
Association of genetic polymorphisms of eNOS with glaucoma

Glaucoma, an irreversible retinal deterioration which
results in progressive visual field loss along with decreased
contrast and color sensitivity, is a multifactorial optic
neuropathy characterized by apoptotic cell death of the retinal
ganglion cells (RGCs) in the optic disc or retinal nerve fiber
[1,2]. Previous studies suggested that vascular dysregulation
play an important role in the etiology of glaucoma [3,4].
Recently, activation of nitric oxide synthase (NOS), an
enzyme associated with the death of RGC caused by ischemic
injury, has been reported as one potential mechanism of
glaucomatous damage to the retina and optic nerve. Several
isoforms of NOS have been reported in abundance in almost
all layers of the retina, but the circulating NO is synthesized
solely in the vascular endothelium through the action of the
endothelial nitric oxide synthase (eNOS) on the substrate L-
arginine [5]. Previous studies have revealed that
polymorphisms in the eNOS gene may alter eNOS expression
and thus cause a decrease in NO synthesis [3], which may
related to cardiovascular disease. Nevertheless, an abundance
of NOS also had been found in the optic nerve head vessels
of primary glaucoma patients, supporting the idea that the
optic nerve damage in glaucoma can be related to eNOS
overexpression [6].

Recently, Ayub et al. [7] reported an association of an
eNOS genetic polymorphism with glaucoma in Pakistani
cohorts. But the relationship between eNOS polymorphisms
and glaucoma in Han Chinese is unclear. The present study
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was conducted to determine whether eNOS polymorphisms
were associated with POAG and PCAG in the Han Chinese
population.

METHODS
Subjects: The study followed the tenets of the Declaration of
Helsinki with written informed consent obtained from all
patients or from their parents if their age was less than 18. The
patients and controls were randomly selected from the
Affiliated Xinqiao Hospital of the 3rd Military Medical
College. The participants included 120 unaffected controls,
102 POAG patients, and 88 PCAG patients. The patients were
selected on the basis of their clinical history, cup-to-disc ratio
(CDR) evaluation, visual field evaluation, and elevated IOP,
and categorized into POAG and PCAG groups based on
gonioscopic findings. In addition, to rule out any ocular
anomaly, the controls also underwent applanation
tonometery, slit lamp examination, CDR measurement and
visual field assessment.
Genotyping: There are 253 single nucleotide polymorphisms
(SNPs) for human eNOS listed in the National Center for
Biotechnology Information SNP database. It has been
observed that adjacent SNPs are often highly correlated. To
reduce genotyping cost, many algorithms have been
developed to select a smallest set of SNPs such that all the
other SNPs can be inferred from them. The selected SNPs are
called tag SNPs. As described on the website a tag SNP is a
representative SNP in a region of the genome with high
linkage disequilibrium (the non-random association of alleles
at two or more loci). It is possible to identify genetic variation
without genotyping every SNP in a chromosomal region. Tag
SNPs are useful in whole-genome SNP association studies in
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Purpose: Several studies suggest that vascular dysregulation play a role in the etiology of glaucoma. In the present study,
we aimed to investigate the association of endothelial nitric oxide synthase (eNOS) gene polymorphisms with primary
open angle glaucoma (POAG) and primary closed angle glaucoma (PCAG).
Methods: There were 102 POAG and 88 PCAG patients, diagnosed on the basis of clinical history, raised intraocular
pressure (IOP), cup-to-disc ratio (CDR) and visual field defects, and 120 age- and sex-matched control subjects genotyped
for 5 tagging single nucleotide polymorphisms (SNPs; rs743507, rs3793342, rs11771443, rs7830, and rs3918188) of the
human eNOS gene.
Results: rs3793342, rs743507, rs11771443, rs7830, and rs3918188 were not found to be associated with POAG or with
PCAG. In the haplotype-based case-control analysis, the frequency of the C-T haplotype established by rs3793342 and
rs11771443 was significantly higher for POAG patients than for control subjects (p<0.001, OR=5.111,
95%CI=1.766~14.788).
Conclusions: The C-T haplotype established by rs3793342 and rs11771443 may be genetic marks of POAG in the Han
Chinese population.
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which hundreds of thousands of SNPs across the entire
genome are genotyped. For this reason, the International
HapMap Project hopes to use tag SNPs to discover genes
responsible for certain disorders. We selected the tag SNPs of
eNOS on the International HapMap Project website using
phase III database and analyzed these SNPs with Haploview
4.2 software. We obtained five tagging SNPs (rs743507,
rs3793342, rs11771443, rs7830, and rs3918188) for Han
Chinese using minor allele frequency (MAF) ≥0.05 and
linkage disequilibrium patterns with r2≥0.8 as a cutoff. As
shown in Figure 1, these five SNPs were located in two
haplotype-blocks.

