
Int J Clin Exp Pathol 2016;9(10):10670-10675
www.ijcep.com /ISSN:1936-2625/IJCEP0027770

Original Article
Nitric oxide of genetic variants is associated with  
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Abstract: Purpose: Osteonecrosis of the femoral head (ONFH) is a disease in which cell death in the bone occurs. 
This study investigated the association the tagging SNPs (tSNPs) genetic variants for the NOS3 gene associated 
with alcohol-induced ONFH in a Han Chinese population. Methods: A total of 209 alcohol-induced ONFH patients 
and 300 controls were recruited in this case-control study. We genotyped 4 tSNPs in the NOS3 and evaluated their 
association with alcohol-induced ONFH using the χ2 test and genetic model analysis. Results: From the association 
test using the logistic regression model, The minor allele “T” frequency of rs3918184 showed a significant risk ef-
fect on alcohol-induced ONFH (P = 0.026, OR = 1.42; 95% CI = 1.04-1.95) and the genotype “G/G” of rs743506 
showed an increased risk (P = 0.034, OR = 2.47, 95% CI = 1.05-5.79). Additionally, haplotype analysis revealed that 
the rs743506, rs743507 have tight linked. Conclusion: These results suggested that the minor allele of rs3918184, 
rs743506 (T and G, respectively) contributes to an increase in the risk of alcohol-induced ONFH in the Chinese Han 
populations. And subsequently the NOS3 gene polymorphism with the pathogenesis of the alcohol-induced ONFH 
needed to be validation in a large sample.
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Introduction

Osteonecrosis of the femoral head (ONFH) fre-
quently leads to progressive collapse of the 
femoral head followed by a degenerative arthri-
tis of the hip joint [1]. It may lead to a subse-
quent collapse and secondary degenerative 
arthritis of the hip [2]. Recent data suggest that 
ONFH is a multisystemic disease rather than a 
disease of the femoral head [3]. As the disease 
frequently occurs in young adult patients, 
between the ages of 20 and 50, it results in a 
substantial socioeconomic burden [4]. Although 
many risk factors, such as steroids, alcoholism, 
coagulation defects, storage diseases, marrow 
infiltrating diseases, and some autoimmune 
diseases, associated with osteonecrosis have 
been found, the pathogenesis has not been 
completely elucidated [5-9]. ONFH in twins  
and a clustering of cases in families imply that 

genetic factors are involved [10, 11]. And recent 
studies have explored associations between 
genetic mutations and polymorphisms and 
ONFH. Some studies have investigated the 
association between genetic predisposition 
and development of ONFH.

Nitric oxide (NO) is a multifunctional biomole-
cule and serves as an important signal in  
physiologic processes including angiogenesis, 
thrombosis, and bone turnover, which are 
known to be related to the pathogenesis of 
osteonecrosis [12]. eNOS is the predominant 
isoform expressed in normal bone. Recently, it 
has been reported that the incidence of osteo-
cyte apoptosis is increased in the femoral head 
during ON, regardless of etiological factors  
[13]. The majority of our studies focused on 
gene polymorphisms affecting the ONFH. 
Identification of genetic variants that convey an 
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additional risk will also help to personalize the 
way we deliver care, both in the prevention and 
treatment of osteonecrosis.

Materials and methods

Subjects

Two hundred and nine patients with alcohol-
induced ONFH were consecutively enrolled at 
the Third Hospital of Anshan, Anshan and 
Honghui Hospital, Xi’an Jiaotong University 
College of Medicine from 2014 to 2015. 
Patients were diagnosed using anteroposterior 
and lateral pelvic radiographs and magnetic 
resonance images. According to the etiological 
factors of ONFH, we selected 209 alcohol-
induced ONFH cases, and patients with a his-
tory of ethanol consumption of at least 800  
mg per week were categorized under alcohol-
induced osteonecrosis [14]. Patients with a 
demonstrable history of direct trauma, or with a 
possible combination of causes were excluded. 
The control subjects were defined by the follow-
ing criteria: a lack of hip pain and by the 
absence of any lesions with a sclerotic margin 
or subchondral collapse consistent with ONFH 
in anteroposterior and frog leg lateral pelvic 
radiographs. Final 300 unrelated healthy indi-
viduals were selected as control group. All per-
sons related to patients were excluded from 
the control group. All individuals provided 
informed consent for their participation in the 
study and this study was approved by The  
Third Hospital of Anshan, Anshan and Honghui 

Hospital, Xi’an Jiaotong University College of 
Medicine.

