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Abstract. - OBJECTIVE: The aim of this study
was to explore the role of micro ribonucleic ac-
id (miR)-15b in steroid-induced osteonecrosis
of the femoral head (SONFH) and its potential
mechanism.

PATIENTS AND METHODS: Bone marrow tis-
sues were collected from 5 patients with glu-
cocorticoid (GC)-induced ONFH (GC-ONFH,
GC group) and 5 patients with secondary ON-
FH (control group) undergoing total hip replace-
ment in our hospital from July 2016 to August
2017. Subsequently, bone marrow mesenchymal
stem cells (BMSCs) were separated from bone
marrow extracted and cultured in vitro. Quanti-
tative Reverse Transcription-Polymerase Chain
Reaction (qRT-PCR) assay was used to detect
differentially expressed miRNAs in BMSCs of
patients in GC group and control group. BM-
SCs were treated with different concentrations
of GC. Next, the effect of GC on tmiR-15b ex-
pression level was detected via qRT-PCR. Aliza-
rin red staining assay was performed to evaluate
the effect of miR-15b on osteogenic differentia-
tion of BMSCs. Meanwhile, the potential targets
of miR-15b were predicted using bioinformat-
ics software and validated through luciferase
reporter gene assay, respectively. Additionally,
Western blotting was conducted to determine
the effect of miR-15b on the protein expression
of the transforming growth factor beta (TGF-B)
signaling pathway.

RESULTS: Flow cytometry demonstrated that
the proportion of cluster of differentiation 44
(CD44)-positive cells was 99.7%, while that of
CD45-positive cells was only 0.17% in cultured
BMSCs. This suggested that the purity of BM-
SCs was relatively high. QRT-PCR assay indicat-
ed that the expression level of miR-15b declined
significantly in BMSCs of GC group when com-
pared with control group (p<0.01). The osteo-
genic differentiation capacity of BMSCs was sig-
nificantly strengthened in GC group compared
with control group (p<0.01). Subsequent qRT-
PCR assay revealed that GC down-regulated the
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expression level of miR-15b in a dose-depen-
dent manner. Besides, the osteogenic differenti-
ation capacity of cells was remarkably strength-
ened in miR-15b mimic treatment group when
compared with control group (p<0.01). Bioin-
formatics software (TargetScan) predicted that
drosophila mothers against decapentaplegic
protein 7 (Smad7) might be a potential target of
miR-15b, which was indicated by luciferase re-
porter gene assay. In comparison with control
group, miR-15b mimic treatment group exhibit-
ed significantly down-regulated protein expres-
sion level of Smad?7, increased expression level
of phosphorylated (p)-Smad2/3 and up-regulat-
ed messenger RNA (mRNA) expression level of
runt-related transcription factor 2 (Runx2). How-
ever, the protein expression level of Smad7 and
p-Smad2/3 and the mRNA expression level of
Runx2 exhibited opposite trends in miR-15b in-
hibitor treatment group.

CONCLUSIONS: MiR-15b relieves SONFH by
targeting Smad7 and repressing osteogenic dif-
ferentiation of BMSCs.

Key Words:
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Introduction

High-dose steroid hormone is an effective treat-
ment method in clinical practice. It has been wide-
ly used for the treatment of many autoimmune dis-
eases and inflammatory diseases, including acute
respiratory syndrome, asthma, arthritis, systemic
lupus erythematosus, and organ transplantation'.
However, numerous studies? have verified that
the application of steroid hormone in high doses
is evidently related to the occurrence of osteone-
crosis of the femoral head (ONFH). Kubo et al®
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have pointed out that the attack on 51% of 2,200
ONFH patients is associated with the application
of steroid hormones. After 2-12 weeks of high-
dose steroid hormone therapy, the progression
of steroid-induced ONFH (SONFH) may lead to
femoral head collapse. This can eventually result
in severe hip pain and dysfunction in patients.

At present, relevant pathological mechanisms
of SONFH proposed by many scholars*” include
the theories of fat embolism, bone cell steatosis
and necrosis, intraosseous hypertension and ve-
nous stasis, osteoporosis, microvascular injury,
intravascular coagulation, and hormone cytotox-
icity. Most patients with advanced SONFH even-
tually require surgery, such as osteotomy, graft-
ing of tibia or total hip replacement. Among all
therapeutic regimens for SONFH, bone marrow
mesenchymal stem cell (BMSC) transplantation
is a good option for the early treatment of ONFH.
Sen et al® have manifested that the therapeutic ef-
fect of core decompression combined with BMSC
transplantation is remarkably better than that of
core decompression alone.

