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Abstract: Steroid-induced osteonecrosis of the femoral head (ONFH) is a common orthopedic disease. The lack of 
specific manifestations and effective diagnostic methods make it difficult for this disease to be diagnosed at early 
stages. Recent studies have shown that microRNAs (miRNA) participate in the development of steroid-induced 
ONFH, but there is limited research into the diagnostic use of circulating miRNAs. Blood samples from 23 human 
subjects (7 systemic lupus erythematosus (SLE) patients with steroid-induced ONFH; 7 SLE controls without ONFH; 
and 9 healthy controls) and 71 rats (19 with steroid-induced ONFH; 28 receiving steroids without ONFH; and 24 
untreated controls) were collected to verify the abundance of changes of 6 previously identified ONFH-associated 
plasma miRNAs (miR-423-5p, miR-99a-5p, miR-10a-5p, miR-21-5p, miR-130a-3p and miR-6787-5p) by quantita-
tive RT-PCR (Reverse Transcription-Polymerase Chain Reaction). In humans, the circulating levels of miR-10a-5p, 
miR-99a-5p and miR-21-5p were increased in SLE patients treated with cortico steroid regardless of ONFH status 
when compared with healthy controls. However, miR-423-5p, miR-6787-5p and miR-130a-3p showed no signifi-
cant differences between the three groups. In the rat model, the success rate of steroid-induced ONFH was 40.4% 
(19/47) based on pathological examination and confirmation by micro-CT scan. Similar to human plasma, the circu-
lating levels of miR-10a-5p, miR-99a-5p and miR-21-5p were increased in steroid-treated rats independent of ONFH 
development. The serum levels of miR-10a-5p, miR-99a-5p and miR-21-5p were increased by steroid treatment 
regardless of ONFH development in both humans and rats. These data suggested that miR-10a-5p, miR-99a-5p and 
miR-21-5p are steroid-responsive circulating miRNAs, but they are not specific for diagnosing steroid-induced ONFH.
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Introduction

Steroid-induced osteonecrosis of femoral head 
(ONFH) is a common disease that mainly occurs 
in young adults [1, 2]. The exact pathogenesis 
of steroid-induced ONFH is still unknown. Early 
diagnosis and intervention may help prevent 
the progression of ONFH and avoid the colla- 
pse of the femoral head and joint dysfunction. 
However, the lack of specific manifestations 
and sensitive diagnostic methods makes it  
difficult to diagnose steroid-induced ONFH at 
early stages. As a result, many patients have  
no choice but to undergo hip replacement sur-
gery at a young age [3]. Recent studies have 
shown that microRNAs (miRNA) could regulate 

different cellular processes, such as apoptosis, 
angiogenesis, cell differentiation and extracel-
lular matrix deposition in different orthopedic 
conditions, including ONFH [4, 5]. These find-
ings suggest that miRNAs may participate in 
the development of ONFH.

Previous studies have demonstrated that miR-
NAs are involved in the development of ONFH, 
but none of these studies focused on circulat-
ing miRNAs, which are stable, detectable, and 
can be purified and quantified from serum sam-
ples [6]. As it was unrealistic to perform biop-
sies for diagnosing ONFH, detection of circul- 
ating miRNAs could be a convenient and effec-
tive, non-invasive method for early diagnosis. It 
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therefore would be useful to identify circulating 
miRNAs as plasma markers for early clinical 
screening of steroid-induced ONFH.

We previously published our results screening 
circulating miRNAs in steroid-induced ONFH  
by Illumina-based high-throughput sequencing 
technology, which was the only study of circu-
lating miRNAs under these conditions [6]. Our 
previous results demonstrated that 27 circulat-
ing miRNAs were differentially expressed in the 
serum of patients with steroid-induced ONFH. 
Among them, levels of 15 and 12 miRNAs were 
increased and decreased, respectively, when 
compared to both patients with systemic lupus 
erythematosus (SLE) on steroid therapy and to 
healthy subjects. To establish plasma miRNAs 
as early diagnostic markers, the current study 
sought to validate differences in selected plas-
ma miRNA in steroid-induced ONFH when com-
pared with SLE patients.

