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differentiation of bone marrow mesenchymal
stem cells by targeting miR-214-3p
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Abstract

Background Osteoarthritis is a chronic disease mainly involving the damage of articular cartilage and the whole
articular tissue, which is the main cause of disability in the elderly. To explore more effective treatment measures, this
study analyzed the regulatory role and molecular mechanism of INcRNA LINC00665 (LINC00665) in the chondrogenic
differentiation of bone marrow mesenchymal stem cells (BMSCs), providing a valuable theoretical basis for the patho-
genesis and patient treatment of osteoarthritis.

Methods Osteoarthritis tissues and healthy tissues were obtained from 52 patients with osteoarthritis and 34 ampu-
tated patients without osteoarthritis, and the levels of LINC00665 and miR-214-3p were assessed by RT-gPCR. BMSCs
were cultured and induced chondrogenic differentiation. The proliferation ability of BMSCs was detected by CCK-8
method, and the apoptosis level of BMSCs was evaluated by flow cytometry. The content of proteoglycan-glycosa-
minoglycan (GAG) in cartilage matrix was determined by Alcian blue staining. In addition, the binding relationship
between LINCO0665 and miR-214-3p was verified by luciferase reporter assay, and the molecular mechanism was fur-
ther analyzed.

Results In osteoarthritis tissues, LINCO0665 was elevated and miR-214-3p was down-regulated. With the chon-
drogenic differentiation of BMSCs, the level of GAG increased, and LINC00665 expression gradually decreased,

while miR-214-3p level was on the contrary. After transfection of pcDNA3.1-LINC00665 in BMSCs, cell proliferation
capacity was decreased, apoptosis rate was increased, and GAG content was reduced. Moreover, LINC00665 sponged
miR-214-3p and negatively regulate its expression. Transfection of pcDNA3.1-LINCO0665-miR-214-3p mimic changed
the regulation of pcDNA3.1-LINC00665 on the viability and chondrogenic differentiation of BMSCs.

Conclusions Overexpression of INcRNA LINCO0665 inhibited the proliferation and chondrogenic differentiation
of BMSCs by targeting miR-214-3p. The LINCO0665/miR-214-3p axis may improve joint damage and alleviate the pro-
gression of osteoarthritis.

Keywords Osteoarthritis, INCRNA LINC00665, miR-214-3p, Bone marrow mesenchymal stem cell, Chondroblast
differentiation

*Correspondence:

Pengxiao Sun

Sunpengxiao_XA@163.com

Full list of author information is available at the end of the article

©The Author(s) 2023. 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://creativecom-
mons.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://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-023-04475-0&domain=pdf

Chen et al. Journal of Orthopaedic Surgery and Research (2024) 19:2

Background

Osteoarthritis is a slowly developing degenerative bone
and joint disease, which is characterized by joint pain,
stiffness and limited movement [1]. According to epi-
demiological data, there are 250 million cases of osteo-
arthritis worldwide, and most of them are middle-aged
and elderly people [2, 3]. In the United States, more
than 13.8% of the population is affected by osteoarthri-
tis, while osteoarthritis appears to affect more adults in
China, with a reported prevalence of osteoarthritis about
46.3% nationwide [4, 5]. The occurrence of osteoarthritis
is not caused by a single factor, but the result of the com-
bined action of many factors, which is generally believed
to be related to obesity, joint injury and age of patients
[6]. Bone marrow mesenchymal cells (BMSCs) are adult
stem cells, which are derived from mammalian bone
marrow matrix and mainly exist in connective tissues
and organ stroma. BMSCs have multi-directional differ-
entiation potential, regeneration ability, hematopoietic
support and repair functions [7]. BMSCs have been used
in the treatment of osteoarthritis based on their power-
ful amplification ability and good anti-inflammatory
effect [8]. For example, a cell-based approach to establish
the bilayered constructs to promote cartilage regenera-
tion was proposed as early as 2012 [9]. However, current
clinical application of means can only improve the symp-
toms of osteoarthritis to a certain extent to relieve pain,
whereas cannot effectively cure it. Therefore, it is particu-
larly critical to systematically elaborate the pathological
mechanism of osteoarthritis and explore new treatment
methods.