Bone marrow mesenchymal stem cells (BM-
SCs) have relatively strong proliferative capacity
and multi-lineage differentiation potential. Under
certain circumstances, they can be induced to dif-
ferentiate into osteoblasts, chondroblasts, and ad-
ipocytes. Therefore, BMSCs exhibit the potential
in the treatment of SONFH’. Currently, multiple
reports have indicated that BMSCs have enhanced
adipose differentiation capacity and weakened os-
teogenic differentiation ability in a sterol-stimu-
lated environment. Recently, Tan et al'® have also
shown that SONFH may be caused by decreased
osteogenic differentiation capacity of BMSCs.

Micro ribonucleic acids (miRNAs) are a class
ofnon-coding RNAs with small molecular weight.
They regulate at least 30% of gene expression in
cells. Meanwhile, miRNAs can be regarded as
key regulators in many biological processes, such
as proliferation, apoptosis, and differentiation of
cells''. MiRNAs are key participants in the os-
teogenic differentiation of BMSCs. For instance,
Xie et al'? have revealed that miR-181d inhibits
the osteogenic differentiation of BMSCs by tar-
geting Drosophila mothers against decapentaple-
gic protein 2 (Smad2), thus aggravating SONFH.
MiR-27a" is capable of promoting the osteogen-
ic differentiation and repressing the adipose dif-
ferentiation of BMSCs by targeting PPARg and
GREMI, thereby attenuating SONFH.

The aim of this study was to screen out differ-
entially expressed miRNAs in BMSCs of SON-
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FH patients. Moreover, we aimed to explore their
effects on BMSCs and the possible underlying
mechanisms.

Patients and Methods

General Data

This investigation was approved by the Ethics
Committee of our hospital. Bone marrow tissues
were collected from 5 patients with glucocorticoid
(GC)-induced osteonecrosis of the femoral head
(GC-ONFH, GC group) and 5 patients with second-
ary ONFH (control group) receiving total hip re-
placement in our hospital from July 2016 to August
2017. Inclusion criteria were as follows: patients
aged 25-50 years old, without histories of smoking
and heavy drinking. No patients had histories of
hypertension, diabetes mellitus, hyperlipidemia, in-
fectious diseases, and congenital diseases. Inclusion
criteria for patients with GC-ONFH were as follows:
patients with a GC intake of over 1600 mg or the
use of GC as therapeutic drug for at least 4 weeks.
Inclusion criteria for patients with secondary ONFH
were: patients treated with GC previously.

Separation and Culture of BMSCs

During total hip replacement, bone marrow tis-
sues (5-10 mL) were removed from the proximal
end of the femur using a sterile syringe. Collected
tissues were immediately transferred to a sterile
container and a super clean bench. In the super
clean bench, bone marrow tissues were transferred
to a centrifuge tube containing phosphate-buff-
ered saline (PBS) solution and carefully pipetted
using a pipette to make into cell suspension. Next,
the cell suspension was transferred to a centrifuge
tube containing an equal volume of leukocyte
separation solution, followed by centrifugation
at 2000 r/min for 30 min. After that, the mono-
nuclear cell layer was taken and re-suspended in
Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Rockville, MD, USA) containing 10%
fetal bovine serum (FBS; Gibco, Rockville, MD,
USA). The cells were uniformly inoculated into
6-well plates and cultured in a 5% CO,, 37°C in-
cubator under the humidity of 95%. The culture
medium was replaced every 3 days.

Detection of Surface Antigens Via Flow
Cytometry

Flow cytometry was employed to identify
cell phenotypes. First, the cells were digested
with 0.25% trypsin, washed with PBS twice and
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re-suspended in 500 uL of PBS. Then, the cells
were incubated with 5 pL of cluster of differenti-
ation 44 (CD44) antibody and 5 pL of CD45 an-
tibody for 30 min. Finally, a flow cytometer was
used for loading and analysis, with 8,000 cells for
each tube.

