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ABSTRACT The researchers aimed to inquire into the roles of long non-coding ribonucleic acid X inactive specific
transcript/microRNA-29a/phosphatase and tensin homolog deleted on chromosome ten (lncRNA-XIST/miR-29a/
PTEN) pathway in the osteogenic differentiation of bone marrow mesenchymal stem cells (BMSCs) and postmenopausal
osteoporosis (PMOP). In the miR-29a + Lenti-NC group, ALP activity, concentration of alizarin red, and mRNA and
protein expressions of Runx2, OPN and OCN significantly increased, whereas the mRNA and protein expressions of
LPL, AP-2 and leptin decreased (P<0.05). In contrast with the miR-29a + Lenti-NC group, miR-29a + Lenti-XIST and
miR-29a + Lenti-PTEN groups had decreased ALP activity, concentration of alizarin red, and mRNA and protein
expressions of Runx2, OPN and OCN, but increased mRNA and protein expressions of LPL, AP-2 and leptin (P<0.05).
BMSCs have incremental expressions of lncRNA-XIST and PTEN and a declined expression of miR-29a. LncRNA-
XIST suppresses the osteogenic differentiation of BMSCs by feat of the miR-29a/PTEN pathway.
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INTRODUCTION

Postmenopausal osteoporosis (PMOP) is de-
fined as bone metabolism disorders put down to
superior bone resorption to bone formation due
to ovarian function decline and insufficient es-
trogen secretion (Söreskog et al. 2021). The dis-
ease is primarily manifested as ostealgia and frac-
tures, and frequently occurs in middle-aged and
elderly postmenopausal women, seriously affect-
ing patients’ physical and mental health and qual-
ity of life (Baccaro et al. 2015).  As members of the
mesenchymal stem cell family, bone marrow mes-
enchymal stem cells (BMSCs) are able to differ-
entiate into adipocytes, osteocytes and chondro-
cytes, and stimulate osteocalcin (OCN) release in
osteoclasts, thereby facilitating bone growth and
remodeling (Zhou et al. 2019; Zhong et al. 2020).
The differentiation of BMSCs into adipocytes and
osteocytes may be a significant pathogenesis of
PMOP (Wang et al. 2021; Zhang et al. 2021).

Long non-coding ribonucleic acids (lncRNAs)
and microRNAs (miRNAs) play key roles in os-
teoblast differentiation (Sun et al. 2021; Lin et al.
2021). X inactive specific transcript (XIST) exhib-
its significantly downward content in the differ-
entiation of synovial mesenchymal stem cells into
chondrocytes, and silencing XIST expression
promotes such differentiation (Zhu et al. 2021).
Moreover, the down-regulation of lncRNA-XIST
can enhance the proliferation and differentiation
of osteoblasts upon rheumatoid arthritis, as a treat-
ment target (Wang et al. 2020). MiR-29a-3p pro-
motes the differentiation of BMSCs into osteo-
cytes in a high-fat environment (Luo et al. 2019).
Moreover, research implemented by Xu et al.
(2020) manifested that in the case of PMOP, the
expression of miR-29a-3p waned, and cartilage
degeneration occurred. Additionally, Alsina et al.
(2018) found that phosphatase and tensin ho-
molog deleted on chromosome ten (PTEN) inhib-
ited bone morphogenetic protein 9 (BMP9)-in-
duced activity of alkaline phosphatase (ALP) in
C3H10T1/2 mouse embryonic fibroblasts, and
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suppressed the expression and mineralization of
early and late osteogenic markers. However,
whether lncRNA-XIST, miR-29a and PTEN are
associated with one another in the differentiation
of BMSCs into osteocytes has been rarely re-
ported. It has previously been described that
PMOP displayed a close correlation with the en-
dogenous expressions of lncRNA-XIST, miR-29a
and PTEN (Ghafouri-Fard et al. 2021).

Objectives

An ovariectomized rat model was established,
and the expressions and variations of the lncR-
NA-XIST/miR-29a/PTEN pathway during the dif-
ferentiation of BMSCs into osteocytes were ana-
lyzed, aiming to explore the molecular mechanism
of PMOP.