Materials and methods

Patients and grouping

All subjects provided written informed consent, 
and this study was approved by the Ethics 
Committee of Peking Union Medical College 
Hospital (Beijing, China). Patients were divided 
into three groups: 7 patients with ONFH sec-
ondary to hormone therapy for the treatment  
of systemic lupus erythematosus (SLE), 7 ma- 
tched controls with SLE and similar hormone 
treatment history but without the development 
of ONFH, and 9 healthy controls. Subjects in 

each group were strictly matched with age,  
gender, and history of hormone exposure. After 
blood was derived, serum was separated from 
the sample within 1 h. All serum samples were 
then stored at -80°C.

Animal experiments and grouping

Seventy-two Sprague-Dawley (SD) adult male 
rats (12 weeks old; body weight between 400  
g and 450 g; from Charles River Company, 
Beijing, China) were used in this study. All rats 
were housed in standard laboratory conditions 
(12/12-h light/dark cycle, 24-25°C, with humid-
ity 50-55%) and allowed free access to food 
and water during the study. Diet, hair, and activ-
ity state of the rats was recorded every day, and 
the weight of the rats was measured weekly. On 
the third day of the experiment, one of the rats 
died from an abdominal infection. All the other 
rats were healthy without death or infection. 
After a week of adjusting to the environment, 
the rats were randomized into 2 groups: a  
normal saline (NS) group and a lipopolysacc- 
haride/methylprednisolone (LPS/MPS) group. 
Forty-seven rats from the LPS/MPS group were 
given two doses of intraperitoneal injection of 
20 μg/kg of LPS (from Escherichia coli 055: 
B5, Sigma, St. Louis, MO, USA) on days 0 and 1. 
Twenty-four hours after the last LPS injection, 
the rats received three intramuscular injec- 
tions of 40 mg/kg of methylprednisolone sodi-
um succinate (Pfizer Pharmaceutical, China) on 
days 3, 4 and 5 at a 24 h time interval. Twenty-
four rats from the NS group only received nor-
mal saline. At 4 weeks, blood from the 24 rats 

Table 1. The primers for the micro-RNAs
Name Sequence RT-primer For primer
hsa-miR-16-5p (internal control) UAGCAGCACGUAAAUAUUGGCG GTCGTATCCAGTGCAGGGTCCGAGG-

