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Abstract: Avascular necrosis of femoral head (AVFH) is a clinically recalcitrant disease of hip that leads to joint 
destruction. Osteoprotegerin (OPG), receptor activator of nuclear factor kappa-B (RANK) and RANK ligand (RANKL) 
regulates the balance, maturation and function of osteoclast and bone remodeling. This study aims to investigate 
molecular pathways which leads to AVN by studying expression profile of OPG, RANK and RANKL genes. Quantitative 
Real Time-PCR is used to evaluate mRNA expression of OPG, RANK and RANKL. mRNA and protein level in normal 
and necrotic tissue from 42 samples of ANFH specimens were analyzed. OPG and RANKL protein levels are esti-
mated by western blotting. The results indicated that OPG mRNA levels are higher but not significantly different in 
necrotic tissue than that in normal tissue (P>0.05). Although expression of RANK and RANKL is significantly lower 
than that of OPG, RANK and RANKL mRNA levels are higher in necrotic tissue than normal tissue (P<0.05). Protein 
levels of OPG and RANKL show no significant difference. In conclusion, OPG, RANK and RANKL play important role 
in progress of bone remodeling in necrotic area and in disturbance of bone homeostasis, which might have an effect 
on bone destruction and subsequent collapse of hip joint.
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Introduction

Avascular necrosis of the femoral head (ANFH) 
is one of the relatively difficult diseases in 
department of orthopedics. Patients usually 
suffer exquisite pain and the collapse of the 
femoral head and the destruction of the hip 
joint occur because of the limitation of the 
effect of intervention therapy [1]. With the 
destruction of the bone and the organic compo-
nent of bone marrow, then ischemic damage 
occurs in subchondral bone. The illness will be 
aggravated by aking steroids, excessive drink-
ing, systemic lupus erythematosus, crescent 
cell anemia, suppression, tumor diseases or 
wounds and so on [2, 3]. In the early stage of 
necrotic tissue and adjacent tissues, with the 
transient activity of osteoblast, existing fibro-
vascular tissue hyperplasia and osteoclastic 
activity. But this plerosis function is quite limit-
ed, bone formation effect will be suppressed 
and osteoclast will continue to clean necrotic 

tissue. Finally, all of these will lead to the col-
lapse of subchondral bone and damage of artic-
ular surface [4-6]. The balance of osteoblast 
and physiological effect of osteoclast are con-
trolled by different molecular pathways which 
are all influencing the moulding of bone. If this 
balance is disturbed, then stability of local bone 
metabolism will be destroyed. Osteoprotegerin 
(OPG), receptor activator of nuclear factor kap-
pa-B (RANK) and RANK ligand (RANKL) are all 
related to osteogenesis and bone resorption. 
OPG is molecule in RANK-RANKL-OPG axis 
which was the first to be found. By competition 
and combination of OPG and RANK, RANKL will 
inhibit the formation of osteoclast. If RANKL 
combines with homologous receptor RANK that 
will activate osteoclast by signal cascade reac-
tion to promote bone absorption [7, 8]. Con- 
sidering the effect on bone remodeling and 
resorption of these three parts, many research-
es apply them to the therapy of osteoporosis, 
arthritis, vascular disease, tumor and catacla-
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sis [9-11]. In this study, the expression level of 
these three genes in 42 cases of avascular 
necrosis of the femoral head of clinical speci-
mens will be preliminary assessed. The rele-
vant effect of these three genes in bone remod-
eling will be explored by comparative analysis 
of normal tissue and necrotic tissue.  

Materials and methods

Patients

Samples are all chosen from 44 cases of pa- 
tients who are with ischemic necrosis of femo-
ral head and all the patients have received to- 
tal hip arthroplasty (THA). While 2 cases are 
excluded because the amount of protein sam-
ples are too low, so finally 42 cases are includ-
ed. According to the standard of bone circula-
tion research organization classification (AR- 
CO), the level of osteonecrosis of femoral head 
for all patients are regarded as level III-IV. This 
study is admitted by ethics committee of our 
hospital and all the relevant operations are 
informed consent by patients and their family 
members.

