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Abstract. – OBJECTIVE: To clarify the biolog-
ical function of miRNA-128-3p in influencing the 
progression of osteoporosis by inducing osteo-
genic differentiation of MSCs via activating the 
Wnt3a signaling. 

PATIENTS AND METHODS: Dynamic expres-
sion levels of miRNA-128-3p in osteogenically 
differentiated MSCs at the different time points 
were detected by qRT-PCR. The binding sites in 
the seed sequence of miRNA-128-3p and Wn-
t3a were predicted using the bioinformatic tool, 
and their interaction was further confirmed by 
Dual-Luciferase reporter assay. Co-regulation 
of miRNA-128-3p and Wnt3a on relative levels 
of osteogenesis-associated genes, ALP activity 
and mineralization ability in glucocorticoid-in-
duced MSCs were assessed. 

RESULTS: MiRNA-128-3p was gradually up-
regulated with the prolongation of osteogen-
ic differentiation of MSCs. Overexpression of 
miRNA-128-3p reversed the declines in gluco-
corticoid-induced expression levels of osteo-
genesis-associated genes (Bglap, RUNX2 and 
BMP-2), ALP activity and mineralization ability 
in MSCs. Wnt3a was able to bind miRNA-128-3p. 
Its level was positively regulated by miRNA-128-
3p in MSCs. Enhanced ALP activity and miner-
alization ability in glucocorticoid-induced MSCs 
overexpressing Wnt3a were partially abolished 
by knockdown of miRNA-128-3p. 

CONCLUSIONS: By positively regulating Wn-
t3a, miRNA-128-3p alleviates the progression of 
osteoporosis through inducing osteogenic dif-
ferentiation of MSCs.
Key Words:
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differentiation.

Introduction

Osteoporosis is a systemic bone metabolism 
disease. Imbalance of osteogenic and osteoclastic 
activities in the bone microenvironment leads to 
declined bone mass and increased bone fragility. 

Osteoporotic fracture is the most serious conse-
quence caused by the imbalanced bone micro-
environment1. It is estimated that the number of 
osteoporosis patients reaches 200 million in the 
world2. Clarifying the molecular mechanism of 
osteoporosis development is of great significance. 

MicroRNAs (miRNAs) are small, noncoding 
RNAs involved in post-transcriptional mediation 
on cell phenotypes. They contain 19-22 nucleo-
tides, and extensively distributed in the body3,4. 
A dynamic balance between osteoblasts-induced 
bone formation and osteoclasts-induced bone re-
sorption maintains the health of mature bone 
tissues, which can be damaged by miRNAs5. It 
is believed that abnormally expressed miRNAs 
during bone metabolism are closely related to 
bone diseases6,7. Researches8-10 have identified 
that miRNA-128-3p is able to suppress the ma-
lignant proliferation of T-lymphocytic leukemia, 
hepatocellular carcinoma and glioma. Lowly ex-
pressed miRNA-128-3p may predict poor prog-
nosis in the abovementioned malignant diseases. 
The correlation between miRNA-128-3p and os-
teoporosis, however, remains unclear. 

Potential influence of the Wnt signaling on 
MSCs functions has been highlighted in the 
research of bone metabolism and bone tissue en-
gineering11. Wnt3a is a secreted glycoprotein en-
riched with cysteine that can affect surrounding 
cells via paracrine or autocrine. It is an activator 
of the Wnt signaling, which is responsible for 
triggering cell division, growth and differentia-
tion12,13. Zhang et al14 demonstrated the capacity 
of Wnt3a in driving osteogenic differentiation. 
Through targeting Wnt3a, miR-9-5p deteriorates 
the progression of osteoporosis by stimulating 
adipogenesis15. This study aims to explore the 
co-regulation of miRNA-128-3p and Wnt3a on 
osteogenic differentiation of MSCs, and thus the 
progression of osteoporosis. 
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Patients and Methods