Screening of Differential MiRNAs
Through Gene Chip Method

High-throughput expression profile chip meth-
od was used to explore differentially expressed
miRNAs between GC group and control group.
Total RNAs were extracted from PC12 cells by
TRIzol kit (Invitrogen, Carlsbad, CA, USA). Ex-
tracted RNA was quantified using a NanoDrop kit
(Thermo Fisher Scientific, Waltham, MA, USA).
The integrity of RNAs was assessed by Bioana-
lyzer 2100 (Agilent, Santa Clara, CA, USA). In
this study, total RNA (100 ng) was used to pre-
pare complimentary ribonucleic acids (cCRNAs) in
accordance with 3° IVT Express kit (Affymetrix,
Santa Clara, CA, USA). Thereafter, cRNAs were
hybridized on a Primeview Human array (Afty-
metrix, Santa Clara, CA, USA) at 45°C for 16 h
according to the instructions of GeneChip 3’ Ar-
ray (Affymetrix, Santa Clara, CA, USA). In ad-
dition, the array was processed on a FS-450 fluid
station (Affymetrix, Santa Clara, CA, USA) for
washing and staining, followed by scanning us-
ing a GeneChip scanner (Affymetrix, Santa Clara,
CA, USA). Raw data of CEL file were imported
into the Partek Genomics Suite 6.6 software, and
the probe set was normalized using the Robust
Multiarray Average method. One-way analysis of
variance (ANOVA) was adopted to determine the
significance of differentially expressed genes, and
p-value was corrected using false discovery rate
(FDR).

Cell Experiment Protocols

MiR-15b mimics, miRNA control (miR-con),
and miR-15b inhibitor were bought from Gene-
Pharma Co., Ltd. (Shanghai, China).

Protocol for cell transfection: BMSCs were trans-
fected with miR-15b mimics (10 pM) and miR-15b
inhibitor (10 uM) using Lipofectamine 2000™ (In-
vitrogen, Carlsbad, CA, USA) for 6 h. After that, the
medium containing transfection reagent was dis-
carded. Next, BMSCs were cultured in fresh medi-
um for 48 h for subsequent experiments.

Protocol for induction of osteogenic differ-
entiation of cells: complete medium containing
10% FBS, 10 nmol/L dexamethasone, 10 mmol/L
B-glycerophosphate, 50 ug/mL ascorbic acid, 1%

penicillin-streptomycin, and 1% HEPES was uti-
lized to induce cell osteogenic differentiation for
2 weeks.

In the first experiment, BMSCs from patients
with GC-ONFH and secondary NOFH were di-
vided into two groups, including control group
and GC group. Quantitative Reverse-Transcrip-
tion Polymerase Chain Reaction (QRT-PCR) as-
say was then conducted to detect the expression
level of miR-15b in the two groups.

In the second experiment, cells in control group
were divided into 2 groups, namely control group
and miR-15b mimics treatment group [treated
with miR-15b mimics (10 uM)]. Then, the effect
of miR-15b on the osteogenic differentiation of
BMSCs was detected through alizarin red stain-
ing.

In the third experiment, all cells were divided
into three groups, including control group, miR-
15b mimics treatment group, and miR-15b inhibi-
tor treatment group. The effect of miR-15b on the
transforming growth factor beta (TGF-) signal-
ing pathway was determined via Western blotting.

Alizarin Red Staining

After induction of osteogenic differentiation,
the culture medium in each well was carefully as-
pirated. Subsequently, the cells were washed twice
with PBS and fixed with 4 mL of neutral formalin
for 30 min. After washing again with PBS twice,
the cells were stained with 1 mL of alizarin red
staining solution for 5 min. After that, the staining
solution was aspirated, and the cells were washed
twice with PBS solution. Finally, the cells were
observed under a microscope and photographed.

Western Blotting

An appropriate amount of radioimmunopre-
cipitation assay (RIPA) was taken, added with
protease inhibitor phenylmethanesulfonyl flu-
oride (PMSF) at a ratio of 100:1 and mixed to
prepare cell lysis buffer (Beyotime, Shanghai,
China). After trypsinization, the cells were col-
lected and added with lysis buffer. The result-
ing product was collected and transferred to an
Eppendorf (EP) tube (Hamburg, Germany), fol-
lowed by centrifugation at 4°C and 14,000 rpm
for 30 min by a low-temperature high-speed
centrifuge. Subsequently, the protein superna-
tant was collected. Thereafter, the proteins were
denatured at 95°C for 10 min via thermal bath.
Prepared protein samples were stored in a re-
frigerator at —80°C for use. The concentration of
extracted protein samples was determined by the
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bicinchoninic acid (BCA) kit (Pierce, Rockford,
IL, USA). Protein samples were then separated
by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) at constant pres-
sure (80 V) for 2.5 h and transferred onto poly-
vinylidene difluoride (PVDF) membranes using
the semi-dry method (Roche, Basel, Switzer-
land). After that, the membranes were blocked
in Tris-Buffered Saline with Tween®20 (TBST)
buffer containing 5% skim milk powder for 1 h.
Next, the membranes were incubated with pri-
mary antibodies, followed by rinsing with TBST
solution for 3 times (10 min/time). Next, the
membranes were incubated with corresponding
secondary antibody at room temperature for 2 h
and rinsed twice with TBST and once with TBS
(10 min/time). Immuno-reactive bands were fi-
nally exposed by the enhanced chemilumines-
cence (ECL) method in the dark. The relative ex-
pression level of proteins was analyzed using the
Adobe Photoshop software (Adobe, San Jose,
CA, USA).