Samples

Cut the specimens of femoral head which are 
taken from the operation into two parts along 
the longitudinal axis. Extract same volume of 
bone tissue from necrotic tissue and normal 
tissue to do RNA and protein analysis. RNA and 
protein analysis of the same volume of bone 
tissue which are extracted from necrotic tissue 

RNA and protein based on the methods which 
are used in Baelde and other researches [1]. 
Put the fresh tissue specimens that are taken 
from femoral head into reagent Trizol and cut it 
along the longitudinal axis after one hour. To 
extract total RNA (nvitrogen, Life Technologies, 
UK) with Trizol and after that, purify RNA accord-
ing to the instruction of Extraction Kits (RNeasy 
Mini-kit, Qiagen, Germany). Then use 1% ethid-
ium bromide stained agarose gel electrophore-
sis to estimate the quantity of separated RNA. 
By ultraviolet spectroscopy, centrifuge and 
purified RNA and test the spectral absorption 
rate of dilution of RNA in 260 nm and 280 nm, 
when the ratio between 1.8-1.8, it indicate 
higher purity of RNA. At the beginning of the 
study, we followed the methods Tuli used in the 
research, extracted and cultured specimens of 
7 cases of femoral head necrosis in the tissue 
and normal tissue cells. Through the 85 l-2 kit 
(Sigma Aldrich, UK) staining it was found in the necro- 
tic tissue also have part of osteoblast cells 
survived.

Real-time PCR detects for OPG, RANKL and 
RANK 

In order to quantify the 3 kinds of gene tran-
scription, We use the real-time fluorescent PCR 
analysis (LC; Roche Diagnostics). Added 18 ul 
of water into reverse transcription reaction 
product, each reaction reagent samples con-
tain the same amount 2 ul of water. In each of 
the PCR reaction, we use the same cDNA to 
evaluate the expression of human porphobilin-

Figure 1. The images for the cross section of bone during the operation, the 
necrotic tissue and the normal tissue boundaries. (a) Necrotic bone tissue; 
(b) Collapse of subchondral; (c) Normal tissue.

and normal tissue. Take pho-
tos for cross section of bone 
during the operation, then the 
necrotic tissue and normal  
tissue boundaries (Figure 1) 
will be judged by 3 physicians 
who are participating in this 
study. Get necrotic tissue fr- 
om necrotic area in subchon-
dral bone (subchondral: 1-3 
mm), normal tissue are taken 
from the femoral head and 
neck, more than 1 cm away 
from the boundary. The tissue 
will be cleaned by normal 
saline twice and clean the 
marrow and residual blood 
components every 5 minutes. 
Then extract and analysis of 
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ogen deaminase (H-PBGD). Amplification mix-
ture contains 2 μl 10 × reactants, using 3 
mm/1 mm/1 mm magnesium chloride on OPG 
and RANKL and RANK respectively. The con-
centration of oligonucleotide primers is 0.5 μM, 
oligonucleotide probe concentration is 0.15 
μM, 2 μl cDNA template, the reagent amount is 
20 μl. Sample amplification of specific param-
eters is that initial degeneration stage under 
95°C for 10 min, to activate the FastStart Taq 
DNA polymerase, 95°C 5 s degeneration 45 
cycle. OPG, RANKL and RANK respectively at 
55°C/54°C/54°C annealing 10 s, and at 72°C 
Extending in 6 s. Temperature change rate is 
20°C/s.

With the reference to the same sample of inter-
nal stability in the expression of genes (such as 
housekeeping gene, h-PBGD) expression level 
of a quantitative analysis for each target gene 
transcription. On the basis of each gene and 
h-standard curve of PBGD gene cDNA of molec-
ular targets of copy number cycle threshold 
(Ct), the latter for the fluorescent signal exceeds 
the threshold cycle number as needed. The 
absolute value of each target cDNA molecules 
of BMP and the ratio h-PBGD target cDNA mol-
ecules as a result.

Using TIB Molbiol (Berlin, Germany) synthetic 
oligonucleotide primers and DNA hybridization 
probes, hybridization probes of the adjacent 
side of fluorescent tags. The first 5’ end of 
probe is marked by the acceptor fluorophore LC 
Red 640 and fluorescein isothiocyanate marks 
the second 3’ end of probe. The probe which is 
marked 5’ prevent the polymerase extension 
during the process of PCR3’-phosphorylation. 
The nucleotide sequence of primer and hybrid-
ization probe are as follows: OPG [primer (cod-
ing strand: 5’-gaagctggaaccccagag-3’, anti-
sense strand: 5’-gtgttgcatttcctttctgagtta-3’), 
probe: (5’-ccagatctaaccatgagccatccacc-FL/5’-
LC640-tcg ctttctctgctctgatgtgctgtg-PH)], RAN- 
KL [primer (coding strand: 5’-gcaaaaggaatta-
caaca tatcgtt-3’, antisense strand: 5’-acttta- 
tgggaaccagatggg-3’), probe: (5’-ccagatctaacc- 
atga gccatccacc-FL/5’-LC640-tcgctttctctgctct-
gatgtgctgtg-PH)], RANK [primer (coding strand: 
5’-agggaaagcactcacagctaat-3’, antisense stra- 
nd: 5’-acatgctccctgctgacc-3’), probe: (5’-agtgga
gataaggagtcctcaggtgacaFL/5’-LC640-ttgtgt-
cagtacacacacggcaaactt-PH)]. The genic PCR 
product of OPG, RANKL, RANK are 147 bp, 164 
bp and 132 bp respectively.

