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a b s t r a c t

Introduction: To probe the impacts and biological roles of miR-4739/ITGA10 on the proliferation, dif-
ferentiation and apoptosis of osteoblasts.
Methods: Bioinformatics analysis was conducted to screen the key genes in osteoporosis. The upstream
miRNAs of ITGA10 were predicted by TargetScan. KEGG pathway enrichment analysis was performed by
DAVID database. The osteoblast proliferation and apoptosis were measured using CCK-8 and flow
cytometry. The differentiation markers were measured by qRT-PCR and western blotting. The luciferase
reporter assay was conducted to verify the binding of miR-4739 to ITGA10.
Results: ITGA10 was down-regulated in patients with osteoporosis and identified as the key gene in
osteoporosis by the bioinformatics analysis. Then the prediction provided by TargetScan indicated that
miR-4739 was the potential upstream miRNA for ITGA10. And the following luciferase reporter assay
showed that miR-4739 could bind to ITGA10 30UTR. Furthermore, the miR-4739 inhibitor promoted
osteoblasts proliferation, differentiation, and inhibited cell apoptosis by increasing the expression of
ITGA10 and subsequently activating the PI3K/AKT signaling pathway.
Conclusions: Overall, we proved that the higher expression of miR-4739 participated in the progression
of osteoporosis by targeting ITGA10 and modulating PI3K/AKT signaling pathway, and perhaps miR-4739/
ITGA10 axis could be potential diagnostic markers and therapeutic target for osteoporosis.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Osteoporosis (OP) is an osteopathy featured by a decrease in
bone mass and density, which increasing the risk of cataclasis [1].
Unless a cataclasis occurs, OP has no obvious clinical features, so it
is a silent disease [2]. Osteoporotic fractures cause significant in-
creases in morbidity and mortality. It affects more than 200 million
people globally and is expected to rise significantly as the popula-
tion ages, which making it a major public health threat [3]. At
present, calcium and vitamin D supplementation, physical exercise,
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standardized diet and quality care are the main methods to treat
OP, but they still cannot effectively control the occurrence and
progress of OP [4]. In addition, some OP drugs also have side effects.
For instance, using bisphosphonates to inhibit osteoclast activity
may disrupt normal bone remodeling, and it may lead to osteo-
necrosis of the jaw or atypical femur fracture in a small number of
patients [5,6]. Meanwhile, hormone replacement therapy is very
effective in preventing bone loss, but may also increase the risk of
venous thromboembolism and invasive breast cancer [7]. There-
fore, it has very important clinical significance to explore the mo-
lecular mechanism underlying OP progression and develop
effective markers and therapeutic targets.

Integrins, which composed of an alpha subunit and a beta
subunit, were heterodimeric transmembrane receptors. They
participated in the cell adhesion as well as signaling. Because
members of the integrin family play an important role in many
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basic biological processes, their abnormal expression was associ-
ated with many diseases [8e10]. Integrin alpha 10 (ITGA10) was
proved to play a crucial part in adhesion, migration as well as the
regulation of the inflammatory responses [11]. More importantly,
the type I collagen is the main component of osteoblastic matrix
[12]. Although relevant studies have shown that ITGA10 was
involved in collagen formation through the connection with TNC
gene [13], it is still unclear whether ITGA10 will play a role in the
occurrence and development of OP so far.

