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Abstract. – OBJECTIVE: To explore the clin-
ical correlation between the hsa-miR-122-3p ex-
pression in bone marrow mesenchymal stem 
cells (BMSCs) and steroid-induced necrosis of 
femoral head (SONFH). 

PATIENTS AND METHODS: A total of 62 
SONFH patients were selected as the experi-
mental group, while another 72 patients with 
femoral neck fracture (FNF) were selected as the 
control group. The bone marrow was obtained 
from patients during operation and used to cul-
ture the BMSCs. The expression of hsa-miR-122-
3p in BMSCs was detected via real-time quanti-
tative polymerase chain reaction (qPCR) in both 
groups. The patients in experimental group were 
further divided into Ficat stage III group and 
stage IV group according to the Ficat stage, and 
the expression of hsa-miR-122-3p in BMSCs was 
also detected via qPCR in the two groups. 

RESULTS: The expression level of hsa-miR-
122-3p in SONFH group was significantly lower 
than that in FNF group, and the difference was 
statistically significant (p<0.05). The expression 
level of hsa-miR-122-3p in Ficat stage IV group 
was significantly lower than that in stage III 
group (p<0.05). 

CONCLUSIONS: We demonstrated that the ex-
pression of hsa-miR-122-3p in BMSCs declined 
in SONFH group, indicating that hsa-miR-122-3p 
may be involved in the regulation of the patho-
logical process of SONFH, and the expression 
level of hsa-miR-122-3p in BMSCs may be cor-
related with the progression of SONFH.
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Introduction

Steroid-induced necrosis of femoral head 
(SONFH) is a kind of severe orthopedic disease 

in clinic caused by the application of glucocor-
ticoids, whose pathological feature is the gradu-
ally progressive necrosis of bone cells and bone 
marrow, ultimately leading to structural changes 
or even collapse of the femoral head. Most pa-
tients will suffer from osteonecrosis within 2 
years of extensive application of glucocorticoids 
if there is no effective treatment, about 70% of 
whom need the artificial joint replacement even-
tually, seriously affecting the quality of life1. 
Bone marrow mesenchymal stem cells (BMSCs) 
are a kind of pluripotent stem cells that can 
differentiate into multipotential stem cells of a 
variety of tissues, including osteocytes, chon-
drocytes, adipocytes, and endothelial cells. BM-
SCs play important roles in tissue reconstruction 
and repair2-4. The specific mechanism leading to 
SONFH remains unclear yet, but there are many 
hypotheses about the mechanism of SONFH, 
such as the imbalance between osteogenic and 
adipogenic differentiation5, fat embolism6, blood 
circulation disorders7, apoptosis, and dysfunc-
tion8. The imbalance between osteogenic and 
adipogenic differentiation in BMSCs is consid-
ered as the major mechanism of the initiation 
and progression of SONFH9. In addition, stud-
ies10 have demonstrated that glucocorticoids re-
duce bone formation through inhibiting BMSCs. 
Micro ribonucleic acids (miRNAs) are a group 
of small-fragment, non-coding and endogenous 
RNA, which can bind to the three prime untrans-
lated region (3’UTR) of their target genes, thus 
negatively regulating their expressions11. It has 
been proved in previous studies that miRNAs 
play important roles in a variety of physiological 
processes, including cell development, prolifera-
tion, differentiation, metabolism, migration, and 
apoptosis. According to the bioinformatics anal-
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ysis, about more than one-third of human genes 
are regulated by miRNAs, indicating that miR-
NAs play important roles in regulating the gene 
expression12. In recent years, increasingly more 
studies have demonstrated that miRNAs are also 
involved in the regulation of bone metabolism 
and directly participate in the pathophysiolog-
ical processes of various orthopedic diseases. 
There is more and more evidence that miRNAs 
play important roles in SONFH13-15. Wang et al16 
found through the gene microarray and quan-
titative reverse transcription-polymerase chain 
reaction (qRT-PCR) that the level of hsa-miR-
122-3p is significantly lower in SONFH group 
than that in femoral neck fracture (FNF) group. 
In this investigation, therefore, the expression 
level of hsa-miR-122-3p in BMSCs was detected 
via qRT-PCR in SONFH group and FNF group, 
and its clinical correlation with SONFH was 
observed. 

Patients and Methods

Clinical Samples
This study was approved by the Ethics Com-

mittee of Yantai Affiliated Hospital of Binzhou 
Medical College, and all enrolled patients signed 
the informed consent. From 2016 to 2017, a total 
of 62 SONFH patients were selected as the ex-
perimental group, while another 72 FNF patients 
were selected as the control group. All patients 
underwent the artificial hip replacement in Yantai 
Affiliated Hospital of Binzhou Medical College, 
and BMSCs were obtained from the above cases. 
All SONFH patients applied glucocorticoids for 
more than 1 year. The femoral head necrosis was 
confirmed in all patients via X-ray, computed 
tomography (CT) and magnetic resonance im-
aging (MRI) examination before the operation. 
In terms of Ficat stage, all patients were in stage 
III or IV. To further study the clinical correlation 
between hsa-miR-122-3p and SONFH, patients 
in SONFH group were further divided into Fi-
cat stage III group (n=34) and stage IV group 
(n=28). Moreover, the patients enrolled had no 
history of evident trauma, other metabolic bone 
diseases, hip operation, and infectious diseases. 
The bone marrow of patients above stage III or 
healthy people could not be obtained, so FNF 
patients were used as the control group. The bone 
marrow in control group was obtained within 48 
h after trauma. It was confirmed via preoperative 
radiographic imaging that there was no necrotic 

area in the femoral head. The patients aged above 
80 years old, with pathological fractures, history 
of metabolic bone disease or infectious diseases 
were excluded.

