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Abstract. Accumulating researches indicate that long 
non‑coding RNAs (lncRNAs) participate in human bone 
mesenchymal stem cells (hBMSCs) osteogenic differentiation. 
The present study aimed to investigate the underlying 
molecular mechanisms of long intergenic non‑protein coding 
RNA 899 (LINC00899) in osteoporosis. Therefore, reverse 
transcription‑quantitative PCR was performed to evaluate 
the expression levels of LINC00899, microRNA (miR)‑374a 
and runt‑related transcription factor 2 (RUNX2) in clinical 
tissues and hBMSCs. The potential interaction between 
miR‑374a and LINC00899 or RUNX2 was predicted utilizing 
the StarBase software and verified by luciferase reporter 
and RNA binding protein immunoprecipitation assays. In 
addition, alkaline phosphatase activity and Alizarin Red 
S staining were used to evaluate the osteogenic potential 
of hBMSCs. The results showed that the expression levels 
of LINC00899 were gradually increased, whilst those of 
miR‑374a were decreased as the osteogenic induction process 
progresses. Additionally, the expression of LINC00899 was 
downregulated in the bone tissues of patients with osteoporosis, 
where LINC00899 knockdown reduced the expression levels 
of osteogenesis‑related genes osteocalcin (OCN), osteopontin 
(OPN) and RUNX2 in hBMSCs. LINC00899 was also found 
to directly target miR‑374a, thereby inhibiting its expression. 
Finally, it was predicted that RUNX2 could be directly 
targeted by miR‑374a, such that miR‑374a silencing partially 
abolished the inhibitory effect of LINC00899 knockdown on 

the expression of RUNX2, OPN and OCN. Overall, findings 
of the present study suggested that LINC00899 could facilitate 
the osteogenic differentiation of hBMSCs and prevent 
osteoporosis by sponging miR‑374a to enhance the expression 
of RUNX2, which provide a potentially useful therapeutic 
strategy for patients with osteoporosis.

Introduction

Osteoporosis is a common systemic bone disease particularly 
in the older population that is characterized by diminished 
bone density and mass, coupled with destruction of the bone 
microstructure (1,2). Human bone mesenchymal stem cells 
(hBMSCs) are multipotent progenitor cells that have the 
potential to differentiate into osteoblasts, which serve critical 
roles in bone formation (3). It has been previously reported 
that recovery of hBMSC osteogenic differentiation ability may 
attenuate bone loss in osteoporosis (4‑6). Therefore, directional 
differentiation of hBMSCs may be considered to be a potential 
therapeutic strategy for osteoporosis.

Long non‑coding RNAs (lncRNAs) are a class of 
non‑protein coding RNAs that are >200 nucleotides (nt) in 
length (7,8). Increasing evidence has indicated that lncRNAs 
are involved in the occurrence and development of a number of 
diseases, including osteoporosis (9). Jiang et al (10) reported that 
the lncRNA small nucleolar RNA host gene could inhibit the 
osteogenic differentiation of BMSCs by negatively regulating 
the p38 MAPK signaling pathway. In addition, Chen et al (11) 
demonstrated that bone marrow stem cell‑related lncRNA 
alleviated the progression of osteoporosis by inhibiting 
osteoclast differentiation. A study reported that the expression 
of long intergenic non‑protein coding RNA 899 (LINC00899) 
was upregulated in the serum and bone marrow of patients 
with acute myeloid leukemia, suggesting that LINC00899 
expression may be a potential biomarker for the diagnosis 
and prognosis of acute myeloid leukemia (12). However, the 
molecular mechanism underlying the role of LINC00899 in 
the occurrence and development of osteoporosis remain to be 
fully explored. Furthermore, lncRNAs may act as competitive 
endogenous RNAs that sponge microRNAs (miRNAs 
or miRs), thereby regulating osteogenic differentiation. 
For example, depletion of the lncRNA KCNQ1 opposite 
strand/antisense transcript 1 (KCNQ1OT1) was found to 
impede osteogenic differentiation by regulating miR‑214 (13). 
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Additionally, lncRNA MSC‑antisense 1 could upregulate 
bone morphogenetic protein (BMP)2 expression to modulate 
osteogenic differentiation by sponging miR‑140‑5p  (14). 
Therefore, the present study aimed to investigate whether 
LINC00899 could affect the progression of osteoporosis by 
regulating the expression of downstream miRNAs.