Long noncoding RNAs (IncRNAs) have attracted a lot
of attention and research in recent decades, and count-
less evidence have revealed the regulatory ability of IncR-
NAs in different diseases. Inevitably, the involvement
of abnormally expressed IncRNAs in the diagnosis and
treatment of osteoarthritis, and influence on its patho-
genesis has also been documented [10]. As early as 2019,
Zhang et al. proposed that IncRNA MALAT1 affects cell
growth and promotes the development of osteoarthritis
by regulating the miR-150-5p/AKT3 axis [11]. LncRNA
LINC00665 was first discovered to be located on chro-
mosome 19q13.12 in 2018 and is commonly expressed
abnormally in cancer [12]. For example, LINC00665
was highly expressed in ovarian cancer, and LINC00665
knockdown attenuated cell viability and favored patient
prognostic survival by targeting miR-34a-5p [13].
Intriguingly, LINC00665 sponge miR-122-3p mediated
the progression of rheumatoid arthritis [14]. Therefore,
we hypothesized that LINC00665 may be a potential tar-
get for osteoarthritis.

This article examined the LINC00665 level in osteo-
arthritis tissue samples, and focused on the changes of
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LINC00665 and miR-214-3p levels during the chon-
drogenic differentiation of BMSCs. The impact of
LINCO00665 on the proliferation and apoptosis of BMSCs
was analyzed by transfection of LINC00665 overexpres-
sion, and the exploration of the molecular mechanism of
LINCO00665 in osteoarthritis provided a new direction for
the rehabilitation of patients.

Methods

Enrolled patients

The 52 patients with osteoarthritis who underwent knee
joint replacement in Peking University Third Hospital
Qinhuangdao Hospital were selected, and osteoarthritis
cartilage tissues were isolated and obtained after surgery
(n=52), and normal cartilage tissues were obtained from
34 patients without osteoarthritis who underwent ampu-
tation during the same period (n=34). The achieved
tissue samples were properly stored in an ultra-low tem-
perature freezer after the patient’s surgery for subsequent
use. The patients with osteoarthritis met the diagnostic
criteria of osteoarthritis by the World Health Organiza-
tion, and none of the participants had tumors, immune
system diseases or cardiovascular diseases.

Ethical approval

The studies involved were all in accordance with the rel-
evant guidelines of the Declaration of Helsinki and were
approved by the Medical Ethics Committee of Peking
University Third Hospital Qinhuangdao Hospital. Mean-
while, the enrolled patients signed written consent mate-
rials on the premise of informed consent.

Culture and chondrogenic differentiation of BMSC

BMSCs were derived from ATCC, which were inoculated
in DMEM medium supplemented with FBS and penicil-
lin—streptomycin (Invitrogen, USA) at a ratio of 10% and
1%, respectively, and cultured at 37 °C in an incubator
with 5% CO,.

BMSCs chondrogenesis differentiation was induced
with the assistance of the StemPro® Chondrogenesis Dif-
ferentiation Kit (Thermo Scientific, USA) and performed
for 0, 7, and 14 days. The cartilage matrix proteogly-
can glycosaminoglycan (GAG) content at 620 nm was
detected by Alcian blue staining kit (GENMED, USA).

Transfection of BMSC

The pcDNA3.1-LINC0066, pcDNA3.1-LINC00665-
mimic NC and pcDNA3.1-LINC00665-miR-214-3p
mimic synthesized by GenePharma (Shanghai, China)
were transfected into BMSCs respectively with the pres-
ence of Lipofectamine 2000 (Invitrogen, USA) reagent.
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Transfected cells were harvested after 48 h of incuba-
tion in 6-well plates and the transfection efficiency was
measured.

BMSC proliferation and apoptosis assay

BMSCs were transferred to 96-well plates and supple-
mented with CCK-8 reagent (Dojindo, Japan) at 0,1,2,3,
and 4 days after inoculation. After adding CCK-8 reagent
and continuing culture for 2 h, the OD value at 450 nm
was measured using a microplate reader.

BMSCs were washed with PBS and collected by centrif-
ugation, and then incubated with ANNEXIN V-FITC/PI
kit (Solebo, Beijing) for 1 h. Finally, the apoptosis of cells
was detected and analyzed by flow cytometry.

Real-time quantitative PCR (RT-qPCR) assay

The process of total RNA extraction from sample tis-
sues and BMSCs utilized TRIzol reagent. And cDNA
was obtained by PrimeScript RT Master Mix Kit (Takara,
Japan) after quality testing of RNA. In addition, the RT-
qPCR reaction system was configured with the participa-
tion of SYBR Green qPCR Master Mix Kit (Takara, Japan)
and detected by ABI 7500 system (Applied Biosystems,
USA). GAPDH and U6 were used as internal standards
for LINCO00665 and miR-214-3p, and their relative levels
were calculated according to the 2724 method.