MicroRNAs (miRNAs), which consisted of 19e24 nucleotides, are
small non-coding RNAs [14]. Meanwhile, many crucial biological
processes were strongly associated with miRNAs, such as cell dif-
ferentiation, apoptosis, as well as proliferation [15]. Some research
showed that certain miRNAs can be involved in bone metabolism,
bone turnover as well as bone development, so as to regulate the
occurrence and progress of OP [16]. A study have shown that miR-
133 expression is increased during estrogen deficiency, regulating
osteogenic differentiation of mesenchymal stem cells, and causing
postmenopausal OP [17]. Evidence from other studies suggests that
miR-34a could block OP via suppressing osteoclastogenesis and
tgif2 [18]. miR-221 inhibited bone formation as well as osteoblast
differentiation via directly targeting RUNX2 in the OP model [19].
Interestingly, in recent years miR-4739 has beenwidely reported in
a variety of human diseases. Specifically, Wang et al. have found
that by sponging miR-4739 to upregulate MEF2D, ZEB1 activated-
VPS9D1-AS1 promotes the tumorigenesis and progression of
prostate cancer [20]. And in patients with type 2 diabetes, increased
plasma miR-4739 levels were related to the critical limb ischemia
[21]. Yet, the specific effect of miR-4739 on OP has not been re-
ported. Through bioinformatics analysis, we found that miR-4739
was up-regulated in osteoporosis and predicted as an upstream
miRNA of ITGA10, implying that it may be involved in the devel-
opment of this disease and arousing our interest in studying the
function of miR-4739/ITGA10 in osteoporosis. Therefore, in this
study, we probed the expression and roles of miR-4739/ITGA10 as
well as their association in OP cell lines in vitro. The results found
that miR-4739 regulates cell proliferation, differentiation and
apoptosis by targeting ITGA10 and regulating PI3K/AKT signaling,
indicating that miR-4739/ITGA10 might be candidate biomarkers
for the diagnosis and treatment of OP.

2. Materials and methods

2.1. Bioinformatic analysis

The Gene Expression Omnibus (GEO) datasets of GSE35956 and
GSE93883 were obtained from NCBI (https://www.ncbi.nlm.nih.
gov/). The GSE35956 datasets included 5 primary OP and 5 con-
trol specimens, and the gene difference analysis between the two
groups was performed using the R program limma package. For the
comparison of the expression levels of the two groups, the
threshold value was set to |logFC|>1, and the p value was <0.05.
Differentially expressed genes (DEGs) were obtained between the
OP group and the control group, there were 2246 genes, including
2012 up-regulated differential genes and 234 down-regulated dif-
ferential genes. Then, KEGG pathway enrichment analysis was
performed on the above differential genes in the DAVID database,
and 32 meaningful pathways were obtained with P < 0.05 as the
screening condition. The enrichment results showed that the PI3K-
Akt signaling pathway was enriched in multiple genes, namely
IBSP, CSH1, FGF19, IFNA21, FGF18, CSH2, PDGFB, PDGFA, PGF, CSF1,
EFNA3, ITGA10, COL2A1, ITGB1, CHAD, CCNE2, IFNA7, ITGB6,
COL6A1, ANGPT2, EPO, ITGA10, NR4A1, FGF23, YWHAE, EPHA2,
DDIT4, GH2, VEGFB, GH1, VWF, CDKN1A, GNGT2, PRLR, IFNB1,
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CHRM1, ITGA7, VEGFA, JAK1, NGF. Among them, the genes with low
expression in OP are CCNE2, ITGA10, and other genes are highly
expressed. Comprehensive literature analysis found that ITGA10
expression was down-regulated in the osteoporotic phenotype
(glucocorticoid-induced osteoporosis) induced by prednisolone
through zebrafish larvae, so ITGA10 was selected for analysis.

The GSE93883 datasets contained 6 health control samples and
12 osteoporotic patients with and without vertebral fractures. The
R program limma package was used to analyze the difference of
miRNA between the two groups. For the comparison of the
expression levels of the two groups, the threshold value was set to |
logFC|>1, and the p value was less than 0.05. DEGs were obtained
between the osteoporosis group and the non-osteoporosis group,
there were 435 miRNAs, of which 115 were up-regulated and 320
were down-regulated. Targetscan was used to predict miRNAs
regulated upstream of ITGA10, and 597 miRNAs were obtained. The
up-regulated miRNAs analyzed in the GSE93883 dataset were
intersected with the predicted miRNAs to obtain 30 common
miRNAs. According to the logFC ranking, the literature background
was combined, and the miR-4739 with a large fold difference was
selected for analysis.