ORT-PCR Assay

QRT-PCR was used to detect the expression of
messenger RNA (mRNA) and miRNA in cells.
Samples containing 500 ng of RNAs were di-
vided into three groups, and total RNA in each
group was diluted 10 times. 3 pL of total RNA
was taken for PCR amplification. The amplifi-
cation level of target genes was verified using
5% agarose gel electrophoresis. LabWorks 4.0
image acquisition and analysis software was ap-
plied for data quantitation and processing. For
samples in each group, the assay was repeated
for three times to obtain reliable data. Relative
expression of target genes was calculated by
the 244 method. Primer sequences used in this
study were shown in Table I.

Luciferase Reporter Gene Assay

Bioinformatics software (TargetScan; http://
www.targetscan.org/vert 72/) was used to predict
the possible targets of miR-15b. In this experi-
ment, wild-type and mutant Smad7 were ampli-
fied and cloned into psiCHECKTM-2 luciferase
plasmids (Promega, Madison, WI, USA) to gen-
erate wild-type and mutant reporter genes, respec-
tively. HEK293 cells were cultured in 24-well
plates and co-transfected with miR-15b mimics or
miR-con and wild-type or mutant plasmids for 48
h. The activity of luciferase was finally detected
using dual-luciferase reporter reagent (Promega,
Madison, W1, USA).
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Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 software (IBM Corp., Armonk, NY,
USA) was used for all statistical analysis. For
each assay, 3 parallel groups or 3 replicates were
set. Experimental results were expressed as mean
+ standard deviation (Mean + SD). The #-test was
used to compare the difference between the two
groups. One-way ANOVA was applied to compare
the differences among different groups, followed
by Post-Hoc Test (Least Significant Difference).
p<0.05 suggested a statistical difference, and
p<0.01 was considered statistically significant.

Results

Differentially Expressed MiRNAs
Screened

Differentially expressed miRNAs in serum be-
tween GC group and control group were screened
by gene expression profile chip method. With
Fold Change >3 and adjust p<0.001 as screen-
ing criteria, a total of 120 miRNAs were finally
screened out. Among 120 differentially expressed
circle RNAs, 57 were significantly up-regulated,
and 63 were significantly down-regulated. Among
them, 27 miRNAs displayed a difference of more
than 10 times in the expression level, including
8 up-regulated miRNAs and 19 down-regulated
miRNAs. Especially, miR-15b was one of those
miRNAs with the most significant difference in
the expression level (Figure 1).

Identification and Culture of BMSCs

After 5 d of primary culture, the number of red
blood cells and other suspended cells was marked-
ly reduced. The morphology of primary cultured
BMSCs was shown in Figure 2A. Subsequently,
two BMSC-specific markers were used to distin-
guish BMSCs from hemocytes and other mono-
cytes. Flow cytometry showed that the proportion
of CD44-positive cells in cultured BMSCs was
99.7%., while that of CD45-positive cells was only
0.17%. This implied that BMSCs exhibited rela-

Table I. Primer sequences.

Primer name Primer sequences (5'- 3')

MiR-15b 5'-GCAGCACATCATGGTTTA-3'
5-GAACATGTCTGCGTATCTC-3'
Smad7 S"TGTCCAGATGCTGTGCCTTCCT-3'

5-CTCGTCTTCTCCTCCCAGTATG-3'
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Figure 1. Differentially expressed miRNAs screened via gene expression profile chip method.

tively high purity and could be used for further
experiment. QRT-PCR results revealed that the
expression level of miR-15b was overtly lower
in BMSCs of patients with GC-ONFH than that
in patients with secondary ONFH (p<0.01; Fig-
ure 2B and 2C). These results suggested that the
expression level of miR-15b might be correlated
with GC-ONFH.