Genomic DNA was extracted from the peripheral blood
leukocytes using a DNA extraction Kit (Beijing Bioteke Co.
Ltd., Beijing, China). Quantification of extracted DNA was
performed using a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE). Genotyping was
performed using the TaqMan® SNP Genotyping Assay
(Applied Biosystems Inc., Foster City, CA) as described
previously [8,9]. Briefly, The TaqMan SNP Genotyping
Assays were performed using the method of Taq
amplification. In the 5’nuclease assay, discrimination occurs
during the polymerase chain reaction (PCR) because of allele-

specific fluorogenic probes that, when hybridized to the
template, are cleaved by the 5' nuclease activity of Taq
polymerase. The probes contain a 3' minor groove-binding
group (MGB) that hybridizes to single-stranded targets with
greater sequence-specificity than ordinary DNA probes. This
reduces nonspecific probe hybridization, and results in low
background fluorescence in the 5' nuclease PCR assay.
Cleavage results in increased emission of a reporter dye. Each
5' nuclease assay requires 2 unlabeled PCR primers and 2
allele-specific probes. Each probe is labeled with 2 reporter
dyes at the 5' end.  In the present study, VIC and FAM were
used as the reporter dyes. The primers and probes used in the
TaqMan® SNP Genotyping Assays (ABI) were chosen based
on information available at the ABI website. PCR
amplification was performed using 6 µl of TaqMan®
Universal Master Mix, No AmpErase® UNG (2×; ABI) in a
12 µl final reaction volume containing 2 ng of DNA, 0.22 µl
of TaqMan® SNP Genotyping Assay Mix (20× or 40×),
primers at a concentration of 900 nmol/l each, and probes at
a final concentration of 200 nmol/l each. Thermal cycling
conditions were as follows: 50 °C for 2 min; 95 °C for 10 min;
40 cycles of 95 °C for 15 s; and 62 °C for 1 min. Thermal
cycling was performed using the GeneAmp 9700™ system.

Figure 1. Genetic variation in the human
eNOS gene. LD blocks across the locus
in Chinese Han. LD blocks derived by
solid spline method in Haploview. LD
value shown: r2*100; r2 color scheme:
r2=0: white; 0<r2<1: shades of gray;
r2=1: black.
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Statistical analysis: Hardy–Weinberg equilibrium (HWE)
was tested for each polymorphism by the χ2 test. Allele or
genotype frequencies between patients and controls were
compared by the χ2 test or Fisher’s exact test. SPSS version
15.0 software (SPSS Inc., Chicago, IL) was used. Pairwise
linkage disequilibrium (LD) estimation and expectation-
maximization (EM)-based haplotype association analysis
were performed using Haploview 4.2 [10] and SHEsis
software [11,12]. In the haplotype-based case control analysis,
haplotypes with a frequency of <0.03 were excluded. The
frequency distribution of the haplotypes was calculated by
performing a permutation test using the bootstrap method. In
addition, logistic regression analysis was performed to
calculate the OR value and its 95% confidence interval. To
analysis the association of these five SNPs with POAG and
PCAG, three models were presented such as the general model
(common allele homozygotes coded as 1, heterozygotes as 2,
and recessive allele homozygotes as 3), the dominant
(common allele homozygotes coded as 1 and heterozygotes
and recessive allele homozygotesas 2), and the recessive
model (common allele homozygotes and heterozygotes coded
as 1 and recessive allele homozygotes as 2). To assess the
association of each SNP with POAG and PCAG, we used a
Bonferroni correction to control for the number of variants
tested; this was 5, so the probability value, 0.01, was
considered to be significant.

RESULTS
The characteristics of the 310 study participants were shown
in Table 1. Patients with POAG and PCAG and the controls
were genotyped for five tagging SNPs of eNOS. Neither the
genotype nor the allele frequencies of these 5 SNPs was
significantly different between the control and the POAG
patients (all p>0.01). There were not significant difference
between the control subjects and the POAG/PCAG patients
not only in the dominate model but also in the recessive model
(all p>0.01; Table 2).