2.2. Cell culture

The human osteoblastic cell line hFOB 1.19 were purchased from
the American Type Culture Collection (ATCC, Manassas, VA, USA)
and cultured in DMEM/F12 containing 10% fetal bovine serum
(FBS), 100 U/ml penicillin, 100 g/ml streptomycin and 0.3 mg/ml
G418. For osteogenic induction, 50 nM dexamethasone, 20 mM b-
glycerophosphate and 100 mg/ml ascorbic acid were added in the
medium. And changed the culture medium every 3 days. All ex-
periments were performed with mycoplasma-free cells.

2.3. Cell transfection

Transfection was conducted by Lipofectamine 3000 reagent on
the basis of the specifications. miR-4739 inhibitor (50-AGGGCCC-
CUCCGCUCCUCCUCCCUU-30) and NC, si-ITGA10 (50-GAACATC
ACCCACGCCTATTC-30) and si-con (50-CGAACUCACUGGUCUGACC-
30) were synthesized by GenePharma Co. (Shanghai, China).

2.4. CCK-8 assay

We seeded cells at a density of 1 � 103 cells/well in 96-well
plates. After the cells were adherent to the wall, the culture me-
diumwas refreshed and added 10 mmol/L b-glycerophosphate and
50 mg/ml ascorbic acid. Then transfected the cells with different
transfections. Then added 20 ml of CCK-8 solution to every well 48 h
later and cultured the cells in an incubator at 37 �C for 1.5 h. Finally,
measured the absorbance value (OD value) of each well with a
microplate reader at 450 nm.

2.5. Cell apoptosis assay

Cells were collected into the centrifuge tube and centrifuged at
1000 RPM for 5min. Then washed them with 4 �C precooling PBS
and centrifuged again to suck out the supernatant carefully. Then
the cells were resuspended with 1X binding buffer and the cell
density was adjusted to 1e5 � 106/ml. Then 100 ml cell suspension
was taken into a 5 ml flow tube. The samples were incubated at
room temperature in the dark with 5 ml Annexin V/FITC and 10 ml PI
for 5min. Finally, the samples werewashed by 400 ml PBS to remove
extra stain and analyzed by Flowjo software for apoptosis rates.
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2.6. Luciferase reporter assay

To construct dual luciferase reporter plasmids, we cloned wild-
type and mutant ITGA10 (with mutated miR-4739 binding sites)
into a pmirGLO dual luciferase vector. HEK293T cells were co-
transfected with wild-type pmirGLO-ITGA10 (or mutant) and
miR-4739 inhibitor (or negative control) or mimic (or mimic con-
trol). And the luciferase activity was measured by Dual-Luciferase
Reporter Assay Kit 48 h after transfection.
2.7. qRT-PCR

Isolated total RNA with TRIzol (Invitrogen). mRNA and miRNA
were reverse-transcribed into cDNA with PrimeScript RT Reagent
Kit as well as Mir-X™ miRNA First Strand Synthesis Kit, respec-
tively. Then qRT-PCR was conducted to detect the expression of
mRNA and miRNA by SYBR Premix Ex Taq II and SYBR Prime-
ScriptTM miRNA RT-PCT Kit. GAPDH was used as the internal
reference for mRNA detection, while U6 for miRNA. And the
Fig. 1. ITGA10 was dysregulated in OP (A) KEGG analysis of the pathway related to the diffe
the control (n ¼ 5). (C) 30 common miRNAs were screened out by TargetScan and GEO datas
osteoporosis (n ¼ 12) compared with the control (n ¼ 6).
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comparative Ct method (2 �DDCt) was applied to analyze the relative
expression ofmRNA andmiRNA. The primerswere listed as follows:

miR-4739 F: 50-AAGGGAGGAGGAGCGGAG-30, miR-4739 R: 50-
GAACATGTCTGCGTATCTC-3’; U6 F: 50-CTCGCTTCGGCAGCACATA-
TACT-30, U6 R: 50-ACGCTTCACGAATTTGCGTGTC-3’; ITGA10 F: 50-
CCTTTGCTTCCAAGTGACCTCC-30, ITGA10 R: 50-CAGAGCCATCAAATG
CTGCACG-3’; GAPDH F: 50-TGTGTCCGTCGTGGATCTGA-30, GAPDH
R: 50-CCTGCTTCACCACCTTCTTGA-3’.
2.8. Western blotting