Dual-luciferase reporter assay

The binding sites of LINC00665 and miR-214-3p were
inserted into the pGL3 vector (Promega, USA) to con-
struct WT-LINCO00665, and mutated to obtain MUT-
LINC00665. WT-LINC00665 or MUT-LINC00665 was
co-transfected into BMSCs with mimic NC or miR-
214-3p mimic using Lipofectamine 2000. After 48 h,
the luciferase activity was evaluated by Dual-Luciferase
Reporter Assay Kit (Promega, USA).
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Statistical analysis

The obtained data were processed by GraphPad Prism
7.0 software and expressed as mean +standard devia-
tion (SD). Statistical differences between groups were
analyzed by t-test and one-way ANOVA with post-hoc
Tukey test. P<0.05 was considered significant.

Results

Basic clinical data of the participants

The basic clinical data of the participants were recorded
in Table 1. The levels of ESR, CRP, WBC and Neutro-
phils count were increased in patients with osteoarthri-
tis compared with healthy controls (P <0.05).

LINC00665 level was elevated in osteoarthritic tissue
Healthy tissues and osteoarthritis tissues were obtained
from the included patient samples and LINC00665 lev-
els were detected by RT-qPCR. In Fig. 1, LINC00665
was eminently elevated in osteoarthritic tissues com-
pared with the healthy tissues.
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Relative expression of
LINC00665
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Healthy Osteoarthritis
Fig. 1 LINC00665 was elevated in osteoarthritis tissues, as detected
by RT-gPCR in 34 healthy tissues and 52 osteoarthritis tissues.

(***P<0.001, compared with healthy tissue)

Table 1 Basic clinical information for patients with osteoarthritis and healthy individuals

Variables Participants P value
Healthy (n=34) Osteoarthritis (n=52)
Age (years) 50.69+ 1554 51.61+9.69 0.717
Gender (Male/Famale) 15/19 19/33 0.533
BMI (kg/m?) 24.89+553 25.14+494 0.829
ESR (mm/h) 6.19+146 20.68+4.08 <0.001
CRP (mg/L) 459+157 1945+441 <0.001
WBC (10°/1) 5114137 12324326 <0.001
Neutrophils count (10%/L) 420+145 503+1.75 0.023
Lymphocytes count (10/1) 2.78+0.95 2.57+0.82 0.281

BMI, body mass index; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cell count. Mean + standard deviation
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Chondrogenic differentiation and activity regulation

of BMSC

BMSCs were cultured and induced, and the relative
LINCO00665 levels before and after cell differentiation
were detected via RT-qPCR. The relative expression
of cartilage matrix proteoglycan GAG was detected by
Alcian blue staining at 620 nm (0d, 7d, and 14d). The
results showed that the LINC00665 level in BMSCs
decreased gradually after chondrogenic differentia-
tion (Fig. 2A). We hypothesized that LINC00665 may
play a role in the chondrogenic differentiation of
BMSCs. Fig. 2B illustrated the gradual increased in
GAG content with increasing induction time. To fur-
ther explore the regulatory function of LINC00665 in
osteoarthritis, pcDNA3.1-LINC00665 was transfected
into BMSCs to construct LINC00665 overexpression,
and the transfection efficiency is shown in Fig. 2C. Cell
viability analysis showed that pcDNA3.1-LINC00665
inhibited the proliferation level of BMSCs (Fig. 2D)
and promoted the apoptosis of BMSCs (Fig. 2E). In
addition, the GAG level was decreased after transfec-
tion with pcDNA3.1-LINC00665 in Fig. 2F. Therefore,
it was speculated that high expression of LINC00665
inhibited the cell viability and chondrogenic differen-
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The binding relationship between LINC00665

and miR-214-3p

As shown in Fig. 3A, binding sites exist between
LINCO00665 and miR-214-3p. Then, we verified the tar-
geting relationship between LINC00665 and miR-214-3p
by luciferase reporter assay. The results of Fig. 3B showed
that co-transfection of WT-LINC00665 and miR-214-3p
mimic reduced the luciferase activity of BMSCs.