In the haplotype-based case-control analysis, for these
five tagging SNPs located on two haplotype blocks,
respectively, rs3793342 and rs11771443 located in block one
and rs743507 and rs7830 located block two, but rs3918188
was not located in these two blocks (Figure 1). Haplotypes

were established through the use of 4 SNPs (rs3793342 and
rs11771443 in the block one; rs743507 and rs7830 in the block
two; Table 3). The frequency of the C-T haplotype established
by rs3793342 and rs11771443 was significantly higher for
POAG patients than for control subjects (p<0.001, OR=5.111,
95%CI=1.766~14.788). However, the frequency of other
haplotypes were not significantly different between the
control subjects and the POAG/PCAG patients (all p>0.01).

Limitations of this study: The present study was limited
by the relatively small sample size. This may have led to weak
statistical significance and wide CIs when estimating odds
ratios.

DISCUSSION
The main findings in the present study were the C-T haplotype
established by rs3793342 and rs11771443 may be genetic
marks of POAG in the Han Chinese population.

The foundation for human studies examining putative
causative genes that may be involved in glaucoma is based on
a candidate gene approach. This involves selecting a
functionally relevant gene to study and subsequently
investigating its association with the glaucoma. The genes for
eNOS present candidates for glaucoma because it is the gene
encoding one important factor-eNOS, which is involved in
different processes, like neurotransmission, the regulation of
vascular tone, vasodilatation and apoptosis. In addition, it also
regulates blood flow to the ocular tissues and has been
implicated in the pathogenesis of cardiovascular diseases and
different neurodegenerative disorders, such as diabetic
retinopathy [13], glaucoma [14], and migraines [15]. And its
downstream product-Nitric Oxide (NO) is responsible for
maintaining arteries’ vasodilation, which keeps the ocular
blood flow constant. When the endothelial function is
deregulated, the blood supply to the tissue is altered and
impaired blood flow damages the optic nerve and leads to the
development of glaucomatous changes in the optic nerve,
which then results in an increase in the CDR. Liu et al. [16]
demonstrated that RGC degeneration in the glaucomatous
optic nerve head of POAG patients clearly corresponds to
excess plasma NO-mediated neurotoxicity. However, the
authors did not conduct any genetic studies to find the
susceptible loci.

TABLE 1. CHARACTERISTICS OF STUDY PARTICIPANTS.

Group POAG PCAG Controls
Number of subjects 102 88 120
Age at diagnosis (years) 59.1±17.3 60.7±14.7 65.6±16.4
Sex (M/F) 82/20 70/18 91/29
Highest IOP (mmHg) 24.3±8.2 28.5±8.8 15.6±3.2
Vertical cup-disc ratio 0.81±0.10 0.85±0.09 0.41±0.07

          Note: 1 mmHg=0.133 kPa; For controls, age at diagnosis refers to age at inclusion.
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Plasma NO levels are regulated by eNOS, therefore
genetic polymorphisms of eNOS that enhances eNOS
expression would contribute to NO mediated toxicity. The
previously study [17] indicated that a 27-bp variable number
of tandem repeat (VNTR) polymorphism in intron 4 of
eNOS significantly influences plasma NO levels.
Furthermore, Ayub and his colleagues [7] also found this

VNTR polymorphism was associated with both POAG and
PCAG in Pakistani cohorts. And Sakai et al. [18] found the
T-786C polymorphism of eNOS to be a risk factor of non-
arteritic anterior ischemic optic neuropathy (NAION) disease.
However, Logan et al. [19] were unable to show a significant
association between eNOS polymorphism T-786C and VNTR
repeat polymorphism and glaucoma. Similarly, Sena et al.

TABLE 2. FREQUENCIES OF GENOTYPES AND ALLELES OF THE ENOS GENE.

Polymorphisms Control
(n=120)

POAG
(n=102) p# (χ2) OR (95% CI)