Extracted total protein from cultured cells with RIPA lysis buffer,
and analyzed the protein content by BCA protein assay kit. Heated
the protein at 95 �C for 5 min, and separated 20 mg protein on SDS-
PAGE gels, next transferred them onto a PVDF membrane. The
membranes were blocked with 5% skimmed milk powder for 1 h,
then incubated together with the primary antibodies overnight at
4 �C. After washed the membranes with TBST buffer for 5 min three
times, then incubated together with a corresponding secondary
rential genes. (B)The downregulation of ITGA10 in osteoporosis (n ¼ 5) compared with
et (GSE93883). GSE93883 was obtained from NCBI. (D) The upregulation of miR-4739 in



Fig. 2. ITGA10 was the target gene of miR-4739 (A) The activity of osteoblast with different transfections. (B) The binding sites between miR-4739 and ITGA10 were predicted by
bioinformatics (CeD) The targeting relationship between miR-4739 and ITGA10 was detected by luciferase reporter assay. (E) The mRNA expression of ITGA10 in osteoblasts with
different transfections was tested by qRT-PCR. (FeG) The ITGA10 protein expression in osteoblasts with different transfections was measured byWestern blot. Data are expressed as
the mean ± standard deviation. ^P < 0.05 versus control group, *P < 0.05 versus NC group, **P < 0.01 versus NC group, þþþP < 0.001 versus MC group, && P < 0.01 versus inhibitor
group and ##P < 0.01 versus si-ITGA10 group.
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antibody for 1 h. After washing themwith TBST three times, added
ECL reagents to visualize the protein-antibody bound bands. Taking
GAPDH as the internal reference, the relative protein expression
was expressed by the ratio of the gray value of the target protein
band to the gray value of the internal reference. The primary an-
tibodies were as follows: anti-ITGA10 (AB6030, 1:1000, Merck),
Alkaline phosphatase (ALP; ab229126, 1:1000, Abcam), Runx 2
(ab76956, 1:1000, Abcam), Osterix (ab209484, Abcam), Osteo-
pontin (OPN; #88742, 1:1000, Cell Signaling Technology), p-PI3K
(ab278545, 1:1000, Abcam), PI3K (#4249, 1:1000, Cell Signaling
Technology), p-AKT (#4060, 1:2000, Cell Signaling Technology),
AKT (#4691, 1:1000, Cell Signaling Technology), and GAPDH
(ab8245, 1:5000, Abcam).
2.9. Statistical analyses

The experimental data was analyzed with SPSS22.0 statistical
analysis software. Student's t test was performed to analyze dif-
ferences between 2 groups. Multiple comparisons were conducted
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by one-way ANOVA followed by Dunnett's post-hoc test. And
p < 0.05 was considered statistically significant.

3. Results

3.1. Differential gene analysis

Firstly, based on the GEO databases (GSE35956), we investigated
the differential genes in OP. The dataset contained 5 primary OP
and 5 cases of control. A total of 2246 differentially-expressed genes
were obtained from OP group and normal group, including 2012
upregulated and 234 downregulated genes.

