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Abstract. The present study aimed to identify microRNAs 
(miRNAs) from bone marrow mesenchymal stem cells 
(BMSCs) in a rat model of steroid-induced osteonecrosis of the 
femoral head (ONFH) using Affymetrix GeneChip®. Following 
identification of miRNAs, the present study aimed to elucidate 
the molecular mechanisms underlying steroid-induced ONFH. 
A total of six C57BL/6J mice were randomly divided into two 
groups, control and experimental groups (n=3 per group). The 
mice in the experimental group were subcutaneously injected 
with 21 mg/kg methylprednisolone for 4 weeks, while the mice 
in the control group were injected with the identical dose of 
normal saline. The femoral head was subsequently removed 
and sectioned. Following sectioning, hematoxylin and eosin 
staining, and terminal deoxynucleotidyl transferase dUTP nick 
end labeling were performed to confirm the establishment of 
the model. To replicate the animal model ex vivo, the bone 
marrow was isolated. Next, different miRNAs were screened 
for using GeneChip®, and the key miRNAs were assessed by 
bioinformatics analysis and their functions were confirmed. 
Compared with the control, 23 miRNAs in the experimental 
group were identified, with seven upregulated and 16 down-
regulated. Of these miRNAs, putative target miRNAs were 
predicted by bioinformatics analysis, with two being upregu-
lated (miR-21-3p and miR-652-5p) and five downregulated 
(miR-206-3p, miR-196a-5p, miR-34b-3p, miR-34c-5p and 
miR-148a-3p). The results of reverse transcription-quantitative 
polymerase chain reaction were consistent with the gene-chip 
results. Steroid-induced ONFH may cause miRNA changes in 

BMSCs. Numerous miRNAs regulate osteogenic differentia-
tion and the decrease in miRNA-196a-5p may be important in 
steroid-induced ONFH.

Introduction

Glucocorticoid is widely used in the treatment of connective 
tissue diseases, although large doses may induce osteonecrosis 
of the femoral head (ONFH) (1). Furthermore, steroid-induced 
ONFH can be elevated to the first round of non-traumatic 
ONFH (2). If the patient fails to obtain effective treatment, the 
femoral head will collapse and osteoarthritis will become so 
severe that artificial joint replacement is required (2). Therefore, 
early diagnosis and treatment of ONFH is required. However, 
the etiology of the disorder and an effective treatment for ONFH 
remain to be elucidated. In addition to micro-thrombi caused by 
micro-circulation disorders leading to local intraosseous hyper-
tension and ischemia (3-6), a disrupted balance between bone 
necrosis and repair caused by changes in differentiation capacity 
of bone marrow-derived mesenchymal stem cells (BMSCs) due 
to glucocorticoids can result in femoral head collapse (7).

MicroRNA (miRNA) is a small, ~18-25 nt long 
single-stranded RNA, . miRNAs are highly conserved in terms 
sequence and tissue specificity, and they are vital in regulating 
the function of cells and tissues, and general biological func-
tions (8). Previous studies have revealed that miRNA are vital 
in regulating the osteogenic differentiation of BMSCs (9). To 
date, changes in BMSC miRNAs induced by glucocorticoid 
remain to be fully elucidated. The present study established a 
mouse model of femoral head necrosis, isolated and cultured 
mesenchymal stem cells, screened for differences in BMSC 
miRNAs, and predicted their gene targets using bioinformatics 
analysis. Additionally, the underlying mechanisms of miRNA 
regulation in steroid-induced necrosis of the femoral head were 
investigated to provide powerful evidence for potential clinical 
treatments.

Materials and methods

Animals. All experiments were performed following the 
Guidelines of the Intramural Animal Use and Care Committee 
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of the Peking Union Medical College Hospital (Beijing, 
China). A total of 24 eight-week-old wild-type C57BL/6J 
mice (Laboratory Animal Center of the Academy of Military 
Medical Sciences; Beijing, China) were used in the present 
study. All mice were female, with an average body weight of 
18.82±1.54 g. The animals were housed with a 12 h light/dark 
cycle, a constant indoor temperature at 20˚C, 48% humidity 
and were fed a standard rodent diet. Procedures involving 
animals and their care were conducted in conformity with 
NIH guidelines (NIH publication no. 85-23, revised 1996) 
and was approved by the Animal Care and Use Committee of 
Peking Union Medical College Hospital.

