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Abstract: Collagen is essential for bone adhesion and formation. In the present study, proteomic analysis suggested 
that collagen type V a2 (COL5A2) was significantly decreased in the necrotic area of patients with steroid-induced 
necrosis of the femoral head (ONFH). In vitro, the effects of methylprednisolone (MP) on the proliferation and differ-
entiation of human bone marrow-derived mesenchymal stem cells (hBMSCs) were investigated. The expression of 
the osteogenic-related proteins, Runx2, alkaline phosphatase (ALP), osteocalcin (OC) and COL5A2 was significantly 
downregulated post-MP treatment. In vivo analyses revealed that post-MP treatment, rats showed typical signs 
of ONFH by micro-CT scanning and hematoxylin and eosin (H&E) staining. Immunohistochemical staining demon-
strated that the expression of COL5A2 and vascular endothelial growth factor (VEGF) was significantly decreased 
post-MP treatment. In conclusion, the expression COL5A2 was lower in patients with steroid-induced ONFH, hence 
COL5A2 may be a promising therapeutic target for steroid induced ONFH treatment.
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Introduction

In patients with osteonecrosis of the femoral 
head (ONFH) or avascular necrosis (AVN), the 
vascular supply in trabecular bone of the femo-
ral head was limited, which could lead to osteo-
cyte death, and ultimately articular surface col-
lapse [1]. In the United States, the annual 
prevalence of ONFH in the year of 1995 is 
about 10,000 to 20,000 cases, whereas, the 
number has certainly augmented [1, 2]. As 
known, ONFH mainly affects patients aged 
between 30 to 50 years and severely affects 
their quality of lives [3] and steroid and alcohol 
abuse are well-known causes for non-traumatic 
ONFH [4, 5]. Previous studies suggested that 
osteonecrosis and bone regeneration disrup-
tion caused by mesenchymal stem cells (MSCs) 
imbalanced differentiation contributed to the 
pathogenesis of non-traumatic ONFH [3, 6, 7]. 
Nevertheless, the underlying mechanism is  
not fully understood.

Bone is a dense, specialized form of connective 
tissue, which, along with cartilage, makes up 
the skeletal system [8]. Collagen plays essen-

tial roles in bone adhesion and bone forma- 
tion. A recent study suggested that targeting 
collagen type IV alpha 1 (COL4A1) promoted 
osteoblastic cells survival and extracellular 
matrix (ECM) formation [9]. Platelet rich plas- 
ma (PRP) and collagen sheet combination im- 
proved the reparable capacity post drilling of 
necrotic segment in patients with ONFH [10]. It 
suggested that COL2A1 mutation is involved in 
idiopathic ONFH, and its mutation is controver-
sial in ONFH [11, 12]. Nano-hydroxyapatite col-
lagen (nHAC) bone increased osteogenesis in 
rabbits [13]. These studies suggest that colla-
gens are of vital importance in ONFH. However, 
their expression profile in ONFH remains un- 
explored. 

Hanash et al proposed that proteomics analysis 
has the potential to identify proteins that played 
essential roles in clinical diagnosis and moni-
toring [14]. By using proteomic analysis, Tan et 
al identified four proteins which were specific 
highly expressed in patients with ONFH than 
those with rheumatoid arthritis, osteoarthritis, 
or fractures [15]. Moreover, by using this tech-
nique, Zhang at al demonstrated that chondroi-
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Table 2. The design of dimethyl labeling
127C 128N 128C 129N 129C 130N 130C 131
1A 1B 2A 2B 3A 3B 4A 4B
A: The normal area bone tissue, B: The necrotic area bone 
tissue. 1-4: Patient number.

tin sulfate proteoglycans, cation transporta-
tion, and mobilization synthesis are involved in 
the pathogenesis of ONFH [16]. Therefore, the 
present study identified the expression profiles 
of collagens in patients with glucocorticoid-
induced ONFH by using this technique. 

Methods

Participants 

A total of four steroid-induced ONFH patients 
(two females and two males, age: 49.75±10.01 
years) who underwent total hip replacement 
surgery were included from April 2014 to 
February 2015 in the Department of Ortho- 
pedics, Sixth People’s Hospital Affiliated to 
Shanghai Jiao Tong University, China (Table 1). 
All patients did not receive chemotherapy or 
radiotherapy before surgery. Informed written 
consent was obtained from each subject. The 
study protocol was approved by the Institutio- 
nal Review Board of Shanghai Sixth People’s 
Hospital affiliated Shanghai Jiao Tong Univer- 
sity school of medicine. The present study was 
in accordance with the Helsinki Declaration 
[17]. 

