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Abstract. – OBJECTIVE: This study aims to in-
vestigate whether HOX transcript antisense RNA 
(HOTAIR) can participate in the osteogenic differ-
entiation of bone marrow mesenchymal stem cells 
(BMSCs) by regulating the Wnt/β-catenin pathway, 
thereby participating in the pathogenesis of oste-
oporosis. 

PATIENTS AND METHODS: We detected the 
expression level of HOTAIR in 60 osteoporosis 
patients and 60 normal controls by Quantitative 
Real-Time Polymerase Chain Reaction (qRT-PCR). 
Meanwhile, BMSCs derived from human or rats 
were subjected to determination of HOTAIR level. 
Subsequently, the effects of HOTAIR on osteogen-
ic differentiation were evaluated by the activity of 
Alkaline Phosphatase (ALP), Alizarin Red S (ARS) 
staining, ALP staining and osteogenic-specific 
gene expression. The expression level of proteins 
related to the Wnt/β-catenin was determined by 
Western blot, and ALP activity was detected by 
ALP activity determination kit and alizarin red 
staining after knockdown or overexpression of 
HOTAIR, as well as the treatment of DKK1 or 
the Wnt pathway antagonist. Finally, osteoporo-
sis model in rats was established by ovariectomy 
(OVX). We examined protein levels of HOTAIR, 
β-catenin, CyclinD, C-myc, and Runx2 in rat bone 
tissues. Bone morphology was observed in each 
group as well.

RESULTS: The serum and BMSCs levels of HO-
TAIR in patients with osteoporosis were remark-
ably higher than that in normal people. Inhibition of 
HOTAIR induced increased ALP activity increased 
osteogenic marker genes and enhanced num-
ber of calcified nodules in BMSCs. However, the 
overexpression of HOTAIR exhibited the opposite 
effects. HOTAIR inhibited the expression level of 
Wnt/β-catenin pathway-related protein. Also, Wnt 
pathway antagonist DKK1 partially reversed the 
regulatory effects of HOTAIR on Wnt/β-catenin. 
DKK1 treatment markedly reduced the promotive 
effect of HOTAIR knockdown on ALP activity, ALP 

content and calcification ability of BMSCs. DKK1 
administration in rats undergoing OVX showed 
worse bone morphology relative to controls. Pro-
tein levels of HOTAIR, β-catenin, CyclinD, C-myc 
and Runx2 remarkably downregulated in OVX rats 
administrated with DKK1.   

CONCLUSIONS: HOTAIR inhibits osteoblast 
differentiation of rat BMSCs. The underlying 
mechanism of which may be related to the medi-
ation of Wnt/β-catenin pathway.

Key Words:
HOTAIR, Bone mesenchymal stem cells, Osteogen-

ic differentiation, Wnt/β-catenin pathway.

Introduction

Osteoporosis is a systemic disease character-
ized by decreased production of bone, increased 
bone resorption, increased bone fragility and 
brittle fracture. The main clinical manifestations 
are somatic pain, shortening height, humpback, 
brittle fracture, which are especially vulnerable 
in the elderly as the proximal femoral fractures. 
Decreased bone mineral density is also one of the 
diagnostic criteria for osteoporosis1. Researches 
have shown that nearly 30 million women aged 
50 and over in the United States present low bone 
mass or osteoporosis. The incidence of osteopo-
rosis gradually increased with age. Osteoporotic 
fractures are the most serious consequences of 
senile osteoporosis, which easily leads to myelop-
athy fractures, vertebral compression fractures 
and other diseases in the elderly. Osteoporosis has 
a high incidence and great risk of surgery with 
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poor outcomes. It is one of the important reasons 
for the disability and death of the elderly, which 
increases a heavy financial burden on society. 
Therefore, it is necessary to conduct an in-depth 
study on its pathogenesis.

Long noncoding ribonucleic acids (lncRNAs) 
are a family of non-coding RNA (ncRNA) tran-
scripts produced by RNA polymerase II with 
200 to 100 000 nt in length, which has no or lit-
tle ability of protein coding. LncRNAs, as well 
as small interfering RNAs (siRNAs), Micro ribo-
nucleic acids (miRNAs) and RNAs interact with 
Piwi protein, all belong to regulatory non-coding 
RNAs2. According to the location of lncRNA 
in the genome, it can be further divided into ln-
cRNA in the intergenic region, natural antisense 
lncRNA and intronic lncRNA3. In contrast to the 
highly evolutionary conservation of miRNAs and 
snoRNAs, lncRNA sequences are less conserved 
and have greater variability among species, which 
is considered to be the result of species evolution, 
suggesting that lncRNAs have an important reg-
ulatory role in higher organisms. In the 1980s, 
studies have reported the presence of circulating 
RNA4,5, which laid the foundation for the subse-
quent study of circulating lncRNAs. Since RNA 
is unstable and easily degraded by ribonuclease 
in the blood, the mechanism of how to secrete ln-
cRNAs from the human blood and maintain its 
stability are not yet fully understood. According 
to the existing research and analysis, circulating 
lncRNAs may originate from living cells, that is, 
circulating lncRNAs may come from the active 
secretion of living cells, and most of them are pre-
sented as exosomes and microvesicles.