miRNAs are short non‑coding RNAs with a length of 
~22 nt, which serve as vital regulators in a number of biological 
processes, including cell proliferation and differentiation (15). 
It has been reported that some miRNAs are involved in 
osteoporosis by binding to the 3'‑untranslated regions (3'‑UTR) 
of their target mRNAs (16). For example, Wang et al  (17) 
showed that miR‑765 exerted a potential role in attenuating 
osteogenic differentiation by targeting BMP6. Recently, 
Zhang et al (18) demonstrated that miR‑664‑5p could promote 
the osteogenic differentiation by direct targeting the high 
mobility group A2 protein. Additionally, Li et al (19) showed 
that miR‑291a‑3p improved cell viability and promoted 
osteogenic differentiation by regulating Dickkopf 1. In another 
study, Li et al (20) suggested that miR‑374a was involved in 
the progression of osteosarcoma (OS) and facilitated OS cell 
migration by regulating Wnt/β‑catenin signaling. However, the 
biological role of miR‑374a in osteoporosis remains unclear.

It has been suggested that runt‑related transcription 
factor 2 (RUNX2) is indispensable for bone formation (21) 
and a potent inducer of osteogenic differentiation  (22). In 
addition, RUNX2 was identified as a downstream target of 
several miRNAs, such as miR‑21 (23), miR‑365a  (24) and 
miR‑217 (25). Therefore, the present study hypothesized that 
miR‑374a may regulate osteoporosis progression by regulating 
RUNX2. The present study was undertaken to determine the 
biological role of LINC00899 in osteoporosis and investigated 
whether LINC00899 could sponge miR‑374a to enhance 
RUNX2 expression, with the aim of providing a novel 
therapeutic strategy for alleviating osteoporosis.

Materials and methods

Clinical samples. Bone tissues (100 mg) were collected from 
patients with osteoporosis (n=15; female, 7; male, 8; age, 
51‑74 years) and healthy controls (n=15; female, 7; male, 8; 
age, 50‑73 years) at the Affiliated Changzhou No. 2 People's 
Hospital of Nanjing Medical University (Nanjing, China) 
between March 2016 and April 2018. The inclusion criteria 
for patients were as follows: i) Patients were diagnosed with 
osteoporosis, and ii)  patients provided informed consent. 
Patients with complications due to other diseases, such as 
chronic inflammatory diseases, such as rheumatoid arthritis 
and inflammatory bowel disease were excluded. The bone 
fragments extracted from the transcervical region of the 
femoral neck were dissected into smaller fragments, washed 
three times with PBS and stored at ‑80˚C until further analysis. 
Written informed consent was obtained from all patients prior 
to study enrollment. The present study was approved by the 
Ethics Committee of the Affiliated Changzhou No. 2 People's 
Hospital of the Nanjing Medical University.

Cell culture and induction of osteogenic differentiation. 
293T cells were purchased from The Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences. Cells 

were cultured in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.) and 1% penicillin‑streptomycin (Thermo 
Fisher Scientific, Inc.), and maintained in a humidified atmosphere 
containing 5% CO2 at  37˚C. The hBMSCs were obtained 
from the BeNa Culture Collection; Beijing Beina Chunglian 
Biotechnology Research Institute (cat.  no.  BNCC100385; 
http://www.bnbio.com/pro/p1/6/p_242206.html) and cultured in 
α‑minimum essential medium (α‑MEM; Gibco; Thermo Fisher 
Scientific Inc.) supplemented with 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.), 100 mg/ml penicillin 
and 100 U/ml streptomycin at 37˚C in a humidified incubator 
containing 5% CO2. To induce osteogenic differentiation, cells 
were treated with 10 µmol/l dexamethasone, 200 µM ascorbic 
acid and 10 mmol/l β‑glycerophosphate (Sigma‑Aldrich; Merck 
KGaA) at 37˚C in 5% CO2 and the medium was changed every 
3 days (26).