Proteomic analysis 

The procedure of proteomic evaluation was 
conducted according to previous study [18].  
In brief, a volume of 1 cm3 of the anterior femo-
ral heads in the necrotic area and adjacent nor-
mal area were grinded, lysed and the superna-
tant was precipitated by acetone for digestion. 
The precipitated protein was digested to pep-
tides by trypsin and dried by lyophilization. 
Afterwards, the peptides were labeled with 

Tandem mass tag (TMT), then the TMT labeled 
peptides was dried by evaporation and desalt-
ed onto an Empore C18 47-mm Disk (3 M,  
USA). Peptides were separated using 3 µM  
C18 ReproSil particles (Dr. Maisch, GmbH, 
Germany) and introduced into mass spectrom-
etry (Agilent, USA). A linear gradient from 4%  
to 30% buffer B (buffer A, 0.1% formic acid in 
ddH2O; buffer B, 0.1% formic acid in acetoni-
trile) was used for peptide separation. The res-
olution for MS (mass spectra) was 60,000. Raw 
data were processed using the MaxQuant soft-
ware (USA) and peak lists were searched 
against the UniProt database (http://www.uni-
prot.org/). The labeling sequences are listed in 
Table 2.

Human bone marrow-derived mesenchymal 
stem cells (hBMSCs) culture 

Bone marrow samples were obtained from 
patients who undergone hip arthroplasty, and 
hBMSCs were isolated as previous described 
[20, 21]. hBMSCs were cultured at a density  
of 5.0×105 cells/flask in α-modified minimum 
essential medium (α-MEM; Sigma-Aldrich, St. 
Louis, MO, USA) containing 10% fetal bovine 
serum (FBS; Gibco, Carlsbad, CA, USA) and 1% 
penicillin-streptomycin (Gibco, USA) at 37°C in 
a humidified atmosphere containing 5% CO2. 
Forty-eight hours later, the medium was 
changed to remove non-adherent cells. hBM-
SCs were passaged at ~80% confluence and 
cells at the three to six passages were used for 
further experiments. The study protocol was 
approved by the Institutional Review Board of 
Shanghai Sixth People’s Hospital. Informed 
written consent was obtained from each pa- 
tient, and the experimental procedures were 
approved by the Institutional Review Board of 
Shanghai Jiao Tong University Affiliated Sixth 
People’s Hospital (Shanghai, China). 

Flow cytometry

The characteristic of hBMSCs was assessed by 
flow cytometry. In brief, a number of 5×105 
hBMSCs were incubated and stained with mo- 
use anti-human CD44-fluorescein isothiocya-
nate (FITC), CD29-FITC, CD34-FITC, CD90-FITC, 
and HLA-DR-FITC antibodies (all from eBiosci-
ence, USA, 1:200) in dark at room temperature 
for 20 min. Then, flow cytometry was performed 
using the FACSCalibur flow cytometer (Becton 
Dickinson, USA). FlowJo 7.6.5 software (Tree 

Table 1. Characteristics of patients
Variables Corticosteroids group
Patients/hips (n) 4/4
Age (years) 49.75±10.01
Male/female (patients) 2/2
Right/left (hips) 3/1
Ficat-Arlet stage Stage III
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Star Inc., Ashland, OR, USA) was used for 
analysis.

Cell proliferation analysis 

Approximately 5×103/well hBMSCs were plat- 
ed in 96-well plates, and cells were divided to 
control and methylprednisolone (MP) groups. 
After treatment with 10-6 M MP, 10-5 M MP  
and 10-4 M MP for 72 h, cell proliferation was 
conducted by cell counting kit-8 (CCK-8; Be- 
yotime, Nantong, China) according to manufac-
turer’s instructions. The absorbance value was 
measured using a microplate reader (Bio-Rad, 
Hercules, CA, USA) at 450 nm.

Osteogenic differentiation in vitro 

A number of 2×105/well hBMSCs were seeded 
in 24-well plates. When reaching at 70-80% 

alized under a light microscope (Olympus, 
Japan) with five random sections.

