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Abstract. – OBJECTIVE: This study was de-
signed to investigate the influence of several poly-
morphisms in neuronal NOS genes and apolipo-
protein AI on the hormone-related osteonecrosis 
of the femoral head (ONFH) risk. 

PATIENTS AND METHODS: Peripheral blood 
mononuclear cell (PBMCs) samples extracted 
from hormone-related ONFH patients and con-
trols were used to amplify fragments of the apoli-
poprotein A1 and neuronal NOS exon 7 and intron 
4 using specific PCR primers. The products were 
analyzed by DNA sequencing and mapped to find 
the genotype distributions. 

RESULTS: The proportions of G/G, G/T and T/T 
on NOS exon 7 in hormone-related ONFH patient 
group and control group were 68%, 27%, 5% and 
81%, 16%, and 3% respectively. The proportions 
of G/T and T/T in the experimental group were 
significantly higher than those in the control 
group (p<0.05). The proportions of b/b, a/b and 
a/a on NOS intron 4 in hormone-related ONFH pa-
tient group and control group were 85%, 13%, 1% 
and 96%, 5% and 0% respectively. The proportion 
of a/b in the experimental group was much higher 
than in the control group. The distribution of A/A, 
G/A and G/G in the apolipoprotein gene in control 
and experimental groups were 19%, 33%, 71% 
and 42%, 20%, 38% respectively. In this case, the 
experimental group’s A/A genotype was signifi-
cantly higher than the control’s genotype. 

CONCLUSIONS: In our study group, several 
polymorphisms of the neuronal NOS gene and 
apolipoprotein A1 genes were significantly as-
sociated with hormone-related ONFH. These re-
sults suggest that those gene polymorphisms 
might be involved in the occurrence and devel-
opment of ONFH.
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Introduction

Osteonecrosis of the femoral head (ONFH) is 
a common incapacitating orthopedic disease. It is 
difficult to detect during the early stages, due to 
non-specific clinical symptoms, which usually re-
sults in delayed treatment and prognosis1-3. ONFH 
begins in the femoral head and neck first and pro-
gresses distally. Then bone cells and bone marrow 
cells die through apoptosis. Next, abnormalities 
of the femoral head resulting in osteoarthritis en-
sue. The disease can occur in all age groups, but 
is more common in young adults4-6. The patho-
genesis of hormone-related ONFH is not clear 
yet. A history of hormonal drug abuse or primary 
diseases altering the hormonal balance may play 
a role. The prevalence of hormone-related ONFH 
has reached 40% in the general population these 
years7-10. Nitric oxide is synthesized by human 
neuronal nitric oxide synthase (NOS) and it is one 
of the essential biological factors involved in the 
pathogenesis of the disease. Some studies have 
shown that vascular endothelial NO production is 
influenced by NOS gene polymorphisms11,12. 

Another work has shown a role for abnormal 
lipid metabolism in the pathological evolution of 
osteonecrosis. Given the unclear pathogenesis of 
hormone-related osteonecrosis and the resulting 
poor treatment effects, clinical studies have fo-
cused on determining the best time for treatment, 
and in finding early diagnosis tools13-15. ONFH is 
an important cause of morbidity in the population3. 
Fortunately, with the development of molecular bi-
ology tools, the pathological analysis of the dam-
aged tissues has become possible. In this study, we 
selected apolipoprotein A and neuronal nitric oxide 
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synthase (due to their close relation to the lipid and 
lipoprotein metabolism) for analyzing the relation 
of the presence of gene polymorphisms and the de-
velopment of hormone-related ONFH.

Patients and Methods

Patients
A hormone-related ONFH group was selected 

from cases examined from January 2014 to De-
cember 2015 in Affiliated Hospital of North Si-
chuan Medical College. Patients with hip trauma 
histories were excluded. The total of 150 cases 
included 54 male and 96 female patients. The av-
erage age was 52.4 years with a standard devia-
tion of 13.9 years. All patients included signed in-
formed consents. 5 ml blood samples were drawn 
from each subject using EDTA anticoagulant test 
tubes. Additionally, samples from healthy donors 
without ONFH were used as controls. PBMCs 
were isolated and frozen on the same day for later 
further analyses. This study was approved by the 
Ethics Committee of Affiliated Hospital of North 
Sichuan Medical College. Signed written in-
formed consents were obtained from the patients 
and/or guardians.

Methods
DNA concentration and purity testing

Total DNA was isolated from each of the pa-
tients’ samples using standard techniques16-18. Brief-
ly, DNA was extracted after cell lysis. The recov-
ered DNA sample was detected by 0.8% agarose gel 
electrophoresis and UV spectrophotometry to con-
firm purity and assess concentration. Briefly, 1 µl of 
sample was used for electrophoresis (1X TBE, EB, 
80 MV, 1.5 h electrophoresis). Pictures were taken 
under the FR-200 and UV-visible analysis device 
and quantified by comparing to a standard marker 
(l-DNA/EcoRI + HindIII).

All DNA samples satisfactory for analysis dis-
played a significant absorption peak at OD260 (an 
OD260 value of 1 is equivalent to approximately 

50 mg/ml of double-stranded DNA, or 40 µg/ml of 
single stranded DNA) OD260/OD280 ratio ranges 
from 1.7 to 1.9 were obtained. 