MATERIAL  AND  METHODS

Material

Laboratory animals were SPF female SD rats
purchased from SINO ANIMAL (Beijing) Co., Ltd.
(China; license No. SYXK (Beijing) 2020-0051).

The main reagents and apparatus included
miR-negative control (NC) and miR-29a (Guang-
zhou RiboBio Co., Ltd., China), Lenti-NC, Lenti-
XIST and Lenti-PTEN (Shanghai HanBio Co., Ltd.,
China), α-minimum essential medium (α-MEM),
ALP staining kit and alizarin red S staining kit
(Shanghai Beyotime Biotechnology Co., Ltd.,
China), Runt-related transcription factor 2
(Runx2), OCN and osteopontin (OPN) antibodies
(CST, USA), horseradish peroxidase-labeled sec-
ondary antibodies (Beijing Bersee Science and
Technology Co., Ltd., China), lipoprotein lipase
(LPL), adipocyte binding protein-2 (AP-2) and
leptin antibodies (Shenzhen Otwo Biotech Co.,
Ltd., China), bicinchoninic acid (BCA) protein
concentration assay kit (Beijing Zhongshan Gold-
en Bridge Biotechnology Co., Ltd., China), refrig-
erated centrifuge (Beckman Coulter, USA), pro-
tein electrophoresis and membrane transfer ap-
paratus (Bio-Rad, USA), and electron microscope
(Olympus, Japan).

PMOP Modeling and Grouping

Twenty female SD rats were randomly divid-
ed into a Sham group (n=10) and an ovariectomy

group (PMOP group, n=10). After intraperitoneal
injection of 3 percent sodium pentobarbital (40
mg/kg) for anesthetizing the rats, the abdomen
was longitudinally cut open layer by layer along
the midline, bilateral ovaries were found and re-
moved by silk ligation, and then the incision was
sutured layer by layer. For the Sham group, only
the exposure of the ovaries was implemented,
without removal of the ovaries. Penicillin (100,000
U/d) was intraperitoneally injected for 3 consec-
utive days following surgery. After routine feed
for 8 weeks, ascertainment of the bone mineral
density (BMD) was executed on the right femur.
The modeling was considered successful if sig-
nificantly waned BMD was ascertained in the
PMOP group in contrast to the Sham group
(P<0.05).

Culture and Identification of BMSCs

BMSC isolation and cultivation were done.
To be specific, after the rats were sacrificed, the
unilateral femur and tibia were aseptically isolat-
ed, and the amputation of metaphysis at both
ends was executed. Afterwards, α-MEM incor-
porating 10 percent fetal bovine serum was em-
ployed to quickly wash the bone marrow cavity.
Thereafter, the washing solution was collected,
pipetted several times and centrifuged, followed
by casting aside of the supernatant. Next, resus-
pension of the solution was done with α-MEM
incorporating 10 percent fetal bovine serum, fol-
lowed by culture in a 5 percent CO2 incubator at
37°C, with replacement of the medium every 48 h.
Following the cell density hit 80-90 percent, cell
trypsinization and passage were executed, and
the third (P3)-generation BMSCs were harvested
for further experiments.

For osteogenic differentiation, the osteogen-
ic induction solution was added into the P3-gen-
eration BMSCs for inducing differentiation. 3
weeks later, the BMSCs were dyed with alizarin
red, and the mineralized nodules were observed
under an optical microscope (×100).

For adipogenic differentiation, the P3-gener-
ation BMSCs were induced to differentiate with
adipogenic induction solution. Next, the BMSC
were dyed with oil red O after the lipid droplets
became large and round enough, followed by
watching of the staining results under the optical
microscope (×100).
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To identify the surface markers of BMSCs,
the P3-generation of BMSCs were added PE-la-
beled cluster of differentiation (CD) 90 and CD44,
APC-labeled CD45 and FITC-labeled CD31, re-
spectively, and the expressions of corresponding
antigens were ascertained by flow cytometry.

