
Page 1/14

lncRNA HAND2-AS1 is Down Regulated in
Osteoarthritis and Regulates IL‐6 Expression in
Chondrocyte
Zhenxing Si 

Second A�liated Hospital of Harbin Medical University
Shifeng Zhou 

First A�liated Hospital of Harbin Medical University
Zilong Shen 

The Second A�liated Hospital of Haebin Medical University
Feiyu Luan 

First A�liated Hospital of Harbin Medical College
Jinglong Yan  (  yanjinglong01@126.com )

Second A�liated Hospital of Harbin Medical University https://orcid.org/0000-0003-1583-5441

Research article

Keywords: Osteoarthritis, synovial �uid, lncRNA HAND2-AS1, Interleukin 6, chondrocytes

Posted Date: October 21st, 2020

DOI: https://doi.org/10.21203/rs.3.rs-93180/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Journal of Orthopaedic Surgery and
Research on January 19th, 2021. See the published version at https://doi.org/10.1186/s13018-021-
02216-9.

EDITORIAL NOTE:

20 July 2022: The published version of this preprint was retracted from Journal of Orthopaedic
Surgery and Research on 14 June 2022. The retraction notice can be found here. Research Square
has withdrawn this preprint.

https://doi.org/10.21203/rs.3.rs-93180/v1
mailto:yanjinglong01@126.com
https://orcid.org/0000-0003-1583-5441
https://doi.org/10.21203/rs.3.rs-93180/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13018-021-02216-9
https://doi.org/10.1186/s13018-022-03206-1


Page 2/14



Page 3/14

Abstract
Background: Osteoarthritis (OA) is a leading cause of disability. The incidence of OA is progressively
rising due to the diminishing levels of physical activity and ever-expanding ageing population. However,
the mainstay for OA treatment only can improve symptoms without delay the progression of this severe
disease. This study aimed to explore the biological role and clinical function of lncRNA HAND2-AS1 in
OA.

Methods: Blood samples and synovial �uid were collected from OA patients and normal subjects.
HAND2-AS1 expression was detected by qRT-PCR and IL-6 expression was detected by ELISA; The
plasma levels of HAND2-AS1 were also detected in different ages, stages and gender of OA patients and
controls. Furthermore, the ROC curve was used to analyze whether HAND2-AS1 can distinguish OA
patients from normal subjects. Also, Pearson correlation coe�cient analysis was used to analyze the
correlation between lncRNA HAND2-AS1 and IL-6. In addition, western blot was used to detect the IL-6
level upon HAND2-AS1 overexpression in chondrocytes and qRT-PCR was used to detect the HAND2-AS1
level after endogenous IL-6 treatment.

Results: HAND2-AS1 and IL-6 were dysregulated in plasma and synovial �uid of OA patients. The
expression of HAND2-AS1 in plasma of OA patients was decreased with aging and progression.
Furthermore, HAND2-AS1 downregulation effectively distinguished OA patients from the healthy controls.
Overexpression of HAND2-AS1 inhibited IL‐6 expression in chondrocytes, while treatment with exogenous
IL‐6 did not affect HAND2-AS1 expression.

Conclusion: HAND2-AS1 effectively distinguished OA patients from the healthy controls and regulates IL‐
6 expression in human chondrocytes. 

Abbreviations: Long non-coding RNA, lncRNA; Osteoarthritis, OA; Interleukin 6, IL‐6; Negative control
plasmid, NC; Real‐time quantitative polymerase chain reaction, qRT-PCR; Enzyme‐linked immunosorbent
assay, ELISA; Receiver operating characteristic curve, ROC;

Trial registration: ChiCTR, ChiCTR2000038635. Registered 11 February 2019, http://
http://www.chictr.org.cn/ ChiCTR2000038635

Introduction
Osteoarthritis (OA) is the most prevalent joint disorder and affects most commonly the knees, �ngers,
spine and hips. The hallmark of OA is progressive degradation of articular cartilage, synovitis, joint pain
and alterations in periarticular tissues and subchondral bone.1, 2 The most common symptom that OA
patients �rst present by far is pain, which is also the predominant symptom that leads to disability. Pain
and loss of functional capacity are accompanied by an increased risk of additional comorbid conditions
such as cardiovascular disease, diabetes or cancer.3, 4 Many risk factors such as an increase in life
expectancy, obesity and population ageing have contributed to the increase in the incidence of OA.5 The
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mainstay for OA treatment includes pharmacological and nonpharmacological to improve function and
reduce pain. However, these treatments for OA are directed at symptomatic response and do not affect
structural alterations.6, 7, 8, 9 Although much effort has been devoted to developing new treatments for OA
and promising results have been obtained from OA animal models, rare agents have completed clinical
trials. Therefore, it’s an urgent goal to elucidate the underlying mechanisms.10, 11, 12