DNA isolation and genotyping

Four SNPs from NOS3 genes were selected, 
which previously published to be associated 
with ONFH, and with minor allele frequency 
(MAF) > 5% in the HapMap CHB (Chinese Han 
Beijing) population. We taking 5 ml peripheral 
blood from each subject and using the 
GoldMag-Mini Whole Blood extracted Genomic 
DNA Purification Kit (GoldMag Co. Ltd. Xi’an 
City, China). DNA concentration was measured 
by NanoDrop 2000 (Gene Company Limited). 
We used Sequenom MassARRAY Assay Design 
3.0 Software to design Multiplexed SNP Mass- 
EXTEND assay [15]. We performed Sequenom 
MassARRAY RS1000 to genotype the SNPs 
using the standard protocol recommended by 
the manufacturer [15]. Finally, Data manage-
ment and analysis was performed by Sequenom 
Typer 4.0 Software [15, 16]. Laboratory person-
nel were blinded to the genotyping results of all 
samples.

Statistical analysis

Microsoft Excel and SPSS 19.0 statistical pack-
age (SPSS, Chicago, IL) were used to perform 
statistical analyses. The Odds ratios were cal-
culated and a logistic regression was used to 
obtain adjusted Ors and 95% CIs. Comparisons 
between variables were performed using Chi-
squared test or paired samples t-test. A P < 

Table 1. PCR primers
SNP_ID 1st-PCR primer sequences 2nd-PCR primer sequences UEP sequences
rs3918227 ACGTTGGATGTGAGTGCCGTTCATTGTGTG ACGTTGGATGTTCATAATAGCCCCGACCTG gGTCACCAACAAGAGAATG
rs3918184 ACGTTGGATGCCATCGAGAAACATTACCCG ACGTTGGATGCTTGAATCCCTGACCTCAGC gggagTACAGGCGTGAGCCACCA
rs743506 ACGTTGGATGGAGCAAGCTAGATTGCTAGG ACGTTGGATGAAATGCACCCCCACCAAAAG tcccgCCCTCTGGGCTCCTCTCC
rs743507 ACGTTGGATGAAAGTCCCCCCTGGACTTTC ACGTTGGATGAGAATCCAGCCATGAATTCC cctcAAGCACCAGTGCATGTC

Table 2. Basic information of candidate tSNPs in this study

SNP ID Gene name Chromosome Alleles A/B
MAF

p-HWE P value OR (95% CI)
Case Control

rs3918227 NOS3 7q36.1 A/C 0.065 0.077 0.687 0.463 0.83 (0.51-1.36)
rs3918184 NOS3 7q36.1 T/C 0.357 0.318 0.894 0.194 1.19 (0.91-1.55)
rs743506 NOS3 7q36.1 G/A 0.275 0.233 0.872 0.130 1.25 (0.94-1.66)
rs743507 NOS3 7q36.1 C/T 0.267 0.232 0.746 0.211 1.20 (0.90-1.61)
A/B stands for minor/major alleles on the control sample frequencies. HWE: Hardy-Weinberg equilibrium; MAF: minor allele 
frequency; OR: odds ratio; SNP: single-nucleotide polymorphisms.
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0.05 was considered statistically significant. 
The validation of each SNP frequency in control 
subjects was tested for departure from Hardy-
Weinberg Equilibrium (HWE) using an exact 
test. The p-value was generated using a two-
sided test.

Results

In order to investigate the association of NOS3 
gene polymorphisms with respect to alcohol-
induced ONFH, we performed four polymorphic 

sites in the NOS3 gene from public databases 
by considering their allele frequencies and 
positions, and analyzed these polymorphisms 
in 209 alcohol-induced ONFH patients and  
300 control subjects. All alleles were observed 
in alcohol-induced ONFH patient and control 
groups. As listed in Table 1, a multiplexed  
SNP MassEXTEND assay was designed with 
the Sequenom MassARRAY Assay Design 3.0 
Software. Table 2 shows the distribution of 
NOS3 gene polymorphisms in both groups; all 
genotype distributions were coherent with the 