Real‑time quantitative polymerase chain reac-
tion (RT-PCR)

After treatment, total RNA was extracted from 
using TRIzol reagent (Invitrogen, USA). Reverse 
transcription was performed to obtain cDNA 
using the High-Capacity Reverse Transcription 
kit (Invitrogen, USA). Then the expression of 
COL5A2, Runx2, Osteocalcin (OC) and ALP at 
the mRNA level was measured by RT-PCR. The 
procedures for RT-PCR were: 95°C for 30 s; 34 
cycles at 95°C for 10 s and at 58°C for 30 s; 
and 72°C for 10 min. The expression of mRNAs 
was calculated by the 2-ΔΔCt method, and β-actin 
was used as the reference gene. The primers 
are listed in Table 3. The experiments were  
performed in triplicate.

Table 3. The primers used for RT-PCR
Genes Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’)
COL5A2 CCGGGTCTAGCTGGTGAAAG TCTCCTCTAGGTCCTAACGGG
Runx2 CCGAGACCAACCGAGTCATTTA AAGAGGCTGTTTGACGCCAT
OC TCAACAATGGACTTGGAGCCC AGCTCGTCACAATTGGGGTT
ALP CAAGGATGCTGGGAAGTCCG CTCTGGGCGCATCTCATTGT
β-actin GTCATCCATGGCGAACTGGT CGTCATCCATGGCGAACTGG

confluence, culture medium 
was replaced with osteogenic 
differentiation medium which 
contains 10-2 M β-sodium gl- 
ycerophosphate, 50 μg/ml L- 
ascorbic acid and 10-7 M 
dexamethasone.

Alkaline phosphatase (ALP) 
staining 

ALP staining was performed 
on days 3 and 6 after the ini-
tiation of the differentiation 
cultures using the ALP stain-
ing kit (Blood Institute, Chi- 
nese Academy of Medical Sci- 
ences) according to manufac-
turer’s instructions. 

Alizarin red staining

Alizarin Red staining was per-
formed to detect matrix miner-
alization deposition. Alizarin 
Red staining was performed 
on days 7 and 14 post osteo-
genic differentiation. In brief, 
hBMSCs were fixed by 95% 
ethanol for 10 min, and st- 
ained using Alizarin Red solu-
tion (1 g Tris and 0.1 g Alizarin 
Red, Sigma-Aldrich) in 100 ml 
ultrapure water (pH to 8.3 
with HCl) at 37°C for 30 min. 
Then, the hBMSCs were visu-

Figure 1. The heatmap of proteomic analysis. A stands for the adjacent nor-
mal tissue; B stands for the necrotic bone tissues. 1-4 means the patient 
number.
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Table 4. The results of proteomic analysis
Protein IDs Protein names P-value
Q0D2M2 HIST1H2BC protein 0.641317
A0A0A0MS07 Ig gamma-1 chain C region (Fragment) 0.129329
A0A0G2JN06 Ig gamma-2 chain C region (Fragment) 0.108559
P02452 Collagen alpha-1 (I) chain 0.536247
P02458 Collagen alpha-1 (II) chain 0.162995
D3DPH5 Collagen, type V, alpha 2, isoform CRA b 0.036977*
A0A087WTA8 Collagen alpha-2 (I) chain 0.527214
Q59EE7 Pro-alpha-1 type V collagen variant (Fragment) 0.433474
B4DDN7 cDNA FLJ59839, highly similar to Homo sapiens biglycan (BGN), mRNA 0.182833
B3KUD3 cDNA FLJ39583 fis, clone SKMUS2004897, highly similar to ACTIN, ALPHA SKELETAL MUSCLE 0.485418
D9YZU5 Beta-globin 0.749597
A0A087WVE7 Scavenger receptor class F member 2 0.605093
D3DTX7 Collagen, type I, alpha 1, isoform CRA a 0.324097
H3BQK0 ATP-dependent RNA helicase DDX19B 0.180898
Compared between the necrosis bone and normal bone, *P<0.05.

Animals

Thirty twelve-week-old male specific-pathogen-
free Sprague-Dawley rats, weighing 300-450 g, 
were obtained from Silaike (Shanghai, China). 