Transfection and Grouping

According to the instructions of Lipo-
fectamineTM2000, transfection of BMSCs was ex-
ecuted with miR-NC and miR-29a, respectively,
during which the culture medium was replaced
with lentiviral-pEF-1a/Puro-NC (Lenti-NC), lentivi-
ral-pEF-1a/Puro-XIST (Lenti-XIST) and lentivi-
ral-pEF-1a/Puro-PTEN (Lenti-PTEN) fresh medi-
um containing 6 mg/L polybrene with a multiplic-
ity of infection of 20. Afterwards, 48 h of BMSC
cultivation was done at 37°C in the 5 percent CO2
incubator .

The BMSCs were allocated to miR-NC + Len-
ti-NC, miR-NC + Lenti-XIST, miR-29a + Lenti-NC,
miR-29a + Lenti-XIST, miR-NC + Lenti-PTEN and
miR-29a + Lenti-PTEN groups.

Detection of Targeted Binding of lncRNA-XIST
to miR-29a and of miR-29a to PTEN by Luciferase
Assay

The targeted binding sites of XIST to miR-
29a and those of miR-29a to PTEN were anticipated
based on miRcode (http://www.miRcode.org) and
TargetScanHuman (http://www.targetscan.org/
vert_72/), respectively, showing that XIST and PTEN
may be the target genes of miR-29a. Then construc-
tion of XIST and PTEN wild-type 3' untranslated
region (3’UTR) vectors (XIST-WT, PTEN-WT) and
mutant 3’UTR luciferase reporter vectors (XIST-
MUT, PTEN-WT) was conducted, followed by mix-
ing with miR-NC and miR-29a in the order given,
and co-transfection into BMSCs by Lipo-
fectamineTM2000 for 48 h. Thereafter, the BMSCs
were harvested and prepared into cell lysate, and
ascertainment of the luciferase activity was exe-
cuted in accordance with the kit’s instructions to
determine whether miR-34a bound XIST and
PTEN 3’UTR.

ALP Staining

Following inoculating transfected BMSCs
into a 24-well plate, culture in calcium salt medi-

um was implemented for 7 d. Next, washing with
PBS 3 times, and fixation with 4 percent paraform-
aldehyde at room temperature for 20 min were
accomplished. After casting aside paraformalde-
hyde, NBT/ALP solution was added for ALP
staining in dark for 30 min, and the staining re-
sults were observed. Blue outlines in the cyto-
plasm indicated that ALP in cells bound the dye.
In diethanolamine buffer (pH 9.8, 37°C), the amount
of ALP required to produce 1 ìmol p-nitrophenol
from p-nitrophenyl phosphate chromogenic sub-
strate hydrolyzed per minute was defined as an
ALP activity unit. The ALP activity in the sample
was figured up based on the definition of enzyme
activity.

Alizarin Red S Staining

After the inoculation of transfected BMSCs
into a 24-well plate, the BMSCs were cultivated in
calcium salt medium for 14 d. Afterwards, BMSC
washing and fixation were executed separately
with PBS (3 times) and 4 percent paraformalde-
hyde (at room temperature for 20 min). After cast-
ing aside paraformaldehyde, 0.4 percent alizarin
red S was added for staining, the reaction was
terminated with deionized water, and the calcium
deposition was observed under the microscope.
Dark red calcified nodules outside the alizarin red-
stained cells indicated calcium production. Then
reading of the absorbance at 405 nm was execut-
ed exercising a microplate reader according to the
instructions of alizarin red staining kit. The al-
izarin red standard curve was plotted, and the
concentration in sample was calculated.