PCAG
(n=88) p (χ2) OR (95% CI)

rs743507
Genotypes
AA 81 (0.675) 70 (0.686) 0.263 (2.675) 0.205 (0.023–1.872)

p=0.122*
62 (0.705) 0.570 (1.223) 0.361 (0.032–4.405)

p=0.390*
AG 38 (0.317) 28 (0.275)   24 (0.273)   
GG 1 (0.008) 4 (0.039)  1.053 (0.598–1.856)

p=0.858**
2 (0.023)  1.148 (0.632–2.084)

p=0.650**
Alleles
A 0.833 0.822 0.785 (0.074) 0.933 (0.569–1.531) 0.841 0.836 (0.043) 1.057 (0.624–1.792)
G 0.167 0.178   0.159   
rs3793342
Genotypes
CC 91 (0.758) 66 (0.647) 0.045 (6.203) 7.435 (0.880–62.839)

p=0.032*
60 (0.682) 0.388 (1.893) 0.361 (0.032–4.405)

p=0.390*
CT 28 (0.233) 30 (0.294)   26 (0.295)   
TT 1 (0.008) 6 (0.059)  1.712 (0.956–3.067)

p=0.069**
2 (0.023)  1.494 (0.370–1.261)

p=0.222**
Alleles
C 0.875 0.794 0.021 (5.310) 1.814 (1.088–3.030) 0.830 0.192 (0.695) 0.695 (0.401–1.203)
T 0.125 0.206   0.170   
rs1177144
3
Genotypes
CC 30 (0.250) 27 (0.265) 0.952 (0.085) 0.982(0.531–1.816)

p=0.953*
23 (0.261) 0.965 (0.071) 1.084 (0.565–2.077)

p=0.809*
CT 61 (0.508) 50 (0.490)   45 (0.511)   
TT 29 (0.242) 25 (0.245)  1.080 (0.591–1.975)

p=0.802**
20 (0.227)  1.062 (0.565–1.993)

p=0.853**
Alleles
C 0.504 0.510 0.906 (0.014) 1.023 (0.704–1.486) 0.517 0.795 (0.067) 1.053 (0.713–1.554)
T 0.496 0.490   0.483   
rs7830
Genotypes
AA 23 (0.192) 18 (0.176) 0.922 (0.163) 0.901(0.507–1.560)

p=0.721*
16 (0.182) 0.967 (0.068) 0.930 (0.510–1.695)

p=0.813*
AC 62 (0.517) 52 (0.510)   45 (0.511)   
CC 35 (0.292) 32 (0.314)  0.904 (0.457–1.788)

p=0.771**
27 (0.307)  0.937 (0.462–1.900)

p=0.857**
Alleles
A 0.450 0.431 0.694 (0.155) 0.927 (0.634–1.135) 0.438 0.780 (0.064) 0.951 (0.643–1.406)
C 0.550 0.569   0.562   
rs3918188
Genotypes
AA 5 (0.042) 4 (0.039) 0.965 (0.071) 1.065 (0.278–4.076)

p=0.926*
4 (0.045) 0.942 (0.119) 0.913 (0.238–3.503)

p=0.894*
AC 45 (0.375) 40 (0.392)   31 (0.352)   
CC 70 (0.583) 58 (0.569)  0.941 (0.552–1.606)

p=0.825**
53 (0.602)  1.082 (0.618–1.894)

p=0.784**
Alleles
A 0.229 0.235 0.879 (0.023) 1.035 (0.665–1.610) 0.222 0.855 (0.033) 0.958 (0.601–1.526)
C 0.771 0.765   0.778   

        

*p: indicated the P value in dominate model; **p: indicated the p value in recessive model, # p: indicated the p value in general
        model.
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[20] and Lin et al. [21] did not find any association between
POAG and eNOS intron 4 VNTR. Nevertheless, their studies
were based on single SNP analysis rather than haplotypes
approach. Morris et al. [22] reported that for genes with
multiple susceptibilities, analysis based on haplotypes has
advantages over analysis based on individual SNP.

In the present study, we genotyped 5 SNPs in Han
Chinese subjects, and assessed the association between
eNOS and glaucoma using a haplotype-based case-control
analysis based on the tagging SNP approach. We found the
the frequency of the C-T haplotype established by
rs3793342 and rs11771443 was significantly higher for
POAG patients than for control subjects. But we did not find
any association between PCAG and eNOS. This result was not
in line with Ayub et al. [7] who found an association of
eNOS with not only POAG but also PCAG. The reason for
this discrepancy is currently unclear, but may be due to, at
least in part, the different genetic background of ethnicities
under study.

Conclusion: Our study indicated that the C-T haplotype
established by rs3793342 and rs11771443 may be a genetic
mark of POAG in the Han Chinese population.

ACKNOWLEDGMENTS
The authors wish to thank all the study subjects for donating
their blood samples.

REFERENCES
1. McKinnon SJ, Goldberg LD, Peeples P, Walt JG, Bramley TJ.

