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Abstract

chondrocytes was analyzed by cck-8 assay.

Background: Osteopontin plays critical roles in osteoarthritis (OA) by regulating the functions of osteoclasts. It is
known that osteopontin can induce the expression of INcRNA HOX transcript antisense RNA (HOTAIR), indicating
the involvement of HOTAIR in OA. This study was carried out to investigate the role of HOTAIR in OA.

Methods: Synovial fluid was extracted from both OA patients (n = 58) and healthy controls (n = 58). Expression of
osteopontin and HOTAIR in synovial fluid was determined by RT-gPCR. Osteopontin was used to treat chondrocytes
at dosages of 0, 1, 5 and 10 pg/ml, followed by measurement of HOTAIR expression by RT-gPCR. The role of
osteopontin and HOTAIR overexpression, as well as HOTAIR knockdown in regulating the proliferation of

Results: HOTAIR was upregulated in OA. A positive correlation between HOTAIR and osteopontin was observed. In
the primary chondrocytes, osteopontin treatment increased HOTAIR expression, while HOTAIR overexpression and
knockdown failed to significantly affect osteopontin expression. In addition, osteopontin and HOTAIR
overexpression increased chondrocyte proliferation, while HOTAIRE knockdown decreased chondrocyte
proliferation. In addition, HOTAIR knockdown reduced the effects of osteopontin treatment on cell proliferation.

Conclusions: Osteopontin-induced HOTAIR expression is involved in osteoarthritis by regulating cell proliferation.
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Background

Osteoarthritis (OA) is the most frequently diagnosed
arthritis among middle-age to elderly people. OA occurs
during the breaks of cartilage that protects or cushions
the ends of bones [1, 2]. Aging is the most common
cause of primary osteoarthritis. With the increased use
of joints, damaged cartilages will be lead to swelling and
joint pain [3]. It is estimated that more than 10% of
males and 13% of females aged over 60 years are
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suffering from OA [4]. At present, there is no cure for
OA, and medications mainly aim to relieve osteoarthritis
symptoms, such as primarily pain [5]. Therefore, novel
and more effective therapeutic approaches are still
needed. However, molecular pathogenesis of OA re-
mains hardly known, therefore the development of treat-
ment strategies is limited [6, 7].

It has been well established that the initiation and pro-
gression of OA require the involvement of multiple mo-
lecular players [8, 9]. For instance, osteopontin, also
known as Secreted Phosphoprotein 1 (SPP1), is a multi-
functional phosphoprotein that is secreted by multiple
cells types, such as chondrocytes and osteoblasts, is up-
regulated in OA and induces the production of matrix

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-020-01993-y&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ruifang1961@163.com

Liang et al. BMC Geriatrics (2021) 21:57

metalloproteinase 13 to promote the degradation of type
IT collagen, which is the major component of cartilage
matrix [10, 11]. Therefore, osteopontin is considered as
a target for the treatment of OA [10, 11]. Besides that,
long non-coding RNAs (IncRNAs) also play crucial roles
in OA by regulating OA-related gene expression [12]. In a
recent study, osteopontin was reported to regulate
IncRNA HOX transcript antisense RNA (HOTAIR) ex-
pression in cancer cells [13], suggesting the potential in-
volvement of the interaction between osteopontin and
HOTAIR in cancer. It is known that HOTAIR is overex-
pressed in OA, suppresses WIEF-1 expression and activates
Wnt pathway to promote OA progression [14]. This study
was therefore carried out to explore the potential inter-
action between osteopontin and HOTAIR in OA.