Cell transfection. The short hairpin RNA (shRNA) targeting 
LINC00899 (5'‑GCA​CAU​GAG​AUC​GAC​UGA​CUA​‑3') was 
cloned into the pGHP1/Neo vector (Shanghai GenePharma 
Co., Ltd.) to generate shLINC00899. miR‑374a mimics 
(5'‑CUU​AUC​AGA​UUG​UAU​UGU​AAU​U‑3'), miR‑374a inhib‑
itor (5'‑CAC​UUA​UCA​GGU​UGU​AUU​AUA​A‑3'), and their 
corresponding negative controls (shNC; NC mimics, 5'‑UCA​
CAA​CCU​CCU​AGA​AAG​AGU​AGA​‑3'; NC inhibitor, 5'‑UAA​
GUA​CAA​UAA​UUG​CGC​CAC​U‑3') were purchased from 
Shanghai GenePharma Co., Ltd. To overexpress LINC00899, 
the full‑length LINC00899 sequence was sub‑cloned into the 
pcDNA3.1 vector (Shanghai GenePharma Co., Ltd). Cell were 
transfected with 50 nM shLINC00899, 50 nM shNC, 50 nM 
miR‑374a mimics, 50 nM miR‑374a inhibitor, 50 nM NC 
mimics or 50 nM NC inhibitor using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h prior to 
subsequent experiments. 

Bioinformatic analysis and dual‑luciferase reporter assay. The 
StarBase 2.0 database (http://starbase.sysu.edu.cn/) was used 
to predict the binding sites between miR‑374a and LINC00899 
or RUNX2. Mutants within the miR‑374a binding site were 
created using the QuikChange II Site Directed Mutagenesis kit 
(Agilent Technologies, Inc.). The wild‑type (WT) or mutant 
(Mut) sequences of the miR‑374a binding site in the 3'‑UTR of 
LINC00899 and RUNX2 were cloned into a pmirGLO reporter 
vector (Shanghai GenePharma Co., Ltd.). Subsequently, 293T 
cells were co‑transfected with 100  nM miR‑374a mimics 
or NC mimics and 0.6 µg pmirGLO‑LINC00899‑WT/Mut 
or pmirGLO‑RUNX2‑WT/Mut. Following incubation for 
48 h, the relative luciferase activity was detected using a 
dual‑luciferase reporter assay system (Promega Corporation). 
Firefly luciferase activity was normalized to Renilla luciferase 
activity.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNA was extracted from tissues and hBMSCs using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocols. PrimeScript™ 
RT reagent kit (Takara Bio, Inc.) was used for cDNA generation 
of LINC00899 and mRNA, using the following reaction 
conditions: 42˚C for 15 min followed by 3 cycles at 85˚C 
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for 5 sec. For miR‑374a, a TaqMan™ MicroRNA Reverse 
Transcription kit (Thermo Fisher Scientific, Inc.) was used for 
cDNA generation using the following reaction conditions: 50˚C 
for 5 min and 80˚C for 2 min. qPCR was performed on the ABI 
7900 Detection System (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) using the SYBR‑Green PCR Master Mix kit 
(Thermo Fisher Scientific, Inc.). The thermocycling conditions 
were as follows: Pre‑denaturation at 95˚C for 1 min, followed 
by 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 
30 sec. The data were analyzed using the 2‑ΔΔCq method (27). 
The primer sequences were as follows: LINC00899 forward, 
5'‑CAG​TCA​GCC​TCA​GTT​TCC​AA‑3' and reverse, 5'‑AGG​
CAG​GGC​TGT​GCT​GAT​‑3'; miR‑374a forward, 5'‑GGT​CAC​
AGT​GAA​CCG​GTC​‑3' and reverse, 5'‑GTG​CAG​GGT​CCG​
AGG​T‑3'; RUNX2 forward, 5'‑CTT​ATA​CAA​TGT​CAA​CAG​
CC‑3' and reverse, 5'‑TCC​TTA​TGC​TCT​TTC​TTC​C‑3'; OPN 
forward, 5'‑CAA​ATA​CCC​AGA​TGC​TGT​GGC​‑3' and reverse, 
5'‑TCC​TGG​CTG​TCC​ACA​TGG​TC‑3'; OCN forward, 5'‑GCC​
GAG​AAA​TGT​TGG​AGA​AA‑3' and reverse, 5'‑CTC​CTT​AAT​
CTG​GCC​AAC​CA‑3'; GAPDH forward, 5'‑CCA​CTC​CTC​
CAC​CTT​TGA​C‑3' and reverse, 5'‑ACC​CTG​TTG​CTG​TAG​
CCA​‑3' and U6 forward, 5'‑CTT​CGG​CAG​CAC​ATA​TAC​
T‑3' and reverse, 5'‑AAA​ATA​TGG​AAC​GCT​TCA​CG‑3'. The 
expression of LINC00899, RUNX2, OCN and OPN expres‑
sion was normalized to the internal reference gene GAPDH, 
whereas that of miR‑374a expression was normalized to U6.