TATTCGCACTGGATACGACTTGGCG
AGGGCCCTGTTCTCCATTACT

hsa-miR-29c-3p UAGCACCAUUUGAAAUCGGUUA GTCGTATCCAGTGCACGCTCCGAGG-
TATTCGCACTGGATACGACTAACCG

TCGCGCTAGCACCATTT

hsa-miR-423-5p UGAGGGGCAGAGAGCGAGACUUU GTCGTATCCAGTGCACGCTCCGAGG-
TATTCGCACTGGATACGACAAAGTCTC

TCGCGCTGAGGGGCAGA

hsa-miR-6787-5p UGGCGGGGGUAGAGCUGGCUGC GTCGTATCCAGTGCACGCTCCGAGG-
TATTCGCACTGGATACGACGCAGCCAG

TCGCGCTGGCGGGGGTA

hsa-miR-21 UAGCUUAUCAGACUGAUGUUGA GTCGTATCCAGTGCACGCTCCGAGG-
TATTCGCACTGGATACGACTCAACATC

TCGCGCTAGCTTATCAG

hsa-miR-130a CAGUGCAAUGUUAAAAGGGCAU GTCGTATCCAGTGCACGCTCCGAGG-
TATTCGCACTGGATACGACATGCCCTT

TCGCGCCAGTGCAATGT

hsa-miR-10a UACCCUGUAGAUCCGAAUUUGUG GTCGTATCCAGTGCACGCTCCGAGG-
TATTCGCACTGGATACGACCACAAATT

TCGCGCTACCCTGTAGA

hsa-miR-99a AACCCGUAGAUCCGAUCUUGUG GTCGTATCCAGTGCACGCTCCGAGG-
TATTCGCACTGGATACGACCACAAGAT

TCGCGCAACCCGTAGAT



miR-10a-5p, miR-99a-5p and miR-21-5p are steroid-responsive circulating microRNA

1492	 Am J Transl Res 2018;10(5):1490-1497

in NS group (control group) and the 47 rats in 
LPS/MPS group was collected, and the animals 
were sacrificed. The femoral heads were har-
vested for micro-CT and histological examina-
tion. The animal use and care protocols were 
reviewed and approved by the Committee for 
Animal Experiments of the Peking Union Me- 
dical College Hospital. The rats were sacrificed 
by CO2 asphyxiation. 

Micro-CT scanning 

The specimens were scanned by skyscan 1076 
in vivo X-ray microtomograph (SKYSCAN Micro-
CT 1076) at a voltage of 70 kV and a current of 

139 μA. An entire scan length of 20 mm and a 
spatial resolution of 18 μm were used for ani-
mal experimental studies and reconstructed 
using NRecon. An area 1 mm below the center 
of the epiphyseal line with a total of 50 slices 
was chosen as the region of interest (ROI) for 
analysis and comparison of trabecula parame-
ters. The bone volume/total volume (BV/TV) in 
the ROI was computed by the workstation.

Pathological examination

The femur specimens were fixed in a 10% buff-
ered neutral formalin solution for 72 h and fol-
lowed by decalcification with 10% ethylenedi-

Figure 1. The expression of miR-10a-5p, miR-99a-5p, miR-423-5p, miR-21-5p, miR-6787-5p and miR-130a-3p in 
the 23 human blood plasma samples (9 healthy controls, 7 non-ONFH SLE controls, and 7 ONFH) was determined 
by using qRT-PCR. U6 was used as the internal control. *P<0.05, **P<0.01 and ***P<0.001.
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aminetetraacetic acid (EDTA)-0.1 M of phos- 
phate buffer (pH 7.4). Then, the tissues were 
dehydrated in graded ethanol, embedded in 
paraffin, cut into 4-μm thick sections in the 
coronal plane, and processed for routine he- 
matoxylin and eosin staining for the evalua- 
tion of osteonecrosis. All sections were blindly 
and independently assessed by two examiners 
using a microscope (Leica, Wetzlar, Germany). 
The diagnosis of osteonecrosis was establi- 
shed based on the presence of empty lacunae 
or pyknotic nuclei of osteocytes in the bone  
trabeculae, accompanied by surrounding bone 
marrow cell necrosis [7]. If the diagnosis dif-
fered between the two examiners, a consensus 
was reached by a third person.

RNA extraction and quantitative RT-PCR

Total RNA was extracted from plasma using a 
Total RNA Kit (OMEGA, Norocross, GA, USA), 
according to the manufacturer’s instructions. 
cDNA was synthesized using a High-Capacity 
cDNA Reverse Transcription Kits (cat.no.436- 
8814). Quantitative reverse transcription (qRT)-
PCR was carried out using EvaGreen with an 
ABI 7500 thermal cycler. The sequences of 
primers for the selected miRNAs are shown  
in Table 1. miRNA levels were normalized to 
GAPDH. All the experiments were performed in 
triplicate.

Statistical analysis

Data are presented as the mean ± standard 
deviation (SD). One-way ANOVA and pairwise 
comparison among groups was performed 

the 23 human blood plasma samples (9 hea- 
lthy controls, 7 non-ONFH SLE controls, and 7 
ONFH) using qRT-PCR. The results showed that 
the levels of miR-10a-5p (Figure 1A), miR-99a-
5p (Figure 1B) and miR-423-5p (Figure 1D) 
were all increased in both the steroid-treated 
ONFH group and non-ONFH SLE control group 
when compared to the healthy controls. How- 
ever, the levels of miR-423-5p (Figure 1C), miR-
6787-5p (Figure 1E) and miR-130a-3p (Figure 
1F) were not significantly different among the 
three groups. 