Then we performed KEGG pathway analyses on the differential
genes using the DAVID database. The result showed that multiple
genes were enriched in the PI3K-Akt signaling pathway (Fig. 1 A),
including IBSP, CSH1, FGF19, IFNA21, FGF18,CSH2,PDGFB, PDGFA,PGF,
CSF1, EFNA3, ITGA10, COL2A1, ITGB1, CHAD, CCNE2, IFNA7, ITGB6,
COL6A1, ANGPT2, EPO, ITGA10, NR4A1, FGF23, YWHAE, EPHA2,
DDIT4, GH2, VEGFB, GH1, VWF, CDKN1A, GNGT2, PRLR, IFNB1,
CHRM1, ITGA7, VEGFA, JAK1, NGF. Among them, CCNE2 and ITGA10



Fig. 3. miR-4739 regulated osteoblast proliferation and apoptosis by targeting ITGA10 (A) Cell proliferation was measured with CCK8 assay. **P < 0.01 versus NC group, &&
P < 0.01 versus inhibitor group and ##P < 0.01 versus si-ITGA10 group. (B) The apoptosis of osteoblast was measured by flow cytometry.
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Fig. 4. miR-4739 regulated osteoblast differentiation by targeting ITGA10. (AeB) The protein expression of ALP, OPN, Osterix and Runx 2 was measured by Western blot. Every
experiment was performed in triplicate. Data were expressed as the mean ± standard deviation. **P < 0.01 versus NC group, && P < 0.01 versus inhibitor group and ##P < 0.01
versus si-ITGA10 group.
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were down-regulated in OP, while the remaining genes were all up-
regulated. Huo et al. demonstrated that prednisolone contributes to
glucocorticoid-induced OP by down-regulating ITGA10 in zebrafish
larvae [19]. Furthermore, we evaluated the ITGA10 expression using
GSE35956 data, and the results indicated that the expression of
ITGA10 in OP tissues was significantly down-regulated compared
with thecontrol (Fig.1 B), suggesting the involvementof ITGA10 inOP.
Therefore, we selected ITGA10 for subsequent experimental analysis.
3.2. Prediction of miRNAs targeting ITGA10

We screened out the intersection of the miRNAs predicted by
TargetScan and the upregulated miRNAs in GEO dataset
(GSE93883) for the prediction of upstream miRNAs targeting
ITGA10. The result indicated that 30 common miRNAs were ob-
tained from the intersection data (Fig. 1C). Among them, miR-4739
has a more significant difference, as we observed that the expres-
sion of miR-4739 in OP was significantly up-regulated compared
with the control based on the GEO dataset (GSE93883) (Fig. 1D).
Therefore, we selected miR-4739 for the following analysis.

We performed CCK8 assay to detect the effect of miR-4739 on
osteoblast viability. And the OD value of miR-4739-inhibitor groups
presented an obvious increasing trend at 48 h (P < 0.001) and 72 h
(P < 0.05) compared with the control and the negative control (NC)
groups (Fig. 2A), which provided evidence that miR-4739 could
inhibit the viability of osteoblast cells.
3.3. ITGA10 was regulated by miR-4739

Evidence from the TargetScan website suggested that miR-4739
could potentially target ITGA10 (Fig. 2B). In order to validate the
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targeting relationship between miR-4739 and ITGA10, we con-
structed two kinds of luciferase reporters for ITGA10. The wild type
reporter (WT ITGA10) contained a wild 30UTR of ITGA10, while the
mutant-type (MUT ITGA10) reporter contained a mutant 30UTR
designed by the miR-4739 binding site mutation sequence. Our
results indicated that luciferase activity of WT ITGA10 30UTR was
significantly increased by miR-4739 inhibitor (p < 0.05), while that
of MUT ITGA10 30UTR had no significant difference (p > 0.05,
Fig. 2C); luciferase activity of WT ITGA10 30UTR was significantly
decreased bymiR-4739 mimic (p < 0.05), while that of MUT ITGA10
30UTR had no significant difference (p > 0.05, Fig. 2D), indicating
that ITGA10 could be targeted by miR-4739.