The rats were randomized into control and MP 
groups. The rats in the MP group were intra-
muscular injected with methylprednisolone (30 
mg/kg/day) for three weeks. Whereas, the rats 
in the control group were injected with normal 

Figure 2. MP inhibited the proliferation of hBMSCs. A. The expression of surface markers (CD29, CD34, CD44, 
CD90 and HLA-DR) of hBMSCs and measured by flow cytometry. B. The cell viability of hBMSCs was detected by 
CCK-8. MP, methylprednisolone; hBMSC, human bone marrow-derived mesenchymal stem cells. The experiments 
were performed in triplicate. *P<0.05.
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saline. The experiment procedure was approv- 
ed by the Research Ethics Committee of the 
Shanghai Sixth People’s Hospital-affiliated 
Shanghai Jiao Tong University, and perform- 
ed in accordance with the Care and Use of 
Laboratory Animals protocols.

Histological analysis 

After the rats were sacrificed, the femoral 
heads were harvested, decalcificated, embed-
ded in paraffin and sectioned at a thickness  
of 5 µm in the coronal plane. Trabecular struc-
ture was evaluated by hematoxylin and eosin 
(HE) staining. The expression levels of OCN, 
Runx2, and CD31 were detected by immuno- 
histochemistry. In brief, paraffin sections were 

dewaxed and boiled in 10 mM citrate buffer (pH 
6.0) for 10 min. Endogenous peroxidase activi-
ty was blocked by hydrogen peroxide, and the 
non-specific-binding sites were blocked with 
normal goat serum for 1 h. Then, antibodies 
against COL5A2 (Gene Tex, United States, 
1:100) and VEGF (Boshide, Wuhan, China, 
1:100) were incubated overnight at 4°C. The 
bound antibodies were detected by the biotin-
linked secondary antibodies and DAB chromo-
gen-conjuncted streptavidin-conjugated HRP 
enzymes (Beyotime, China). Finally, the color 
was developed by 3-3’-diaminobenzidine, coun-
terstained with hematoxylin, and the slides 
were observed under a laser confocal scanning 
microscope (Olympus). The integrated option 
density (IOD) of the target protein and the total 

Figure 3. The expression of osteogenic related genes was decreased post-MP treatment. The expression of COL5A2 
(A), Runx2 (B), OC (C), and ALP (D) at the mRNA level was measured by RT-PCR after 1, 3, and 7 days of incubation 
in the osteogenic medium of MP treated hBMSCs. Representative images of Alizarin red staining (E, G) and ALP 
staining (F, H) of MP treated hBMSCs. The experiments were performed in triplicate. *P< 0.05.
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area of trabecular bones were measured  
using the software Image-Pro Plus (MEDIA 
CYBERNETICS, USA), and the mean density 
(IOD/area) was calculated.

Micro-CT scanning 

The morphologic changes of femoral heads 
were measured by micro-CT scanning as previ-
ously described [20]. Briefly, the femoral head 
was scanned using a micro-CT scanner (Brooke, 
Germany) at a volex of 9 µm, and 2-D images 
were analyzed by CTAn software. The bone min-
eral density (BMD), bone volume per tissue vol-
ume (BV/TV), trabecular thickness (Tb.Th), and 
trabecular number (Tb.N) pertaining to trabecu-
lar bone parameters were quantified.

Angiography 

After treatment, cardia was perfused with hep-
arinized saline, and Microfil (Flow Tech, Inc., 
Inc., Carver, MA, USA) was injected through the 
abdominal aorta, after which, the rats were 
placed on the bed to ensure contrast agent 
polymerization at 4°C for 1 h. Femoral heads 
were fixed and decalcified. Afterwards, the 
samples were measured by micro-CT, and the 
femoral head vessels were reconstructed using 
CTVol software. 

Statistical analysis 

All the data are expressed as the mean ± stan-
dard deviation (SD). The Mann-Whitney U-test 
was used for comparisons between the two 
groups. One-way analysis of variance (ANOVA) 
or the Kruskal-Wallis test was applied for mul-
tiple comparisons between independent gr- 
oups. Pairwise multiple comparisons were per-
formed using the Tukey-Kramer or Scheffé post 
hoc test. Data analyses were performed using 
PASW Statistics 21 (SPSS, Chicago, IL, USA). A 
two-tail p value less than 0.05 was considered 
statistical significant.