Animal model of femoral head osteonecrosis. The experi-
mental group of C57BL/6J mice was subcutaneously injected 
with 21 mg/kg methylprednisolone (Pfizer, Inc., Ascoli 
Piceno, Italy) for 4 weeks consecutively, while the control 
group received an equivalent dose of normal saline. After 
4 weeks, the mice were sacrificed (via cervical disloca-
tion following anesthetization with chloral hydrate) and the 
femurs were removed. The femoral specimens were fixed 
for 24 h with 10% neutral formalin (Guduo Biotechnology 
Corporation, Shanghai, China; 0.1 mmol/l; pH 7.4) at room 
temperature, and subsequently placed in a 10% EDTA‑Tris 
solution (Thermo Fisher Scientific, Inc., Rockford, IL, USA) 
at room temperature to decalcify them for 4 weeks (decalci-
fication fluid was changed every 3 days). The femoral heads 
were considered completely demineralized when the bone was 
easily pierced with a pin. The samples were dehydrated by a 
series of graded ethanol washes, placed in xylene (Rongbai 
Biotechnology, Co., Ltd., Shanghai, China) for 2 h at room 
temperature, embedded in paraffin (ToYongBio, Shanghai, 
China) and sliced into 4-µm coronal tissue sections. The tissue 
sections were processed for hematoxylin and eosin (HE) 
staining and terminal deoxynucleotidyl transferase dUTP nick 
end labeling (TUNEL), sealed with neutral resin, and imaged 
with an inverted phase contrast microscope and camera system 
(CKX41; Olympus Corporation, Tokyo, Japan).

Isolation, culture, and identification of BMSCs. The mice were 
sacrificed by cervical dislocation and immersed in 75% ethanol 
for ~10 min at room temperature. The surrounding tissue was 
peeled away and the long bone was removed from the muscles 
and connective tissue, and the bone was subsequently washed 
three times with sterile phosphate-buffered saline (PBS). 
The metaphysis was removed and the marrow cavity was 
washed repeatedly using a 1‑ml syringe filled with serum‑free 
L‑Dulbecco's modified Eagle's medium (DMEM; Gibco Life 
Technologies, Gaithersburg, MD, USA) to isolate the cells. 
The samples were uniformly mixed and the cells were seeded 
into 100-mm culture dishes at a density of 1x106 cells/ml. The 
isolated BMSCs were cultured for 2 days with L-DMEM, 
supplemented with 20% fetal bovine serum (FBS; Gibco Life 
Technologies), 100 U/ml penicillin and 100 µg/ml strepto-
mycin (Invitrogen Life Technologies, Carlsbad, CA, USA). 
The cells were subsequently cultured in L-minimum essential 
medium, supplemented with 10% FBS. The mouse mesen-
chymal stem cell formed adherent colonies after 9-12 days of 
culture, reaching between 80 and 90% confluency. The culture 
media was discarded and the cells were washed three times 

with PBS, prior to digestion with 0.25% trypsin and dilution 
into single cell suspension at a density of 5x106/ml. Aliquots 
of the cell suspension were added to microcentrifuge tubes 
(1x106 cells in 200 µl/tube) and were subsequently incubated 
with APC monoclonal rat anti-mouse CD31 (cat. no. 561814; 
BD Pharmingen, San Diego, CA, USA; 1:250 dilution), 
FITC monoclonal rat anti-mouse CD34 (cat. no. 560238; BD 
Pharmingen; 1:250 dilution), monoclonal CD105 FITC (cat. 
no. ab184667; Abcam, Cambridge, MA, USA; 1:250 dilu-
tion), PE monoclonal anti-mouse CD166 (cat. no. 12-1661-81; 
eBioscience, Inc., San Diego, CA, USA; 1:200 dilution) or 
control antibodies (2 µl each). The cells were incubated with 
the antibody at 4˚C for 30 min, washed three times with PBS 
with a centrifugation step in between each wash (4˚C; 380 x g; 
5 min). The labeled cells were detected by flow cytometry 
(FACSCalibur; BD Biosciences, San Jose, CA, USA).