Cell Isolation, Culture and Identification
The bone marrow was obtained from the upper 

medullary cavity of the femur during operation. 
BMSCs were isolated from the bone marrow 
via density gradient separation, and added with 
an equal volume of Percoll separating medium 
(P8370, Solarbio, Beijing, China), followed by 
centrifugation at 2000 rpm for 30 min. The cells 
were suspended in the ordinary culture medi-
um composed of 90% low-glucose Dulbecco’s 
Modified Eagle’s Medium (DMEM, HyClone 
Laboratories Inc., Logan, UT, USA), 10% fetal 
bovine serum (FBS, Gibco BRL, Grand Island, 
NY, USA), penicillin (100 U/mL) and streptomy-
cin (100 μg/mL) (Sigma-Aldrich, St. Louis, MO, 
USA), and were inoculated into a 55 cm2 culture 
flask and cultured in an incubator with 5% CO2 
at 37%. The medium was replaced once every 
2-3 days.

Real-Time Quantitative Polymerase 
Chain Reaction (qPCR)

Whether the expression of hsa-miR-122-3p 
in BMSCs had a difference between SONFH 
group and FNF group was detected via qPCR, 
and the hsa-miR-122-3p expression level in BM-
SCs was compared between Ficat stage III and 
stage IV in SONFH group using qPCR. The 
total RNA was extracted using TRIzol reagent 
(Sangon Biotech, Shanghai, China) and reverse-
ly transcribed using the NanoDrop 2000 device 
(Thermo Fisher Scientific, Waltham, MA, USA), 
and the cDNA samples were obtained using Ta-
KaRa RNA PCR kit (TaKaRa, Dalian, China) 
and Oligo dT primers (Invitrogen, Shanghai, 
China). The level of hsa-miR-122-3p expression 
was measured with qPCR using a SYBR master 
mixture (TaKaRa, Dalian, China) on a Light 
Cycler 480 device (Roche, Basel, Switzerland). 
The level was measured 3 times in each sample. 
The design and synthesis of primers are shown 
in Table I. The hsa-miR-122-3p expression was 

Table I. Primer design.

 Gene  Primer sequence

Hsa-miR-122-3p 5’-3’ AACAGCACAAACUACUACCUCA 
U6 5’-3’ TGCGGGTGCTCGCTTCGGCAGC
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normalized to glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) and data were analyzed 
using the 2-ΔΔCT method17.

Statistical Analysis
All data were expressed as mean ± standard 

deviation (SD). All experimental operations were 
performed at least 3 times. Statistical Product and 
Service Solutions (SPSS) 20.0 software (IBM, 
Armonk, NY, USA) was used for statistical anal-
ysis. The statistical results were presented as the 
bar chart using GraphPad PRISM software (La 
Jolla, CA, USA). t-test was adopted for qPCR 
results, and p<0.5 suggested that the difference 
was statistically significant.

Results

Clinical Data of Patients
A total of 72 FNF patients and 62 SONFH 

patients were enrolled in this study. In SONFH 
group, patients were in stage III (n=34) or stage IV 
(n=28). The specific clinical data are shown in Ta-
ble II. X-ray, CT and MRI examination displayed 
the severe osteoarthritis in SONFH patients. The 
clinical images of patients are shown in Figure 1.

Morphology of BMSCs
After the continuous culture in the growth 

medium, it could be observed that the spin-
dle-shaped BMSCs began to grow to adhere 
to the wall. At 14 d after continuous culture, the 
cell proliferation was rapid. The morphology of 
BMSCs is shown in Figure 2.

Detection of Hsa-MiR-122-3p 
Expression in BMSCs in SONFH Group 
and FNF Group Via qRT-PCR

At 14 d after continuous culture of BMSCs, 
the expression level of hsa-miR-122-3p in BMSCs 
was detected via qPCR in SONFH group and 
FNF group (Figure 3), and it was found that the 
expression level of hsa-miR-122-3p in SONFH 
group was significantly lower than that in FNF 
group, and the difference was statistically signif-
icant (p<0.05), indicating that hsa-miR-122-3p 
may be involved in the regulation of the patholog-
ical process of SONFH.

Expression of Hsa-MiR-122-3p in Ficat 
Stage III and Stage IV in SONFH Group

At 14 d after continuous culture, the patients 
in SONFH group were divided into Ficat stage 
III group (n=34) and stage IV group (n=28) 

Table II. Clinical data of patients.

