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Long non-coding RNAs (lncRNA) CASC2 is a key player in cancer biology. Our new findings
showed that both lncRNA CASC2 and IL-17 were up-regulated in plasma of osteoarthritis
patients. Plasma levels of lncRNA CASC2 and IL-17 were significantly and positive corre-
lated only in osteoarthritis patients. Overexpression of lncRNA CASC2 led to up-regulated
expression of IL-17 in cells of human chondrocyte cell line CHON-001 (ATCC

®
CRL-2846™).

In addition, overexpression of lncRNA CASC2 inhibited the proliferation, and promoted the
apoptosis of chondrocyte. Therefore, lncRNA CASC2 is up-regulated in osteoarthritis and
participates in the regulation of IL-17 expression and chondrocyte proliferation and apop-
tosis.

Introduction
Osteoarthritis is the most frequently diagnosed chronic joint disease that involves both inflammatory pro-
cesses and other pathological changes [1], which is different from rheumatoid arthritis, an inflammatory
disease [2]. It is generally believed that more than 10% of the population will develop osteoarthritis during
their life time [3], leading to a heavy burden on public health. Even worse, prevalence rate of this disease
is predicted to be increased in near future due to the growing of old population and increased incidence
of overweight or obesity [4]. Osteoarthritis causes pain or even disability in some severe cases. In spite of
efforts made on the treatment of this disease [5,6], treatment outcomes are still unsatisfactory, partially
due to the unclear pathogenesis [7].

Osteoarthritis is essentially an inflammatory disease [8]. During the development and progression of
osteoarthritis, the altered balance between pro-inflammatory and anti-inflammatory cytokines leads to
severe inflammatory response in the body of patients [9]. It has been reported that the level of IL-17,
which is a pro-inflammatory factor, determines the severity of osteoarthritis [10]. Moreover, in rheuma-
toid arthritis, IL-17 is an inflammation inducers and contributes to synovium matrix destruction [11].

Long non-coding RNAs, or lncRNAs (>200 nt), are non-protein-coding RNA transcripts with critical
roles in human diseases [12,13], including osteoarthritis [14]. LncRNA CASC2 is a well-characterized
tumor suppression lncRNA in human cancers [15,16], while its involvement in osteoarthritis is unknown.
In the present study we found that lncRNA CASC2 was up-regulated in osteoarthritis and participated in
the regulation of IL-17 expression and chondrocyte proliferation and apoptosis.

Materials and methods
Specimens
Blood was extracted from 71 osteoarthritis patients and 55 healthy controls at Shanghai General Hospital
from July 2016 to July 2018. Patients’ inclusion criteria are as follows: (1) newly diagnosed cases; (2) no
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therapies initiated. Exclusion criteria are as follows: (1) patients who were treated within 3 months before admission;
(2) patients with other diseases, such as chronic inflammatory diseases. Besides that, synovial fluid was extracted
from 21 osteoarthritis patients and 15 healthy controls (from the same set of participants aforementioned). The 71
osteoarthritis patients included 45 males and 26 females, and age ranged from 29 to 67 years, with a mean age of 47.6
+− 6.4 years. The 55 healthy controls were selected to match the age and gender distributions of patient group. Control
group included 35 males and 20 females, and age ranged from 30 to 66 years, with a mean age of 47.1 +− 6.2 years.
The present study passed the review of Shanghai General Hospital. All patients were informed with the details of
experimental principle and provided written informed consent about the institutional review board (IRB) protocols.

RT-qPCR
Plasma, synovial fluid and in vitro cultivated cells were mixed with Trizol reagent (Invitrogen, USA) to extract total
RNAs. Following reverse transcriptions using SuperScript III Reverse Transcriptase (Thermo Fisher Scientific., lnc.),
qPCR mixtures were prepared using QuantiTect SYBR Green RT-PCR Kit (QIAGEN, Germany). Primers of lncRNA
CASC2 and endogous control β-actin were designed and synthesized by Sangon (Shanghai, China). Expression of
lncRNA CASC2 was normalized to endogenous control β-actin using 2−��CT method.

ELISA
Plasma and synovial fluid levels of IL-17 were measured using Human IL-17 Quantikine ELISA Kit (D1700, R&D
Systems). All steps were completed according to the instructions of the kit. Plasma levels of IL-17 were normalized
to pg/ml.

Cell line, cell culture, vectors and cell transfection
CHON-001 human chondrocyte cell line (ATCC, USA) was used. Dulbecco’s Modified Eagle’s Medium containing
0.1 mg/ml G-418 and 10% FBS was cell culture medium and cell culture conditions were 37◦C and 5% CO2. Vectors
expressing lncRNA CASC2 were designed and synthesized by Sangon (Shanghai, China). Cell transfections were per-
formed using lipofectamine 2000 reagent to transfect 10 nM either lncRNA CASC2 vector or empty vector (negative
control) in to 105 cells. Cells with no transfections were control cells.