The expression level of miR-214-3p

Based on the fact that miR-214-3p is a target of
LINCO00665, the miR-214-3p level in osteoarthritis was
revealed. Figure 4A displayed the low miR-214-3p level
in osteoarthritis tissues. In the process of chondrogenic
differentiation of BMSCs, miR-214-3p was up-regulated
with the extension of induction time (Fig. 4B). Moreover,
miR-214-3p was relatively decreased after transfection of
pcDNA3.1-LINC00665 in BMSCs was shown in Fig. 4C.
These results indicated that LINC00665 negatively regu-
lated the expression of miR-214-3p.

miR-214-3p mimic reversed the effect
of pcDNA3.1-LINC00665 on BMSC
Furthermore, we transfected pcDNA3.1-LINC00665-
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Fig. 2 Chondrogenic differentiation and activity regulation of BMSCs. A. LINC00665 level in BMSCs chondrogenic differentiation within 14 days.
B. The change in cartilage matrix proteoglycan GAG level within 14 days of BMSCs chondrogenic differentiation was detected by Alcian blue
staining. (** P<0.01, *** P<0.001, compared with no differentiation group) C. Transfection efficiency of LINCO0665 overexpression in BMSCs. D.
LINC00665 overexpression inhibited the proliferation of BMSCs. E. LINCO0665 overexpression increased the apoptosis rate of BMSCs. F. LINC00665
overexpression reduced the chondrogenic differentiation of BMSCs. (***P <0.001, compared with the control group)
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Fig. 3 The study on relationship between LINC00665 and miR-214-3p. A. Binding sites exist for LINCO0665 and miR-214-3p. B. Luciferase reporter
assay verified the LINC00665 sponge miR-214-3p. (***P<0.001, compared with the control group)
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Fig. 4 Expression of miR-214-3p in osteoarthritis tissues and BMSCs. A. miR-214-3p in osteoarthritis and healthy tissues. (***P<0.001, compared
with healthy tissue) B. miR-214-3p level was gradually up-regulated in chondrogenic differentiation of BMSCs. (*** P<0.001, compared
with no differentiation group) C. The expression of miR-214-3p was decreased after transfection of pcDNA3.1-LINCO0665 in BMSCs. (***P < 0.001,

compared with the control group)

mimic to investigate the regulation of LINCO00665
on BMSCs by targeting miR-214-3p. In Fig. 5A, miR-
214-3p levels were up-regulated after transfection with
pcDNA3.1-LINC00665-miR-214-3p mimic, compared
with pcDNA3.1-LINC00665. In addition, miR-214-3p
mimic altered the inhibitory ability of pcDNA3.1-
LINC00665 on the proliferation of BMSCs (Fig. 5B),
while reduced the apoptosis rate of BMSCs (Fig. 5C).
After measuring GAG content in BMSCs in Fig. 5D, it
was also found that transfected pcDNA3.1-LINC00665-
miR-214-3p mimic could up-regulate GAG content com-
pared with pcDNA3.1-LINC00665.

Discussion

According to the cause of the disease, osteoarthritis can
be divided into two categories, one is primary osteoar-
thritis and the other is secondary osteoarthritis [15]. The
former is thought to be caused by systemic or local fac-
tors, mainly related to genetic and physical factors. The
latter occurs on the basis of primary diseases, such as
joint injuries, metabolic diseases, and congenital joint
malformations [16, 17]. The symptoms of patients with
osteoarthritis are joint pain and limited joint movement,

so the key to treatment is to relieve the pain of patients,
restore joint function, and delay the progression of the
disease [18]. Studies have noted that BMSCs may be
involved in the treatment of osteoarthritis through their
tissue repair function and anti-inflammatory proper-
ties [19]. Zheng et al. [20] proposed that osteoarthritis
is closely related to osteogenic differentiation of BMSCs,
and ROCKI1 signaling in BMSCs can assist in mediat-
ing the process of osteoarthritis. He et al. [21] indicated
that BMSCs-derived exosomes can restore cartilage
damage and relieve pain in osteoarthritis. Yang and col-
leagues also elucidated the molecular mechanism of
chondrogenic differentiation of BMSCs and its potential
in tumor therapy [22]. Based on the above discussion, we
further explored BMSCs and osteoarthritis by mediating
LINCO00665.