Microarray and data processing. Each experimental and 
control group consisted of nine mice. The cells from sets of 
three mice were pooled and cultured together. A micro (mi)
RNA microarray was performed in triplicate with the pooled 
specimens. Primary BMSCs were digested with trypsin and the 
total RNA was extracted using TRIzol reagent (Invitrogen Life 
Technologies), according to the manufacturer's instructions. 
The miRNA and the gene microarrays were performed using 
a microarray platform (LC Sciences, Houston, TX, USA). The 
mRNA expression levels were detected using the Affymetrix 
GeneChip® mouse Genome Array (Affymetrix, Santa Clara, 
CA, USA). Raw microarray data (CEL files) were normalized 
using the quantile method (10), and differentially expressed 
genes were screened using the bioconductor (http://www.
bioiconductor.org) Limma package in R software version 3.0 
(Free Software Foundation Inc., Boston, MA, USA). Gene sets 
with nominal P<0.05 and false discovery rates <0.25 were 
considered to be significant and were included for further 
investigation.

miRNA‑gene network. TargetScan 5.1 (www.targetscan.org)  
was used in conjunction with miRanda version 2005 
(http://www.microrna.org/), PicTar, MirTarget2 and 
RNAhybrid (http://pictar.mdc-berlin.de/; http://mirdb.org;  
http://alk.ibms.sinica.edu.tw/cgi-bin/RNAhybrid/RNAhybrid.cgi)  
to predict the targets of the miRNAs. Genes predicted by any 
one of the algorithms were considered to be potential targets. To 
build a miRNA-gene network, the association between miRNAs 
and genes was assessed based on their differential expres-
sion values and according to their interactions in the Sanger 
miRNA database (http://www.mirbase.org/). An miRNA/gene 
adjacency matrix (A=[ai,j]) was produced, according to the 
association between the genes and miRNAs, where ai,j repre-
sents the weight of the association between gene i and miRNA j. 
In the miRNA-gene network, circles represent genes, squares 
represent miRNAs and their association is represented by a 
line. The center of the network is represented by degree, which 
is the contribution of an miRNA to the surrounding genes or 
the contribution of a gene to the surrounding miRNAs. The 
key miRNA and gene in the network always exhibit the highest 
degree. The network of miRNA-mRNA interactions, repre-
senting the critical miRNAs and their targets, was established 
according to the miRNA degree.
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Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) of miRNA. Differentially expressed miRNAs were 
selected for validation, including miR-21-3p, miR-652-5p, 
miR-206-3p, miR-196a-5p, miR-34b-3p, miR-34c-5p and 
miR-148a-3p. The expression of these mature miRNAs was 
determined using stem-loop RT, followed by PCR analysis, 
as previously described (11). The PCR was performed in 
triplicate for each sample and U6 served as a positive control 
for miRNA PCR. The miRNAs levels were quantified using 
mouse TaqMan MicroRNA assays (Applied Biosystems Life 
Technologies, Beijing, China). PCR was conducted using 
a thermocycler (ABI 7900HT; Applied Biosystems Life 
Technologies) for 35 cycles and all reagents were obtained 
from Applied Biosystems Life Technologies. The stem-loop 
primers used are presented in Table I. The relative quantity 
of miRNA was normalized against U6 snRNA and the 
fold-change for each miRNA was calculated using the 2-∆∆Ct 
method. The relative expression values of each miRNA were 
calculated using the 2-∆∆Ct method, as follows: ∆Ct = Ct (each 
miRNA) - Ct (U6). The fold changes of the miRNA expres-
sion values in the experimental group samples versus normal 

controls were determined by the 2-∆∆Ct method, as follows: 
∆∆Ct = median ∆Ctexperimental group - median ∆Ctcontrol group.