Isolation of MSCs and Cell Culture
This study was approved by the Ethics Com-

mittee of The First People’s Hospital of Fuyang. 
Signed written informed consents were obtained 
from all participants before the study. 9 cases 
of open fracture and ilium transplantation were 
recruited. Patients with osteoporosis, tumors, 
blood diseases and other systemic diseases were 
excluded. During the operation, 10 mL of fresh 
bone marrow was collected and placed in eth-
ylenediaminetetraacetic acid (EDTA) anticoagu-
lation tubes. Collected bone marrow was mixed 
in 10 mL of serum-free, low-glucose α-modified 
eagle medium (α-MEM) (HyClone, South Logan, 
UT, USA), and centrifuged at 400 g for 10 min. 
The fat layer was discarded. The precipitant was 
re-suspended in α-MEM, and the isodose Fircoll 
solution was slowly added alongside the tube 
wall. Liquid stratification can be observed. After 
gradient centrifugation for 30 min, the second 
layer (monocytes) was washed and resuspend-
ed in α-MEM containing 10%. Cell suspension 
(2×106 /mL) was cultivated in bottles. On the oth-
er day, un-adherent cells were washed by fresh 
medium. Cell passage was conducted every 3-5 
days using 0.25% trypsin. The morphology and 
growth condition of MSCs were regularly ob-
served under the microscope. 

Osteogenic Differentiation 
The third-generation MSCs were inoculated 

in a 24-well plate (2×104 /well) and cultivated to 
80% confluence. Osteogenic differentiation was 
induced in H-Dulbecco’s Modified Eagle’s Me-
dium (H-DMEM) (Gibco, Rockville, MD, USA) 
containing 10% fetal bovine serum (FBS) (Gibco, 
Rockville, MD, USA), 10 nM dexamethasone, 10 
mM β-glycerophosphate and 0.2 mM ascorbic 
acid for 2-21 days. 

Glucocorticoid Induction 
100 μL of suspension per well [(5-8) × 104 / 

mL] was applied in a 96-well plate. On the next 
day, MSCs were cultivated in DMEM containing 
1 μM glucocorticoid for 24 h. 

Cell Transfection 
The third-generation MSCs were inoculated in 

a 24-well plate (2×104 /well) and cultivated to 80% 
confluence. They were transfected with plasmids 
using Lipofectamine 2000 for 48 h and subjected 
to osteogenic differentiation for 2-21 days. 

Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR)

Cellular RNAs were isolated using TRIzol and 
their concentrations were determined by NanoDrop 
2000 (Invitrogen, Carlsbad, CA, USA). RNAs 
were reversely transcribed into complementary 
deoxyribose nucleic acids (cDNAs) and subjected 
to qRT-PCR. Primer sequences were as follows: 
MiRNA-128-3p: forward: 5′-UCACAGUGAAC-
CGGUCUCUUU-3′, reverse: 5′-AGAGACCGGU-
UCACUGUGAUU-3′; U6: forward: 5′-GCTTC-
GGCAGCACATATACTAAAAT-3’, reverse: 
5′-CGCTTCACGAATTTGCGTGTCAT-3’; Wnt3a: 
forward: 5′-ATCGAGTTTGGTGGGATGGT-3′, 
reverse: 5′-CGCTGTCGTACTTGTCCTTG-3′; 
RUNX2: forward: 5′-GGGTAAGACTGGT-
CATAGGACC-3′, reverse: 5′-CCCAGTATGA-
GAGTAGGTGTCC-3′; BMP-2: forward: 5′-TTG-
GAGGAGAAACAAGGTG-3′, reverse: 5′-AA-
CAATGGCATGATTAGTGG-3′; Bglap: forward: 
5′-AAAGCCTGGTGATGCAGAGT-3′, reverse: 
5′-CTAGACTGGGCCGTAGAAGC-3′; GAPDH 
forward: 5′-ACTGCCACCCAGA-AGACT-3′, re-
verse: 5’-GCTCAGTG-TAGCCCAGGAT-3′.

Western Blot 
Cells were lysed in radioimmunoprecipitation 

assay (RIPA) buffer (Beyotime, Shanghai, China) 
on ice for 30 min. Cell lysate was centrifuged 
at 4°C, 1000 rpm for 10 min. Extracted protein 
samples were quantified by bicinchoninic acid 
(BCA) method (Pierce, Rockford, IL, USA). Pro-
tein samples were electrophoresed in 10% sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and loaded on polyvinylidene 
difluoride (PVDF) membranes (Roche, Basel, 
Switzerland). Subsequently, non-specific antigens 
were blocked in 5% skim milk for 2 hours. Mem-
branes were reacted with primary and secondary 
antibodies for indicated time. Band exposure and 
analyses of grey values were finally conducted.