Detection of mRNA Expressions of
lncRNA-XIST, miR-29a and PTEN, Osteogenic
Markers OCN, OPN, Runx2 and Adipogenic
Markers LPL, AP-2 and Leptin in BMSCs
by qRT-PCR

TRIzol was adopted for total RNA extraction
from BMSCs, followed by reverse transcription
into cDNA. Next, amplification was accomplished
using SYBR Green, with GAPDH as the internal
reference under the undermentioned reaction
conditions: pre-denaturation at 95°C for 5 min,
95°C for 10 s, and 62°C for 30 s, a total of 40
cycles. Thereafter, the computation of relative
mRNA expression levels of Runx2, OPN and OCN
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was executed by 2-ΔΔCT. PCR primer sequences
were as follows: XIST-F: 5'-ACGCTGCATGTGTC-
CTTAG-3', XIST-R: 5'-GAGCCTCTTATAGCT-
GTTTG-3'. PTEN-F: 5'-TAGTGACAATGAACCT-
GATCA-3', PTEN-R: 5'-GGTAATCTGACA-
CAATGTCCTA-3'. Runx2-F: 5'-GCACTAC-
CCAGCCACCTTTA-3', Runx2-R: 5'-TATGGAGT-
GCTGCTGGTCTG-3'. OPN-F: 5'-GAGCAAACA-
GACGATGTGGA-3', OPN-R: 5'-GACCAGCT-
CATCGGATTCAT-3'. OCN-F: 5'-TCACACTGCT-
TGCCCTACTG-3', OCN-R: 5'-TGCCATA-
GAAGCGCCGATAG-3'. LPL-F: 5'-TTGCTATTC-
CAGGGTATCCA-3', LPL-R: 5'-TGTTAGTTGT-
TGTCCCATCG-3'. AP-2-F: 5'-TCCTGCACCAC-
CAACTGCTTAG-3', AP-2-R: 5'-AGTGGCAGT-
GATGGCATGGACT-3'. Leptin-F: 5'-CCAGGAT-
GACACCAAAACCC-3', Leptin-R: 5'-TATCTG-
CAGCACGTTTTGGG-3'. GAPDH-F: 5'-GGT-
GAAGGTCGGAGTGAACG-3', GAPDH-R: 5'-
CGTGGGTGGAATCATACTGGA-3'.

Detection of Protein Expressions of
lncRNA-XIST, PTEN, Osteogenic Markers OCN,
OPN and Runx2 and Adipogenic Markers LPL,
AP-2 and Leptin in BMSCs by Western Blotting

Total protein extraction was conducted by
adding an appropriate amount of RIPA lysis buff-
er to part of BMSCs, followed by ascertainment
of the protein concentration using BCA kit. After
dilution with buffer, the protein was subjected to
SDS-PAGE for separation, followed by quick
transfer of the products onto a PVDF membrane.
Then the membrane was subjected to 2 h of block-
ing in tris-buffered saline incorporating Tween 20
(TBST) with 5 percent skim milk at room tempera-
ture, and incubation with XIST, PTEN, Runx2,
OPN, OCN, LPL, AP-2 and leptin primary anti-
bodies (dilution ratio: 1:2000) through the whole
night at 4°C . Thereafter, membrane washing was
executed with TBST for 3 times, followed by in-
cubation of the membrane again with secondary
antibodies (dilution ratio: 1:10,000) at indoor tem-
perature for 2 h. Finally, the color was developed
with ECL reagent in dark. The gray values of protein
bands were recorded and photographed using
Bio-Rad gel imager. GAPDH served as the control,
and quantitative analysis of protein expression
was executed.

Statistical Analysis

SPSS16.0 software was employed for statisti-
cal analysis. The measurement data were described
as mean ± standard deviation (x ± s) and compared
between two groups by the t test. P<0.05 was con-
sidered to be statistically significant.

RESULTS

Morphological Observation and Identification of
BMSCs

The P3-generation BMSCs in Sham and
PMOP groups were closely arranged in a vortex
shape, exhibiting a long spindle shape with the
same morphology (Fig. 1A). After osteogenic in-
duction, the cells turned from long spindle shape
to short spindle and square shapes, the cell colo-
nies were distributed in layers, calcium deposi-
tion gradually emerged in BMSCs, and red dense
nodules were discerned, but the Sham group ex-
hibited a larger area of red nodules than that the
PMOP group (Fig. 1B). After adipogenic induc-
tion, BMSCs gradually became round from long
spindle, the intracellular lipid droplets continu-
ously increased, fused and became larger, and
the lipid droplets were red, but a larger number of
lipid droplets was watched in the PMOP group in
contrast to the Sham group (Fig. 1C). In terms of
the surface markers of BMSCs, CD90 and CD44
were positively expressed (Sham group: 99.8 per-
cent and 99.5 percent, PMOP group: 99.5 percent
and 99.8 percent), while CD45 and CD31 were
negatively expressed (Sham group: 0.40 percent
and 0.004 percent, PMOP group: 0.42 percent and
0.005 percent) (Fig. 1D). Taken together, the ad-
herent cells isolated from the bone marrow of SD
rats were BMSCs. The BMSCs in the Sham group
underwent osteogenic differentiation, while those
in the PMOP group were subjected to adipogenic
differentiation.