Results

HE staining and TUNEL. Using HE staining, it was demon-
strated that, compared with the control group samples (Fig. 1A), 
the experimental group samples (Fig. 1B) exhibited a thinner 
epiphyseal cartilage zone in the femoral head. However, while 
the proliferative zone and cartilage zone were easily distin-
guished, the epiphysis exceeded normal parameters and early 
trabecular fractures were observed. In the region containing 
epiphyseal cartilage, vascular proliferation and fibrous tissue 
growth was observed, multiple small necrotic foci were 
observed near the femoral epiphyseal line and the femoral 
articular surface was not smooth, indicating significant wear 
to the tissue.

TUNEL revealed that there were no apoptotic cells in the 
control group, while various examples of apoptotic osteocytes 
and osteoblasts were observed in the experimental group 
(Fig. 2).

Figure 1. Hematoxylin and eosin staining (magnification, x10) of the femoral head of the C57BL/6J mice. (A) In the control group, the femoral articular 
surface was smooth and exhibited no defects or collapse. The bone and cartilage cells were normal with good nuclear staining, and the trabecular bone tissue 
was continuous with no fractures. (B) In the experimental group, the epiphyseal cartilage area is thinner compared with the control, and the epiphysis was 
perforated as a result of the proliferation of blood vessels and fibrous tissue. Angiogenesis occurred in the middle layer of the epiphyseal cartilage.

Figure 2. TUNEL and DAB staining. (A) DAB staining was visualized by light microscopy (magnification, x20). The brown nuclear staining (red arrow) 
indicated necrotic cells. (B) TUNEL staining was observed by fluorescence microscopy (magnification, x10). Fluorescent signal (red arrow) indicated necrotic 
cells. TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling; DAB, 3,3'-diaminobenzidine.

  A   B

  A   B
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Culture of BMSCs in vitro. Following the initial exchange 
of the culture medium after 48 h, a small number of 
adherent cells, which were small and round, with a quiescent 

phenotype were observed (Fig. 3). As the incubation dura-
tion increased, these cells rapidly proliferated and reached 
80‑90% confluency by 9 days. The cells exhibited a long, 

Figure 4. Flow cytometric analysis of the surface antigen profiles of bone marrow mesenchymal stem cell. FITC, fluorescein isothiocyanate; CD, cluster of 
differentiation; APC, allophycocyanin; PE, Phycoerythrin.

Table I. Stem-loop primer sequences used in the present study.

MicroRNA Primer sequence

mmu-miR-21-3p UGUACCACCUUGUCGGAUAGCUUAUCAGACUGAUGUUGACUGUUGAAUCUCAUGGCAAC
 AGCAGUCGAUGGGCUGUCUGACAUUUUGGUAUC
mmu-miR-652-5p AGGAACAGCUAUGUACUGCACAACCCUAGGAGGGGGUGCCAUUCACAUAGAGUAUAAUU
 GAAUGGCGCCACUAGGGUUGUGCAGUGUACAGCCUACAC
mmu-miR-206-3p CCAGGCCACAUGCUUCUUUAUAUCCUCAUAGAUAUCUCAGCACUAUGGAAUGUAAGGAA
 GUGUGUGGUUUUGG
mmu-miR-34b-3p GUGCUCGGUUUGUAGGCAGUGUAAUUAGCUGAUUGUAGUGCGGUGCUGACAAUCACUAA
 CUCCACUGCCAUCAAAACAAGGCAC
mmu-miR-196a-5p AGCUGAUCUGUGGCUUAGGUAGUUUCAUGUUGUUGGGAUUGAGUUUUGAACUCGGCAA
 CAAGAAACUGCCUGAGUUACAUCAGUC
mmu-miR-34c-5p AGUCUAGUUACUAGGCAGUGUAGUUAGCUGAUUGCUAAUAGUACCAAUCACUAACCACA
 CAGCCAGGUAAAAAGACU
mmu-miR-148a-3p AGCCAGUUUGGUCUUUUGAGACAAAGUUCUGAGACACUCCGACUCUGAGUAUGAUAGAA
 GUCAGUGCACUACAGAACUUUGUCUCUAGAGGCUGUGGUC

Figure 3. BMSCs were observed by light microscopy (magnification, x20). (A) Immediately following the first media change after 48 h, a small number of 
fusiform adherent cells were visible. (B) Following culturing for 9 days, the cells had markedly proliferated and taken on a uniform, spindle-like morphology. 
BMSC, bone marrow mesenchymal stem cells.