Determination of ALP Activity 
On the 7th day of osteogenic differentiation, 

MSCs were lysed for collecting the supernatant, 
which was incubated in the binding buffer at 
37°C for 0.5 h and terminated by applying NaOH. 
ALP activity (Sigma-Aldrich, St. Louis, MO, 
USA) was determined by measuring absorbance 
at 405 nm. Each test was repeated in triplicate. 

ALP Staining
MSCs were washed in PBS twice, fixed in 

70% ethanol for 10 min, and incubated in ALP 
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buffer (0.15M NaCl, 0.15M Tris-HCl, 1mM Mg-
Cl2, pH9.5) for 15 min. Subsequently, MSCs were 
incubated in NBT-BCIP solution (Sigma-Aldrich, 
St. Louis, MO, USA) in the dark at 37°C for 30 
min. Cells were washed in deionized water, dried 
and captured. 

ARS Staining 
On the 21st day of osteogenic differentiation, 

MSCs were fixed in 4% paraformaldehyde for 30 
min, washed in deionized water for three times 
and dyed in ARS-Tris-HCL solution (pH 4.1-4.3) 
(Sigma-Aldrich, St. Louis, MO, USA) in the dark 
for 45 min. Images were captured under an in-
verted microscope. 

Dual-Luciferase Reporter Assay 
The binding sites in the seed sequence of 

miRNA-128-3p and Wnt3a were predicted us-
ing the bioinformatic tool and amplified. The 
amplified fragments were inserted into Lucif-
erase vectors for constructing wild-type and 
mutant-type Wnt3a vectors. They were co-trans-
fected into cells with miRNA-128-3p mimic 
or miR-NC. Luciferase activity was measured 
using the Dual-Luciferase® Report (Promega, 
Madison, WI, USA). 

Statistical Analysis
Data processing was conducted using Statis-

tical Product and Service Solutions (SPSS) 20.0 
(IBM, Armonk, NY, USA). Differences between 
groups were compared by the Student’s t-test. A 
significant difference was set at p < 0.05. 

Results

Dynamic Expression Levels of 
MiRNA-128-3p in MSCs During the
Process of Osteogenic Differentiation

On the 1st, 3rd, 7th and 14th day of osteogenic 
differentiation, miRNA-128-3p level in MSCs was 
time-dependently upregulated, indicating a close 
relation between miRNA-128-3p and osteogenic 
differentiation of MSCs (Figure 1A). We subse-
quently tested the transfection efficacy of miRNA-
128-3p mimic and inhibitor in MSCs, respectively, 
(Figure 1B). Transfection of either of them could 
effectively intervene miRNA-128-3p level. 

Overexpression of MiRNA-128-3p 
Upregulated the Inhibited Expressions 
of Osteogenesis-Associated Genes in 
Glucocorticoid-Induced MSCs

After glucocorticoid induction in MSCs, mRNA 
levels of osteogenesis-associated genes, including 
Bglap, RUNX2 and BMP-2, were downregulated. 
However, the declined trends were abolished by 
overexpression of miRNA-128-3p (Figure 2A-2C). 
Similar results were obtained by detecting their 
protein levels via Western blot (Figure 2D, E). It is 
suggested that miRNA-128-3p could drive osteo-
genic differentiation of MSCs. 

MiRNA-128-3p Triggered Osteogenic 
Differentiation of MSCs

We subsequently explored the role of miRNA-
128-3p in regulating ALP activity and mineral-
ization ability in MSCs. Glucocorticoid induc-
tion markedly suppressed ALP activity in MSCs, 
which was further enhanced by overexpressed 
miRNA-128-3p (Figure 3A). Consistently, gluco-

Figure 1. Dynamic expression levels of miRNA-128-3p in MSCs during the process of osteogenic differentiation. A, MiRNA-
128-3p in osteogenically differentiated MSCs was time-dependently upregulated; B, MiRNA-128-3p was significantly 
upregulated by transfection of miRNA-128-3p mimic in MSCs; C, MiRNA-128-3p was significantly downregulated by 
transfection of miRNA-128-3p inhibitor in MSCs. 
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corticoid induction intervened positive staining of 
ALP and ARS in MSCs, and the inhibited trends 
were reversed by overexpression of miRNA-128-
3p (Figure 3B). It is suggested that glucocorticoid 
inhibits osteogenic differentiation, bone miner-
alization and bone metabolism, which could be 
protected by miRNA-128-3p. 