mRNA Expression Levels of lncRNA-XIST,
miR-29a, PTEN, Osteogenic Markers Runx2,
OPN and OCN and Adipogenic Markers LPL,
AP-2 and Leptin during Osteogenic
Differentiation of BMSCs

In Sham and PMOP groups, significantly rose
mRNA expression levels of miR-29a and osteo-
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genic markers (Runx2, OPN and OCN) were no-
ticed at 7, 14 and 21 d after osteogenic induction
compared with those at 0 d, and the Sham group
displayed higher mRNA expression levels of such
indexes than the PMOP group (P<0.05). Addi-
tionally, Sham and PMOP groups manifested the
significantly downward mRNA expression levels
of lncRNA-XIST and PTEN and adipogenic mark-
ers LPL, AP-2 and leptin, and these levels were
lower in the Sham group than those in the PMOP
group (P<0.05). Differentiation into osteocytes
and adipocytes was inversely proportional to the
extension of culture time. The differentiation of

BMSCs into osteocytes and adipocytes was sev-
erally noted in the Sham group and PMOP group
(Fig. 2).

Targeted Regulatory Relationships among
lncRNA-XIST, miR-29a and PTEN

According to forecasting by starBase, miR-
29a was a potential downstream target of lncR-
NA-XIST (Fig. 3A). Based on TargetScanHuman,
PTEN was screened out as the target gene of
miR-29a, and the two had binding sites in 3’UTR
(Fig. 3C). In accordance with luciferase reporter

Fig. 1. Morphological observation and identification of BMSCs. A) P3-generation BMSCs; B) alizarin
red staining; C) oil red O staining; D) identification of surface markers of BMSCs
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Fig. 2. MRNA expression levels of lncRNA-XIST, miR-29a, PTEN, osteogenic markers Runx2, OPN and OCN
and adipogenic markers LPL, AP-2 and leptin during osteogenic differentiation of BMSCs. A) LncRNA-XIST
mRNA level; B) miR-29a level; C) PTEN mRNA level; D) Runx2 mRNA level; E) OPN mRNA level; F) OCN
mRNA level; G) LPL mRNA level; H) AP-2 mRNA level; I) Leptin mRNA level. *P<0.05 vs. 0 d, #P<0.05 vs. Sham
group
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assay, miR-29a significantly down-regulated the
expressions of wild-type lncRNA-XIST and PTEN
(P<0.05), but hardly affected those of mutant ln-
cRNA-XIST and PTEN, indicating targeted regu-
latory relationships among lncRNA-XIST, miR-
29a and PTEN (Fig. 3B and 3D). Meanwhile, the
mRNA expression levels of miR-29a, lncRNA-
XIST and PTEN were detected using qRT-PCR
(Fig. 3E), and Western blotting was used to de-
tect the protein levels of XIST and PTEN (Fig.
3F). Compared to the miR-NC + Lenti-NC group,
increased mRNA and protein expressions of ln-
cRNA-XIST and PTEN, but a downward expres-
sion of miR-29a in miR-NC + Lenti-XIST and miR-
NC + Lenti-PTEN groups (P<0.05). Moreover, miR-
29a + Lenti-NC group exhibited declined mRNA

and protein expressions of lncRNA-XIST and
PTEN but elevated miR-29a content (P<0.05). In
contrast to the miR-29a + Lenti-NC group, miR-
29a + Lenti-XIST and miR-29a + Lenti-PTEN
groups had increased mRNA and protein expres-
sions of lncRNA-XIST and PTEN, but a down-
ward expression of miR-29a (P<0.05). Collective-
ly, the levels of lncRNA-XIST, miR-29a and PTEN
interacted with each other.