  A   B
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spindle-like morphology, with a small quantity of protrusion 
formation, which indicated fibroblast‑like growth at 9 days 
(Fig. 3).

BMSC surface antigen tests. BMSCs were identified by flow 
cytometry, the results of which are shown in Fig. 4. Isolated 
and cultured BMSCs expressed surface antigens that were 

Table II. Differentially expressed miRs identified in bone marrow stromal cells.

miR ONFH mean Control mean Fold-change P-value

Upregulated microRNAs
  mmu-miR-500-3p 202.62 99.04 2.05 4.1x10-4

  mmu-miR-21-3p 13.40 6.31 2.13 1.9x10-3

  mmu-miR-342-5p 171.47 91.76 1.87 4.7x10-3

  mmu-miR-92b-5p 12.49 3.04 4.11 9.9x10-3

  mmu-miR-720 34.55 19.34 1.79 2.1x10-2

  mmu-miR-652-5p 11.62 4.29 2.71 4.0x10-2

  mmu-miR-5112 26.21 212.02 2.01 4.3x10-2

Downregulated microRNAs
  mmu-miR-206-3p 2.11 162.65 0.013 1.0x10-7

  mmu-miR-30a-3p 7.41 18.36 0.40 1.3x10-3

  mmu-miR-127-3p 12.32 26.12 0.47 1.7x10-3

  mmu-miR-34b-3p 21.38 55.84 0.38 2.3x10-3

  mmu-miR-345-5p 3.37 8.30 0.41 2.4x10-3

  mmu-miR-615-3p 7.62 20.25 0.38 6.6x10-3

  mmu-miR-345-3p 2.38 5.50 0.43 8.3x10-3

  mmu-miR-1906 6.15 12.06 0.51 1.3x10-2

  mmu-miR-196a-5p 30.17 64.42 0.47 1.4x10-2

  mmu-miR-665-3p 2.00 4.66 0.43 1.7x10-2

  mmu-miR-669p-3p 2.00 3.52 0.57 1.7x10-2

  mmu-miR-3096-3p 9.57 18.18 0.53 2.6x10-2

  mmu-miR-382-5p 2.13 4.52 0.47 2.8x10-2

  mmu-miR-467a-5p 3.27 6.87 0.48 3.0x10-2

  mmu-miR-34c-5p 11.35 22.74 0.50 4.2x10-2

  mmu-miR-148a-3p 2.30 3.72 0.62 4.9x10-2

miRs identified in ONFH and control BMSCs, with mean expression values calculated following global normalization and statistical analysis 
using Student's t-test. Fold-increase in ONFH BMSCs compared with the control BMSCs is shown, with the threshold set at 1.5-fold expression 
relative to the controls (P<0.05). Fold-decrease in ONFH BMSCs compared with control BMSCs is shown, with the threshold set at 0.67-fold 
expression relative to the controls (P<0.05). ONFH, osteonecrosis of the femoral head; BMSCs, bone marrow stromal cells; miR, microRNA.

Table III. miRNAs associated with osteogenic differentiation.

miR ONFH mean Control mean Fold-change P-value

Upregulated miRNAs
  mmu-miR-21-3p 13.40 6.31 2.13 1.9x10-3

  mmu-miR-652-5p 11.62 4.29 2.71 4.0x10-2

Downregulated miRNAs
  mmu-miR-206-3p 2.11 162.65 0.01 1.0x10-7

  mmu-miR-34b-3p 21.38 55.84 0.38 2.3x10-3

  mmu-miR-196a-5p 30.17 64.42 0.47 1.4x10-2

  mmu-miR-34c-5p 11.35 22.74 0.50 4.2x10-2

  mmu-miR-148a-3p 2.30 3.72 0.62 4.9x10-2

miR, microRNA; ONFH, osteonecrosis of the femoral head.
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comparable to those that were expressed by stem cells, 
including high expression levels of CD105 and CD166, and 
negative expression of CD31 and CD34. Therefore, based on 
the present study, it was identified that these cells were BMSCs.

miRNA expression profiles of the BMSCs. Using the Affymetrix 
GeneChip® mouse Genome Array, the miRNA expression 
profiles of the BMSCs in the control and experimental groups 
were determined. A total of seven BMSC miRNAs were 
upregulated >1.5-fold in the experimental group compared 
with the controls, while 16 miRNAs were expressed below 
the threshold level (0.67-fold; Table II; Fig. 5). RT-qPCR 

confirmed the upregulated expression of the seven miRNAs, 
confirming the results from the microarray assay (Fig. 6).