Methods

Research subjects

From May 2018 to June 2019, 58 OA patients (23 males
and 35 females, 52 to 70 years, 61.2 + 5.7 years) and 58
healthy controls (23 males and 35 females, 52 to 70
years, 61.3+5.9 years) were enrolled at Chinese Medi-
cine Hospital of Xinjiang Uygur Autonomous Region.
This study was approved by the Research Ethics Com-
mittee of Chinese Medicine Hospital of Xinjiang Uygur
Autonomous Region and was in line with the Helsinki
Declaration. Inclusion criteria: (1) newly diagnosed OA
patients; (2) patients willing to donate synovial fluid. Ex-
clusion criteria: (1) patients complicated with other clin-
ical disorders; (2) recurrent OA; (3) initiated therapy
within 3 months prior to admission. The diagnosis of
OA was performed by both X-ray and joint fluid ana-
lysis. All healthy controls received systemic physiological
exam at aforementioned hospital, and all physiological
functions were normal. Written informed consent was
provided by all patients and controls.

Synovial fluid and chondrocytes

Synovial fluid (1-1.5 ml) was extracted from the affected
site of 58 OA patients (32 cases of knee and 26 cases of
hip) before the initiation of therapy. Collection of syn-
ovial fluid samples was performed using a syringe under
local anesthesia. Synovial fluid (1-1.5 ml) was also ex-
tracted from the knee of 32 healthy controls and the hip
of 26 healthy controls to match OA group. All synovial
fluid samples were immediately transferred to a liquid
nitrogen sink for long-term storage.

Cell model used in this study were primary chondro-
cytes from OA patients (4020A-05A, Sigma-Aldrich,
USA). Chondrocytes were cultivated with Chondrocyte
Growth Medium (PromoCell) in a 5% CO, incubator at
37 °C. Subculture was performed at a ratio of 1:8. Cells
used in subsequent experiments were collected at pas-
sage 1-2. In cases of osteopontin treatment, osteopontin
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(Sigma-Aldrich) was used to treat chondrocytes at dos-
ages of 0, 1, 5 and 10 pg/ml for 48 h before use.

Cell transfections

Osteopontin and HOTAIR backbone expressing vectors
were constructed with pcDNA3.1 vector (Invitrogen).
Negative control (NC) siRNA and HOTAIR siRNA were
also purchased from Invitrogen. Vector (1 pg) or siRNA
(40 nM) was transfected into 10® chondrocytes using li-
pofectamine 2000 (Invitrogen). Empty vector or NC
miRNA transfection was performed to serve as NC, and
control (C) cells were untransfected cells. Subsequent
experiments were performed 48 h later.

ELISA

Levels of osteopontin in cell culture medium were mea-
sured using Osteopontin Human ELISA Kit (Catalog #
BMS2066, Invitrogen). The analytical sensitivity was
0.26 ng/mL, and assay range was 0.47-30 ng/mL.

RNA preparations

Isolation of RNA from both synovial fluid and chondro-
cytes was performed using RNAzol reagent (Invitrogen),
followed by genomic DNA removal performed by incu-
bating all RNA samples with DNase I for 2 h at 37 °C.
To determine RNA integrity, RNAs were separated using
5% Urine-PAGE gel. To determine RNA purity, OD 260
and 280 ratios were measured, and 260/280 ratio was
calculated.

RT-qPCR

RNA samples with a 260/280 ratio close to 2.0 were re-
vere transcribed into ¢cDNA samples using ReverTra
Ace™ qPCR RT Master Mix (TOYOBO). With cDNA
samples as template, SYBR Premix Ex TaqTM II
(Takara, Japan) was used to perform qPCRs to measure
the mRNA levels of osteopontin and HOTAIR expres-
sion. GAPDH was used as internal control of all PCRs.
Three technical replicates were included in each experi-
ment, and 27**“* method was used to normalize mRNA
expression levels of osteopontin and HOTAIR to GAPD
H. Primer sequences were: forward, 5-GGAAAGATCC
AAATGGGACCA-3’ and reverse, 5-CTAGGAATCA
GCACGAAGCAAA-3’ for HOTAIR; forward, 5-GTCT
CCTCTGACTTCAACAGC-3’ and reverse, 5'-ACCACC
CTGTTGCTGTAGCCA-3 for GAPDH; forward, 5-
GCAGTCATCCTTCTCTCAGT-3" and reverse, 5'-
GTATGCAGTAGCTTGTTACTT-3’ for GAPDH.