HOX transcript antisense RNA (HOTAIR) is 
the first lncRNA that was found to be trans-tran-
scriptionally regulated. Its Deoxyribonucleic Acid 
(DNA) sequence is located between HOXC11 and 
HOXC12 on chromosome 12, including 5 short 
exons and 1 long exon6. As a member of lncRNA, 
HOTAIR has been proved to play an essential 
function in the development of tumors7, 8. Howev-
er, its role in osteoporosis has not been reported.

Bone marrow mesenchymal stem cells (BM-
SCs), the origin of osteoblasts, have multi-direc-
tional differentiation potentials and can differ-
entiate into various kinds of cells under certain 
conditions, including osteoblasts. BMSCs have 
many advantages, such as extensive source, con-
venient extraction, rapid expansion, strong plas-
ticity, easy transfection, no immune rejection and 
no ethical debate, etc9. Therefore, based on the 
detection of HOTAIR expression in patients with 

osteoporosis, we investigated the effects of HO-
TAIR on the osteogenic differentiation of BMSCs 
and its downstream pathway, which provides a 
new idea for investigating the pathogenesis mech-
anism of osteoporosis.

Patients and Methods

Research Subjects 
and Sample Collection

A total of 60 patients diagnosed as osteopo-
rosis from June 2015 to August 2017 and 60 nor-
mal volunteers as controls were selected, all of 
whom were female. No significant difference in 
age between groups was observed. Osteoporosis 
group inclusion criteria were as follows. 1. Com-
plete clinical data and imaging information were 
needed for patients confirmed as osteoporosis. 
2. All subjects signed informed consent. 3. Sub-
jects in each group had no history of diabetes, 
hypertension, heart disease and other complica-
tions. 5 mL of venous blood was extracted from 
each subject in the morning under a fasting state. 
The blood sample was placed for 30 min, and 
centrifuged at 4°C, 3 000 g/min for 10 min, then 
the upper serum was harvested (non-hemolytic 
state), and centrifuged at 4°C, 13 500 g/min for 
another 15 min. The upper serum was collect-
ed into the Eppendorf (EP) tube and placed in 
a -80°C refrigerator for later experiments. This 
study was approved by the Ethics Committee of 
Gansu Provincial Hospital of Traditional Chi-
nese Medicine. Signed written informed con-
sents were obtained from all participants before 
the study.

Extraction of Serum RNA
0.25 mL of serum and 2-8 μL of Polyacryl 

Carrier were added to 0.75 mL of TRI Reagent 
BD, and another 0.2 mL of chloroform was added 
and shaken for 15 s. After incubation for 2-5 min, 
the mixture was centrifuged at 4°C, 12 000 g/
min for 15 min. After centrifugation, the aqueous 
phase complex was transferred to another cen-
trifuge tube. Then isopropanol was added to the 
mixture to extract RNA. Gel-like or white RNA 
was centrifuged a pellet was formed at the bottom 
of the tube. Ethanol was added and mixed to wash 
the RNA pellet. After centrifugation, the ethanol 
solution was removed, and the RNA precipitate 
was dried in the air for 5 min. The RNA was dis-
solved in RNase-free water and stored at -80°C 
for later use.
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Determination of Bone 
Mineral Density

We used Toshiba Aquilion16 row CT scanner 
for spiral scanning. Scanning parameters were 
120 kv, 125 MAS, 1.0 mm of each layer, 40 cm 
of field vision, 90 cm of scanning bed height. US 
Mindways Corporation 5 sample solid QCT phan-
tom was accepted. The scanning method was as 
follows. The subject was in the supine position, 
the standard phantom was placed in the subject's 
medullary joint, the phantom should be as close 
as possible to the subject, and the midline of the 
phantom superimposed on the subject's midline. 
The spiral scan was performed on the 5 cm range 
above the acetabulum and below the trochanter of 
the femur.