Microarray‑based analysis. The global expression of 
miRNAs and mRNAs in ONFH BMSCs was investigated 
using microarray technologies. Following miRNA microarray 
data pre-processing, differential expression of 23 miRNAs 
was identified, of which, seven were upregulated and 16 were 
downregulated. The microarray results were further analyzed 
using the Targetscan database and bioinformatics, and deter-
mined that miR-21-3p, miR-652-5p, miR-206-3p, miR-196a-5p, 
miR-34b-3p, miR-34c-5p and miR-148a-3p may be involved 

Figure 6. Reverse transcription‑quantitative polymerase chain reaction confirmation of differentially expressed miRNAs. The results were generally consistent 
with the microarray results. *P<0.05. miR, microRNA; miRNA, microRNA.

Figure 5. miRNA profiles differentiate ONFH BMSCs from control BMSCs. The samples consisted of paired samples from nine mice. The downregulated 
(green) and upregulated (red) miRNAs were identified in hematopoietic stem cells. P<0.01 denoted statistically significant differences between the ONFH and 
control BMSCs. ONFH, osteonecrosis of the femoral head; BMSC, bone marrow mesechymal stem cells; miRNA, microRNA.
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in osteogenic differentiation (Table III). To confirm the 
microarray results, seven miRNAs, miR-21-3p, miR-652-5p, 
miR-206-3p, miR-196a-5p, miR-34b-3p, miR-34c-5p and 
miR-148a-3p, were analyzed by RT-qPCR (Fig. 6).

Discussion

The pathological process underlying the development of femoral 
head avascular necrosis is highly complicated. A variety of 
factors can cause the death of bone cells and marrow, and this 
death and subsequent repair may lead to structural changes in 
the femoral head, femoral head collapse, and/or joint dysfunc-
tion. These symptoms are hallmarks of ONFH. Hormones 
are the leading cause of avascular necrosis of the femoral 
head (1). In the United States, 12 million patients suffer from 
steroid-induced femoral head necrosis annually (2). The mecha-
nisms underlying glucocorticoid-induced femoral head necrosis 
are multifaceted. For example, long-term usage of large doses 
of glucocorticoid can lead to adipogenesis/fat hypertrophy (3), 
endothelial cell dysfunction or damage (4), microthrombus 
formation (5) and high intraosseous pressure (6). These, in 
turn, can eventually cause damage to the vascular endothelium, 
microcirculation dysfunction and decreased arterial blood 
flow. Eventually, bone ischemia, hypoxia, necrosis, damage 
to bone structure and function, and avascular necrosis of the 
femoral head may occur (12). A previous study focused on the 
effects of steroids on local hemodynamic aspects of the femoral 
head, which lead to ONFH (13), and another previous report 
revealed that BMSCs exert an important role in femoral head 
necrosis. Wang et al (14) and others cultured BMSCs isolated 
from patients with steroid-induced osteonecrosis and revealed 
that the efficiency of colony formation was significantly lower 
compared with that observed in the healthy controls, a result, 
which demonstrated reduced activity of BMSCs in patients 
with femoral head necrosis. Previous studies have demon-
strated that large doses of corticosteroids can lead to decreased 
expression of Runx2/Cbfa1 in BMSCs, while under identical 
conditions the expression of PPAR-γ and Dickkopf-1 increased. 
These changes in the expression levels affected the differentia-
tion of BMSCs and led to imbalances in bone resorption and 
calcaneus destruction (15,16). Based on these previous studies, 
there appears to be a close association was observed between 
BMSCs and femoral head necrosis, therefore, making the use 
of BMSCs in the treatment of osteonecrosis a topic of signifi-
cant interest.

