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ABSTRACT: The objective of this study was to elucidate the

missense Glu298Asp polymorphism within exon 7 of the endothelial

nitric oxide synthase (eNOS) gene in infertile men with astheno-

zoospermia and its potential role in sperm motility. In this

prospective controlled study conducted in our andrology unit, we

investigated the frequency of the 894G.T polymorphism

(Glu298Asp variant) within exon 7 of the eNOS gene in 70 infertile

men and 60 healthy men. Sperm motion kinetics were assessed with

computer-assisted semen analysis. The presence of G.T, a single

nucleotide polymorphism (SNP) in exon 7 of the eNOS gene (NCBI

SNP cluster rs1799983; GenBank accession number NG_011992;

protein accession number NP_000594) was determined by allele-

specific polymerase chain reaction followed by restriction fragment

length polymorphism analysis. Sequencing analysis was used to

confirm the specific genotype. The 894G.T eNOS allele (T) was

found at a higher frequency in the patients with asthenozoospermia

(60% vs 22.5% in the control group; P 5 .02). The percentage of

progressive motile sperm (grade a + b) was lower in the

asthenozoospermic infertile men with the homozygous eNOS (TT)

genotype than in the wild-type eNOS (GG) (P 5 .02) and

heterozygous eNOS (GT) genotypes (P 5 .01). However, the

percentage of progressive motile sperm (grade a + b) was higher in

the wild-type vs mutant eNOS (TT) (P 5 .03) and heterozygous

eNOS (GT) genotypes (P 5 .04). Our findings suggest that the T

allele encoding for aspartic acid of the eNOS (Glu298Asp) gene may

contribute to poor sperm motility.
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O xidative stress (OS) is one of the major issues

associated with impaired sperm motility, male
infertility, and outcomes of assisted reproductive tech-

niques (Agarwal et al, 2009; Mahfouz et al, 2009).

Nitrogen monoxide (NO), commonly referred as nitric

oxide in the biochemical literature (Koppenol and

Traynham, 1996), is a highly reactive free radical gas

generated in biologic systems that has a variety of

functions. NO is a messenger in a wide array of biologic

processes (Nathan, 1992; Balercia et al, 2004). In
addition, NO serves as a neurotransmitter in the

nervous system and a mediator of endothelium-depen-

dent relaxation; it also mediates both tumoricidal and

bactericidal actions of macrophages (Moncada et al,
1991; Schmidt and Walter, 1994). It has been suggested

that NO modulates sexual and reproductive functions in

mammalian species (Burnett et al, 1992; Rajfer et al,

1992; Zini et al, 1996). Lewis et al (1996) reported for the

first time that NO is synthesized by the human male

gamete. Experimental evidence has demonstrated that

although excessive NO concentrations can cause defec-

tive sperm function, low and controlled concentrations
of NO play an important role in the control of sperm

physiology (Lewis et al, 1996).

Nitric oxide synthase (NOS; EC 1.14.13.39) enzymes

produce NO by catalyzing a 5-electron oxidation of a

guanidino nitrogen of L-Arg (Koppenol and Traynham,

1996). In mammals, 3 distinct genes encode for NOS

isozymes: neuronal (nNOS or NOS1; 150 kd on

chromosome 12 [12q24.2–q24.31]), cytokine induced

(iNOS or NOS2; 130 kd positioned on chromosome 17
[17q11.2–q12]), and endothelial (eNOS or NOS3;

135 kd) (Knowles and Moncada, 1994). Balligand et al
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(1993) assigned the NOS3 gene to chromosome 7 and

regionalized it to 7q35–q36. eNOS and nNOS are

isoforms of constitutive NOS, and they are involved in

cellular signaling pathways (Brenman et al, 1996). Both

enzymes are calcium/calmodulin dependent, and they

are rapidly activated by agonists that elevate intracellu-
lar free Ca2+ (Sessa et al, 1993). iNOS is a Ca2+-

independent inducible NOS isoform (Moncada et al,

1991). iNOS and nNOS are soluble and found

predominantly in the cytosol, whereas eNOS is a

membrane-associated enzyme.