RNA immunoprecipitation (RIP) assay. RIP assay was performed 
using the Magna RNA‑binding protein immunoprecipitation kit 
(EMD Millipore). Briefly, hBMSCs were lysed with 100 µl Lysis 
Buffer (EMD Millipore) for 5 min at 4˚C. Argonaute 2 (Ago2; 
5 µg; cat. no. ab32381; Abcam.) and IgG (5 µg; cat. no. ab172730; 
Abcam) were incubated with 50 µl A/G magnetic beads for 
1 h at 4˚C. Then, hBMSCs cell lysates was mixed with the 
beads to incubate for 4 h at 4˚C. RNA was extracted from the 
immunoprecipitation complex using 50 µg/ml Proteinase K 
(cat.  no.  P2308; Sigma‑Aldrich; Merck KGaA) at  55˚C for 
30 min to digest the protein. Subsequently, the enrichment of 
LINC00899 and miR‑374a was measured by RT‑qPCR.

Alkaline phosphatase (ALP) activity. The ALP activity 
was measured at  0,  7  and  14  days following cell culture, 
using the ALP assay kit (cat. no. P0321; Beyotime Institute 
of Biotechnology) according to the manufacturer's protocol. 
Briefly, hBMSCs (1x105) were collected, rinsed with PBS, 
incubated and lysed with RIPA buffer (Beyotime Institute of 
Biotechnology). The cell lysate was centrifuged at 15,000 x g 
at 4˚C for 8 min before ALP activity was determined in the 
supernatant. The optical absorbance was finally measured 
at 450 nm using a microplate reader (Thermo Fisher Scientific, 
Inc.).

Alizarin Red S (ARS) staining. Following osteogenic differ‑
entiation, treated hBMSCs (1x105) were washed twice with 
PBS and then fixed with 4% paraformaldehyde for 20 min at 
room temperature. Subsequently, the cells were washed twice 
with PBS and stained with 1 ml ARS (Sigma‑Aldrich; Merck 
KGaA) at 37˚C for 10 min. After washing with distilled water, 
images of the cells were captured under a light microscope 
(magnification, x200; Olympus Corporation).

Western blot analysis. Total proteins were extracted from 
hBMSCs using a RIPA buffer (Beyotime Institute of 
Biotechnology) and quantified using the (BCA) Protein 
Assay kit (Pierce; Thermo Fisher Scientific, Inc.). The protein 
samples (20 µg g/lane) were separated by 10% SDS‑PAGE 
and transferred onto PVDF membranes. Following blocking 
for 2 h with 5% non‑fat dry milk at room temperature, the 
membranes were incubated with antibodies against RUNX2 
(1:1,000; cat. no. 12556; Cell Signaling Technology, Inc.), 
osteopontin (OPN; 1:1,000; cat.  no.  ab214050; Abcam), 
osteocalcin (OCN; 1:1,000; cat. no. ab93876; Abcam) and 
GAPDH (1:1,000; cat. no. ab8245; Abcam) at 4˚C overnight. 
The next day, the membranes were incubated with a 
horseradish peroxidase‑conjugated secondary antibody 
(1:1,000; cat. no. ab205718; Abcam) for 1 h at 37˚C. Finally, 
the protein bands were visualized using the Pierce™ ECL 
Western Blotting substrate (Thermo Fisher Scientific, Inc.).

Statistical analysis. All experiments were repeated ≥ three 
times. The data were analyzed using the GraphPad Prism 
6.0 software (GraphPad Software, Inc.) and presented as the 
mean  ±  standard deviation. The differences between two 
groups were analyzed using unpaired Student's t‑test, whilst 
those among multiple groups were compared using one‑way 
ANOVA followed by Tukey's post hoc test. P<0.05 was consid‑
ered to indicate a statistically different difference.