Current management of glaucoma and the need for complete
therapy. Am J Manag Care 2008; 14:S20-7. [PMID:
18284312]

2. Mozaffarieh M, Grieshaber MC, Flammer J. Oxygen and blood
flow: players in the pathogenesis of glaucoma. Mol Vis 2008;
14:224-33. [PMID: 18334938]

3. Logan JF, Chakravarthy U, Hughes AE, Patterson CC, Jackson
JA, Rankin SJ. Evidence for association of endothelial nitric
oxide synthase gene in subjects with glaucoma and a history

of migraine. Invest Ophthalmol Vis Sci 2005; 46:3221-6.
[PMID: 16123422]

4. Hayreh SS, Zimmerman MB, Podhajsky P, Alward WL.
Nocturnal arterial hypotension and its role in optic nerve head
and ocular ischemic disorders. Am J Ophthalmol 1994;
117:603-24. [PMID: 8172267]

5. Karantzoulis-Fegaras F, Antoniou H, Lai SL. Lai, Kulkarni G,
D’Abreo C, Wong GK, Miller TL, Chan Y, Atkins J, Wang
Y, Marsden PA. Characterization of the human endothelial
nitric-oxide synthase promoter. J Biol Chem 1999;
274:3076-93. [PMID: 9915847]

6. Neufeld AH, Hernandez MR, Gonzalez M. Nitric oxide
synthase in the human glaucomatous optic nerve head. Arch
Ophthalmol 1997; 115:497-503. [PMID: 9109759]

7. Ayub H, Khan MI, Micheal S, Akhtar F, Ajmal M, Shafique S,
Benish Ali SH, den Hollander AI, Ahmed A. Qamar1 R.
Association of eNOS and HSP70 gene polymorphisms with
glaucoma in Pakistani cohorts. Mol Vis 2010; 16:18-25.
[PMID: 20069064]

8. Xiang, Xie; Ma, YT.; Fu, ZY.; Yang, YN.; Ma, X.; Chen, BD.;
Wang, YH. Fen Liu. Haplotype analysis of the CYP8A1 gene
associated with myocardial infarction. Clin Appl Thromb
Hemost 2009; 15:574-80. [PMID: 19147528]

9. Fu Z, Nakayama T, Sato N, Izumi Y, Kasamaki Y, Shindo A,
Ohta M, Soma M, Aoi N, Sato M, Ozawa Y, Ma Y,
Matsumoto K, Doba N, Hinohara S. A haplotype of the
CYP4F2 gene associated with myocardial infarction in
Japanese men. Mol Genet Metab 2009; 96:145-7. [PMID:
19097922]

10. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and
visualization of LD and haplotype maps. Bioinformatics
2005; 21:263-5. [PMID: 15297300]

11. Shi YY, He L. SHEsis, a powerful software platform for
analyses of linkage disequilibrium, haplotype construction,
and genetic association at polymorphism loci. Cell Res 2005;
15:97-8. [PMID: 15740637]

12. Li Z, Zhang Z, He Z, Tang W, Li T, Zeng Z, He L, Shi Y. A
partition-ligation-combination-subdivision EM algorithm for
haplotype inference with multiallelic markers: update of the
SHEsis (http://analysis.bio-x.cn). Cell Res 2009; 19:519-23.
[PMID: 19290020]

TABLE 3. HAPLOTYPE DISTRIBUTION OF THE CONTROL AND POAG AND PCAG PATIENTS.

 Frequency Frequency
 

Haplotypes control POAG p OR [95% CI] PCAG p OR (95% CI)

Block 1
(rs3793342- rs11771443)

C-C 0.486 0.423 0.184 0.775 [0.532~1.129] 0.484 0.970 0.993 [0.673~1.465]
C-T 0.018 0.087 <0.001 5.111 [1.766~14.788] 0.033 0.337 1.834 [0.523~6.434]
T-C 0.389 0.371 0.699 0.927 [0.631~1.362] 0.346 0.363 0.829 [0.553~1.242]
T-T 0.107 0.119 0.683 1.130 [0.627~2.038] 0.137 0.341 1.334 [0.737~2.414]

Block 2
(rs743507- rs7830)
A-A 0.292 0.292 0.999 1.000 [0.663~1.507] 0.302 0.756 1.070 [0.698~1.640]
A-C 0.541 0.531 0.837 0.962 [0.661~1.398] 0.539 0.904 1.025 [0.691~1.520]
G-A 0.158 0.139 0.584 0.863 [0.510~1.462] 0.136 0.571 0.852 [0.489~1.484]
G-C 0.009 0.037 0.041 4.331 [0.935~20.072] 0.023 - -