Steroid-induced ONFH was established in rats

The histopathological appearance of the femo-
ral heads of SD rats in both the NS and LPS/
MPS groups was assessed by routine hematox-
ylin-eosin staining. Nineteen out of 47 (40.4%) 
rats in the LPS/MPS group developed ONFH, 
which presented empty bone lacuna or pyknot-
ic nuclei of osteocytes in the bone trabeculae, 
accompanied by bone marrow necrosis. None 
of the mice in the NS control group demonstrat-
ed these features (Figure 4). The histological 
diagnosis was confirmed with micro-CT scan-
ning, which was performed on the animals prior 
to sacrifice. The 3D reconstruction showed that 
mice with histologically confirmed ONFH ex- 
hibited collapsed femoral heads and lost the 
shape of the smooth hemisphere when com-
pared with the NS control group (Figure 2). The 
horizontal and coronal sections of micro-CT 
from the ONFH group also showed broken tra-
becula and cystic degeneration when com-
pared with the NS control group (Figure 3). 

Figure 2. 3D micro-CT reconstruction. A, C-E: ONFH group; B, F-H: non-ONFH 
group. The 3D reconstruction showed that mice with histologically confirmed 
ONFH exhibited collapsed femoral heads and lost the shape of the smooth 
hemisphere when compared with the NS control group.

using multiple comparisons 
tests with GraphPad Prism 
6.02 (USA, GraphPad Soft- 
ware). Differences with P< 
0.05 were considered signi- 
ficant.

Results

Serum levels of miR-10a-5p, 
miR-99a-5p and miR-21-5p 
were increased in steroid-
treated SLE patients with or 
without ONFH

The levels of miR-10a-5p, miR-
99a-5p, miR-423-5p, miR-21-
5p, miR-6787-5p and miR-
130a-3p were measured in 
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Quantitative analysis show- 
ed that BV/TV of the ONFH 
group (Mean ± SD: 33.64± 
1.223%) was significantly low- 
er than that of the non-ONFH 
group (Mean ± SD: 41.404± 
1.580%) and the NS control 
group (Mean ± SD: 51.23± 
2.162%) (ONFH vs non-ONFH: 
P=0.0002; ONFH vs NS con-
trol: P<0.0001). 

Serum levels of miR-10a-5p, 
miR-99a-5p and miR-21-5p 
were increased, while miR-
6787-5p was decreased in 
LPS/MPS-treated rats regard-
less of ONFH development

Similar to the human study, 
the serum levels of miR-10a-
5p, miR-99a-5p, miR-423-5p, 
miR-21-5p, miR-6787-5p and 
miR-130a-3p were determin- 
ed by qRT-PCR in the 71 rat 
blood plasma samples (19 
LPS/MPS-treated rats with 
ONFH, 28 LPS/MPS-treated 
rats without ONFH and 24 NS 
controls). Consistent with the 
levels of abundance of miR-
NAs in the human serum, the 
levels of miR-10a-5p (Figure 
5A), miR-99a-5p (Figure 5B) 
and miR-423-5p (Figure 5D) 
were increased in the LPS/
MPS-treated rats regardless 

Figure 3. The horizontal and coronal section of micro-CT. A-C: ONFH group: Obvious necrosis and cyst degenera-
tion; D-F: Control group. The horizontal and coronal sections of micro-CT from the ONFH group also showed broken 
trabecula and cystic degeneration when compared with the NS control group.

Figure 4. (5.1.5×; 5.2.10×; 5.3.20× (LEICA DM3000)) The histopathologi-
cal appearance of the femoral head, processed for routine hematoxylin and 
stained by eosin, in the ONFH group, which showed trabecular bone fracture 
and structure disorder, increased trabecular spacing, significantly increased 
empty bone lacuna, bleeding point of bone marrow necrosis and hyperplasia 
of fibrous structure. While the normal group and non-ONFH group showed 
better arranged and more condensed trabeculae compared with the ONFH 
group. By HE stained histological examination, the incidence of osteonecro-
sis was 40.4% (19/47).
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of ONFH development when compared to the 
NS control group. Moreover, the levels of miR-
6787-5p were found to be reduced in the in the 
LPS/MPS-treated rats (Figure 5E). However, 
the circulating levels of miR-423-5p (Figure 5C) 
and miR-130a-3p (Figure 5F) were not signifi-
cantly different among the three groups.