Cell Counting Kit 8 (CCK-8) assay

Proliferation of chondrocytes in different transfection
groups was analyzed by performing CCK-8 assay using a
kit (ab228554, Abcam). Chondrocytes were transferred
to a 96-well plate (5000 cells in 0.1 ml per well) and cells
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were cultivated at 37 °C. CCK-8 solution was added to
reach 10% at 1.5 h before the measurement of OD values
at 450 nm, which was performed every 24 h for a total
of 4 days.

Statistical analysis

PCRs were performed in three technical replicates, and
all other experiments were performed in three independ-
ent biological replicates. Mean + SD values were calcu-
lated. The difference between OA and control groups
was explored by unpaired t test. One-way ANOVA and
Tukey’s test were used to explore differences among
multiple groups. Linear regression was used to compare
multiple groups. Correlations were explored by linear re-
gression. p < 0.05 was considered statistically significant.

Results

HOTAIR and osteopontin were upregulated in OA
Synovial fluid samples isolated from both OA patients
(n =58) and healthy controls (n =58) were subjected to
RNA isolation and RT-qPCR to measure the mRNA ex-
pression levels of HOTAIR and osteopontin. Compared
with Control group, the mRNA expression of HOTAIR(-
Fig. 1a, p<0.01) and osteopontin (Fig. 1b, p <0.01) was
significantly upregulated in OA group. Therefore, our
data suggested that upregulated expression of HOTAIR
and osteopontin may involve in OA.

HOTAIR and osteopontin were positively correlated
across OA patients

Correlation between HOTAIR and osteopontin mRNA
across synovial fluid samples from both OA patients
(Fig. 2a) and healthy controls (Fig. 2b) was analyzed by
performing linear regression analysis. The results re-
vealed a significant and positive correlation between
HOTAIR and osteopontin mRNA across synovial fluid
samples from OA patients, but not from healthy
controls.

Osteopontin induced the upregulation of HOTAIR
expression in chondrocytes from OA patients

The significant correlation between HOTAIR and osteo-
pontin in OA patients suggested the potential inter-
action between them in OA. To explore the interaction
between them, osteopontin was used to treat chondro-
cytes at dosages of 0, 1, 5 and 10 pg, followed by meas-
uring expression of HOTAIR by RT-qPCR. It was
observed that osteopontin treatment upregulated
HOTAIR expression in a dose-dependent manner
(Fig. 3a, p<0.05). To test whether HOTAIR can also
regulate osteopontin, HOTAIR overexpression and
knockdown was achieved by transfecting HOTAIR
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expression vector or siRNA into chondrocytes, followed
by confirmation of transfections by RT-qPCR (Fig. 3b,
p<0.05). Compared with C and NC groups, HOTAIR
overexpression and knockdown failed to significantly
affect the expression of osteopontin (Fig. 3c). ELISA data
also showed that HOTAIR overexpression and knock-
down failed to significantly affect the secretion of osteo-
pontin from chondrocytes (Fig. 3d). Therefore,
osteopontin is likely an upstream inducer of HOTAIR
expression.

Osteopontin promoted the proliferation of chondrocytes
through HOTAIR

The role of osteopontin and HOTAIR overexpression
and knockdown in regulating the proliferation of chon-
drocytes was analyzed by performing CCK-8 assay. It
was observed that osteopontin and HOTAIR overexpres-
sion promoted the proliferation of chondrocytes, while
HOTAIRE knockdown inhibited the proliferation of
chondrocytes. In addition, HOTAIR knockdown reduced
the effects of osteopontin treatment on cell proliferation
(Fig. 4, p < 0.05).

Discussion

This study explored the interactions between osteopon-
tin and HOTAIR in OA. We found that osteopontin and
HOTAIR were both upregulated in OA. Moreover,
osteopontin might induce the expression of HOTAIR to
promote the proliferation of chondrocytes derived from
OA patients.