Bone Volume Fraction and 
Trabecular Thickness

Femoral heads of patients or rats were col-
lected, frozen, and reserved at -70°C. Before 
cutting, femoral heads were unfrozen at -20°C, 
4°C and room temperature sequentially. 7 mm 
of specimens were taken within a maximum 
diameter perpendicular to the stress direction 
of the femoral head using a circular diamond 
cutting machine (Shenyang Kejing Equipment 
Manufacturing Co., Ltd. Model number, SXJ-
2, Shenyang, China). The micro CT used in this 
experiment was GE eXplore LocusSP Specimen 
Scanner (GE Health Care Co., London, UK). 
Before scanning, specimens were stored in a 
40% ethanol solution and treated specimens 
were placed vertically along the long axis. The 
sample holder was placed in a 70 KPa vacuum 
box for 20 min. The scanning parameters were 
as follows, 80 kV of voltage, 80 μA of current, 
scanning mode of 360° rotation, 270 min of 
scanning time. At the same time, the standard 
phantom was scanned for the preparation of CT 
correction. After the scan, the bone tissue from 
the specimen center (4.3 mm×4.3 mm×4.3 mm) 
was selected as the 3D reconstruction of 16.0 
μm×16.0 μm ×16.0 μm voxels in the Region of 
Interest (ROI). Quantitative analysis was per-
formed using MicroView 2.1.1 + Advanced Bone 
Analysis (GE Health Care Co., London, UK) 
software. Analytical parameters included bone 
volume fraction (BV/TV). The microstructure 
parameters of cancellous bone were measured 
by three-dimensional direct measurement and 
the structure was filled with the largest sphere 
by distance transformation to calculate the the 
mean trabecular thickness (Tb.Th.)

Establishment of Osteoporosis 
Model in Rats by OVX

A total of 40 6-week-old female SD rats (100-
120 g) were selected. No significant difference in 
body weight was observed prior to animal pro-
cedures. Rats were habituated at an environment 
with temperature of 22 ± 5°C, humidity of 50 ± 
10% and 12 h/12 h light/dark cycle. Rats had free 
access to food and water. After a one-week habit-
uation, rats were intraperitoneally administrated 
with 50 mg/kg pentobarbital sodium for perform-
ing OVX. These rats were randomly assigned 
into four groups: PBS+sham group, DKK1+sham 
group, PBS+OVX group and DKK1+OVX group, 
with 10 in each group. Phosphate-buffer saline 
(PBS) or DKK1 was administrated in the tail vein 
of rats. This study was approved by the Animal 
Ethics Committee of Gansu Provincial Hospital 
of Traditional Chinese Medicine Animal Center.

BMSCs Isolation and Culture
Primary bone marrow MSCs were har-

vested from the femur and tibia of 3-week-old 
Sprague-Dawley (SD) rats. The soft tissue was re-
moved, and both ends of the femur and tibia were 
resected. The bone marrow of the femoral and tib-
ial bones was flushed out with 5 mL of Dulbecco's 
Modified Eagle s̓ Medium (DMEM, Hyclone, South 
Logan, UT, USA) (L) medium. The culture medium 
was collected and centrifuged at 900 g/min for 10 
min. The supernatant was discarded. Precipitates 
were well mixed with DMEM (L) medium to pre-
pare the cell suspension. The supernatant was gently 
overlaid on a Percoll separating a solution of 1.073 
g/L and centrifuged at 900 g/min for 30 min to col-
lect interface layer cells. DMEM (L) medium was 
centrifuged twice and finally cultured in DMEM (L) 
containing 10% fetal bovine serum (FBS, Hyclone, 
South Logan, UT, USA), 1% L-glutamine, 1% peni-
cillin, 1% streptomycin and 1% 2-[4-(2-Hydroxyeth-
yl)-1-piperazinyl] ethanesulfonic acid (HEPES). The 
medium was resuspended and then homogenized 
and inoculated into a petri dish at 37°C and 5% CO2. 
After 4 h, the culture medium was changed for the 
first time to remove the suspended cells. After that, 
the medium was replaced every 2 days. After 70-
80% of the cells were fused, the cells were passaged 
with 2.5 g/L trypsin. Differentiation experiments 
were performed using mesenchymal stem cells in 
the third generation.

Extraction and Culture of BMSCs
After approval by the Ethics Committee, and 

acquisition of informed consent form, bone mar-
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row samples were extracted from osteoporosis 
patients and healthy volunteers. Samples were 
centrifuged using the Ficoll-Hypaque method, 
and cells were suspended into α-MEM containing 
10% FBS, 2 mM glutamine, and 100 U/mL peni-
cillin and 100 mg/mL streptomycin. Medium was 
replaced every two days. Third-passage BMSCs 
were harvested for subsequent experiments. 

Osteogenic Induction of BMSCs
The third generation of well-grown BMSCs 

from rats were seeded into 6-well plates at a den-
sity of 3.0×104/mL for osteogenic differentiation. 
The osteogenic induction medium was as follows: 
High glucose medium supplemented with 10% 
FBS, 1% L-glutamine, 10 nmol/L of dexametha-
sone, 10 mmol/L of β-glycerophosphate, 50 μg/ml 
of ascorbic acid, 1% penicillin-streptomycin and 
1% HEPES. The cells were inducted for a total of 
7 d -14 d.

Flow Cytometry Identification 
of BMSCs

The third generation of BMSCs (cell density 
was up to 80%) was trypsinized, centrifuged and 
the supernatant was discarded. Cells were resus-
pended and adjusted to the density to 3000-6000 
cells/μL. CD29, CD90 and, CD45 antibody were 
used to label cells for 30-min incubation at room 
temperature, with untreated BMSCs and iso-
type-control as controls.