Discussion

Several studies [8-20] on the association be- 
tween steroid-induced ONFH and miRNA dereg-

ulation have been published, but none have 
focused on circulating miRNAs. As it is clinically 
infeasible to perform biopsies for diagnosing 
steroid-induced ONFH, biomarkers for early 
diagnosis are urgently needed. With this back-
ground, we conducted a pilot study for screen-
ing circulating microRNAs associated with ste-
roid-induced ONFH [6]. This current endeavor 
sought to confirm the associations using ani-
mal models and a larger cohort of patients with 
steroid-induced ONFH. After analyzing the rela-
tive abundance of miRNA levels in combination 

Figure 5. The expression of miR-10a-5p, miR-99a-5p, miR-423-5p, miR-21-5p, miR-6787-5p and miR-130a-3p in 
the 71 rat blood plasma samples (19 LPS/MPS-treated rats with ONFH, 28 LPS/MPS-treated rats without ONFH 
and 24 NS controls) was determined using qRT-PCR. U6 was used the internal control. *P<0.05, **P<0.01 and 
***P<0.001.
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with the results of a previous high-throughput 
sequencing study [16], six miRNAs with rela-
tively high specificity and sensitivity were cho-
sen for further validation by qRT-PCR. Notably, 
3 miRNAs (miR-10a-5p, miR-423-5p, and miR-
99a-5p) were selected from our previous study 
[6], in which 27 differentially abundant (15 in- 
creased and 12 reduced) miRNAs from ONFH 
serum were identified when compared with the 
SLE and healthy controls. Unfortunately, none 
of the 6 tested miRNAs showed specificity to 
steroid-induced ONFH.

In this study, we demonstrated that the serum 
levels of miR-10a-5p, miR-99a-5p and miR-21-
5p were increased in steroid-exposed SLE 
patients and MPS-treated rats regardless of 
ONFH development, suggesting that these 3 
miRNAs are steroid-responsive. In this connec-
tion, aberrant down-regulation of miR-10a-5p in 
synoviocytes has been shown to contribute  
to TBX5-controlled joint inflammation [21].  
miR-10a could also alleviate vascular inflam-
mation by down-regulating the pro-inflammato-
ry GATA6/VCAM-1 signaling in endothelial cells 
[22]. miR-99a has also been shown to inhibit 
the LPS-induced vascular inflammation via inhi-
bition of the mTOR/NF-κB signal [23]. Increased 
expression of miR-99a could also reduce the 
activity of STAT3 [24], which is a key mediator  
of pro-inflammatory signaling [25]. Moreover, 
the anti-inflammatory effects of miR-21 in the 
macrophage response to peritonitis has been 
demonstrated [26]. Our findings, together with 
the reported anti-inflammatory functions of 
miR-10a-5p, miR-99a-5p and miR-21-5p, sug-
gested that these 3 miRNAs might be respon-
sible for, at least in part, the systemic anti-
inflammatory effect of corticosteroid. Never- 
theless, further studies assessing the anti-
inflammatory effects of corticosteroids in spe-
cific miRNA-knockout mice would be required 
to test this postulation.

To conclude, we have demonstrated that the 
circulating levels of miR-10a-5p, miR-99a-5p 
and miR-21-5p were all increased in both ste-
roid-treated SLE patients and LPS/MPS-treated 
rats regardless of ONFH development. These 
miRNAs might serve as biomarkers of steroid 
exposure. However, their functional roles in the 
anti-inflammatory actions of cortico steroids 
remain unclear. Our data also suggest that 
other miRNAs should be sought for the specific 
diagnosis of steroid-induced ONFH.
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