Results

The expression of COL5A2 is decreased in the 
necrotic area of patients with steroid-induced 
ONFH 

Protein was extracted from the necrotic area 
and their adjacent normal bone tissue in pa- 
tients with steroid-induced ONFH. Proteomic 
chip was used to detect potential differentially 
expressed collagens. As depicted in Figure 1 
and Table 4, the content of COL5A2 in the 
necrotic area was significantly lowered than 
that in the normal tissues (P<0.05). These 
results suggest that COL5A2 was downregulat-

Figure 4. The morphogenic changes showed typical ONFH signs post-MP treatment. (A) HE staining of the coronal 
sections of representative femoral heads. The arrow indicates the empty bone lacuna. (B) Two-dimensional images 
of the coronal section of the femoral heads post-micro-CT scanning. Morphometric analysis showing callus parame-
ters of the upper outer subchondral bone of the femoral heads, BV/TV (C), BMD (D), Tb.N (E) and Tb.Th (F). *P<0.05.
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Figure 5. The number of blood vessels was decreased post-MP treatment. 
(A) Representative images of 3D microangiography of femoral heads were 
evaluated by micro-CT scanning. (B) Representative images of immunohis-
tochemical staining of VEGF in the femoral heads, arrows indicate VEGF 
expression. Quantification of total volume of blood vessels (C) in the femoral 
heads and mean density of VEGF (D) in the femoral head slices of each 
group. *P<0.05.

ed in the development of steroid-induced 
ONFH.

MP inhibits hBMSCs proliferation, osteogenic 
differentiation and decreases COL5A2 expres-
sion in vitro

As shown in Figure 2A, the isolated cells 
showed typical characteristics of hBMSCs 
which showed high expression of CD44, CD90, 
and CD29 and low expression of CD39 and 
HLA-DR. The impact of MP in hBMSCs prolifera-
tion was assessed. Post incubation with MP for 
72 h, the proliferation assay revealed that MP 
inhibited hBMSCs proliferation in a dose de- 

pendent manner (Figure 2B). 
Moreover, the expression of 
osteogenic related gens was 
measured by real-time PCR. As 
expected, the expression of 
Runx2, OC, ALP, and COL5A2 
was significantly downregulat-
ed post-MP incubation after os- 
teogenic differentiation at day 
3 and 7 (all P<0.05, Figure 
3A-D). Alizarin red staining sh- 
owed that MP decreased the 
number of calcium nodules 
compared with control group 
post-osteogenic differentiation 
at the day 7 and 14 (Figure 3E, 
3G). Similar results were ob- 
tained from ALP staining, in 
which the dark-blue NBT-for- 
mazan decreased with incre- 
asing MP concentration post 
osteogenic differentiation at 
day 3 and 6 (Figure 3F, 3H).

The expression of COL5A2 was 
decreased during the process 
of MP induced ONFH in rats

Six weeks following the first 
injection of MP, hematoxylin 
and eosin (HE) staining was 
used to determine the trabe- 
cular changes in the subchon-
dral area of the femoral heads, 
which showed typical signs of 
ONFH (Figure 4A). In consis-
tent to the HE staining, micro-
CT scan showed a large am- 
ount of bone loss compared to 
the control group (Figure 4B). 

Moreover, there was a significant reduction of 
bone volume per tissue volume (BV/TV), tra-
becular thickness (Tb.Th), and trabecular num-
ber (Tb.N) in MP group compare with control 
group (all P<0.05, Figure 4C, 4E, 4F). A signifi-
cant decrease of bone mass was observed in 
the bone mineral density (BMD) in the MP 
group compared with the control group (P< 
0.05; Figure 4D). The reconstructed 3D micro-
CT images revealed that the blood vessels in 
the femoral head in the MP group was signifi-
cantly decreased compared with control group 
(P<0.05, Figure 5A, 5C). Furthermore, the 
expression of VEGF, a typical indicator for vas-
cularization, was detected by immunohisto-
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chemistry staining. In agreement with micro- 
CT scanning, the expression of VEGF was sig-
nificantly lowered in the MP group in contrast 
with the control group (Figure 5B, 5D). Next, we 
detected the expression of COL5A2 by immu-
nohistochemistry. The results showed that few 
positive staining signals were found in the 
osteonecrotic area and less positive staining 
signals were detected in the surviving trabecu-
lae in the MP group compared to the control 
group (P<0.05, Figure 6A, 6B).

Discussion

The profile of collagens in ONFH has not been 
elucidated, in the present study, proteomic 
analysis revealed that the expression COL5A2 
was significantly decreased, indicating COL5A2 
may be therapeutic target for the treatment of 
ONFH.