ARS Staining
After osteogenic induction for 14 days, the cul-

ture medium was discarded and washed 3 times 
with PBS. 60% isopropanol was used for fixing 
cells for 60 s and washed with PBS for 2 min. 10% 
ARS solution was utilized for staining for 3 min. 
After washed with PBS for 3 times, mineralized 
nodules were observed by optical microscope.

Construction of Lentiviral Vector 
and Cell Transfection 

The plasmid complementary deoxyribonu-
cleic acid -HOTAIR lentivirus shRNA vector 
and the control shRNA targeting GFP were de-
signed and synthesized by the reagent com-
pany. Well-grown MSCs in the third genera-
tion were selected for lentiviral transfection. 
The interference sequences were sh-HOTAIR1 
(CGAAGGTGAAAGCGAACCA), sh-HOTAIR2 
(GGAACGGATTTAGAAGCCT), sh-HOTAIR3 
(CAATATATCTGTTGGGCGT) and shRNA-NC 
(TTCTCCGAACGTGTCACGT).

Cell RNA Extraction and Quantitative 
Real-Time PCR detection

TRIzol (Invitrogen, Carlsbad, CA, USA) kit 
was used to extract total RNA of cells in differ-
ent groups after culturing for 7 days. Extracted 
RNAs were reverse transcribed into comple-
mentary deoxyribonucleic acid (cDNA) and am-
plified for quantitative real-time PCR. The fol-
lowing osteogenic related genes were detected, 
ALP, Bglap and Runx2. Primer sequences were 
ALP (F: 5'-AAGGCTTCTTCTTGCTGGTG-3', 
R: 5'-GCCTTACCCTCATGATGTCC-3'), Bglap 
(F: 5'-AGCAAAGGTGCAGCCTTTGT-3', R: 
5'- GCGCCTGGTCTCTTCACT-3' , Runx2 (F: 
5'-ACTTCCTGTGCTCCGTGCTG-3', R: 5'-TC-
GTTGAACCTGGCTACTTGG-3'), GAPDH (F: 
5'-ACCCACTCCTCCACCTTTGA-3', R: 5'-CT-
GTTGCTGTAGCCAAATTCGT-3'), HOTAIR 
(5'-ATAGGCAAATGTCAGAGGGTT-3', R: 
5'-ATTCTTAAATTGGGCTGGGTC-3').

Western Blot
Transfected cells in each group were lysed by the 

lysate solution. First, the cell lysate was added and 
centrifuged on ice. The supernatant was collected, 
and the protein concentration was determined ac-
cording to the bicinchoninic acid (BCA) protein kit 
(Pierce, Rockford, IL, USA) instructions. Samples 
containing 50 μg of total protein were selected for 
dodecyl sulfate, sodium salt-polyacrylamide gel 
electrophoresis (SDS-PAGE) gel electrophoresis. 
Then, membranes were transferred and cut into the 
size of the polyvinylidene difluoride (PVDF) mem-
brane (Roche, Basel, Switzerland) according to the 
molecular weight and blocked in 5% non-fat milk. 
A specific primary antibody was used for incubat-
ing overnight, and then, the second antibody was 
used. Finally, membranes were exposed following 
the instructions.

ALP Activity Assay
After culturing BMSCs for different treatments 

for 7 days, the medium was removed, and the plate 
was washed with PBS. 150 μL of 0.05% Triton 
X was added to each well for freezing, thawing, 
freezing and thawing, successively. After centrif-
ugation at 15 000 rpm/min for 15 min at 4°C, the 
supernatant was transferred to a new auxiliary 
tube as a sample. ALP assay (Beyotime, Shanghai, 
China) kit was utilized to detect cell ALP activity.

ALP Staining
Differentially treated BMSCs for 7 days were 

selected to perform ALP staining experiments. 
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All staining experiments were carried out accord-
ing to the instructions. Incubation solution was 
added in a 6-well plate with a glass slide at 37°C 
for 15 min and rinsed for 2 min. Counterstain he-
matoxylin counterstain was utilized for another 5 
min, water rinsed for 2 min and dried in the air. 
The observation was performed under an optical 
microscope and taking photos.

Statistical Analysis 
We used SPSS 22.0 software (SPSS, Chicago, 

IL, USA) for statistical analysis. The measure-
ment data were expressed as mean ± standard de-
viation (x̅±s), and the difference between the two 
groups was analyzed by t-test. p<0.05 was consid-
ered statistically significant.