There have been no direct reports demonstrating that 
changes in miRNA expression can result in femoral head 
necrosis; however, a large number of studies have demon-
strated that miRNA is important in regulating the osteogenic 
differentiation of BMSCs. A previous study knocked out Dicer 
and Drosha, critical proteins in the miRNA pathway, and 
revealed that mesenchymal stem cells were unable to develop 
into osteoblasts and adipocytes (17). During this investigation 
of the BMP pathway, it was revealed that miRNA-208 (18), 
miRNA-125b (19), miRNA-141 (20) and miRNA-200a (20) 
promoted osteoblast differentiation. Additionally, investiga-
tions on the Wnt pathway revealed that miRNA-27 (21), 
miRNA-29a (22), and miRNA-29b (23) promoted osteoblast 
differentiation. Therefore, it was speculated that large doses of 
hormones affect the osteogenic and adipogenic differentiation 

of BMSCs by altering the miRNA expression levels, destroying 
the balance between osteogenesis and osteoclast activity, and 
ultimately leading to necrosis of the femoral head.

The present study investigated murine BMSCs in an 
attempt to elucidate the pathogenesis of steroid-induced osteo-
necrosis through the comparison of miRNA expression levels 
between these cells isolated from ONFH mice and controls. 
Following analysis of the microarray results, 23 signifi-
cant differences were identified in the miRNA expression 
between the ONFH group and the control group, with seven 
upregulated and 16 downregulated miRNAs. Furthermore, 
through bioinformatics analysis, it was determined that seven 
miRNAs (miR-21-3p, miR-652-5p, miR-206-3p, miR-196a-5p, 
miR-34b-3p, miR-34c-5p and miR-148a-3p) may be involved 
in osteogenic differentiation. Of these, two were upregulated 
(miR-21-3p and miR-652-5p), and five were downregulated 
(miR-206-3p, miR-196a-5p, miR-34b-3p, miR-34c-5p and 
miR-148a-3p). The expression of miR-206-3p decreased mark-
edly compared with the control group. Previous studies have 
suggested that miRNA-206-3p can inhibit IdI-3/MyoR, thereby 
activating MyoD and promoting muscle differentiation (24,25). 
During the process of osteoblast differentiation, miRNA-206-3p 
expression levels are known to decrease (26). The target of 
miR-196a-5p is the Hox gene family, which is important in 
animal limb development (27,28) and BMSC differentiation. 
Additionally, miRNA-196a-5p promotes the osteogenic differ-
entiation via the BMP pathway. miRNA-34b-3p and miR-34c-5p 
are involved in the Notch (29), Runx2 (30) and SATB2 path-
ways (31), and are important in osteoblast differentiation by 
inhibiting osteogenic differentiation. Following an investiga-
tion of osteoporosis, Yang et al (32) revealed that miRNA-21-3p 
inhibits Spry-1 and therefore, promotes osteoblast differen-
tiation (32,33), whereas another previous study revealed that 
increased levels of miRNA-21-3p and miRNA-148a-3p are 
important in osteoclast differentiation (34,35). Additionally, 
it has been demonstrated that miRNA-652-5p expression 
increases in osteosarcoma (36). From these previous results, it 
was concluded that osteogenic and adipogenic differentiation 
of BMSCs is regulated by multiple miRNAs, and requires an 
integrated signaling network. Large doses of hormones can 
affect the differentiation of BMSCs by altering the expression 
of miRNAs, causing imbalances between osteogenesis and 
osteoclast activity, leading to the occurrence of osteonecrosis.

According to previous studies, the downregulation of 
miR-206-3p, miR-34b-3p and miR-34c-5p, as well as the 
upregulation of miR-21-3p, has a role in promoting osteogenic 
differentiation. By contrast, the downregulation of miR-196a-5p 
inhibits osteogenic differentiation. Furthermore, based on these 
previous studies, there is a close association exists between 
osteogenic differentiation of BMSCs and femoral head 
necrosis in mice. The present study therefore hypothesized that 
miR-196a-5p may be important in the process of steroid-induced 
femoral head necrosis. The underlying mechanisms remain to 
be elucidated in further studies.
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