Differentiation of BMSCs into Osteocytes

To assess the differentiation of BMSCs into
osteocytes, osteogenic markers were detected by
ALP staining, alizarin red staining, qRT-PCR and
Western blotting. It was uncovered in ALP stain-

Fig. 3. Targeted regulatory relationships among lncRNA-XIST, miR-29a and PTEN. A) Binding between lncRNA-XIST
and miR-29a; B) luciferase assay showed that miR-29a was the target of lncRNA-XIST; C) binding between PTEN and
miR-29a; D) luciferase assay showed that PTEN was the target of miR-29a; E) OPN mRNA level; F) OCN mRNA level.
*P<0.05 vs. miR-NC + Lenti-NC group, #P<0.05 vs. miR-29a + Lenti-NC group
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ing (Fig. 4A) that in contrast with the miR-NC +
Lenti-NC group, miR-NC + Lenti-XIST and miR-
NC + Lenti-PTEN groups had significantly fewer
blue-purple-stained nodules, and decreased ALP
activity (P<0.05). In addition, miR-29a + Lenti-NC
group had significantly increased bluish-purple
nodules, and enhanced ALP activity (P<0.05). In
contrast to the miR-29a + Lenti-NC group, miR-
29a + Lenti-XIST and miR-29a + Lenti-PTEN
groups had significantly fewer bluish-purple nod-
ules, and decreased ALP activity (P<0.05). Be-
sides, according to alizarin red staining (Fig. 4B),
compared with the miR-NC + Lenti-NC group, miR-
NC + Lenti-XIST and miR-NC + Lenti-PTEN
groups had significantly fewer red calcified nod-

ules, and decreased alizarin red concentration
(P<0.05). The miR-29a + Lenti-NC group displayed
significantly increased red calcified nodules, and
enhanced alizarin red concentration (P<0.05).
Compared to the miR-29a + Lenti-NC group, miR-
29a + Lenti-XIST and miR-29a + Lenti-PTEN
groups had significantly fewer red calcified nod-
ules, and reduced alizarin red concentration
(P<0.05). According to qRT-PCR (Fig. 4C) and
Western blotting (Fig. 4D), miR-NC + Lenti-XIST
and miR-NC + Lenti-PTEN groups exhibited sig-
nificantly lower mRNA and protein expression
levels of Runx2, OPN and OCN than the miR-NC
+ Lenti-NC group (P<0.05). Additionally, the
Runx2, OPN and OCN mRNA and protein expres-

Fig. 4. Differentiation of BMSCs into osteocytes. A) ALP staining (×100); B) alizarin red staining (×100); C)
mRNA levels of osteogenic markers ascertained by dint of qRT-PCR; D) protein content of osteogenic
markers detected by Western blotting. *P<0.05 vs. miR-NC + Lenti-NC group, #P<0.05 vs. miR-29a + Lenti-NC
group
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sion levels significantly rose in the miR-29a + Lenti-
NC group (P<0.05). Compared with those in miR-
29a + Lenti-NC group, Runx2, OPN and OCN
mRNA and protein expression levels significant-
ly declined in miR-29a + Lenti-XIST and miR-29a
+ Lenti-PTEN groups (P<0.05). In short, miR-29a
promoted the early and late osteogenic pheno-
type transformation of BMSCs and elevated the
levels of osteogenic markers, and lncRNA-XIST
and PTEN inhibited the differentiation of BMSCs
into osteocytes through targeting miR-29a.