MiRNA-128-3p Upregulated Wnt3a Level 
Through predicting in Starbase 3.0, binding 

sites in the sequence of miRNA-128-3p and Wn-
t3a were identified (Figure 4A). Dual-Luciferase 
reporter assay showed that overexpression of 
miRNA-128-3p remarkably quenched luciferase 
activity in the wild-type Wnt3a vector, verifying 

Figure 2. Overexpression of miRNA-128-3p upregulated the inhibited expressions of osteogenesis-associated genes in 
glucocorticoid-induced MSCs. A-C. Glucocorticoids induction downregulated mRNA levels of Bglap (A), RUNX2 (B) and 
BMP-2 (C) in MSCs, which were reversed by overexpression of miRNA-128-3p; D, E, Glucocorticoids induction downregulated 
protein levels of Bglap, RUNX2 and BMP-2 in MSCs, which were reversed by overexpression of miRNA-128-3p. 

Figure 3. MiRNA-128-3p triggered osteogenic differentiation of MSCs. A, ALP activity was reduced by glucocorticoids 
induction in MSCs, which was abolished by overexpression of miRNA-128-3p; B, Positive staining of ALP and ARS were 
reduced by glucocorticoids induction in MSCs, which were abolished by overexpression of miRNA-128-3p, (magnification: 40×).
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the binding between miRNA-128-3p and Wnt3a 
(Figure 4B). To verify the regulatory interaction 
between them, Wnt3a level in MSCs with inter-
vened miRNA-128-3p expression was detected. It 
is shown that Wnt3a was positively regulated by 
miRNA-128-3p in MSCs (Figure 4C, 4D). 

MiRNA-128-3p Regulated Osteogenic 
Differentiation by Targeting Wnt3a

The involvement of Wnt3a in the process of 
osteogenic differentiation was further explored. 
In glucocorticoid-induced MSCs overexpressing 
Wnt3a, both ALP activity and mineralization abil-
ity were enhanced, which were partially reversed 
by knockdown of miRNA-128-3p (Figure 5A, 5B). 
Collectively, miRNA-128-3p triggered osteogenic 
differentiation in MSCs by regulating Wnt3a, thus 
participating in the progression of osteoporosis. 

Discussion

MSCs are featured by wide sources, easy iso-
lation, rapid amplification and high purity. They 
are able to differentiate to osteoblasts, chondro-
cytes, adipocytes or hepatocytes under the cer-

tain circumstances16. Owing to the multilineage 
differentiation potential, bone regeneration using 
MSCs as seed cells is feasible, which provides 
novel strategies for the treatment of bone dis-
eases. Notably, how to improve the osteogenesis 
ability of MSCs is a key event for triggering bone 
regeneration and repair17. 

MiRNAs can regulate the osteogenic differ-
entiation of different cells18. In recent years, the 
role of miRNA modification in regulating os-
teogenic differentiation of MSCs has been well 
concerned19. They target different transcription 
factors that drive MSCs to differentiate into os-
teoblasts or osteoclasts20,21. MiRNAs can either 
drive osteogenic differentiation or inhibit it. It is 
reported that miR-26a increases expressions of 
fat-derived stem cell genes by activating the classic 
BMP-Smads signaling, thus stimulating osteogen-
ic differentiation22. By regulating the target gene 
Cbfβ, miR-125b downregulates osteogenesis-asso-
ciated genes, thereby inhibiting osteogenic differ-
entiation23. This study successfully isolated MSCs 
from human bone marrow and induced in vitro 
osteogenic differentiation. We found that miRNA-
128-3p was time-dependently upregulated during 
osteogenic differentiation of MSCs. 