Western blotting

Forty-two cases of protein in necrotic tissue 
and normal tissue in the sample for western 
blotting analysis, organization by saline and 
fresh PBS mechanical cleaning twice at low 
temperature, using. net-Triton cracking liquid 
(Tris-Cl 0.01 M, 0.1 M NaCl, 1 mm pH 7.4 slight-
ly EDTA, Triton X-100, % 1% glycerol, 0.1% SDS, 
mixture of 0.5% sodium deoxycholic acid and 
protease inhibitors) for cracking. Electrophore- 
sis cracking for the aliquot of lysate, and in 
NuPAGE TrisAcetate gel (Invitrogen, Carlsbad, 
CA) on separation, later will be transferred to 
the PVDF membrane protein (BioRad), 5% of 
skim milk powder are closed. Using specific 
antibodies against RANKL and OPG [rat anti-
body RANKL monoclonal antibody (1:100, 
Santa Cruz), people antibody OPG monoclonal 
antibody (1:250 dilution, Abcam, UK)] on mem-
brane. Human F-actin monoclonal antibodies 
(Serotec, UK) as a marker protein quantitative 
protein band. Two fight for anti mouse IgG and 
fight people IgG horseradish peroxidase (HRP) 
(dilution 1:5000, Abcam, UK), after soaking the 
membrane in the ECL detection (Santa Cruz, 
USA), in the solution and exposed to XAR-5 film 
(Kodak, SIGMA, UK) radiation self developing, 
protein with the epson GT-8000 laser scanner. 
Calculate intensity ratio of the RANKL and OPG 
in relative to the strength of β-actin stripe.

Data analysis

By using SPSS 16.0 software (Systat Software 
Inc., San Jose, USA) to do data statistics and 
analysis and the data are all mean value, medi-
an, minimum and maximum. By using Wilcoxon 
rank tests to compare matched groups. If 
P<0.05, then the differences have statistical 
significance.

Results

Characteristics of patients

In the 42 cases of patients, 23 cases are 
female patients (13 cases are in non-meno-
pausal period, 10 cases are postmenopausal), 
19 cases are male patients, the average age is 
43±2.3 years old (20 years old to 70 years old). 
4 cases are in ARCO classification phase III, 38 
cases (90%) are in phase IV. 12 patients are 
smokers. About the reason for osteonecrosis of 
the femoral head: 15 patients have taken ste-
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roids before; one patient had kidney transplant; 
3 patients are with drepanocytic anaemia; 3 
patients are diagnosed as systemic lupus ery-
thematosus; 4 patients are addicted for alco-
hol; and other patients are found no correlated 
factors, so they are diagnosed as idiopathic 
avascular necrosis of the femoral head.

Alkaline phosphatase was enhanced in ne-
crotic tissues

The alkaline phosphatase was detected in nor-
mal tissue and necrotic tissue in Femoral speci-
mens. The cells were cultured for 3 weeks, and 
the alkaline phosphatase staining images were 

with 40 times magnification. The result indicat-
ed that the alkaline phosphatase staining in 
necrotic tissue (Figure 2A, 2B) were significant-
ly increased compared to the normal tissue 
(P<0.05, Figure 2C, 2D). 

Quantify the level detection for OPG, RANKL, 
RANK and mRNA

The test result of Q-RT-PCR shows that the ratio 
of OPG/h-PBGD in necrotic tissue (average 
value: 4.45, range: 0-41.9) is higher than which 
in normal tissue (average value: 3.53, range: 
0.033-31.7). There is no statistical significance 
in the differences (P>0.05). The expression lev-