Table 3. Relationship between candidate SNPs and alcohol-induced osteonecrosis of the femoral 
head (adjusted by gender + age)
SNP ID Model Genotype Control (N, %) Case (N, %) OR (95% CI) P AIC BIC
rs3918227 Codominant C/C 256 (85.3%) 184 (88%) 1.00 0.85 520.9 542

C/A 42 (14%) 23 (11%) 0.84 (0.43-1.62)
A/A 2 (0.7%) 2 (1%) 1.22 (0.15-9.79)

Dominant C/C 256 (85.3%) 184 (88%) 1.00 0.65 519 535.9
C/A-A/A 44 (14.7%) 25 (12%) 0.86 (0.46-1.63)

Recessive C/C-C/A 298 (99.3%) 207 (99%) 1.00 0.84 519.1 536.1
A/A 2 (0.7%) 2 (1%) 1.25 (0.16-9.97)

Log-additive --- --- --- 0.90 (0.51-1.59) 0.73 519.1 536
rs3918184 Codominant C/C 140 (46.7%) 89 (43%) 1.00 0.084 513.9 535.1

C/T 129 (43%) 88 (42.5%) 1.44 (0.91-2.25)
T/T 31 (10.3%) 30 (14.5%) 2.01 (1.00-4.07)

Dominant C/C 140 (46.7%) 89 (43%) 1.00 0.044* 512.8 529.7
C/T-T/T 160 (53.3%) 118 (57%) 1.55 (1.01-2.36)

Recessive C/C-C/T 269 (89.7%) 177 (85.5%) 1.00 0.12 514.4 531.3
T/T 31 (10.3%) 30 (14.5%) 1.70 (0.87-3.31)

Log-additive --- --- --- 1.42 (1.04-1.95) 0.026* 511.9 528.8
rs743506 Codominant A/A 177 (59%) 113 (54.1%) 1.00 0.068 515.8 537

A/G 106 (35.3%) 77 (36.8%) 1.23 (0.79-1.93)
G/G 17 (5.7%) 19 (9.1%) 2.68 (1.12-6.42)

Dominant A/A 177 (59%) 113 (54.1%) 1.00 0.12 516.8 533.7
A/G-G/G 123 (41%) 96 (45.9%) 1.39 (0.91-2.13)

Recessive A/A-A/G 283 (94.3%) 190 (90.9%) 1.00 0.034* 514.7 531.6
G/G 17 (5.7%) 19 (9.1%) 2.47 (1.05-5.79)

Log-additive --- --- --- 1.43 (1.02-2.01) 0.037* 514.8 531.8
rs743507 Codominant T/T 176 (59.3%) 112 (53.9%) 1.00 0.15 510.2 531.3

T/C 104 (35%) 81 (38.9%) 1.37 (0.87-2.14)
C/C 17 (5.7%) 15 (7.2%) 2.10 (0.84-5.25)

Dominant T/T 176 (59.3%) 112 (53.9%) 1.00 0.088 509 525.9
T/C-C/C 121 (40.7%) 96 (46.1%) 1.45 (0.94-2.23)

Recessive T/T-T/C 280 (94.3%) 193 (92.8%) 1.00 0.17 510.1 527
C/C 17 (5.7%) 15 (7.2%) 1.86 (0.76-4.54)

Log-additive --- --- --- 1.41 (0.99-2.00) 0.055 508.3 525.2
*P value ≤ 0.05 indicates statistical significance; OR: odd ratio; CI: confidence interval; AIC: Akaike’s Information criterion; BIC: 
Bayesian Information criterion.
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assumption of Hardy-Weinberg equilibrium in 
the controls of this study (P < 0.01). As show in 
Table 2, there was no evidence of association 
between NOS3 polymorphisms and alcohol-
induced ONFH. In Table 3, from the association 
test using the logistic regression model, the 
rs3918184, rs743506 SNPs of theNOS3 gene 
were significantly associated with a risk of 
ONFH in the analysis models. The minor allele 
“T” frequency of rs3918184 showed a signifi-
cant risk effect on ONFH (P = 0.026, OR = 1.42; 
95% CI = 1.04-1.95) and in Dominant model 
(C/T-T/T) (P = 0.044, OR = 1.55, 95% CI = 1.01- 
2.36). Additionally, the genotype “G/G” of 
rs743506 showed an increased risk in the 
Recessive model (P = 0.034, OR = 2.47, 95% CI 
= 1.05-5.79), meanwhile in log-additive model 
showed significant (P = 0.037, OR = 1.43, 95% 
CI = 1.43-2.01).

