR [17], FAS-AS1 [18], SNHG5 [19] and
MEG3 [20]. LncRNA DANCR was first identified in hepatocellular carcinoma, and functioned as an oncogene in
multiple cancers [21]. Moreover, DANCR could promote cell proliferation and chondrogenic differentiation of hu-
man synovium-derived mesenchymal stem cells [22]. In the present study, we found that DANCR was significantly
increased in OA patients. DANCR inhibition decreased the proliferation and increased apoptosis of OA chondro-
cytes. Cartilage degradation can be promoted via proliferation and inflammatory factors of chondrocytes [23]. It was
reported that increased concentrations of inflammatory factors, including IL-6 and IL-8, promote OA progression by
enhancing cartilage degradation [24]. In our study, we also found that inhibition of DANCR significantly inhibited
the expression levels of IL-6 and IL-8 in OA chondrocytes. These results revealed that lncRNA DANCR promoted
OA progression through increasing inflammation, cell proliferation and decreasing cell apoptosis.

However, the underlying mechanism of the involvement of DANCR in OA remains unclear. An increasing num-
ber of studies demonstrated that lncRNAs functioned as a ceRNA of miRNAs, and in turn regulating their biological
functions in a variety of diseases. LncRNA DANCR was also found to act as a ceRNA of several miRNAs. For in-
stance, Jiang et al. reported that DANCR promoted tumor progression and cancer stemness features in osteosarcoma
via competitively binding to miR-33a-5p [25]. Emerging evidence supported that lncRNAs might possess the novel
regulatory mechanism to act as sponges for miRNAs during OA pathogenesis. For example, Wang et al. indicated
that lncRNA UCA1 promoted chondrocytes cell proliferation and collagen expression through acting as a molecular
sponge of miR-204-5p [26]. Our study identified miR-216a-5p as a potential target of DANCR. Further luciferase ac-
tivity reporter assay and RIP assay validated that DANCR directly interacted with miR-216a-5p in OA chondrocytes.
DANCR regulated inflammation, proliferation and apoptosis of OA chondrocytes through sponging miR-216a-5p.

A series of previous studies showed that miRNAs exerted their functional roles by regulating the expression of
endogenous targets [27]. For example, Liu et al. reported that miR-216a-5p functioned as a tumor suppressor in
uveal melanoma through the inhibition of HK2 [28]. In the present study, it is verified that JAK2 was a target gene of
miR-216a-5p by luciferase activity reporter assay, and miR-216a-5p mimics markedly repressed JAK2 expression in
OA chondrocytes.

JAK2 is an important tumor oncogene for several cancers including gastric cancer and lung cancer [29,30]. Re-
cently, lots study showed that JAK2/STAT3 pathway play important roles in osteoarthritis. For example, Yao et
al. showed that DUSP19 regulated IL-1β-induced apoptosis and MMPs expression in rat chondrocytes through
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Figure 5. JAK2 was a direct target of miR-216a-5p in OA chondrocytes

(A) A putative miR-216a-5p target site in the 3′-UTR of JAK2 mRNA was predicted using bioinformatics analysis. (B) Luciferase

reporter assay demonstrated that miR-216a-5p mimics significantly decreased the luciferase activity of JAK2-WT in OA chondro-

cytes. (C) MiR-216a-5p mimics decreased the relative expression of JAK2 mRNA in OA chondrocytes. (D) The effect of miR-216a-5p

mimics on the protein expression of JAK2, p-STAT3 in OA chondrocytes. (E) The relative expression of JAK2 mRNA was significantly

up-regulated in OA patients compared with normal patients. (F) The inverse relationship was observed between miR-216a-5p and

JAK2 expression in OA cartilage tissues. Data are shown as mean +− S.D. *P<0.05.
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Figure 6. DANCR regulated the JAK2/STAT3 pathway through miR-216a-5p in OA chondrocytes

(A) DANCR inhibition markedly reduced the expression of JAK2 mRNA in OA chondrocytes, which was obviously reversed by the

introduction of miR-216a-5p inhibitors. (B) The influence of DANCR inhibition on the protein expression of JAK2 and p-STAT3 in

OA chondrocytes was abolished by miR-216a-5p inhibitors. (C) The positive relationship was observed between DANCR and JAK2

expression in OA cartilage tissues. Data are shown as mean +− SD. *P<0.05.

JAK2/STAT3 signaling pathway [31]. Xu et al. found that Danshen attenuated cartilage injuries in osteoarthritis in
vivo and in vitro by activating JAK2/STAT3 and AKT pathways [32]. In the present study, JAK2 expression was
up-regulated in OA patients. MiR-216a-5p mimics decreased the protein expression of p-STAT3, which decreasing
the activation of JAK2/STAT3 signaling pathway in OA chondrocytes. It was also found that DANCR was involved
in miR-216a-5p/JAK2/STAT3 axis in chondrocytes. Thus, we indicated that DANCR exerted its pro-inflammation,
pro-proliferation, and anti-apoptosis roles by regulating miR-216a-5p/JAK2/STAT3 signaling pathway in OA chon-
drocytes.

In conclusion, lncRNA DANCR was up-regulated in OA cartilage tissues. DANCR suppression inhibited inflam-
mation, cell proliferation, and promoted apoptosis in OA chondrocytes through miR-216a-5p/JAK2/STAT3 signaling
pathway, indicating that DANCR might be a useful biomarker and potential therapeutic target for OA treatment.
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