Effects of GC on Osteogenic
Differentiation Capacity of BMSCs
and Expression Level of MiR-15b

BMSCs collected from patients with GC-ON-
FH and those with secondary ONFH were cul-
tured for osteogenic differentiation for 14 d.
Alizarin red staining was performed to evaluate
the osteogenic differentiation of cells in the two
groups. The results uncovered that the osteogenic

differentiation capacity of BMSCs was remark-
ably enhanced in patients with GC-ONFH when
compared with that in patients with secondary
ONFH (Figure 3A). Subsequently, BMSCs col-
lected from patients with secondary ONFH were
treated with different concentrations of dexameth-
asone. QRT-PCR assay was then conducted to
measure the expression level of miR-15b in cells.
The results demonstrated that GC decreased the
expression level of miR-15b in a dose-dependent
manner, and the difference was statistically signif-
icant (p<0.01; Figure 3B).

Effect of MiR-15b Expression on
Osteogenic Differentiation of BMSCs
Compared with control group, the osteogenic
differentiation ability of cells was overtly pro-
moted in miR-15b mimic treatment group. These
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Figure 2. MiR-15b expression in BMSCs of patients with secondary ONFH and those with GC-ONFH, and morphology and
identification of BMSCs. A, Difference in miR-15b expression in BMSCs between patients with secondary ONFH and those
with GC-ONFH detected via qRT-PCR assay (magnification x 40), B, Morphology of BMSCs, and C, Surface antigens (CD44

and CD45) of BMSCs determined through flow cytometry.

findings suggested that miR-15b was a key partic-
ipant in the osteogenic differentiation of BMSCs
(Figure 4).

Direct Targets of MiR-15b Predicted
and Verified

Bioinformatics software (TargetScan) predicted
that Smad7 might be a potential target of miR-15b
(Figure 5A). To further confirm the interaction be-
tween miR-15b and Smad7, luciferase reporter as-
say was employed to detect the response of wild-
type and mutant Smad7 to miR-15b and miR-con
in HEK293 cells, respectively (Figure 5B). The
results showed that the fluorescence response in-
tensity decreased significantly in HEK293 cells
with wild-type Smad7 transfected with miR-15b.
However, no evident changes were observed in
HEK?293 cells with mutant Smad7 (Figure 5C).
QRT-PCR and Western blotting assays were per-
formed for further verification. The results indi-
cated that transfection of miR-15b mimics sig-
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nificantly reduced the mRNA and protein levels
of Smad7. However, knockdown of miR-15b el-
evated the expression level of Smad7 (Figure 5D
and 5E). In summary, these results indicated that
miR-15b negatively modulated the expression of
Smad7 by binding to the 3’-untranslated region
(3’-UTR) of Smad7.

Effect of MiR-15b on TGF-$ Signaling
Pathway

MiR-15b mimics treatment group exhibited
markedly down-regulated protein expression lev-
el of Smad7 and up-regulated expression level of
phosphorylated (p)-Smad2/3 in comparison with
control group, and the differences were statisti-
cally significant (»<0.01). Conversely, miR-15b
inhibitor treatment group exhibited significantly
up-regulated protein expression level of Smad?7
and down-regulated expression level of p-Smad2/3
in comparison with control group, showing statis-
tically significant differences (p<0.01). Compared
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Figure 3. Effects of GC on osteogenic differentiation capacity of BMSCs and expression level of miR-15b. A, Effect of GC
on osteogenic differentiation ability of BMSCs detected through alizarin red staining (magnification x 40), B, Effect of GC on
expression level of miR-15b in BMSCs.

Control miR-15b mimic

Figure 4. Effect of miR-15b expression on osteogenic differentiation of BMSCs. MiR-15b notably strengthened the osteogenic
differentiation capacity of BMSCs (magnification x 40).

with control group, the mRNA expression level ly in cells of miR-15b inhibitor treatment group,
of Runx2 increased evidently in cells of miR-15b displaying statistically significant differences
mimics treatment group, while decreased distinct- (Figure 6).
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Discussion

As cells with strong proliferative capacity and
multi-directional differentiation potential, BM-
SCs have important physiological and pathologi-
cal effects in the development and progression of
various diseases. Current studies have found that
they can differentiate into various bone stromal
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cells. Therefore, BMSCs play crucial roles in the
treatment of ONFH. Furthermore, their ability to
differentiate into bone cells and mechanism of ac-
tion are of great significance in the pathogenesis
of SONFH™.