By analyzing the clinical data of patients with osteoar-
thritis, it can be noted that there was no significant dif-
ference in age, gender, BMI and lymphocytes count levels
between patients and healthy people, while the ESR,
CRP, WBC and Neutrophils count were elevated. Exist-
ing evidence suggested that age and BMI are risk fac-
tors for the development of osteoarthritis [23], and the
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Fig. 5 Transfection of pcDNA3.1-LINC00665-miR-214-3p mimic reversed the effect of LINCO0665 overexpression on BMSCs. A. Relative expression
of miR-214-3p in BMSCs after different transfection. B. The inhibitory effect of pcDNA3.1-LINC00665 on the proliferation of BMSCs was restored
after transfection with pcDNA3.1-LINC0O0665-miR-214-3p mimic using CCK-8 method. C. The promoting function of pcDNA3.1-LINC00665

on the apoptosis rate of BMSCs was recovered after transfection with pcDNA3.1-LINC00665-miR-214-3p mimic according to flow cytometry
detection. D. GAG content in BMSCs was increased after transfection of pcDNA3.1-LINCO0665-miR-214-3p mimic. (***P<0.001, compared

with the control group. *P < 0.05, #P < 0.001, compared to the pcDNA3.1-LINC00665)

results of this study may be related to the small sample
number. Furthermore, the up-regulated LINCO00665 in
osteoarthritis was found in this study. As a concerned
IncRNA associated with human disease, LINC00665
was reported to increase dramatically in cell models of
cerebral ischemia-reperfusion injury [24], and it was
also enhanced in numerous tumors such as breast can-
cer and prostate cancer [25]. Deng et al. [26] found
that LINC00665 was elevated in rats with spinal cord
injury, and inhibition of its expression was beneficial to
cell survival and control inflammatory response. Wang
et al. [14] revealed the LINC00665 sponge miR-122-3p/
EIF2AK1 axis to affect cell viability, thereby suppressing
the deterioration of rheumatoid arthritis. Therefore, we

speculated that LINC00665 knockdown may improve
joint injury and alleviate the progression of osteoar-
thritis, while LINC00665 overexpression may aggravate
the condition. To understand the mechanism by which
LINCO00665 regulates BMSCs to treat osteoarthritis, we
performed in vitro cellular experiments. This confirmed
that LINC00665 level gradually decreased during the
chondrogenic differentiation of BMSCs. After transfec-
tion of pcDNA3.1-LINCO00665, the proliferation abil-
ity of BMSCs was decreased and the apoptosis rate was
increased, while the differentiation degree of BMSCs was
inhibited. Similarly, Ji et al. [27] suggested that BMSCs
proliferation was prevented when IncRNA BLACAT1
was elevated. And, IncRNA XIST was enhanced in
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osteoarthritis tissues, and XIST decreased with chondro-
genic differentiation of BMSCs. Overexpression of XIST
can affect the occurrence of chondrogenic differentiation
[28].

In existing studies, miR-214-3p was reported to be
associated with the occurrence of osteoarthritis. miR-
214-3p level was low in osteoarthritis chondrocytes,
and miR-214-3p had a protective function in cartilage
metabolism [29]. miR-214-3p was down-regulated in
osteoarthritis, and silencing miR-214-3p aggravated oste-
oarthritis by activating the NF-kB signaling pathway [30].
In addition, IncRNA PVT1 directly targeted miR-214-3p
in HCC, and downregulation of miR-214-3p was nega-
tively correlated with PVT1 levels [31]. The low expres-
sion of miR-214-3p in Parkinson’s disease, and IncRNA
SNHG14 sponge miR-214-3p interfered with the cure of
patients [32]. Consistent with previous data, we verified
that miR-214-3p was a downstream target of LINC00665
and its level was reduced in osteoarthritis tissues. Con-
trary to the content of LINC00665, miR-214-3p increased
with the progress of BMSCs chondrogenic differentia-
tion. Transfection of pcDNA3.1-LINC00665-miR-214-3p
mimic restored the inhibition of LINC00665 overexpres-
sion on proliferation of BMSCs and reversed the pro-
motion of apoptosis of BMSCs induced by LINC00665
overexpression. In the investigation of chondrocyte
inflammation, miR-214-3p mimic also had the effect of
accelerating chondrocyte proliferation and reducing cell
death [33]. Upregulation of miR-214-3p can ameliorate
cartilage and synovial membrane damage in osteoar-
thritis mice and mediate cell activity by targeting down-
stream proteins [34].

Conclusions

Taken together, the empirical experiments and analysis of
this study revealed that LINC00665 was elevated in oste-
oarthritis, while miR-214-3p was decreased. LINC00665
overexpression inhibited the proliferation and promoted
the apoptosis of BMSCs by targeting miR-214-3p, which
regulated the differentiation of BMSCs. Therefore,
LINCO00665 may serve as a key target for osteoarthri-
tis therapy and amelioration of joint injury according to
LINCO00665/miR-214-3p axis.
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BMSCs Bone marrow mesenchymal stem cells
INcRNAs  Long noncoding RNAs
SD Standard deviation
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