     Left Right Duration of
 Group Male  Female Age (affected limb) (affected limb) GC application

SONFH 30 32 62.34 ± 5.27 34 28 1.62 ± 0.34
FNF 38 34 59.86 ± 7.12 36 36 

Figure 1. Imaging images of patients. A, CT image of SONFH patients, B, CT image of SONFH patients, C, MRI image of 
SONFH patients, D, X-ray films of SONFH patients.
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according to the Ficat stage, and the expression 
level of hsa-miR-122-3p in the two groups was 
also detected via qPCR. As shown in Figure 4, 
the expression level of hsa-miR-122-3p in BM-
SCs in Ficat stage IV group was significantly 
lower than that in stage III group, and the dif-
ference was statistically significant (p<0.05), 
indicating that the expression level of hsa-miR-
122-3p in BMSCs may be correlated with the 
progression of SONFH. 

Discussion

The pathological process of SONFH is very 
complicated, and the application of glucocorticoids 
may lead to intramedullary pimelosis, vascular en-
dothelial cell injury, microvascular embolism and 
intramedullary hypertension, ultimately resulting 
in femoral head necrosis due to the lack of blood 
supply18. BMSCs are a kind of pluripotent stem 
cells that can differentiate into a variety of tissues, 
including osteocytes, adipocytes, osteoblasts, and 
osteoclasts. The imbalance between osteogenic 
and adipogenic differentiation in BMSCs is con-
sidered as the major mechanism of the initiation 
and progression of SONFH9. Studies have reported 
that the high-concentration dexamethasone can 
lead to dysfunction of BMSCs, thus causing the 
imbalance between osteogenic and adipogenic dif-
ferentiation in BMSCs19. In recent years, a large 
number of researches20-24 have found that miRNAs 
play important roles in regulating the differen-
tiation of MSCs. Wang et al16 found through the 
miRNA gene chip that in SONFH, the expression 
of hsa-miR-122-3p significantly declines with the 
osteogenic differentiation of BMSCs, which agree 
with our results. In this work, the expression of 
hsa-miR-122-3p in BMSCs was detected via qP-
CR in SONFH group and FNF group, and it was 
found that the expression level of hsa-miR-122-3p 
in SONFH group was significantly lower than 
that in FNF group. Moreover, the expression of 
hsa-miR-122-3p in BMSCs was also compared 
between Ficat stage III and stage IV in SONFH 
group, and it was found that the expression level 

Figure 2. Observation of BMSCs under an optical micro-
scope (40×) at 14 d after continuous culture.

Figure 3. Detection of the hsa-miR-122-3p expression in 
BMSCs in SONFH group and FNF group via qRT-PCR. The 
values are the mean ± SD. 

Figure 4. Detection of the expression of hsa-miR-122-3p in 
Ficat stage III and stage IV in SONFH group via qRT-PCR. 
The values are the mean ± SD.
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of hsa-miR-122-3p in Ficat stage IV was signifi-
cantly lower than that in stage III, suggesting that 
the expression level of hsa-miR-122-3p in BMSCs 
may be correlated with the progression of SONFH. 
The samples in Ficat stage I and II could not be ob-
tained, so the correlation analysis failed to be fur-
ther performed based on the Ficat stage. Previous 
studies have demonstrated that miR-122 is widely 
involved in regulating the pathophysiological pro-
cess of digestive system diseases, such as pancre-
atitis, hepatocellular carcinoma, and hepatitis C. 
MiR-122 is also regarded as a potential biomarker 
for drug-induced liver injury25. However, the spe-
cific mechanism of hsa-miR-122-3p in regulating 
SONFH remains unclear.

In this study, it was found via qPCR that the 
expression level of hsa-miR-122-3p in BMSCs in 
SONFH group was significantly lower than that 
in FNF group, indicating that hsa-miR-122-3p 
may be involved in the regulation of the patholog-
ical process of SONFH. Moreover, the expression 
of hsa-miR-122-3p in BMSCs was also compared 
between Ficat stage III and stage IV in SONFH 
group, and it was found that the expression level 
of hsa-miR-122-3p in Ficat stage IV was signifi-
cantly lower than that in stage III, suggesting 
that the expression level of hsa-miR-122-3p in 
BMSCs may be correlated with the progression 
of SONFH. The deficiency of this work is that 
the samples in Ficat stage I and II could not be 
obtained, so the correlation analysis failed to be 
further performed based on the Ficat stage. In the 
future, animal experiments should be performed 
to further verify the correlation between the 
expression level of hsa-miR-122-3p in BMSCs 
and the progression of SONFH. In addition, the 
specific mechanism of hsa-miR-122-3p expres-
sion in BMSCs in regulating SONFH still needs 
studying via further experiments.

Conclusions

We demonstrated that the expression of hsa-
miR-122-3p in BMSCs declined in SONFH 
group, indicating that hsa-miR-122-3p may be 
involved in the regulation of the pathological pro-
cess of SONFH, and the expression level of hsa-
miR-122-3p in BMSCs may be correlated with the 
progression of SONFH.
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