Results

The Expression of HOTAIR 
in Peripheral Blood of Patients 
With Osteoporosis Was Significantly 
Higher Than That in Normal Group

We detected the expression of HOTAIR in 60 
patients with osteoporosis and 60 normal controls 
by qRT-PCR. No significant differences in age, 
gender, height and weight were exerted between 
the two groups (Table I). The results demonstrat-
ed that the serum expression of HOTAIR in pa-
tients with osteoporosis was remarkably higher 
than that of normal people (p<0.001) (Figure 1A). 
Furthermore, we extracted BMSCs from osteo-
porosis patients and healthy controls. HOTAIR 
was highly expressed in BMSCs extracted from 
osteoporosis patients relative to controls (Figure 
1B). Patients with osteoporosis were assigned into 

high expression group and low expression group 
according to the median expression of HOTAIR. 
The HOTAIR high expression group had a lower 
bone mineral density (p<0.01) (Figure 1C). Low-
er bone volume fraction was observed in the HO-
TAIR high expression group (p<0.05) (Figure1D). 
Also, lower Tb.Th. was seen in HOTAIR high 
expression group (p<0.05) (Figure 1E). These re-
sults suggested that HOTAIR may be involved in 
the development of osteoporosis.

Identification of BMSCs
We selected BMSCs as the cell model to study 

osteoporosis. On the fourth day, we observed 
that the cell body of BMSCs was long spindle 
shaped and had a strong refraction under the in-
verted microscope. Cells were passaged, BMSCs 
induced by osteoblast presented morphological 
changes. They began to differentiate as well as 
grew by static adherence, and calcified nodules 
were visible to the naked eye within a week with 
over 80% cell fusion (Figure 2A). Flow cytom-
etry results illustrated the positive rate of CD29 
(99.51%), CD90 (99.89%) and the negative rate of 
CD45 (0.28%) in the third generation of BMSCs, 
which were in line with the immunophenotypic 
characteristics of BMSCs, rather than hematopoi-
etic stem cells (Figure 2B). Subsequently, ARS 
staining revealed obvious calcified nodules of 
BMSCs cultured in osteogenic induction medi-
um for 14 days, whereas the control group did not 
show such results (Figure 2C). The expression of 
osteoblast marker genes ALP, Runx2 and Bglap 
were detected at day 1, 3, 7 and 14 after induc-
tion of differentiation. Only expression levels of 
ALP and Runx2 were found to be elevated on the 
first day. On day 3, expression levels of all the 

Table I. Baseline characteristics.

aPaired-sample t-test; bMcNemar test

Items	 Control	 Osteoporosis	 p

n	 60	 60	
Age (years)	 62±9	 63±11	 Matched
Gender	 Female	 Female	 Matched
Trauma	 Low energy	 Low energy	 Matched
Height (cm)	 156±5	 154±4	 0.726a

Weight (kg)	 57±13	 53±15	 0.322a

BMI (kg/m2)	 23.5±3.2	 21.3±4.9	 0.067a

Smoker (n)	 3	 2	 0.862b

Alcohol (n)	 1	 2	 1.000b

Rheumatoid arthritis (n)	 5	 6	 1.000b

Steroid (n)	 4	 5	 1.000b
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above-mentioned genes were significantly en-
hanced than those before induction of differenti-
ation, which were gradually increased with time 
passed (Figure 2D). These results indicated that 
BMSCs culture method was effective and could 
induce osteogenic differentiation. We also found 
that the expression of HOTAIR decreased as the 
induction days increased (Figure 2E).

HOTAIR Inhibited the Expression 
of Osteogenic Genes

The expression of HOTAIR was detected af-
ter transfection of lentiviral sh-NC, sh-HOTAIR1, 
sh-HOTAIR2 and sh-HOTAIR3 in MSCs, respec-
tively. We found that all three lentiviruses could 
inhibit the expression of HOTAIR, while sh-HO-

TAIR2 had the most significant effect, therefore, 
sh-HOTAIR2 was chosen for subsequent experi-
ments (Figure 3A). We then constructed the HO-
TAIR overexpression vector (pcDNA-HOTAIR), 
which exhibited a significant increase in HO-
TAIR expression after MSCs transfection (Fig-
ure 3B). After detecting the viability of sh-HO-
TAIR2-treated cells and HOTAIR-overexpressing 
pcDNA-HOTAIR-treated cells, the results indi-
cated that lowly expressed HOTAIR increased 
the ALP activity and highly expressed HOTAIR 
inhibited ALP activity (Figure 3C, 3D). Osteo-
genic differentiation of BMSCs was induced and 
mRNA levels of osteoblast marker genes ALP, 
Runx2 and Bglap were significantly increased af-
ter the knockdown of HOTAIR. The overexpres-

Figure 1. HOTAIR expression in peripheral blood of patients with osteoporosis was significantly higher than the normal 
group. A, The expression level of HOTAIR in peripheral blood of 60 patients with osteoporosis was significantly higher than 
that in the normal group of 60 people. B, HOTAIR was highly expressed in BMSCs extracted from osteoporosis patients 
relative to healthy controls. C, Among patients with osteoporosis, bone mineral density in HOTAIR high expression group 
was significantly lower than the low expression group. D, Among patients with osteoporosis, bone volume fraction in the 
HOTAIR overexpression group was significantly lower than the low expression group. E, Among patients with osteoporosis, 
Tb.Th. in HOTAIR high expression group was significantly lower than the low expression group. 