Since the pattern of LD is highly structured into 
conserved blocks of sequence separated by 
hotspots of recombination [17], the final func-
tion of a conserved haplotype may be the result 
of interaction among polymorphisms within the 
block. We analyzed linkage LDs among the 
NOS3 SNPs. In Figure 1 the results suggested 
that the rs743506, rs743507 have tight linked. 
We calculated the haplotype with two loci with-

in the LD block associated with ONFH. However, 
there were no differences found in the haplo-
type block controls and patients with ONFH 
risk.

Discussion

Many studies have shown that there have many 
factors, such as steroid usage, alcoholism, 
infections, coagulation defects, and some auto-
immune diseases are closely related with ONFH 
susceptibility [6, 8, 9]. However, etiological and 
pathological mechanisms of ONFH have not yet 
been thoroughly investigated. Recently, many 
studies have been carried out to determine a 
number of candidate genes have been identi-
fied in an attempt to determine the genetic fac-
tors involved in the pathogenesis of ONFH [13, 
18]. Our data suggest for the first time that the 
NOS3 gene genetic polymorphisms and alco-
hol-induced ONFH risk in Han Chinese.

A number of studies have been carried out to 
determine the associations between genetic 
polymorphisms in the eNOS gene and vascular 
diseases, including coronary artery disease  
or myocardial infarction, hypertension, stroke, 
and renal diseases [19, 20]. 

Nitric oxide (NO) has been identified to be a  
biomolecule that is involved in a variety of phys-
iologic processes that could induce non-trau-
matic osteonecrosis, including angiogenesis, 
thrombosis, and bone turnover [12, 21]. NO is 
produced by NO synthases (NOS), which cata-
lyze the conversion of L-arginine to Lcitrulline 
and NO. There are 3 protein forms of nitric oxide 
synthase (NOS): neuronal NOS, endothelial 
NOS (eNOS), and inducible NOS (iNOS) [22]. It 
was reported that the predominant isoform of 
nitric oxide synthases expressed in normal 
adult bone is endothelial nitric oxide synthase 
eNOS gene deficiency attenuates vascular re- 
activity, increases platelet recruitment, reduc-
es mobilization of endothelial progenitor cells, 
impairment of angiogenesis, and deceases 
bone volume and bone formation rate in mice 
[23]. There were limited data concerning effects 
of ethanol on the expression level or activity of 
constitutive NOS and the results were discrep-
antly reported according to the experimental 
design. Furthermore, it was proposed that 
there have two polymorphic sites of the eNOS 
gene, the 27-bp repeat polymorphism in intron 

Figure 1. Haplotype block map for the NOS3 tSNPs 
genotyped in this study. The linkage disequilibrium 
between two SN Ps is indicated by standardized D’ 
(red boxes).
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4 and G894T polymorphism in exon 7, are  
associated with the altered function of this 
gene [24-26]. And Koo et al indicated the 27-bp 
repeat polymorphism in intron 4 was sig- 
nificantly associated with ONFH in Korean 
patients, however the G894T site polymor-
phisms was not significant associated with 
ONFH [4].

The HapMap data showed the NOS3 gene to be 
located at the edge of a region of elevated link-
age disequilibrium that extends at least 45 kb 
upstream of the gene, while linkage disequilib-
rium downstream of the NOS3 gene breaks 
down abruptly. We selected four tSNPs for 
NOS3, and our results found rs39918184, 
rs743506 were associated with ONFH risk. 
There is no functional data related to the  
eNOS Tag SNPs, rs39918184 and rs743506. 
However, according to the position of the two 
sites, it is possible that it modulates NOS3 
gene expression, once the region has impor-
tant physiological and pathological roles in the 
regulation of the mRNA level. 

Conclusions

Our findings demonstrate a risk effect of the 
NOS3 (rs39918184 of the T and rs743506 of 
the G) against the development of alcohol-
induced ONFH for the first time in the Han 
Chinese. However there is no functional data 
related to the eNOS Tag SNPs. Therefore stud-
ies are necessary to elucidate molecular mech-
anisms in the future studies.
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