Cell proliferation assay
RT-qPCR was performed at 24 h after transfection to check the overexpression rate of lncRNA CASC2. Cell pro-
liferation was checked using Cell Counting Kit-8 (CCK-8, Dojindo Molecular Technologies, Inc.) only in cases of
overexpression rate when lncRNA CASC2 was above 200%. In Brief, CHON-001 cell suspensions were prepared and
cell density was adjusted to 4×104 cells/ml. Cell suspensions were transferred to a 96-well plate with 4×103 cells in
each well. The plate was kept in an incubator (37◦C, 5% CO2), and CCK-8 solution (10 μl) was added 24, 48, 72 and
96 h after the beginning of incubation. After that cells were cultivated from additional 4 h and 200 μl of DMSO was
added. OD values at 450 nm were measured.

Cell apoptosis assay
RT-qPCR was performed at 24 h after transfection to check the overexpression rate of lncRNA CASC2. Cell apoptosis
was checked by cell apoptosis assay only in cases of overexpression rate of lncRNA CASC2 was above 200%. In Brief,
CHON-001 cell suspensions were prepared and cell density was adjusted to 4×104 cells/ml. Cell suspensions were
transferred to a six-well plate with 10 ml in each well. Cells were cultivated in an incubator (37◦C, 5% CO2) for 48 h.
After 0.25% trypsin digestion, cells were subjected to Annexin V-FITC and propidium iodide (PI) (Dojindo, Japan)
and flow cytometry was performed to detect apoptotic cells.

Western blot
CHON-001 cells (105) were mixed with 1 ml RIPA solution (Beyotime, Jiangsu, China) from 106 CHON-001. After
that, protein samples were denatured and subjected to 10% SDS-PAGE gel electrophoresis. After gel transfer to PVDF
membrane, membranes were blocked in non-fat milk (5%) for 2 h at 22◦C. After that, membranes were incubated
with IL-17 (1: 1600, ab79056, Abcam) and GAPDH (1:1200, ab9485, Abcam) primary rabbit polyclonal primary
antibodies, followed by incubation with IgG-HRP (goat anti-rabbit, 1:1000, MBS435036, MyBioSource) secondary
antibody. Signals were detected using ECL reagent (Sigma–Aldrich, USA). Data normalization was performed using
Image J v1.46 software.
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Figure 1. LncRNA CASC2 and IL-17 were both up-regulated in plasma of osteoarthritis patients

RT-qPCR and ELISA results showed that, compared with healthy controls, both lncRNA CASC2 (A) and IL-17 (B) were up-regu-

lated in plasma of osteoarthritis patients. In addition, lncRNA CASC2 (C) and IL-17 (D) were both up-regulated in synovial fluid

of osteoarthritis patients comparing to healthy control. Each solid square represents the mean value of three biological replicates

(P<0.05).

Statistical analysis
All in vivo and in vitro experiments included three biological replicates. Data analyses were performed using Graph-
pad Prism 6 software. Pearson’s correlation coefficient was used to analyze the correlations between expression levels
of lncRNA CASC2 and IL-17 in plasma of both patients and healthy controls. Unpaired t test was used to analyze dif-
ferences between two groups. One-way ANOVA and Tukey test were used to analyze differences among three groups.
P<0.05 was statistically significant.

Results
LncRNA CASC2 and IL-17 were both up-regulated in osteoarthritis
patients
Plasma levels of lncRNA CASC2 and IL-17 in osteoarthritis patients (n = 71) and healthy controls (n = 55) were mea-
sured. Comparing to control group, lncRNA CASC2 (Figure 1A) and IL-17 (Figure 1B) were both up-regulated in
plasma of osteoarthritis patients (P<0.05). Besides that, lncRNA CASC2 and IL-17 in synovial fluid of 21 osteoarthri-
tis patients and 15 healthy controls were also detected. Similarly, lncRNA CASC2 (Figure 1C) and IL-17 (Figure 1D)
were both up-regulated in synovial fluid of osteoarthritis patients comparing to healthy controls (P<0.05).