Results

Expression levels of LINC00899 and miR‑374a during 
osteogenic differentiation. The dynamic expression pattern of 
LINC00899 and miR‑374a was determined on days 0, 7 and 14 
after osteogenic differentiation. As shown in Fig. 1A and B, 
the expression levels of LINC00899 were increased in a time 
dependent manner, whilst those of miR‑374a were decreased 
as the osteogenic induction process progressed. Furthermore, 
RT‑qPCR and western blot analysis revealed that the mRNA 
and protein expression levels of RUNX2, OPN and OCN were 
also gradually increased during the process of osteogenic 
differentiation in a time dependent manner (Fig. 1C‑F). In 
addition, ALP activity and the area of mineralized nodules 
were markedly increased during osteogenic induction, as 
shown by ALP assay and ARS, respectively (Fig. 1G and H). 
These aforementioned results suggest that LINC00899 
expression was upregulated whereas miR‑374a expression was 
downregulated during osteogenic differentiation.

Knockdown of LINC00899 promotes the progression of 
osteoporosis. RT‑qPCR assay results demonstrated that the 
LINC00899 expression levels were significantly higher in 
non‑osteoporotic tissues compared with those in tissues 
from patients with osteoporosis (Fig.  2A). Subsequently, 
to investigate the effect of LINC00899 on osteogenic 
differentiation, LINC00899 expression was knocked down 
in hBMSCs on day  14 following osteogenic induction 
using shRNA, the transfection efficiency of which was 
confirmed by RT‑qPCR (Fig. 2B). Subsequently, LINC00899 
knockdown was found to have downregulated the expression 
of osteogenesis‑related genes, RUNX2, OPN and OCN, at 
both mRNA and protein levels (Fig. 2C‑F). In addition, results 
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from ALP assay demonstrated that LINC00899 knockdown 
significantly decreased ALP activity compared with that in 
cells transfected with shNC (Fig. 2G). ARS staining revealed 
that the number of mineralized nodules was reduced following 
transfection of hBMSCs with shLINC00899 (Fig. 2H). Taken 
together, these findings suggest that LINC00899 knockdown 
reduced the expression of osteogenesis‑related genes, ALP 
activity and osteogenic capacity of hBMSCs.

miR‑374a is a target of LINC00899. A potential binding site 
for miR‑374a on LINC00899 was predicted using the StarBase 
software (Fig. 3A). miR‑374a expression was increased in 
hBMSCs following transfection with miR‑374a mimics 
compared with that in cells transfected with NC mimics 
(Fig. 3B). Data from dual‑luciferase reporter assays revealed 
that miR‑374a mimic transfection reduced the luciferase 
activity of LINC00899‑WT, but not on the LINC00899‑Mut 
plasmid (Fig. 3C). RIP assay showed that LINC00899 and 
miR‑374a were significantly enriched in samples pulled 
down by Ago2‑containing beads compared with those pulled 
down by the IgG‑containing beads (Fig. 3D). Furthermore, 
the expression levels of miR‑374a were measured in 
non‑osteoporotic and osteoporotic tissues, where the results 
showed that the miR‑374a expression level was significantly 
lower in non‑osteoporotic tissues compared with that in osteo‑
porotic tissues (Fig. 3E). RT‑qPCR confirmed that LINC00899 
was upregulated in hBMSCs transfected with the LINC00899 
overexpression plasmid compared with that in cells transfected 
with the empty plasmid (Fig. 3F). Subsequently, LINC00899 

knockdown was found to significantly increase the expression 
of miR‑374a, whilst LINC00899 overexpression exerted the 
opposite effect (Fig. 3G). Overall, these results indicated that 
LINC00899 could directly interact with and inhibit miR‑374a 
expression.