Figure 2. Cell culture in normal tissue (A, B) and necrotic tissue (C, D) in Femoral specimens. The cell culture were 
with 3 weeks, and the images were with 40 times magnification. Arrows indicate the alkaline phosphatase staining 
of osteoblasts.
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els of RANKL and RANK are almost same which 
are all obviously lower than the expression of 
OPG gene. The ratio of RANKL/h-PBGD in 
necrotic tissue and normal tissue are 0.77 
(range: 0.015-26.2), 0.27 (range: 0-13.98) res- 
pectively, (P<0.05). The ratio of RANK mRNA/h-
PBGD mRNA in necrotic tissue and normal tis-
sue are 0.97 (range: 0-20.7), 0.83 (range: 0.01-
4.7) respectively (P<0.05) (Figure 3). The ratio 
of RANKL/OPG and RANK/OPG in normal tis-
sue (average value: 0.659, range: 0-9.32; aver-
age value: 0.478, range: 0.015-3.33 respec-
tively). The ratio of RANKL/OPG and RANK/
OPG in necrotic tissue (average value: 1.210, 
range: 0.004-14.83; average value: 0.619, 
range: 0.025-5.248 respectively). So there is 

20 years old and 35 years old, group 2: the 
patients are the age between 36 years old and 
50 years old, group 3: the patients are older 
than 50 years old. Compare each group with 
the expression of the corresponding sampling 
position, at the same time, we will compare the 
relative expression level of necrotic tissue and 
normal tissue for premenopausal and post-
menopausal female patients because female 
patients are in different periods of menstrua-
tion. There is no significant correlation between 
patients’ age and gender (P>0.05). The expres-
sion level of RANK for necrotic tissue in female 
patients is obviously higher than premenopaus-
al female patients (average value is 3.36 vs. 
0.95, P<0.05). The expression level of RANK for 

Figure 3. Quantitative RT-PCR detection of OPG, RANKL, RANK/h-PBGD 
mRNA levels. The box plot shows that the figure in the bottom is close to 0 
which tips for twenty-fifth percentile. The line inside of the box plot is average 
value and its upper edge is seventy-fifth percentile. The error bars between 
top and bottom of the box plot are ninetieth percentile and tenth percentile 
relatively. The dotted lines show median value and the outliers are extreme 
values. The level differences between RANK and RANKL in normal tissue 
and necrotic tissue have statistical significance (P<0.05).

Figure 4. OPG (GGkDa) and RANKL (28 kDa) Protein western blot analysis of 
4 samples of osteonecrosis of the femoral head; actin (45 kDa) is the control 
group; AVN and NL are protein lysate which are taken from necrotic tissue 
and normal tissue respectively.

no statistical significance in 
the differences (P>0.05).

Analysis of western blot

The expression level of OPG 
and RANKL protein in 42 sam-
ples of necrotic tissue and 
normal tissue can be found in 
Figure 4. The expression of 
OPG protein that can be used 
to compare with other data 
can be found in normal tissue. 
The intensity ratio of OPG/F 
and the actin band is 0.57 
(range: 0.37-4.91). The expre- 
ssion level of OPG protein in 
necrotic tissue is almost the 
same with which in normal  
tissue (average value: 0.62, 
range: 0.45-4.32) (P>0.05). 
RANKL protein can be detect-
ed in all the samples. The 
band intensity ratio of RANKL/
F-actin in normal tissue and 
necrotic tissue are 0.48 (ra- 
nge: 0.45-0.49) and 0.5 (ra- 
nge: 0.45-0.58) respectively 
(Figure 5). RANK protein can-
not be detected in all the 
samples.

Expression of OPG, RANKL, 
RANK mRNA and analysis of 
related risk factors

Patients are divided into 3 
groups based on age. Group 
1: the patients are between 
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normal tissues in non-smoking patients is hi- 
gher than smoking patients (2.33 vs. 1.23 
P<0.05).

Discussion

Many factors participate in the ischemic necro-
sis of the femoral head, and the patients are 
relatively young. It will seriously affect the qual-
ity of patients’ life since the destruction of sub-
chondral bone, dysfunction of the hip caused 
by collapse which aroused by combining femo-
ral head. The balance between osteoblasts and 
osteoclasts is critical on normal bone shape 
but balance is often destroyed when osteone-
crosis happens [12]. Ischemia can cause the 
thenecrosis of bone and bone marrow, initially 
triggers the body’s self-healing function, but 
this is only for the small lesions (less than 15% 
of the femoral head). In most situations, the 
repair function almost is invalid [13, 14]. Co- 
rresponding surgical treatment including co- 
re decompression, osteotomy, vascularized, or 
the non-vascularized bone graft and so on, the 
latter often needs to use the growth and differ-
entiation factor to enhance its role, for the 
more serious hip necrosis, the best way is 
replacement surgery. Because the age of pa- 
tient is relatively young,the late revision surgery 
and related complications will bring serious 
negative effect to patients [15].