The mechanism of OA is associated with acute and chronic in�ammatory response and in�ammation is
commonly existed in OA patients’ body. As an in�ammatory disease, the OA progression and
development are always accompanied by altered levels of in�ammatory factors.5, 13, 14 Interleukin 6 (IL-6)
is a proin�ammatory cytokine, which is upregulated frequently in OA patients and osteoarthritis animal
models.15, 16, 17, 18 HAND2-AS1 is a newly de�ned lncRNA and has been proved play an important role in
different types of tumors, such as prostate cancer,19 ovarian carcinoma,20 cervical cancer,21 intraductal
papillary mucinous neoplasm,22 colorectal cancer,23 liver cancer 24 and liver cancer stem cell. 25 However,
the biological role and clinical function of HAND2-AS1 in OA are unclear. Here, we found that HAND2-AS1
is downregulated in OA, which is correlated to age and the progression stages of OA. Further, HAND2-AS1
may act as a biomarker that can effectively distinguish OA patients from normal subjects. What’s more,
the role of HAND2-AS1 in OA is likely achieved through the inhibition of IL‐6. Our surprising �ndings
provide a novel insight into how HAND2-AS1 regulates OA progression. And thus, HAND2-AS1 could play
a critical role in the pathogenesis of OA.

Materials And Methods
Plasma specimens, synovial �uid, and cell line

Blood samples were collected from 67 clinically con�rmed OA patients and 34normal subjects who were
admitted by the Ningxia Medical University from February 2019 to February 2020.Inclusion criteria for
patients: 1) diagnosis of knee osteoarthritis; 2) All patients signed the informed consent forms. Exclusion
criteria for patients: 1) Patients diagnosed with other clinical diseases; 2) Any treatment received within 3
months before admission; 3) Excluding the in�uence of other in�ammatory diseases, such as pharyngitis,
colds, etc; 4) Patients with other types of arthritis should be excluded.

To separate plasma, all blood samples were centrifuged at 1200g for 15 minutes in EDTA tubes at room
temperature. Synovial �uid samples were collected from 21 OA patients and 11 normal subjects. The 67
patients with OA included 31 females and 36 males, ranging in age from 34 to 69 years (average
46.5±4.2 years). The 34 healthy individuals included 14 females and 20 males, ranging in age from 32 to
68 years old (average 45.9±4.7 years old). This study has passed the review of the Ethics Committee of
the First A�liated Hospital of Harbin Medical University. Human chondrocyte cell line was purchased
from ATCC (Manassas) to perform in vitro cell experiments. Cells were cultured in Dulbeccoʼs Modi�ed
Eagleʼs Medium (DMED) supplied with 10% fetal bovine serum and 0.1 mg/mL G‐418 and the culture
conditions were 37°C and 5% CO2.
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Cell transfection

lncRNA HAND2-AS1 over-expression plasmid (HAND2-AS1) and negative control plasmid (NC) were
designed and constructed by Sangon (China). Lipofectamine 2000 reagent (CA) was used to transient
transfect the human chondrocyte cell line.

Western‐blot analysis

Cells total proteins were extracted with radioimmunoprecipitation assay solution (Thermo Fisher
Scienti�c). Gel electrophoresis was performed using10% sodium dodecyl sulfate polyacrylamide and
then gel transfer was performed with polyvinylidene di�uoride membranes. The membranes were blocked
for 1 hour in 5% nonfat milk at room temperature and then membranes were incubated with primary
antibodies for 1 hour including IL‐6 (1: 1600; Abcam, UK), β-actin (1: 4000; Abcam). Finally, the
membranes were incubated with secondary antibody (1:1000, Beyotime, China) for 1 hour at room
temperature. Signals were collected using ECL (Sigma‐Aldrich) and Image J software was used for all
data normalizations.

Real‐time quantitative polymerase chain reaction (qRT-PCR)

Total RNA was extracted using Trizol (Thermo Fisher Scienti�c) according to the instruction. Then reverse
transcription was performed with superScript III Reverse Transcriptase (Thermo Fisher Scienti�c) and
PCR reaction systems were prepared with SYBR Green Quantitative RT‐qPCR Kit (Roche) according to the
instructions. All primers used in this study were purchased from Sangon and as follows:

HAND2-AS1 Forward: Forward: 5'- GGAGTCACAGGCAGTCGTAGA -3',

HAND2-AS1 Reverse: 5'- GAAGGCACAGATCATTCATGG -3';

β-actin Forward: 5'-TTCCAGCCTTCCTTCCTGGG-3',

β-actin Reverse: 5'-TTGCGCTCAGGAGGAGCAAT-3'.