LINC00899 regulates osteogenic dif ferentiation by 
inhibiting miR‑374a expression. Bioinformatics analysis 
using the Starbase software predicted that RUNX2 could 
be a potential target of miR‑374a (Fig. 4A). Subsequently, 
dual‑luciferase reporter assay verified that transfection with 
the miR‑374a mimics significantly attenuated the luciferase 
activity of RUNX2‑WT (Fig. 4B). However, miR‑374a over‑
expression exerted no significant effect on the luciferase 
activity of RUNX2‑Mut (Fig.  4B). miR‑374a expression 
was significantly downregulated following the transfection 
of miR‑374a inhibitor into hBMSCs (Fig. 4C). In addition, 
silencing of miR‑374a significantly increased the expression of 
RUNX2 (Fig. 4D). To further investigate whether LINC00899 
could regulate the expression of RUNX2 via miR‑374a, 
hBMSCs were transfected with shNC, shLINC00899 
or shLINC00899  +  miR‑374a inhibitor. RT‑qPCR and 
western blot analysis showed that LINC00899 knockdown 
downregulated RUNX2 expression, but the simultaneous inhi‑
bition of miR‑374 expression significantly reversed this effect 
(Fig. 4E and F). Furthermore, co‑transfection of hBMSCs with 
the miR‑374a inhibitor partially abolished the suppressive 
effects of LINC00899 knockdown on the expression of OPN 
and OCN (Fig. 4G‑I). Results from the ALP activity assay 

Figure 1. Expression levels of LINC00899 and miR‑374a during osteogenic differentiation. Expression levels of (A) LINC00899 and (B) miR‑374a in hBMSCs 
treated with osteogenic differentiation medium for 0, 7 and 14 days as detected by RT‑qPCR. RT‑qPCR was used to detect the mRNA levels of (C) RUNX2, 
(D) OPN and (E) OCN during osteoblast differentiation of hBMSCs. (F) Western blotting was used to measure the protein levels of RUNX2, OPN and OCN 
during osteoblast differentiation of hBMSCs. (G) ALP activity and (H) Alizarin red S staining were detected on 0, 7 and 14 days after osteogenic induction 
(magnification, x200). The data were presented as mean ± SD. *P<0.05. LINC00899, long intergenic non‑protein coding RNA 899; miR, microRNA; RUNX2, 
runt‑related transcription factor 2; OPN, osteopontin; OCN, osteocalcin; RT‑qPCR, reverse transcription‑quantitative PCR; hBMSCs, human bone mesen‑
chymal stem cells; ALP, alkaline phosphatase. 
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further verified that miR‑374a silencing could reverse the 
inhibitory effects of LINC00899 knockdown on ALP activity 
(Fig. 4J). Additionally, ARS staining showed that miR‑374a 
inhibitor could markedly restore the osteogenic capacity of 
hBMSCs transfected with shLINC00899 (Fig. 4K). These 
observations suggest that LINC00899 can upregulate RUNX2 
expression by sponging miR‑374a to alleviate osteoporosis.

Discussion

The present study demonstrated that LINC00899 could 
facilitate osteogenic differentiation and prevent osteoporosis 
by regulating the miR‑374a/RUNX2 axis. Specifically, 
LINC00899 downregulated miR‑374a expression, which 
could in turn directly target the 3'‑UTR of RUNX2, thus 
downregulating its expression. 

Emerging evidence has suggested that lncRNAs can serve 
an important role in bone diseases, such as osteoporosis, osteo‑
arthritis, and osteosarcoma (28,29). Han et al  (30) revealed 
that downregulation of lncRNA taurine upregulated 1 could 
effectively inhibit osteoclast proliferation and serve as a poten‑
tial target for the treatment of osteoporosis. Shen et al  (31) 
demonstrated that lncRNA hox transcript antisense RNA 
(HOTAIR) was highly expressed in patients with osteoporosis, 
which prevents osteogenic differentiation by regulating the 

Wnt/β‑catenin signaling pathway. In terms of LINC00899, 
Zhou et al  (32) previously showed that the upregulation of 
LINC00899 suppressed breast cancer progression by regulating 
the expression of miR‑425. Additionally, Dong et al (33) revealed 
that the upregulation of LINC00899 can promote the progres‑
sion of acute myeloid leukemia. However, the biological effects 
of LINC00899 in osteogenic differentiation and osteoporosis 
remain poorly understood. To the best of our knowledge, the 
present study was the first to report that LINC00899 expres‑
sion is downregulated in the bone tissues of patients with 
osteoporosis. Furthermore, knocking down LINC00899 expres‑
sion was found to decrease the expression of osteogenesis‑related 
genes, inhibit ALP activity whilst reducing ARS accumulation, 
eventually leading to the inhibition of osteogenic differentiation 
and progression of osteoporosis. 