Growth, development and maintenance of bo- 
ne are the highly regulated process. Cell level 
reflects interaction between osteoblasts which 

level. OPG mRNA level in the necrotic tissue is 
generally higher than that of normal tissue, but 
the difference is not significant, in the two kinds 
of tissue, the protein expression mainly is con-
sistent. The expression level of RANKL and 
RANK mRNA in the necrotic tissue was signifi-
cantly higher than that in normal tissue, espe-
cially the expression level of the RANKL mRNA. 
Results of OPG are similar. There is no obvious 
difference that of RANKL protein expression 
level in two groups, RANK protein may be due 
to too little, which cannot be detected. In a 
word, RANKL mRNA and protein expression lev-
els were significantly lower than that of OPG 
expression. mRNA expression levels in normal 
tissue is consistent with the protein expression 
level, but in the necrotic tissue mRNA expres-
sion of OPG and RANKL is increased, in which, 
the corresponding protein expression, the for-
mer is significantly increased, however, the lat-
ter is reduced. Therefore, the control of tran-
scription is likely to be mainly happens on the 
area of the femoral head necrosis.

In this study, it is the first time for us to analysis 
the mRNA and protein level of OPG and RANKL 
and RANK gene which consist in clinical speci-
mens organization of ischemic necrosis of fem-
oral head, study results suggest the high level 
of OPG mRNA expression in necrotic tissue 
(although no statistical difference compared 
with normal tissue) may be associated with 
lower osteoclast activity, affect the balanced 
relationship between osteoclasts and osteo-

Figure 5. The expression level comparison of OPG and RANKL/F-actin in nor-
mal tissue and necrotic tissue, the box plot shows no obvious difference 
between them.

prompt the growth of bone 
and osteoclasts which prompt 
the absorption of bone, in 
which, OPG and RANKL and 
RANK are the key factors to 
keep balance of two kinds of 
cells [16]. A lot of researches 
have proved the interaction of 
imbalance can lead to a vari-
ety of bone diseases [17-19].  
In this study, we focus on the 
expression of OPG and RANKL 
and RANK genes that comes 
from specimens of patients 
with ischemic necrosis of fem-
oral head, respectively select 
the necrotic tissue and nor-
mal tissue balance for further 
analysis three kinds of gene 
mRNA and protein expression 
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blasts, and then affect the remodeling of the 
bone. Studies have confirmed that the excess 
of OPG expression in transgenic mice or recom-
binant OPG treatment will appear in the 
increase of bone mineral density and bone 
sclerosis, in contrast to the former, if knocking 
out of OPG gene in mice, then can make its 
early bone loss appear.

A latest clinical study on the osteoporosis 
patients shows that OPG, RANKL, RANK, bone 
mineral density and fracture risk have obvious 
relevance, and OPG plays an important role in 
postnatal bone mass. Some researches focus 
on the relevance among RANK, OPG gene 
mutations and osteolysis. Paget’s disease of 
fractures and progressive bone malformations, 
further confirm that the three factors maintain-
ing the body’s bone mass by interacting with 
each other [20-23]. Femoral head necrosis in 
our research group in the OPG mRNA expres-
sion increases significantly, which is consistent 
with the hardening signal in the necrosis area 
that lies in imaging examination, and foregoing 
result that in mice bone mineral density in- 
crease [24], but it is still not clear that elevated 
OPG is precisely the result of ischemic necrosis 
of femoral head or the initial factors.

By comparing the ratio of RANKL/OPG and 
RANK/OPG in the necrotic tissue and normal 
tissue, even though the necrotic tissue RANKL/
OPG ratio nearly 2 times that of the normal tis-
sue, there is no statistically significant differ-
ence (P>0.05). The two groups within necrotic 
tissue are higher than that in normal, side 
reflects the necrotic tissue in need of osteo-
blast in bone shaping. The genes that effect 
osteoblast maturation and function has been 
confirmed that is associated with bone mass 
and bone lesions, such as BMP, its transcrip-
tion factor RUNX2 and signal molecules auxil-
iary to participate in the activities of osteogen-
esis [25, 26]. Recent studies suggest that 
BMPs by RANKL and OPG pathways induces 
osteoclast formation reduced bone mass, this 
is a key regulatory factor of osteoclast [27, 28].

In conclusion, the gene expression of OPG, 
RANK and RANKL play an important role in the 
development of avascular necrosis of the femo-
ral head which influence the stability of bone 
regulation. They may also have certain effect 
on osteoclasia and the collapse of hip joint.
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