Molecular Vision 2011; 17:153-158 <http://www.molvis.org/molvis/v17/a19> © 2011 Molecular Vision

157

http://www.ncbi.nlm.nih.gov/snp?term=rs3793342
http://www.ncbi.nlm.nih.gov/snp?term=rs11771443
http://www.ncbi.nlm.nih.gov/snp?term=rs3793342
http://www.ncbi.nlm.nih.gov/snp?term=rs11771443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18284312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18284312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18334938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16123422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16123422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8172267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9915847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9109759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20069064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20069064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19147528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19097922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19097922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15297300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15740637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19290020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19290020
http://www.ncbi.nlm.nih.gov/snp?term=rs3793342
http://www.ncbi.nlm.nih.gov/snp?term=rs11771443
http://www.ncbi.nlm.nih.gov/snp?term=rs743507
http://www.ncbi.nlm.nih.gov/snp?term=rs7830
http://www.molvis.org/molvis/v17/a19


13. Awata T, Neda T, Iizuka H, Kurihara S, Ohkubo T, Takata N,
Osaki M, Watanabe M, Nakashima Y, Sawa T, Inukai K,
Inoue I, Shibuya M, Mori K, Yoneya S, Katayama S.
Endothelial nitric oxide synthase gene is associated with
diabetic macular edema in type 2 diabetes. Diabetes Care
2004; 27:2184-90. [PMID: 15333482]

14. Toda N, Nakanishi-Toda M. Nitric oxide: ocular blood flow,
glaucoma, and diabetic retinopathy. Prog Retin Eye Res 2007;
26:205-38. [PMID: 17337232]

15. Gruber HJ, Bernecker C, Lechner A, Weiss S, Wallner-Blazek
M, Meinitzer A, Höbarth G, Renner W, Fauler G, Horejsi R,
Fazekas F, Truschnig-Wilders M. Increased nitric oxide stress
is associated with migraine. Cephalalgia 2010; 30:486-92.
[PMID: 19673897]

16. Liu B, Neufeld AH. Activation of epidermal growth factor
receptor signals induction of nitric oxide synthase-2 in human
optic nerve head astrocytes in glaucomatous optic
neuropathy. Neurobiol Dis 2003; 13:109-23. [PMID:
12828935]

17. Malek AM, Izumo S, Alper SL. Modulation by
pathophysiological stimuli of the shear stress-induced
upregulation of endothelial nitric oxide synthase expression
in endothelial cells. Neurosurgery 1999; 45:334-44. [PMID:
10449079]

18. Sakai T, Shikishima K, Matsushima M, Kitahara K. Endothelial
nitric oxide synthase gene polymorphisms in non-arteritic
anterior ischemic optic neuropathy. Graefes Arch Clin Exp
Ophthalmol 2007; 245:288-92. [PMID: 16633797]

19. Logan JF, Chakravarthy U, Hughes AE, Patterson CC, Jackson
JA, Rankin SJ. Evidence for association of endothelial nitric
oxide synthase gene in subjects with glaucoma and a history
of migraine. Invest Ophthalmol Vis Sci 2005; 46:3221-6.
[PMID: 16123422]

20. Sena DRF, Pasquale LR, Allingham RR, Hauser MA, Pericak-
Vance MA, DelBono EA, Haines JL, Wiggs JL. Evaluation
of NOS3 polymorphisms in patients with primary open angle
glaucoma. ARVO Annual Meeting; 2004 April 25–29; Fort
Lauderdale (FL).

21. Lin HJ, Tsai CH, Tsai FJ, Chen WC, Tsai SW, Fan SS.
Distribution of Oxidation Enzyme eNOS and
myeloperoxidase in primary open angle glaucoma. J Clin Lab
Anal 2005; 19:87-92. [PMID: 15756709]

22. Morris RW, Kaplan NL. On the advantage of haplotype analysis
in the presence of multiple disease susceptibility alleles.
Genet Epidemiol 2002; 23:221-33. [PMID: 12384975]

Molecular Vision 2011; 17:153-158 <http://www.molvis.org/molvis/v17/a19> © 2011 Molecular Vision

The print version of this article was created on 10 January 2011. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.

158

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15333482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17337232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19673897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19673897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12828935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12828935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10449079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10449079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16633797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16123422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16123422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15756709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12384975
http://www.molvis.org/molvis/v17/a19