Figure 4. MiRNA-128-3p upregulated Wnt3a level. A, Binding sites in the seed sequence of Wnt3a and miRNA-128-3p; 
B, Dual-Luciferase reporter assay verified the binding between Wnt3a and miRNA-128-3p; C, Wnt3a was significantly 
upregulated in MSCs transfected with miRNA-128-3p mimic; D, Wnt3a was significantly downregulated in MSCs transfected 
with miRNA-128-3p inhibitor. 
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During osteogenic differentiation, osteoblasts 
secrete some key proteins responsible for dif-
ferentiation. RUNX2 is the master switch for 
osteoblast differentiation and it regulates ex-
pressions of multiple osteogenesis genes. Bglap 
is a marker of late phase of osteogenic differ-
entiation, which exerts an important role in 
the maturation of bone matrix mineralization24. 
These proteins are important landmarks for os-
teogenic differentiation and mineralization. In 
addition, osteoblasts generally undergo the ear-
ly, middle and late phase of bone formation, and 
ALP is an indicator for the former two phases25. 
Alizarin red staining (ARS) produces a dark red 
compound by a color reaction between alizarin 
red and calcium salt deposits. The formation 
of calcified nodule is a sign of osteoblast dif-
ferentiation, maturation and mineralization26. 
Therefore, ARS contributes to revealing the 
condition of late phase of osteogenesis. Sun et 
al27 found that knockdown of miR-145 can en-
hance expressions of Runx2, Osterix, β-catenin, 
and T cytokine 1, thereby promoting osteogenic 
differentiation. In the present study, miR-128-3p 
not only upregulated osteogenesis genes (Bglap, 
RUNX2, BMP-2), but also promoted ALP activ-
ity and the ability of mineralization.

The way in which the Wnt signaling regulates 
osteogenic differentiation has been identified28. 
The Wnt signaling is involved in induction of 
bone formation, suppression of adipogenesis 
and tumorigenesis29. Insertion of vesicles con-
taining purified Wnt3a protein in the area of 
bone defect stimulates the rapid regeneration 

of bones30. Leucht et al31 analyzed osteogenesis 
in transplanted bones in adult animals. They 
demonstrated that Wnt3a remarkably inhibits 
cell apoptosis and drives bone regeneration in 
transplanted bones. Besides, overexpression of 
Wnt3a is proven to promote proliferative rate in 
MSCs and inhibit chondrogenic differentiation. 
By silence of miR-203a-3p.1, the activated Wn-
t3a affects osteogenic differentiation of MSCs32. 
Our findings first revealed the binding between 
Wnt3a and miRNA-128-3p, and their positive 
interaction. Enhanced ALP activity and min-
eralization ability in glucocorticoid-induced 
MSCs overexpressing Wnt3a were partially 
abolished by knockdown of miRNA-128-3p. 
To sum up, glucocorticoids inhibit osteogenic 
differentiation of MSCs, and miRNA-128-3p 
can abolish the inhibition by targeting Wnt3a, 
thereby alleviating osteoporosis. Our findings 
provide novel ideas in clinical management of 
osteoporosis. 

Conclusions

We showed that, by positively regulating Wn-
t3a, miRNA-128-3p alleviates the progression of 
osteoporosis through inducing osteogenic differ-
entiation of MSCs. 
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Figure 5. MiRNA-128-3p regulated osteogenic differentiation by targeting Wnt3a. A, ALP activity was elevated by 
glucocorticoids induction in MSCs overexpressing Wnt3a, which was abolished by knockdown of miRNA-128-3p; B, Positive 
staining of ALP and ARS were reduced by glucocorticoids induction in MSCs overexpressing Wnt3a, which were abolished 
by knockdown of miRNA-128-3p, (magnification: 40×).



MiRNA-128-3p induces osteogenic differentiation of MSCs

1231

References

 1) Drake MT, Clarke BL, Lewiecki EM. The patho-
physiology and treatment of osteoporosis. Clin 
Ther 2015; 37: 1837-1850.

 2) Golob AL, Laya MB. Osteoporosis: screening, 
prevention, and management. Med Clin North Am 
2015; 99: 587-606.

 3) Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 281-
297.

 4) Zhang J, Li S, Li L, Li M, Guo C, Yao J, Mi S. Exo-
some and exosomal microRNA: trafficking, sort-
ing, and function. Genomics Proteomics Bioinfor-
matics 2015; 13: 17-24.