Differentiation of  BMSCs into Adipocytes

To assess the differentiation of BMSCs into
adipocytes, adipogenic markers were ascertained
by means of qRT-PCR and Western blotting. Ac-
cording to qRT-PCR (Fig. 5A) and Western blot-
ting (Fig. 5B), the LPL, AP-2 and leptin mRNA
and protein expression levels were significantly
higher in miR-NC + Lenti-XIST and miR-NC +
Lenti-PTEN groups than those in the miR-NC +
Lenti-NC group (P<0.05). Moreover, the LPL, AP-2
and leptin mRNA and protein expression levels
significantly declined in the miR-29a + Lenti-NC
group (P<0.05). In comparison to those in miR-29a
+ Lenti-NC group, the LPL, AP-2 and leptin mRNA
and protein expression levels significantly rose in
miR-29a + Lenti-XIST and miR-29a + Lenti-PTEN
groups (P<0.05). Overall, miR-29a suppressed the
increase in adipogenic markers, and lncRNA-XIST
and PTEN enhanced the adipogenic differentiation
of BMSCs through targeting miR-29a.

Mechanism of lncRNA-XIST/miR-29a/PTEN
Pathway in PMOP

The ovariectomized rat model was established,
from which BMSCs were extracted. The expres-
sions of lncRNA-XIST and PTEN in BMSCs were
up-regulated, while that of miR-29a was down-
regulated, and there were targeted regulatory re-
lationships among lncRNA-XIST, miR-29a and
PTEN. Moreover, the osteogenic and adipogenic
markers in BMSCs were detected. The overex-
pression of lncRNA-XIST and PTEN facilitated
the expressions of adipogenic markers LPL, AP-2
and leptin but inhibited those of osteogenic mark-
ers (Runx2, OPN and OCN), whereas such facili-
tation and inhibition were reversed following over-
expression of miR-29a. The researchers thus pos-
tulated that lncRNA-XIST suppressed the differ-
entiation of BMSCs into osteocytes by means of
the miR-29a/PTEN pathway (Fig. 6).

DISCUSSION

PMOP is primarily characterized by the dev-
astation of bone microstructure, decline in BMD
and increment in bone fragility, which leads to
fractures (Watts 2018). In PMOP patients, bone
resorption is greater than bone formation, and
BMSCs are more prone to adipogenic differentia-
tion. BMSCs are the source of cells for bone re-
generation, and their ability of osteogenic differ-
entiation is attenuated with increasing age and
degree of osteoporosis (Luo et al. 2019). There-

Fig. 5. Differentiation of BMSCs into adipocytes. A) mRNA levels of adipogenic markers ascertained by dint
of qRT-PCR; B) protein content of adipogenic markers ascertained by dint of Western blotting. #P<0.05 vs.
miR-29a+Lenti-NC group
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fore, PMOP can be effectively treated by induc-
ing the differentiation of BMSCs into osteocytes
(Aghebati et al. 2019).

The important function of lncRNAs in regu-
lating osteoarthritis and osteoporosis has been
verified (Zhang et al. 2019; Yang et al. 2020). Ln-
cRNA-XIST can enhance osteoblast apoptosis
and aggravate iron accumulation-induced os-
teoporosis in mice (Liu et al. 2021). Moreover,
lncRNA-XIST has elevated expression in chon-
drocytes upon IL-1β-induced osteoarthritis, im-
pedes the proliferation and boosts the apoptosis
of chondrocytes (Sun et al. 2020). Consistently,
lncRNA-XIST had raised expression in PMOP rats
herein, and repressed the differentiation of BM-
SCs into osteocytes. In addition, miRNAs have

been involved in osteoblast and osteoclast dif-
ferentiation (Fu et al. 2019). For instance, miR-29a
boosts the differentiation of MSCs into osteo-
cytes by targeting histone deacetylase 4 (Tan et
al. 2018), and targets the receptor activator of
nuclear factor-κB ligand to facilitate osteoclast
differentiation, thereby protecting bone tissues
against osteoporosis (Lian et al. 2019). Notably,
the interaction between lncRNAs and miRNAs is
implicated in osteogenic differentiation. For in-
stance, as evidenced by study of Zhang et al.
(2021), lncRNA-XIST displayed a raised expres-
sion in patients with long-term nonunion, and
XIST knockdown induced the osteoblast (MC3T3-
E1 cells for example) differentiation through
sponging miR-135, thus promoting fracture heal-