A B

C D E
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sion of HOTAIR resulted in the opposite results 
(Figure 3E, 3F). These results indicated that HO-
TAIR inhibits the expression of osteogenic genes 
and may inhibit osteogenic differentiation.

HOTAIR Inhibited the Expression 
of Osteoblast-Related Proteins 
and Formation of Osteogenic Calcified 
Nodules

After knockdown or overexpression of HO-
TAIR, MSCs were induced to differentiate 
into osteoblasts. We next detected the protein 
expressions of ALP, Runx2, OCN and OPN. 

Knockdown of HOTAIR led to the elevated 
protein expressions of ALP, Runx2, OCN and 
OPN. Meanwhile, overexpression of HOTAIR 
resulted in the opposite results (Figure 4A, 4B). 
ALP staining was performed on differentially 
treated MSCs for 14 days. ALP staining showed 
that inhibition of HOTAIR expression resulted 
in deeper color, indicating that ALP activity 
was increased, and the degree of bone differen-
tiation was higher. Overexpression of HOTAIR 
achieved the opposite conclusion (Figure 4C). 
ARS staining revealed that the mineralized 
nodules were observed under inverted micro-

Figure 2. Phenotypic characterization of bone marrow MSCs. A, (a) Morphology of normally MSCs on day 4, showing a 
long spindle shape. (b) Morphology of MSCs cultured in osteogenic induction medium for 1 day. (c) Morphology of MSCs 
cultured in osteogenic induction medium for 7 days. (d) Morphology of MSCs cultured in osteogenic induction medium for 
14 days. B, Flow cytometry identification of MSCs specific surface antigens, including positive CD29, CD90, negative CD45. 
C, Calcified nodules were shown in MSCs cultured in osteogenic induction medium for 14 days by alizarin red staining, 
while the control group did not appear. D, The expression levels of osteoblast marker gene ALP, Runx2 and Bglap at different 
days of induction, which was significantly increased on the third day of induction, and all were increased significantly on 
the seventh day. E, The expression of HOTAIR became lower as the induction days increased.

A

B

D E

C
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scope 14 days after osteogenic induction. Inhi-
bition of HOTAIR expression led to a deeper 
color of ARS staining, indicating more calci-
um deposition and a higher degree of bone dif-

ferentiation. However, the result was reversed 
after overexpression of HOTAIR (Figure 4D). 
These data indicated that HOTAIR inhibits the 
formation of osteogenic calcified nodules.

A

C

E

B

D

F

Figure 3. HOTAIR inhibited osteogenic gene expression. A, Transfection of three HOTAIR sequences, of which the effect 
of sh-HOTAIR 2 interference was most significant. B, After transfection of pcDNA-HOTAIR cells, HOTAIR expression 
was significantly increased. C, After knockdown of HOTAIR, cell ALP activity was significantly increased. D, After over-
expression of HOTAIR, cell ALP activity decreased significantly. E, After knockdown of HOTAIR, expression levels of 
osteoblast marker genes ALP, Runx2, Bglap were significantly increased. F, After overexpression of HOTAIR, expression 
levels of osteoblast marker genes ALP, Runx2, Bglap were significantly decreased.
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HOTAIR Inhibited the Osteogenic 
Differentiation of BMSCs by Inhibiting 
the Wnt/β-Catenin Signaling Pathway

To explore how HOTAIR inhibits the osteo-
genic differentiation of BMSCs, we found HO-
TAIR may participate in the development of 

various diseases through Wnt/β-catenin signal-
ing pathway by literature reviews. In this study, 
the expression levels of β-catenin, CyclinD and 
C-myc were significantly decreased after over-
expressing HOTAIR, while the expression level 
of DKK1, the signal inhibitor of Wnt/β-catenin, 

A

B

C D

Figure 4. HOTAIR inhibited the expression levels of osteoblast-associated proteins and formation of osteogenic calcified 
nodules. A, After knockdown of HOTAIR, osteoblast-related genes ALP, Runx2, OCN, OPN expressions were significantly 
increased. B, After overexpression of HOTAIR, osteoblast-related genes ALP, Runx2, OCN, OPN expressions were signifi-
cantly lower. C, Results of ALP staining of cells after knockdown or overexpression of HOTAIR. D, Results of alizarin red 
staining after HOTAIR knockdown or overexpression.
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was significantly increased (Figure 5A). Subse-
quently, we examined the effect of DKK1 on os-
teogenic differentiation of MSCs. After 0.5 μg/ml 
of DKK1 was added in the induction medium, the 
expression levels of ALP and Runx2 decreased 
significantly (Figure 5B). Moreover, we detected 
the expression levels of HOTAIR transfected with 
shRNA and relative genes in Wnt/β-catenin sig-
naling pathway, and found that all of them were 
significantly increased, as well as the osteoblast 
differentiation marker Runx2 (Figure 5C). DKK1 
treatment remarkably inhibited the elevated ALP 
activity due to HOTAIR knockdown (Figure 5D). 
Meanwhile, the enhanced ALP content and cal-
cification ability resulted from HOTAIR knock-
down were also reversed by DKK1 treatment 
(Figure 5E). All these results have been reversed 
after treatment with Wnt/β-catenin signal path-
way inhibitor DKK1. These results indicated that 
HOTAIR inhibits osteogenic differentiation of 
BMSCs by inhibiting the Wnt/β-catenin signaling 
pathway.