 5) Iqbal J, Yuen T, Kim SM, Zaidi M. Opening win-
dows for bone remodeling through a SLIT. J Clin 
Invest 2018; 128: 1255-1257.

 6) Zhang Y, Gao Y, Cai L, Li F, Lou Y, Xu N, Kang 
Y, Yang H. MicroRNA-221 is involved in the reg-
ulation of osteoporosis through regulates RUNX2 
protein expression and osteoblast differentiation. 
Am J Transl Res 2017; 9: 126-135.

 7) Zhao H, Zhang J, Shao H, Liu J, Jin M, Chen J, 
Huang Y. MiRNA-340 inhibits osteoclast differen-
tiation via repression of MITF. Biosci Rep 2017; 
37:

 8) Mets E, Van Peer G, Van der Meulen J, Boice M, 
Taghon T, Goossens S, Mestdagh P, Benoit Y, 
De Moerloose B, Van Roy N, Poppe B, Vande-
sompele J, Wendel HG, Van Vlierberghe P, Spe-
leman F, Rondou P. MicroRNA-128-3p is a novel 
oncomiR targeting PHF6 in T-cell acute lympho-
blastic leukemia. Haematologica 2014; 99: 1326-
1333.

 9) Huang CY, Huang XP, Zhu JY, Chen ZG, Li XJ, 
Zhang XH, Huang S, He JB, Lian F, Zhao YN, Wu 
GB. miR-128-3p suppresses hepatocellular car-
cinoma proliferation by regulating PIK3R1 and is 
correlated with the prognosis of HCC patients. 
Oncol Rep 2015; 33: 2889-2898.

10) Yu D, Green B, Marrone A, Guo Y, Kadlubar S, 
Lin D, Fuscoe J, Pogribny I, Ning B. Suppression 
of CYP2C9 by microRNA hsa-miR-128-3p in hu-
man liver cells and association with hepatocellu-
lar carcinoma. Sci Rep 2015; 5: 8534.

11) Feng X, Xing J, Feng G, Sang A, Shen B, Xu Y, 
Jiang J, Liu S, Tan W, Gu Z, Li L. Age-dependent 
impaired neurogenic differentiation capacity of 
dental stem cell is associated with Wnt/beta-cat-
enin signaling. Cell Mol Neurobiol 2013; 33: 1023-
1031.

12) Li HX, Luo X, Liu RX, Yang YJ, Yang GS. Roles 
of Wnt/beta-catenin signaling in adipogenic dif-
ferentiation potential of adipose-derived mesen-
chymal stem cells. Mol Cell Endocrinol 2008; 291: 
116-124.

13) Hammarstedt A, Isakson P, Gustafson B, Smith 
U. Wnt-signaling is maintained and adipogenesis 
inhibited by TNFalpha but not MCP-1 and resistin. 

Biochem Biophys Res Commun 2007; 357: 700-
706.

14) Zhang S, Chen X, Hu Y, Wu J, Cao Q, Chen 
S, Gao Y. All-trans retinoic acid modulates Wn-
t3A-induced osteogenic differentiation of mesen-
chymal stem cells via activating the PI3K/AKT/
GSK3beta signalling pathway. Mol Cell Endocri-
nol 2016; 422: 243-253.

15) Zhang HG, Wang XB, Zhao H, Zhou CN. MicroR-
NA-9-5p promotes osteoporosis development 
through inhibiting osteogenesis and promoting 
adipogenesis via targeting Wnt3a. Eur Rev Med 
Pharmacol Sci 2019; 23: 456-463.

16) Long F. Building strong bones: molecular regula-
tion of the osteoblast lineage. Nat Rev Mol Cell 
Biol 2011; 13: 27-38.

17) Di Bella C, Aldini NN, Lucarelli E, Dozza B, 
Frisoni T, Martini L, Fini M, Donati D. Osteogen-
ic protein-1 associated with mesenchymal stem 
cells promote bone allograft integration. Tissue 
Eng Part A 2010; 16: 2967-2976.

18) Wu J, Zhao J, Sun L, Pan Y, Wang H, Zhang WB. 
Long non-coding RNA H19 mediates mechani-
cal tension-induced osteogenesis of bone mar-
row mesenchymal stem cells via FAK by spong-
ing miR-138. Bone 2018; 108: 62-70.