PCR 
Specific primers were used to amplify apoli-

poprotein A1 and neuronal NOS exon 7 and in-
tron 4 (Table I). Each reaction tube included 1.5 
mL of l0X Buffer (15 mM MgCl2), 1 mL MgCl2 
(25 mM), 0.5 mL dNTP (10 mM), 0.5 mL for-
ward primer (10 mM), 0.5 mL reverse primer (10 
M), 1 mL cDNA template, and 0.15 mL HotStar-
Taq enzyme (5 U/L). Water was added to 15 mL. 
The reaction conditions were the following: 95°C 
pre-denaturing for 15-30 minutes, 55°C anneal-
ing for 30 seconds, 72°C extension for 1 minute, 
40 cycles, 72°C reaction for 5 minutes. The DNA 
was recovered using a PCR product extraction kit 
(MACHEREY-NAGEL, Bethlehem, PA, USA) 
using agarose gel electrophoresis19,20. DNA se-
quencing and mapping for genotypes’ distribu-
tion were used to analyze the product sequences.

Results

Genomic DNA Extraction Results
DNA was isolated successfully from periph-

eral blood samples of patients with ONFH and 
controls.

Gene Distribution on NOS Exon 7 
and Intron 4 in Hormone-related ONFH 
Patient Group and Control Group

The proportions of G/G, G/T and T/T on NOS 
exon 7 in hormone-related ONFH patient group 
were 68%, 27%, 5% and those of the control group 
were 81%, 16%, and 3% respectively. The propor-
tions of G/T and T/T in the experimental group were 
higher than those in the control group (p<0.05) (Ta-
ble II, Figure 1). Additionally, the proportions of b/b, 
a/b and a/a on NOS intron 4 in the hormone-related 
ONFH patient group were 85%, 13%, and 1% and 
those in the control group were 96%, 5%, and 0% 

Table I. Neuronal NOS and apolipoprotein A1 primers synthesized.

Gene name 	 Locus 	 PCR primer

Neuronal NOS	 Intron 4, 27 bp repeats	 Upstream: 5’-AGGCCCTATGGTAGTGCCTT 3
		  Downstream: 5’-TCTCTTAGTGCTGTGGTCAC -3’
Neuronal NOS	 Exon 7, G894T	 Upstream: 5’-AAGGCAGGAGACAGTGGAGGT -3 ‘
		  Downstream: 5’-CCCAGTCAATCCCI’1-l’GGTGCTCA -3 ‘
Apo A1	 75bp	 5 ‘: AGGGACAGAGCTGATCCTTGA ACTCTTAAG;
		  3 ‘: TTAGGGGACACCTAGCCCTCAGGAAGAGCA.
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respectively. The proportion of a/b in the experi-
mental group was much higher than that in the con-
trol group (p<0.05) (Table III, Figure 2). 

Distribution of Polymorphisms on the 
Apolipoprotein A1 gene-75bp Region

The distributions of A/A, G/A and G/G poly-
morphisms on the Apolipoprotein in control and 
experimental groups were 19%, 33%, 71% and 
42%, 20%, 38% respectively. The experimental 
group’s A/A genotype was significantly higher 
than the control’s genotype (Table IV, Figure 3).

Discussion

In this study, we found that the neuronal NOS 
exon 7 in the experimental group has a higher 
ratio of G/T and T/T genotypes than the control 

group (p<0.05), and also that the neuronal NOS 
intron 4 in the experimental group has a sig-
nificantly higher a/b genotype than the control 
group. This suggests that the neuronal NOS gene 
mutation could be related to the development of 
ONFH. Another finding showed that the ONFH 
patients had higher A/A genotype proportions on 
the apolipoprotein A1 gene 75bp, compared to the 
control group, while the G/A genotype frequency 
was lower in the affected patients. This suggests 
that the G/A mutation on Apo A1 promoter might 
be one of the predisposing factors for ONFH. 
However, whether this relation is relevant to the 
lipid metabolism of ONFH patients remains to be 
confirmed. 

This study also found that a hormone-induced 
lipid metabolism disorder is a risk factor for 
ONFH. Scholars believe that glucocorticoid will 
increase liver lipid significantly, which leads to 

Table II. Proportions of G/G, G/T and T/T on NOS exon 7 in hormone-related ONFH patients and in controls.

Group		  Genotypes of exon 7		  Total 

	 G/G	 G/T	 T/T	

Control	 122 (81%)	 24 (16%)	 4 (3%)	 150
Experimental 	 102 (68%)	 40 (27%)	 8 (5%)	 150

Figure 2. Distribution of G/G, G/T and T/T in intron 4 in 
hormone-related ONFH patients and in controls.

Table III. Proportions of G/G, G/T and T/T in intron 4 in hormone-related ONFH patients and in controls.

Group		  Genotypes of intron 4		  Total 

	 b/b	 a/b	 a/a	

Control	 142 (96%)	 8 (5%)	 0 (0%)	 150	
Experimental 	 128 (85%)	 20 (13%)	 2 (1%)	 150

Figure 1. Distribution of G/G, G/T and T/T on NOS exon 7 
in hormone-related ONFH patients and in controls.
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the change of a series of indicators, including tri-
glycerides, cholesterol, low and very low-density 
lipoprotein. These indicators keep going up, and 
eventually increase the risk of hyperlipidemia, 
thereby increasing the lipid content of the bone 
cells in the long-term, which in turn induce osteo-
blast apoptosis22-24.

Conclusions

Although it is generally believed that a long-
term use of high doses of hormones, triggering 
the lipid metabolism abnormalities, is the main 
reason for ONFH, there are still many unan-
swered questions. Especially the impact on blood 
vessel production of the presence of fat globules 
in the femoral bone marrow has not been taken 
into consideration; therefore, further studies are 
needed to provide more reliable evidence25.
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