Enzyme‐linked immunosorbent assay (ELISA)

IL‐6 Human ELISA Kit (Thermo Fisher Scienti�c) was used to detect the IL‐6 level in plasma according to
the instructions.

Statistical analysis

Data were obtained from three biological replicates and presented as the mean ±standard deviation.
Receiver operating characteristic (ROC) curve was used to explore the diagnostic values of plasma
lncRNA HAND2-AS1 for osteoarthritis, in which true positive cases were osteoarthritis patients and true
negative cases were the healthy individuals. Pearson's correlation coe�cient was used to analyze the
correlations between HAND2-AS1 and IL‐6. Differences in comparisons were analyzed using Student’s t



Page 6/14

test. Three or more group means by one- or two-way ANOVA and the signi�cance was determined at *P <
0.05.

Results
lncRNA HAND2-AS1 and IL‐6 were dysregulated in plasma and synovial �uid of OA patients.

Blood samples were collected from 67 clinically con�rmed OA patients and 34 normal subjects, and the
plasma was separated by centrifugation. The expression of lncRNA HAND2-AS1 in plasma was detected
by qRT-PCR. As shown in Fig.1A, expression levels of plasma lncRNA HAND2-AS1 were signi�cantly lower
in OA patients comparing to the control group. The IL-6 level in plasma was detected by ELISA and the
results showed that plasma levels of IL‐6 were signi�cantly higher in OA patients comparing to the
control group (Fig.1B). Synovial �uid was collected from 21 clinically con�rmed OA patients and 11
normal subjectsand the expression of lncRNA HAND2-AS1 in synovial �uid was detected by qRT-PCR; The
expression of IL-6 in synovial �uid was detected by ELISA. lncRNA HAND2-AS1 levels in synovial �uid
were also signi�cantly lower in OA patients comparing to healthy controls (Fig.1C) and IL‐6 levels in
synovial �uid were signi�cantly higher in OA patients comparing to the control group (Fig.1D).

The expression of HAND2-AS1in plasma of OA patients was decreased with aging.

To investigate whether the expression of HAND2-AS1 altered with aging, OA patients and healthy controls
were divided into three groups according to ages: 40-50-year-old group, 50-60-year-old group and 60-70-
year-old group. The expression of HAND2-AS1 in plasma of these groups was detected by qRT-PCR. The
results showed that the expression of HAND2-AS1 in the 50-60-year-old group was signi�cantly lower
than that in the 40-50-year-old group, while the expression of HAND2-AS1 in the 60-70-year-old group was
signi�cantly lower than that in the 50-60-year-old group in OA patients (Tab.1). However, in healthy
control groups, no signi�cant changes were observed in 40-50-year-old group, 50-60-year-old group and
60-70-year-old group (Tab.1).

The expression of HAND2-AS1 in plasma of OA patients was decreased with OA progression.

To investigate whether the expression of HAND2-AS1 altered with the progression of OA, OA patients and
healthy controls were divided into advanced stages and late stages according to the clinical diagnosis.
The expression of HAND2-AS1 in plasma of these groups was detected by qRT-PCR. The results showed
that the expression of HAND2-AS1 in the late stage was signi�cantly lower than that in the advanced
stage in OA patients. However, in healthy control groups, no signi�cant changes were observed between
advanced stage and late stage (Tab.2).

The expression of HAND2-AS1 in plasma of OA patients and healthy controls did not alter in different
gender.

since the incidence of OA in female is higher than that in male, we also determined whether the
expression of HAND2-AS1 is related to gender in OA patients. OA patients were divided into male and
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female two groups and the results showed that the level of HAND2-AS1 in OA patients was not
signi�cantly changed between the two groups. The same results were also observed in the healthy
controls and these results suggested that different gender cannot affect the expression of HAND2-AS1
(Tab. 3).

HAND2-AS1 and IL‐6 were inversely correlated in OA patients.

To investigate whether the expressions of lncRNA HAND2-AS1 and IL-6 are related in OA patients and
normal subjects, Pearson correlation coe�cient analysis was used to analyze the correlation between
HAND2-AS1 and IL-6 in plasma of OA patients and normal subjects (Fig.2A). HAND2-AS1 and IL‐6 were
signi�cantly and inversely correlated in OA patients, while the expressions of HAND2-AS1 and IL-6 in
normal subject plasma were analyzed by Pear After analysis of the poor correlation coe�cient (Fig.2B).

HAND2-AS1 inhibited IL‐6 in chondrocytes.