HOTAIR is a well-established critical player with
oncogenic roles in cancer biology [14]. Several recent
studies also showed that HOTAIR has multiple func-
tions in the pathology of OA. HOTAIR is overexpressed
in OA and promotes IL-1B-induced MMP overexpres-
sion [15]. Overexpression of HOTIAR in OA interacts
with miR-17-5p/FUT2/B-catenin axis to promote disease
progression [16]. In another study, HOTAIR was reported
to interact with IncRNA PACER to participate in the regu-
lation of chondrocyte apoptosis[17]. Consistently, our re-
sults were in consistent with previous study that the
expression of HOTAIR was upregulated in OA.

Although the involvement of HOTAIR in OA has been
reported by several previous studies, the interaction of
HOTAIR with osteopontin, a critical player in OA [10, 11],
is still known. Osteopontin was reported to regulate
HOTAIR in cancer cells [13]. In our study, we showed that
HOTAIR was also upregulated by osteopontin in chondro-
cytes. However, HOTAIR overexpression and knockdown
failed to regulate the expression of osteopontin. Therefore,
our study characterized osteopontin as an upstream regula-
tor of HOTAIR in OA.
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Fig. 1 HOTAIR and osteopontin were upregulated in OA. Synovial fluid isolated from both OA patients (n = 58) and healthy controls (n = 58) was
subjected to RNA isolation and RT-gPCR to measure the mRNA expression of HOTAIR and osteopontin. gPCRs were performed in triplicate and
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Chondrocytes are the only mature cells in healthy
cartilage, and reduce proliferation and increase apop-
tosis of chondrocytes contribute to the progression of
OA [18]. Both our study and previous studies showed
enhanced effects of osteopontin on the proliferation
of chondrocytes [10, 11]. Therefore, osteopontin may
play protective roles in OA by promoting the prolifer-
ation of chondrocytes. However, osteopontin is also a
pro-inflammatory factor in OA and an inflammatory

response contribute to the development of OA [10],
suggesting that it may also promote the progression
of OA by inducing inflammation. Therefore, the use
of osteopontin as a target for the treatment of OA
should be carefully evaluated. It has been well estab-
lished that IncRNA expression was frequently altered
in OA [19]. The altered expression of IncRNAs may
participate in OA progression by regulating the prolif-
eration of chondrocytes [20, 21]. For instance,
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IncRNA SNHG5 regulates the axis of miR-26a/SOX2 However, this study was limited by the small sample
to increase the proliferation of chondrocytes [20]. In  size. Our future studies will enroll more OA patients
addition, IncRNA XIST regulates miR-211 to affect and health controls to further confirm our conclusions.
the proliferation of OA chondrocytes through In addition, the in vivo interaction between osteopontin
CXCR4 and MAPK [21]. In this study we showed and HOTAIR in OA is unknown. Animal model experi-
that HOTAIR could also regulate the proliferation ments are needed to further explore their roles in OA.
of chondrocytes. However, the mechanism that me- Besides that, levels of osteopontin in this study were
diates the function of HOTAIR remains to be only measured in cell culture, but not in synovial fluid.
explored. Although the levels of osteopontin in cell culture
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Fig. 3 Osteopontin induced the upregulation of HOTAIR in chondrocytes from OA patients. To explore the interaction between them,
osteopontin was used to treat chondrocytes at dosages of 0, 1, 5 and 10 pg/ml, followed by measuring the expression of HOTAIR by RT-gPCR (a).
To test whether HOTAIR can also regulate osteopontin, HOTAIR overexpression and knockdown was achieved by transfecting HOTAIR expression
vector or siRNA into chondrocytes, followed by confirmation of transfections by RT-gPCR (b). The effects of HOTAIR overexpression and
knockdown on the expression of osteopontin were analyzed by RT-qPCR (c) and ELISA (d). All experiments were repeated 3 times and
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72 96

medium may also reflect the secretion of osteopontin
under in vivo conditions, the level of osteopontin in syn-
ovial fluid should also be analyzed in future studies.

Conclusions
In conclusion, osteopontin and HOTAIR are overex-
pressed in OA. Moreover, osteopontin induces the ex-
pression of HOTAIR to promote the proliferation of
chondrocytes.
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