DKK1 Accelerated the Progression 
of Osteoporosis 

To determine the expression pattern of HO-
TAIR and the effect of DKK1 on osteoporosis an-
imal model, we established in vivo osteoporosis 
model in rats by OVX. Our results demonstrated 
that HOTAIR level was higher in bone tissues 
of control rats administrated with DKK1 than 
controls. DKK1 administration also upregulat-
ed HOTAIR level in OVX group. Besides, OVX 
rats presented higher abundance of HOTAIR than 
controls, which was consistent with the in vitro 
results (Figure 6A). Subsequently, bone morphol-
ogy in OVX rats was observed. It is shown that 
bone density, bone volume fraction and Tb.Th 
were lower in control rats administrated with 
DKK1. Similar trends were identified after DKK1 
administration in OVX rats. Moreover, OVX rats 
had lower bone density, bone volume fraction 
and Tb.Th then controls (Figure 6B-6D). Protein 
levels of β-catenin, CyclinD, C-myc and Runx2 
wer downregulated after DKK1 administration in 
both control rats and OVX rats. At the same time, 
OVX rats presented lower levels of these genes 
relative to controls (Figure 6E). The above results 
demonstrated that HOTAIR was upregulated in 
OVX rats, and tail vein administration of DKK1 
could accelerate the progression of osteoporosis. 
In summary, HOTAIR inhibited osteogenic dif-
ferentiation of BMSCs by regulating Wnt/β-cat-
enin pathway (Figure 7).

Discussion 

Osteoporosis is an age-related skeletal disease 
characterized by decreased bone mass, destruction 
of the bone microarchitecture, increased bone fra-
gility, and the occurrence of fractures. Osteoporo-
sis is a common disease that seriously endangers 
the physical and mental health of middle-aged and 
elderly people. With the prolongation of human life 
and the aging of the world's population, the inci-
dence of osteoporosis is rising day by day, along 
with cardiovascular and cerebrovascular diseas-
es10, which brings a huge economic burden. In our 
country, the prevalence of osteoporosis is up to 
50% -60% in older women and about 20% -30% in 
men. Our country is not only a country with a large 
population, but also with a large population of old-
er people. Bones are metabolically active tissues 
that are repaired and renewed by the ongoing bone 
remodeling mechanism due to damage, fatigue, 
aging, inflammation, or metabolic loss such as a 
low-calcium environment. Osteoclasts and osteo-
blasts dominate bone resorption and bone forma-
tion during the process of old bone resorption and 
new bone remodeling. They are regulated by the 
systemic hormonal system (PTH, 1-25(OH)2D3) 
and local cytokines (IL-1, IL-6, PGE2, TGF-β, 
IGF-1, RANKL, OPG, etc.)11, 12. 

BMSCs are a group of pluripotent stem cells 
located in the mesoderm, which can differentiate 
into many kinds of cells such as adipocytes, osteo-
blasts, chondrocytes and myocytes under differ-
ent conditions13-15. It was originally isolated from 
the bone marrow by Friedenstein et al16, and was 
found to be widespread in connective tissues such 
as fat, muscle and blood. Because BMSCs are easy 
to be cultured in vitro and can differentiate into 
osteoblasts under osteogenic conditions, they have 
become the ideal cells for bone tissue engineering 
and have a huge effect on promoting the repair and 
reconstruction of bone in patients with osteoporo-
sis17. The key to bone regeneration is to improve the 
osteogenic differentiation of human BMSCs.