In the present research, flow cytometry indicated
that the proportion of CD44-positive cells in BM-
SCs cultured was 99.7%, while that of CD45-posi-
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tive cells was only 0.17%. This implied that BMSCs
had relatively high purity. Subsequently, differen-
tially expressed miRNAs in serum between GC
group and control group were screened via gene
expression profile chip method. Totally 120 miR-
NAs were screened out, with Fold Change >3 and
adjust p<0.001 as screening criteria. Among 120
differentially expressed circle RNAs, 57 were sig-
nificantly up-regulated, while 63 were down-regu-
lated. The difference in the expression level of 27
miRNAs was over 10 times. Among them, the ex-
pression level of § miRNAs increased, while that of
19 miRNAs declined. Especially, miR-15b was one
of the miRNAs with the most significant difference
in the expression level. Subsequently, qRT-PCR as-
say was carried out to further verify the results of

A Control  miR-15b mimic  miR-15b inhibitor

SMAD7

P-SMAD2/3

B-actin

T

Relative protein expression of
P-SMAD2/3

high-throughput transcriptome. It was discovered
that the expression level of miR-15b declined sig-
nificantly in BMSCs of patients with GC-ONFH
when compared with that in patients with second-
ary ONFH (p<0.01). Alizarin red staining was
conducted to detect the degree of osteogenic dif-
ferentiation of cells in the two groups after 14 d
of osteogenic differentiation induction. This might
help to confirm the effect of miR-15b expression
on the osteogenic differentiation of BMSCs. The
results manifested that the osteogenic differentia-
tion ability of BMSCs was prominently stronger in
GC group than that of control group. Thereafter,
BMSCs were treated with different concentrations
of dexamethasone to determine the effect of GC
treatment on miR-15b. QRT-PCR assay revealed
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Figure 6. Effect of miR-15b expression on TGF-f signaling pathway. A, Effect of miR-15b expression on the TGF-f sig-
naling pathway determined via Western blotting. B, Relative protein expression of SMAD7. C, Relative protein expression of
p-SMAD?2/3. D, Effect of miR-15b on the expression level of Runx2 detected through qRT-PCR assay.
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that dexamethasone reduced the expression level
of miR-15b in a dose-dependent manner. To verify
the effect of miR-15b on osteogenic differentiation,
miR-15b mimics were transfected into BMSCs in
control group. It was suggested that compared with
control group, the osteogenic differentiation abil-
ity was remarkably enhanced in miR-15b mimic
treatment group. To study the potential mechanism
of miR-15b on BMSCs, bioinformatics software
(TargetScan) was used for prediction. The results
found that Smad7 might be a potential target of
miR-15b. Subsequent luciferase reporter gene as-
say validated that Smad7 was a direct target of
miR-15b. In comparison with control group, miR-
15b mimics treatment group exhibited signifi-
cantly down-regulated protein expression level of
Smad7 and up-regulated protein expression lev-
el of p-Smad?2/3 in cells. Compared with control
group, the protein expression level of Smad7 in
cells was evidently reduced, while the expres-
sion level of p-Smad2/3 was prominently elevat-
ed in cells of miR-15b mimic treatment group,
and the differences were statistically significant
(p<0.01). The above two indexes showed the op-
posite tendencies in miR-15b inhibitor treatment
group, with statistically significant differences
(p<0.01). Compared with control group, the ex-
pression level of Runx2 was markedly up-reg-
ulated in cells of miR-15b mimics treatment
group, while down-regulated in miR-15b inhibi-
tor treatment group.

Sun et al’® have demonstrated that the TGF-3
signaling pathway plays a vital role in the osteo-
genic differentiation of BMSCs. TGF-f binds to
membrane receptors [TGF-B receptor 11 (TBRII)
and ALKS/TBRI] to activate the Smad signaling
pathway. Ultimately, this may lead to increased
expression level of Runx2, which is a transcrip-
tion factor regulated by Smad. Furthermore, this
can regulate the osteogenic differentiation of
BMSCs'¢. Smad7, an inhibitory Smad protein, is
able to suppress the phosphorylation of Smad2/3
protein by binding to TPRI. Meanwhile, it can
also recruit Smurfl/2, thereby giving rise to the
ubiquitination and degradation of TPRI. Eventu-
ally, this may result in the repression of the TGF-3
signaling pathway'’.

Conclusions
This study demonstrated that miR-15b was

lowly expressed in BMSCs of patients with
GC-ONFH, significantly up-regulating the pro-
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tein expression of Smad7 and inhibiting TGF-3
signaling pathway. Ultimately, this could result
in weakened osteogenic differentiation ability of
BMSCs.
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