19) Tang Y, Zhang L, Tu T, Li Y, Murray D, Tu Q, 
Chen JJ. MicroRNA-99a is a novel regulator of 
KDM6B-mediated osteogenic differentiation of 
BMSCs. J Cell Mol Med 2018; 22: 2162-2176.

20) Liu W, Konermann A, Guo T, Jager A, Zhang L, 
Jin Y. Canonical Wnt signaling differently modu-
lates osteogenic differentiation of mesenchymal 
stem cells derived from bone marrow and from 
periodontal ligament under inflammatory condi-
tions. Biochim Biophys Acta 2014; 1840: 1125-
1134.

21) Liang WC, Fu WM, Wang YB, Sun YX, Xu LL, 
Wong CW, Chan KM, Li G, Waye MM, Zhang 
JF. H19 activates Wnt signaling and promotes 
osteoblast differentiation by functioning as a 
competing endogenous RNA. Sci Rep 2016; 6: 
20121.

22) Su X, Liao L, Shuai Y, Jing H, Liu S, Zhou H, Liu 
Y, Jin Y. MiR-26a functions oppositely in osteo-
genic differentiation of BMSCs and ADSCs de-
pending on distinct activation and roles of Wnt 
and BMP signaling pathway. Cell Death Dis 2015; 
6: e1851.

23) Huang K, Fu J, Zhou W, Li W, Dong S, Yu S, 
Hu Z, Wang H, Xie Z. MicroRNA-125b regulates 
osteogenic differentiation of mesenchymal stem 
cells by targeting Cbfbeta in vitro. Biochimie 2014; 
102: 47-55.

24) Beresford JN, Graves SE, Smoothy CA. Forma-
tion of mineralized nodules by bone derived cells 
in vitro: a model of bone  formation? Am J Med 
Genet 1993; 45: 163-178.

25) Verborgt O, Gibson GJ, Schaffler MB. Loss of os-
teocyte integrity in association with microdamage 



Y.-P. Lin, L.-M. Liao, Q.-H. Liu, Y. Ni, Y. Zhong, S. Yu

1232

and bone remodeling after fatigue in vivo. J Bone 
Miner Res 2000; 15: 60-67.

26) Ducy P, Karsenty G. Two distinct osteoblast-spe-
cific cis-acting elements control expression of a 
mouse osteocalcin gene. Mol Cell Biol 1995; 15: 
1858-1869.

27) Sun K, Wang J, Liu F, Ji Z, Guo Z, Zhang C, Yao 
M. Ossotide promotes cell differentiation of hu-
man osteoblasts from osteogenesis imperfecta 
patients by up-regulating miR-145. Biomed Phar-
macother 2016; 83: 1105-1110.

28) Li E, Zhang J, Yuan T, Ma B. MiR-143 suppress-
es osteogenic differentiation by targeting Osterix. 
Mol Cell Biochem 2014; 390: 69-74.

29) Baglio SR, Devescovi V, Granchi D, Baldini N. Mi-
croRNA expression profiling of human bone mar-
row mesenchymal stem cells during  osteogenic 

differentiation reveals Osterix regulation by miR-
31. Gene 2013; 527: 321-331.

30) Minear S, Leucht P, Jiang J, Liu B, Zeng A, Fuerer 
C, Nusse R, Helms JA. Wnt proteins promote bone 
regeneration. Sci Transl Med 2010; 2: 29r-30r.

31) Leucht P, Jiang J, Cheng D, Liu B, Dhamdhere G, 
Fang MY, Monica SD, Urena JJ, Cole W, Smith 
LR, Castillo AB, Longaker MT, Helms JA. Wnt3a 
reestablishes osteogenic capacity to bone grafts 
from aged animals. J Bone Joint Surg Am 2013; 
95: 1278-1288.

32) Fan FY, Deng R, Qiu L, Wen Q, Zeng Y, Gao L, 
Zhang C, Kong P, Zhong J, Zeng N, Li Z, Su Y, 
Zhang X. miR-203a-3p.1 is involved in the regu-
lation of osteogenic differentiation by directly tar-
geting Smad9 in MM-MSCs. Oncol Lett 2019; 18: 
6339-6346.