LncRNAs are non-coding RNAs longer than 
200 nucleotides18,19. Earlier studies showed that 
lncRNAs are ineffective, but recent studies have 
found that lncRNAs regulate the expression of 
genes at epigenetic, transcriptional and post-tran-
scriptional levels. LncRNA not only functions in 
physiological processes but also has been demon-
strated to be dysfuncional in various tumor tissues. 
LncRNA is involved in the occurrence and develop-
ment of tumor tissue, which is expected to become 
a new target for cancer diagnosis and treatment20. 
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Figure 5. HOTAIR inhibited osteogenic differentiation of MSCs by suppressing the Wnt/β-catenin signaling pathway. A, 
Expression levels of Wnt/β-catenin signaling pathway related proteins after overexpression of HOTAIR. B, After 0.5 ug / 
ml of DKK1 induction, the protein expressions of ALP and Runx2 were decreased significantly. C, The expression levels of 
β-catenin, CyclinD, C-myc and Runx2 after DKK1 treatment and knockdown of HOTAIR, respectively. D, DKK1 treatment 
decreased ALP activity elevation due to HOTAIR knockdown. E, DKK1 treatment decreased the elevation of ALP content 
and calcification ability due to HOTAIR knockdown.
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Figure 6. DKK1 administration aggravated osteoporosis severity. A, DKK1 administration upregulated HOTAIR level in 
control rats and OVX rats. OVX rats had higher level of HOTAIR than controls. B, DKK1 administration decreased bone 
density in control rats and OVX rats. OVX rats had lower level of bone density than controls. C, DKK1 administration de-
creased bone volume fraction in control rats and OVX rats. OVX rats had lower level of bone volume fraction than controls. 
D, DKK1 administration decreased Tb.Th in control rats and OVX rats. OVX rats had lower level of Tb.Th than controls. 
E, DKK1 administration downregulated protein levels ofβ-catenin, CyclinD, C-myc, and Runx2 in control rats and OVX 
rats. OVX rats had lower levels of β-catenin, CyclinD, C-myc, and Runx2 than controls. 
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LncRNA may enter the human circulatory system 
as microbubbles, exosomes, or protein complexes, 
forming circulating lncRNAs that are stable and 
widely present in body fluids such as blood and 
urine. Arita et al21 found that lncRNA remains 
stable in plasma following repeated freeze-thaw 
cycles, which is consistent with the findings of 
Tong et al22 and Ren et al23. Even in the presence 
of ribonucleases (RNase), circulating lncRNA is 
also stable. Meanwhile, with the promotion of re-
al-time quantitative PCR technology, detection of 
circulating lncRNA in patients becomes easier. 
Because of the characteristics of minimally inva-
sive, easy drawing and simple testing, more and 
more researchers focus on the lncRNA study24. 
However, there are few studies on lncRNA in os-
teoporosis. The role of lncRNA in osteoporosis is 
still worth exploring.

HOTAIR is the first lncRNA found to be 
trans-transcriptionally regulated. HOTAIR, a 
member of lncRNA, has been proved to be in-
volved in the development of tumors, but its 
role in osteoporosis has not been reported. This 
study detected elevated HOTAIR expression in 
patients with osteoporosis, which may provide 
a new idea for the discovery of the pathogen-
esis of osteoporosis. LncRNA DANCR is the 
ncRNA located on chromosome 4, and DANCR 
was first found to be highly expressed in tumor 
cells. Some studies25-27 have shown that DANCR 
is also involved in the regulation of the differen-
tiation of synovial MSCs, osteoblasts and oth-
er precursor cells. In BMSCs, Zhu et al28 found 
that DANCR can recruit EZH2 to Runx2 pro-
moter and catalyze the methylation of H3K27, 

resulting in inhibition of Runx2 and osteogenic 
differentiation. In addition to DANCR, lncRNA 
HoxA-AS3 has also been shown to inhibit os-
teogenic differentiation. LncRNA HoxA-AS329 
is an overexpressed lncRNA during adipogenic 
differentiation. HOTAIR was highly expressed 
in serum samples and BMSCs of osteoporosis 
patients than controls. Besides, overexpression 
of HOTAIR inhibited osteogenic differentia-
tion and expression of osteogenic differentiation 
marker in this study.

Wnt is a type of glycoprotein rich in L-cyste-
ine, which is about 3946 kDa. Stably expressed 
Wnt1 and Wnt3a can promote the proliferation 
of C3H10T1/2 cell line and induce the activity 
of ALP, indicating that Wnt can promote the 
formation of precursor osteogenesis growth and 
osteoblast differentiation in the early stage. In 
addition, Wnt also has an effect on the osteo-
blast orientation. Wnt1 and Wnt10b can inhibit 
the differentiation of adipocytes or preadipo-
cytes. Overexpression of Wnt3a in C3H10T1/2 
can inhibit the expression of adipocyte marker 
PPART2, thus promoting its differentiation to 
osteocytes. However, Mbalaviele et al30 suggest-
ed that the effect of β-catenin on osteogenic dif-
ferentiation of BMSCs is mediated by the mech-
anism of Tcf/Lef, and the increased response of 
T cells to osteogenic factors such as BMP- 2 is 
also responsible for the differentiation. Through 
the induction signal, β-catenin and osteogenic 
factors promote T cell differentiation into os-
teoblasts in a synergistic manner. In the present 
study, we accessed the expression levels of key 
proteins of Wnt/β-catenin by overexpression or 
knockdown of HOTAIR and found that HO-
TAIR inhibited osteogenic differentiation by in-
hibiting the activation of Wnt/β-catenin.

Conclusions

Lnc RNA HOTAIR is highly expressed in pa-
tients with osteoporosis and inhibits the differen-
tiation of MSCs into osteoblasts by suppressing 
the activation of Wnt/β-catenin signaling path-
way. Our study provides theoretical basis and 
new research direction to explore the mechanism 
of osteoporosis.
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Figure 7. Summary of the Regulation and Mechanism of 
HOTAIR in osteoporosis.
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