Fig. 6. Mechanism of lncRNA-XIST/miR-29a/PTEN pathway in PMOP
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ing. LncRNA-XIST weakens the differentiation
of BMSCs into osteocytes through suppressing
miR-29b-3p and the expressions of ALP and Runx2
in BMSCs, thereby worsening osteoporosis (Yu
et al. 2021). In this work, miR-29a expression de-
clined in BMSCs in PMOP rats, and there was a
targeted regulatory relationship between miR-29a
and lncRNA-XIST. LncRNA-XIST brought down
the expression of miR-29a to impede the differen-
tiation of BMSCs into osteocytes. It has been
reported that PTEN can inhibit BMP9-induced
differentiation of MSCs into osteocytes (Li et al.
2021), and both bone volume and BMD can be
greatly boosted by means of the deletion of PTEN
(Jin et al. 2020). Many miRNAs have also been
involved in PTEN-regulated osteogenic differen-
tiation. For example, miR-29b-3p enhances the
differentiation of adipose-derived mesenchymal
stem cells into osteocytes by dint of directing
PTEN (Xia et al. 2020). MiR-21 facilitates the mi-
gration and osteogenic differentiation of BMSCs
in vitro, consequently advancing maxillofacial
bone regeneration (Geng et al. 2020). In this study,
the expression of PTEN increased in BMSCs of
PMOP rats, and miR-29a advanced the differen-
tiation of BMSCs into osteocytes through targeting
PTEN.

There is an inverse proportion between can-
cellous bone mass and adipocytes in patients with
osteoporosis, and excessive adipogenic differ-
entiation is one of the major causes for PMOP
(Geng et al. 2020). ALP is a common index for
assessing bone formation and bone turnover
(Zhao et al. 2015). Runx2, OPN and OCN player
crucial roles in bone metabolic regulation and a
variety of bone metabolic diseases including
PMOP (Shao et al. 2021). LPL, AP-2 and leptin
can enhance adipogenesis and suppress osteo-
genic differentiation. The ability of BMSCs to dif-
ferentiate into osteoblasts is reduced in PMOP
mice, but their ability to differentiate into adipo-
cytes is enhanced, thus giving rise to age-related
bone loss (Lin et al. 2019). Research of Qiao et al.
(2018) also manifested that BMSCs in PMOP pa-
tients had weakened osteogenic ability but en-
hanced adipogenic ability and miR-203 promoted
the differentiation of BMSCs into osteocytes by
waning the expression of Dickkopf-like protein 1.
In this study, Runx2, OPN and OCN levels were
lower, while LPL, AP-2 and leptin levels were higher
in BMSCs of PMOP rats than those of normal

rats, suggesting that BMSCs were prone to adi-
pogenic differentiation. Meanwhile, the overex-
pression of lncRNA-XIST and PTEN gave rise to
increased Runx2, OPN and OCN levels, but de-
creased LPL, AP-2 and leptin levels, but such ef-
fects were inhibited by the overexpression of miR-
29a, indicating that lncRNA-XIST weakened the
differentiation of BMSCs into osteocytes by dint
of the miR-29a/PTEN pathway.

CONCLUSION

To sum up, lncRNA-XIST and PTEN have
incremental expressions, whereas miR-29a mani-
fests a downward expression in BMSCs. LncR-
NA-XIST suppresses the differentiation of BM-
SCs into osteocytes by dint of the miR-29a/PTEN
pathway.

RECOMMENDATIONS

The findings provide a theoretical and ex-
perimental basis for exploring the regulatory func-
tion of lncRNA-XIST on the differentiation of
BMSCs into osteocytes and future application in
the treatment of PMOP.

ABBREVIATIONS

ALP: Alkaline phosphatase; AP-2: adipocyte
binding protein-2; BMSC: bone marrow mesen-
chymal stem cell; lncRNA-XIST: long non-coding
ribonucleic acid X inactive specific transcript; LPL:
lipoprotein lipase; miR-29a: microRNA-29a; OCN:
osteocalcin; OPN: osteopontin; PMOP: postmeno-
pausal osteoporosis; PTEN: phosphatase and
tensin homolog deleted on chromosome ten;
Runx2: Runt-related transcription factor 2.
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