We then transfected osteoblasts with miR-4739 inhibitor, si-
ITGA10, and the corresponding si-NC to detect whether miR-4739
regulates the expression of ITGA10. The qRT-PCR and Western
blotting results indicated that the mRNA as well as protein
expression levels of ITGA10was decreased significantly in si-ITGA10
group, while upregulated significantly in cells transfectedwithmiR-
4739 inhibitor. Meanwhile, we cotransfected miR-4739 inhibitor
and si-ITGA10 into osteoblasts and detected the ITGA10 expression.
The results indicated that compared with the si-ITGA10 group, the
mRNA and protein levels of ITGA10were increased significantly, but
they were significantly lower than miR-4739 inhibitor groups
(Fig. 2E~G). In conclusion, these conclusions indicated that miR-
4739 inhibits ITGA10 expression in a targeted manner.
3.4. The effect of miR-4739/ITGA10 on osteoblast proliferation,
apoptosis and differentiation

The CCK-8 assay was performed to evaluate the impacts of miR-
4739/ITGA10 on the osteoblast proliferation. Our results indicated



Fig. 5. The effect of miR-4739/ITGA10 on the activation of PI3K/AKT signaling pathway (AeB) The relative expression levels of phosphorylated PI3K (p-PI3K), total PI3K (PI3K),
phosphorylated AKT (p-AKT) and total AKT (AKT) proteins were determined by Western blot. Data were expressed as the mean ± standard deviation. **P < 0.01 versus NC group,
&& P < 0.01 versus inhibitor group and ##P < 0.01 versus si-ITGA10 group.
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that compared with the NC, the cell proliferation was significantly
increased in miR-4739 inhibitor groups at 48 h and 72 h, while in
cells transfected with si-ITGA10, the cell proliferation was
decreased significantly. Besides, si-ITGA10 significantly reversed
the promoting effects of miR-4739 inhibitor (Fig. 3A).

The impacts of miR-4739/ITGA10 on the osteoblast apoptosis
was measured with flow cytometry analysis. The apoptosis rate of
miR-4739-inhibitor groups was significantly decreased, while
increased significantly in si-ITGA10 group. However, the apoptosis
rate in the miR-4739 inhibitorþsi-ITGA10 group was higher than
that in miR-4739-inhibitor group, but it was lower than that in si-
ITGA10 group (Fig. 3B).

Finally, we detected the impacts of miR-4739/ITGA10 on cell
differentiation. The results showed that the expressions of oste-
ogenic proteins such as ALP, OPN, Osterix and Runx 2 were all
significantly increased in miR-4739 inhibitor groups relative to
NC, whereas the si-ITGA10 group showed a significant decrease.
Likewise, the expression of these proteins in co-transfection
groups was between miR-4739 inhibitor group and si-ITGA10
group (Fig. 4A and B). Generally speaking, these research results
suggested that the inhibition of miR-4739 could accelerate the
proliferation, differentiation and suppress cell apoptosis of oste-
oblasts by targeting ITGA10.
3.5. The effect of miR-4739/ITGA10 on osteoblast function mediated
by PI3K/AKT signaling pathway

The qRT-PCR and Western blot results indicated that in the
group with the transfection of miR-4739 inhibitor, the PI3K/AKT
signaling pathway was significantly activated by increasing the
phosphorylation levels of PI3K and AKT proteins, while the PI3K/
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AKT signaling pathway was inhibited in si-ITGA10 groups (Fig. 5A
and B). Meanwhile, the activation degree of the PI3K/AKT signaling
pathway in the group that co-transfected with miR-4739 inhibitors
and si-ITGA10 was between miR-4739 inhibitor group and si-
ITGA10 group.
4. Discussion

OP is frequently connected with the increased risk of fracture
as well as reduced bone quality [22]. Mounting evidence sug-
gested that OP may be caused by the disequilibrium between os-
teoblasts and osteoclasts in bone formation as well as resorption
[23]. Given the bone formation in the process of bone remodeling
depends on osteogenic differentiation in bone tissue, so control-
ling osteoblast formation is subsequently an important target for
the prevention of OP [24].