The balanced production and degradation of 
matrix proteins in extracellular matrix (ECM) is 
essential for the homeostasis of tissues [22, 
23]. Osteoblast interaction with the bone ECM 
plays an important role for osteoblasts anchor-
age, proliferation, differentiation, and function 
[24, 25]. Bone cell cultures have the capacity to 
produce a wide range of matrix proteins, includ-
ing collagen types I, III, IV, V, and fibronectin 
[26]. COL5 is synthesized and deposited in the 
ECM, where it crosslinked with COL1, 3 and 
COL6, to form the collagenous tissue scaffold 

[27]. Dun’s et al revealed that COL5A2 in the 
ECM played critical roles in regulating cell 
spreading and actin skeleton formation in the 
early stage of osteoblast differentiation [28]. 
Abnormal remodeling of the extracellular mat- 
rix may produce pathological changes. In the 
present study, proteomic analysis demonstrat-
ed that COL5A2 was significantly lowered in 
ONFH patients, and its downregulation was 
confirmed both in vitro and in vivo. These find-
ings indicated that imbalanced COL5A2 expres-
sion may contribute to the pathogenesis of 
ONFH.

Glucocorticoids have detrimental effects on 
osteoblasts, osteoclasts, and osteocytes [31]. 
These side effects are believed partly due to 
suppression of osteogenic differentiation of 
mesenchymal stem cells and apoptosis of 
osteoblasts and osteocytes [32]. At early stag-
es, ONFH is mainly characterized by the death 
of osteocytes, then the reparative reaction of 
necrotic bone is initiated. The imbalance be- 
tween osteoclast-mediated bone resorption 
and osteoblast-mediated bone reformation le- 
ads to structural damage and collapse of the 
femoral head [33]. As osteonecrosis is the rep-
resentative pathological change in ONFH, most 
studies of ONFH have focused on the mecha-
nism of damage to the bone and the bone mar-
row in the femoral head [34-36]. In the present 
study, the expression of osteogenic-associated 
genes, such as Runx2, and ALP were inhibited, 

Figure 6. The expression of COL5A2 was decreased post-MP. A. Representative images of immunohistochemical 
staining of COL5A2 in the coronal sections of femoral heads. B. Quantification of mean density of COL5A2. *P<0.05.
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which is consistent with previous studies [37, 
38]. 

Glucocorticoids decrease the vessel volume 
and blood supply of femoral heads. Recent 
study revealed that glucocorticoids can dire- 
ctly injure endothelial cells and decrease the 
expression of VEGF, which is an essential angio-
genic factor for angiogenesis in endothelial 
cells [39, 40]. Collagens serve as key compo-
nents for maintaining the structural integrity 
and for mediating thrombosis through interac-
tion with platelets in the blood vessel walls [41, 
42]. Fukuda et al found that COL5 inhibited the 
proliferation of human umbilical vein endothe-
lial cells, but it did not affect the proliferation  
of vascular smooth muscle cells [43]. COL5 
selectively inhibited human endothelial cell pro-
liferation and may promote cell detachment by 
the disassembly of F-actin filaments, and cells 
started to proliferate when re-cultured on CO- 
L1 [27]. However, a recent study revealed that 
COL5A2 plays essential roles in maintaining 
the aortic arch integrity [29]. Moreover, hetero-
zygous mutation in COL5a2 gene could lead  
to connective tissue hyperelasticity and joint 
instability [30]. This study showed that MP 
inhibited the expression of COL5A2, reduced 
the amount of bone tissue and lowered the 
expression of VEGF, one potential translational 
value of this finding is that COL5A2 deficiency 
may participate in the avascular and joint de- 
terioration progress of ONFH. Whereas, the 
underlying mechanism of how COL5A2 partici-
pates in the pathogenesis of ONFH, and wheth-
er enhancement of the expression of COL5A2 
could promote the healing process of necrotic 
tissue in ONFH are still unknown. Further stud-
ies using transgenic COL5A2 BMSCs are need-
ed to unveil the potential role of COL5A2 in 
ONFH. 

In conclusion, by applying proteomic analysis, 
this study demonstrated that the COL5A2 con-
tent in the steroid-induced osteonecrosis re- 
gion was significantly decreased compared to 
their adjacent normal areas. These findings 
suggested that steroid-induced reduction in 
COL5A2 may attribute to the progression of 
osteonecrosis, nevertheless more work is 
needed to unveil the role of COL5A2 in the 
pathogenesis of ONFH.
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