LncRNA CASC2 and IL-17 were correlated
Pearson’s correlation coefficient was used to analyze the correlations between expression levels of lncRNA CASC2
and IL-17 in plasma of both patients and healthy controls. Results showed that plasma levels of lncRNA CASC2 and
IL-17 were significantly and positive correlated in osteoarthritis patients (Figure 2A). However, lncRNA CASC2 and
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Figure 2. Plasma levels of lncRNA CASC2 and IL-17 were significantly and positive correlated only in osteoarthritis patients

Pearson’s correlation coefficient showed that plasma levels of lncRNA CASC2 and IL-17 were significantly and positive correlated

in osteoarthritis patients (A), but not in healthy controls (B).

Figure 3. Overexpression of lncRNA CASC2 led to up-regulated IL-17 expression in chondrocytes

Western blot results showed that overexpression of lncRNA CASC2 (CASC2) led to up-regulated IL-17 expression in chondrocyte

(A) (*, P<0.05). In contrast, RT-qPCR results showed that treatment with exogenous IL-17 (SRP3080, Sigma–Aldrich) at doses of

10, 20 and 30 ng/ml for 24 h failed to significantly affect lncRNA CASC2 expression (B). Error bars indicate standard deviation.

IL-17 were significantly correlated in healthy controls (Figure 2B).

Overexpression of lncRNA CASC2 led to up-regulated IL-17 expression in
chondrocytes
After lncRNA CASC2 transfection, comparing to two controls (control, C, and negative control, NC), overexpression
of lncRNA CASC2 (CASC2) led to up-regulated IL-17 expression in chondrocyte (Figure 3A, P<0.05). Moreover,
IL-17 (SRP3080, Sigma–Aldrich) treatment at doses of 50, 100 and 200 ng/ml for 24 h failed to significantly affect
lncRNA CASC2 expression (Figure 3B).

LncRNA CASC2 regulated proliferation and apoptosis of chondrocytes
To further explore the roles of lncRNA CASC2 in osteoarthritis, proliferation and apoptosis of chondrocytes were
detected by cell proliferation assay and apoptosis assay after the overexpression of lncRNA CASC2. Compared with
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Figure 4. Overexpression of lncRNA CASC2 inhibited the proliferation and promoted the apoptosis of chondrocyte

Cell proliferation assay and apoptosis assay revealed that, compared with the control (C) and negative control (NC) groups, over-

expression of lncRNA CASC2 (CASC2) led to significantly inhibited proliferation (A) and promoted (B) apoptosis of chondrocytes.

Error bars indicate standard deviation (*P<0.05).

the control (C) and negative control (NC) groups, overexpression of lncRNA CASC2 (CASC2) led to significantly
inhibited proliferation (Figure 4A) and promoted (Figure 4B) apoptosis of chondrocytes (P<0.05).

Discussion
LncRNA CASC2 has been well studied in the development of different types of human cancers [15,16]. However, the
functionality of lncRNA CASC2 in other diseases is still hardly known. The present study first reported the involve-
ment of lncRNA CASC2 in osteoarthritis and further confirmed that the actions of lncRNA CASC2 in this disease
are likely achieved by interacting with IL-17.

LncRNA CASC2 is down-regulated during the development of cancers [15,16]. The down-regulation of lncRNA
CASC2 participates in the regulation of multiple cellular behaviors of cancer cells, such as proliferation and apoptosis
[17,18]. In the present study we first reported that lncRNA CASC2 was up-regulated in osteoarthritis patients than
in healthy controls. In addition, our in vitro cell experiment also proved that lncRNA CASC2 overexpression led
to inhibited proliferation and promoted apoptosis of chondrocytes. It is known that the apoptosis of chondrocytes
significantly contributed to the development of osteoarthritis [19]. Therefore, the overexpression of lncRNA CASC2
may promote the development of osteoarthritis by promoting the apoptosis of chondrocytes.

Osteoarthritis is an inflammatory disease. IL-17 as pro-inflammatory factor promotes the development of os-
teoarthritis by inducing inflammatory responses [20]. In effect, inhibition of IL-17 assists the treatment of osteoarthri-
tis [21]. Consistently, this study also observed significantly up-regulated IL-17 in osteoarthritis than in healthy people.
In has been reported that the expression of IL-17 can be regulated in lncRNA [22]. In the present study we proved that
lncRNA CASC2 was likely an upstream activator of IL-17. However, the up-regulation of IL-17 by lncRNA CASC2
is likely mediated by pathological factors due to the fact that expression levels of IL-17 and lncRNA CASC2 were
not significantly correlated in healthy controls. Therefore, overexpression of lncRNA CASC2 may also participate in
osteoarthritis by up-regulating pro-inflammatory factor IL-17.

In conclusion, lncRNA CASC2 and IL-17 are up-regulated in osteoarthritis. LncRNA CASC2 may also participate
in osteoarthritis by inducing cell apoptosis and up-regulating pro-inflammatory factor IL-17.
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