Accumulating evidence has suggested that lncRNAs can 
serve as miRNA sponges to regulate osteogenic differentiation 
and osteoporosis progression. For example, Wang et al (13) 
demonstrated that the upregulation of lncRNA KCNQ1OT1 
promoted osteogenic differentiation by sponging miR‑214 to 
upregulate BMP2. Zhang et al (34) reported that the upregulation 
of nuclear paraspeckle assembly transcript 1 promoted BMP1 
expression to regulate osteogenic differentiation in hBMSCs 
by sponging miR‑29b‑3p. In addition, it has been suggested 
that miRNAs are involved in the occurrence of bone 

Figure 2. Knockdown of LINC00899 expression promotes the progression of osteoporosis. (A) RT‑qPCR was used to detect the expression of LINC00899 in 
femoral bone tissues from patients with osteoporosis and health individuals. *P<0.05. (B) Expression of LINC00899 in hBMSCs transfected with shNC and 
shLINC00899 was detected by RT‑qPCR. mRNA expression of osteogenesis‑related genes (C) RUNX2, (D) OPN and (E) OCN in hBMSCs transfected with 
shNC and shLINC00899 was detected by RT‑qPCR. (F) Western blotting was utilized to detect the protein levels of RUNX2, OPN and OCN in hBMSCs 
transfected with shNC and shLINC00899. (G) ALP activity was detected in hBMSCs transfected with shNC and shLINC00899. (H) Alizarin red S staining 
was measured in hBMSCs transfected with shNC and shLINC00899 (magnification, x200). The data were presented as mean ± SD. *P<0.05 vs. shNC. 
RT‑qPCR, reverse transcription‑quantitative PCR; LINC00899, long intergenic non‑protein coding RNA 899; hBMSCs, human bone mesenchymal stem cells; 
ALP, alkaline phosphatase; sh, short hairpin; NC, negative control; RUNX2, runt‑related transcription factor 2; OPN, osteopontin; OCN, osteocalcin. 
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diseases, such as osteoporosis (35), osteoarthritis (36), and 
osteosarcoma (37). For example, Fan et al (38) demonstrated 
that miR‑532‑3p attenuated osteogenic differentiation by 
downregulating ETS‑1. Additionally, Xiaoling  et  al  (39) 
previously reported that the upregulation of miR‑19b‑3p could 
promote osteogenic differentiation in BMSCs. In the present 
study, miR‑374a was predicted to be a potential target of 
LINC00899, which was verified by dual‑luciferase reporter 
and RIP assays. Furthermore, the dynamic expression profile 
of LINC00899 and miR‑374a during osteogenic differentiation 
was also determined. The results revealed that the expression of 
LINC00899 was gradually increased, whilst that of miR‑374a 
was decreased, during osteogenic differentiation. These results 
suggest that miR‑374a could be associated with osteoporosis 
progression by regulating osteogenic differentiation.

RUNX2 is widely recognized as an important transcription 
factor during osteogenic differentiation  (40). Therefore, 
the regulatory mechanism of RUNX2 during osteogenic 
differentiation has attracted the attention of numerous 

research groups. Fu et al (41) showed that the upregulation of 
HOTAIRM1 promoted osteogenesis by modulating the activity 
of JNK and c‑Jun to promote RUNX2 gene transcription. 
Another study by Chen  et  al  (42) demonstrated that the 
upregulation of lncRNA AWPPH contributed to non‑traumatic 
osteonecrosis by upregulating RUNX2. However, the 
mechanism associated with RUNX2 in osteoporosis has not 
been fully elucidated. Therefore, the present study aimed to 
actively explore the novel mechanisms by which RUNX2 may 
regulate osteogenic differentiation. RUNX2 was predicted as 
the direct target of miR‑374a. RT‑qPCR showed that RUNX2 
was significantly upregulated during osteogenic differentiation 
and in hBMSCs transfected with the miR‑374a inhibitor. In 
addition, depletion of LINC00899 inhibited the expression 
of osteogenesis‑related markers RUNX2, OPN and OCN. 
This effect was counteracted following the co‑transfection 
of hBMSCs with the miR‑374a inhibitor. Furthermore, 
co‑transfection with the miR‑374a inhibitor neutralized the 
decrease in ALP activity and ARS accumulation induced by 