To investigate whether HAND2-AS1 can inhibit IL-6 expression in chondrocytes, human chondrocyte cell
line was transfected with HAND2-AS1 over-expression plasmid (HAND2-AS1) and negative control
plasmid (NC). The over-expression of HAND2-AS1 was con�rmed by qRT-PCR after transfection (Fig.3A)
and the IL-6 level was detected by Western blot. The results showed that after HAND2-AS1 and NC
transfection, the expression level of IL-6 protein in human chondrocyte cells was signi�cantly lower than
that in the NC control group (Fig.3B-C). Furthermore, 5, 10 and 20 ng of exogenous IL-6 were applied to
human chondrocyte cells and qRT-PCR was used to detect HAND2-AS1 expression in these cells and the
results showed that the expression of HAND2-AS1 in cells treated with exogenous IL-6 protein was not
change signi�cantly (Fig.3D), indicating that HAND2-AS1 regulated IL-6 expression in human
chondrocytes.

Discussion
OA has posed a signi�cant burden on individuals and society since this severe musculoskeletal disease
decreases mobility, productivity and quality of life and increases social expenditure and the use of
healthcare services.26, 27, 28 It has been estimated that up to 240 million people around the world are
suffering from OA and due to the increasing levels of sedentary behavior, diminishing levels of physical
activity and ever-expanding ageing population, the prevalence of OA is expected to become the most
common form of musculoskeletal disease by 2040.29, 30 However, the disease-modifying osteoarthritis
drug development is still elusive. HAND2-AS1 is an lncRNA with known functionality in the regulation of
liver cancer, stomach cancer, endometrial cancer and colon cancer.31, 32 However, the biological role and
clinical function of HAND2-AS1 in OA are unclear. We found that the downregulation of HAND2-AS1 is
also involved in OA and the role of HAND2-AS1 in OA is likely achieved through the inhibition of IL-6,
which is a key mediator of in�ammatory responses in OA. Also, we found that the HAND2-AS1 expression
is decreased along with age and the progression of OA. Most importantly, HAND2-AS1 may act as a
biomarker that can effectively distinguish OA patients from normal subjects.
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IL-6 is a proin�ammatory cytokine and has been proved participate in many in�ammatory diseases.33, 34,

35 Many studies showed that inhibition of IL‐6 is a promising way to the treatment of in�ammatory
diseases.36, 37, 38 We observed that HAND2-AS1 can regulate IL‐6 in OA patients, which may be an
upstream inhibitor of IL‐6. However, this regulation could not be observed in controls groups, suggest that
the inhibition of IL‐6 by HAND2-AS1 is likely indirect and there may exist pathological mediators between
HAND2-AS1 and IL‐6. We will further focus on the mechanism of the inhibition of IL‐6 by HAND2-AS1.

Numerous lncRNAshave been proved play critical roles in OA and mediate the apoptosis of
chondrocytes.39, 40 Here we �rst reported the downregulation of lncRNA HAND2-AS1 in OA, which can
effectively distinguish OA patients from the healthy controls, suggest that downregulation of HAND2-AS1
may be used to assist the diagnosis of osteoarthritis. Moreover, the expression of HAND2-AS1 is
decreased along with the progression of OA and age, indicating that the level of HAND2-AS1may re�ect
different stages of OA.
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Due to technical limitations, table 1,2,3 is only available as a download in the Supplemental Files section.

Figures
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Figure 1

lncRNA HAND2-AS1 and IL‐6were dysregulated in plasma and synovial �uid of OA patients. (A) qRT‐PCR
results showed the level of HAND2-AS1 in plasma of OA patients and controls. (B) ELISA results showed
the level of IL-6 in plasma of OA patients and healthy controls. (C) qRT‐PCR results showed the level of
HAND2-AS1 in synovial �uid of OA patients and healthy controls. (D) ELISA results showed the level of IL-
6 in synovial �uid of OA patients and healthy controls.
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Figure 2

HAND2-AS1and IL‐6 were inversely correlated in OA patients. (A) Pearson's correlation coe�cient was
used to analysis the correlations between HAND2-AS1 and IL‐6 in OA patients. (B) Pearson's correlation
coe�cient was used to analysis the correlations between HAND2-AS1 and IL‐6 in healthy controls.

Figure 3
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HAND2-AS1 inhibited IL‐6 in human chondrocyte cells. (A) qRT‐PCR results showed the level of relative
HAND2-AS1 in human chondrocyte cells after HAND2-AS1 and NC transfection. (B-C) Western blot results
showed the level of IL-6 in human chondrocyte cells after HAND2-AS1 and NC transfection. (D) qRT‐PCR
results showed the level of HAND2-AS1 in human chondrocyte cells after treatment with IL-6. Data are
means ± SEM of 3 independent experiments. *P 0.05.
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