In our study, via bioinformatics analysis we found that the
down-regulated gene ITGA10 was the significant differential gene
in OP patient, and miR-4739 was the potential upstream miRNA
for ITGA10. There was plenty of evidence proving that ITGA10
plays a crucial part in many diseases. Okada et al. found that
ITGA10 could facilitate tumor cell survival via activation of TRIO-
RAC-RICTOR-mTOR signaling, and they provided an underlying
treatment strategy for patients with high-risk myxfibrosarcoma
[25]. Research also indicated that compared with the normal hu-
man epidermal melanocytes, the transcription of ITGA10 was
induced in melanoma cell lines [26]. Herein, we revealed for the
first time that ITGA10 expression is down-regulated in OP and play
a promoting role in cell proliferation and differentiation and an
inhibitory role in cell apoptosis. More importantly, the expression
of ITGA10 was increased in hFOB 1.19 cells after treatment with
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miR-4739 inhibitors, and the targeted binding between ITGA10
and miR-4739 was verified. Further cell functional experiments
found that the inhibition of miR-4739 could promote osteoblast
proliferation, differentiation and inhibit cell apoptosis by affecting
ITGA10 expression. Therefore, it is proved that miR-4739 could
regulate the osteoblast biological process by targeting ITGA10.
Accumulating evidence supports that the abnormal regulation of
miRNAs is related to the occurrence and progression of OP
[27e29]. For instance, Li et al. studied whether miRNAs have
changes in postmenopausal OP patients, and verified that
compared with normal subjects, miR-21 was down-regulated and
miR-133 A was up-regulated in patients with OP and osteopenia
[30]. There were also studies found that miR-93e5p as well as
miR-100e5p were significantly up-regulated in osteoblasts and
osteoclasts of osteoporotic patients, which may injure the
mineralization and maturation of osteoblasts [31]. Of note, Wang
et al. found that up-regulated miR-4739 targets bone morphoge-
netic protein 7 to mediate pleural fibrosis [32]. A study also
showed that miR-4739 could regulate osteogenic and adipocytic
differentiation of immortalized human bone marrow stromal cells
[33]. Combined with previous research results, our study indicated
that perhaps miR-4739/ITGA10 axis play key regulatory roles in
the progression of osteoporosis.

Many researches demonstrated that the PI3K/AKT cell signaling
pathway is involved in regulation of osteoporosis [34,35]. It has
been reported that the osteoblast function was affected by PI3K
[36] and AKT [37] signaling pathways via the bone marrow
mesenchymal stem cells proliferation and differentiation. The
study of Dong et al. showed that the inhibitor of b-catenin tran-
scriptional activity ICG001 could reduce proliferation, differentia-
tion and mineralization of PI3K/AKT-induced osteoblasts.
Furthermore, they verified that the PI3K/AKT pathway was closely
related to fracture healing and could promote fracture repair [38].
Liu et al. also found that the ferric ammonium citrate could pro-
mote osteoclast differentiation through the Trem-2-mediated
PI3K/AKT signaling pathway [39]. Based on the important role of
this pathway in bone-related diseases, we further studied the ef-
fect of miR-4739 on the PI3K/AKT pathway in osteoblasts. Our
research suggested that the activation of PI3K/AKT was signifi-
cantly increased via the transfection with miR-4739 inhibitor,
while the knockdown of ITGA10 abolished the promoting effect
induced by miR-4739 inhibitor. These results intimated that miR-
4739 suppressed the activation of PI3K/AKT partly through
inhibiting the expression of ITGA10. Together with the osteoblast
functional experiments results, we verified that the inhibition of
miR-4739 could promote the proliferation, differentiation and
suppress cell apoptosis of osteoblasts by regulating ITGA10 via
PI3K/AKT signaling pathway. We believe that these results may
provide novel targets for clinical prevention and diagnosis in OP.
However, the effect of ITGA10 on OP needs to be further studied in
animal experiments.

5. Conclusion

In conclusion, ITGA10 was significantly downregulated in OP.
The inhibitor of miR-4739 could promote cell proliferation, dif-
ferentiation, and inhibit cell apoptosis by up-regulating ITGA10
and activating the PI3K/AKT signaling pathway. Thus, miR-4739/
ITGA10 might be a potential diagnostic marker and therapeutic
target for OP.
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