Figure 3. miR‑374a is a target of LINC00899. (A) A potential binding site for miR‑374a to LINC00899 was predicted by the starBase online tool. (B) The 
expression of miR‑374a was detected by RT‑qPCR in hBMSCs transfected with NC or miR‑374a mimics. *P<0.05 vs. NC mimics. (C) Dual‑luciferase reporter 
assay was used to determine the luciferase activity of wild‑type LINC00899 or mutant‑type LINC00899 in 293T cells. *P<0.05 vs. NC mimics. (D) RNA 
immunoprecipitation assay was utilized to assess the potential interaction between miR‑374 and LINC00899. *P<0.05 vs. IgG. (E) RT‑qPCR used to detect 
the expression of miR‑374a in femoral bone tissues from patients with osteoporosis and health individuals. *P<0.05. (F) The expression of LINC00899 in 
hBMSCs transfected with pcDNA3.1 or pcDNA3.1‑LINC00899 was measured using RT‑qPCR. *P<0.05 vs. pcDNA3.1. The data were presented as mean ± SD. 
*P<0.05. miR, microRNA; LINC00899, long intergenic non‑protein coding RNA 899; RT‑qPCR, reverse transcription‑quantitative PCR; hBMSCs, human 
bone mesenchymal stem cells; sh, short hairpin; NC, negative control; Ago2, argonaute 2; WT, wild‑type; Mut, mutant.
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Figure 4. LINC00899 regulates osteogenic differentiation by suppressing miR‑374a expression. (A) The predicted binding sites of miR‑374a on the RUNX2 
3'‑untranslated region. (B) Dual‑luciferase reporter assay was used to determine the luciferase activity of RUNX2‑WT or RUNX2‑Mut in 293T cells. *P<0.05 
vs. NC mimics. (C) Expression of miR‑374a was measured by RT‑qPCR in hBMSCs transfected with NC inhibitor or miR‑374a inhibitor. *P<0.05 vs. NC 
inhibitor. (D) The expression of RUNX2 in hBMSCs transfected with NC inhibitor and miR‑374a inhibitor was detected by RT‑qPCR. *P<0.05 vs. NC 
inhibitor. (E) mRNA and (F) protein levels of RUNX2, mRNA levels of (G) OPN and (H) OCN, (I) protein levels of OPN and OCN were determined 
in hBMSCs transfected with shNC, shLINC00899, shLINC00899 + miR‑374a inhibitor by RT‑qPCR and western blotting. *P<0.05. (J) ALP activity was 
detected in hBMSCs transfected with shNC, shLINC00899 and shLINC00899 + miR‑374a inhibitor. *P<0.05. (K) Alizarin red S staining was detected in 
hBMSCs transfected with shNC, shLINC00899 and shLINC00899 + miR‑374a inhibitor (magnification, x200). The data were presented as mean ± SD. 
miR, microRNA; LINC00899, long intergenic non‑protein coding RNA 899; RT‑qPCR, reverse transcription‑quantitative PCR; hBMSCs, human bone 
mesenchymal stem cells; sh, short hairpin; NC, negative control; WT, wild‑type; Mut, mutant; ALP, alkaline phosphatase; RUNX2, runt‑related transcription 
factor 2; OPN, osteopontin; OCN, osteocalcin. 

https://www.spandidos-publications.com/10.3892/etm.2021.10505


GAO et al:  LINC00899 PROMOTES OSTEOGENIC DIFFERENTIATION AND ALLEVIATES OSTEOPOROSIS8

LINC00899 knockdown. LINC00899 also regulated RUNX2 
expression by targeting miR‑374a, supporting the regulatory 
effects of the LINC00899/miR‑374a/RUNX2 axis during 
osteogenic differentiation. 

In summary, the present study uncovered a role of 
LINC00899 in promoting osteogenic differentiation through 
the miR‑374a/RUNX2 axis. Therefore, these findings may 
provide a novel theoretical basis for developing a treatment 
strategy for osteoporosis.
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