Spermatozoa are the main source of NO. A consti-
tutive NOS appears to be involved in sperm motility,

capacitation, and acrosome reaction (Herrero et al,

1994; Yeoman et al, 1998; Herrero and Gagnon, 2001).

Reports have shown eNOS as a cytoplasmic protein in

Leydig and Sertoli cells as well as in all stages of

spermatogenesis and in epithelium of the epididymis and

vas deferens (Burnett et al, 1995; Rosselli et al, 1998).

A single nucleotide polymorphism (SNP) of the eNOS

gene within exon 7 includes a G to T mutation at

nucleotide position 894 of the eNOS cDNA, which

causes glutamic acid to be replaced by aspartic acid at

codon 298 (Glu298Asp) during eNOS enzyme transla-

tion. At present, this variant is associated with both
coronary spastic angina and myocardial infarction

(Miyamoto et al, 1998; Shimasaki et al, 1998; Venturelli

et al, 2009). Little is known about the association

between eNOS genotypes and asthenozoospermia—a

link we believe may exist because of earlier observations

that revealed an association between seminal NO

concentrations and sperm motility. Our aim was to

examine the eNOS gene SNPs in infertile men with
idiopathic asthenospermia. We examined the possible

association(s) between the eNOS missense mutation

(Glu298Asp variant) in infertile patients with astheno-

zoospermia and sperm motion kinetics.

Materials and Methods

Study Population

This prospective study was approved by the Institutional

Review Board of the Polytechnic University of Marche,

Umberto I Hospital, Ancona, Italy. All participants provided

their written informed consent to take part in this study.

The patients (n 5 70) in our study consisted of infertile men

who had been referred for an infertility workup at our

andrology clinic. All enrolled patients had been unable to

initiate a pregnancy for at least 18 months despite unprotected

sexual intercourse. Age-matched men with proven fertility (n

5 60) were enrolled to serve as a control group. Those with

proven fertility had successfully initiated a pregnancy within

the past 2 years prior to their enrollment. They also had

normal sperm motility and other routine sperm parameters

according to World Health Organization (WHO) guidelines

(1999).

Inclusion/Exclusion Criteria

All participants enrolled in our study had normal sperm

morphology (.30%) and leukocytospermia (,1 6106/mL) in

their semen specimen. The patients had a sperm concentration

.20 6 106/mL, forward progressive motility (grade a + b)

,50% and grade (a) ,25%, and sperm viability .75%. All

patients were negative for anti-sperm antibodies according to

the mixed agglutination reaction test. Semen cultures were

negative for microbial infection, including Chlamydia and

Mycoplasma ureoliticum infections. The patients also had

normal serum follicle-stimulating hormone, luteinizing hor-

mone, testosterone, estradiol, and prolactin levels. There was no

evidence of anatomic abnormalities of the genital tract,

including varicocele (excluded by scrotal Doppler sonography).

There was no history of cryptorchidism, testicular torsion, or

genital tract infection. The following exclusion criteria were

applied: presence of systemic disease (hypertension, diabetes

mellitus, and hypercholesterolemia), drug treatment within the

last 3 months before enrollment in our study, smoking, alcohol

use, drug addiction, or occupational chemical exposure. Because

no possible causes for reduced sperm motility could be detected,

our patients were diagnosed with idiopathic asthenozoospermia.

Sperm Evaluation

Two complete semen analyses were performed for the study

and control populations according to WHO guidelines (1999)

to ascertain sperm motility and motion kinetic characteristics.

All of these analyses were performed by the same scientist

(E.B.). Briefly, 3 mL of liquefied semen was placed into a

20-mm cellVU chamber (Conception Technologies, La Jolla,

California). Two sides (A and B) were loaded for each

specimen—at least 300 spermatozoa were scored in up to 6

different fields per chamber side. Sperm motility was assessed

using computer-assisted semen analysis (CASA). Sperm

motion characteristics were analyzed with an automated

WLJY-9000 sperm analyzer (CGA Scientific Instruments,

Florence, Italy). The following sperm kinetic characteristics

were evaluated: sperm velocity distribution (rapid + medium,

a + b; %), curvilinear velocity (VCL; mm/s), straight linear

velocity (VSL; mm/s), and linearity (LIN; %). CASA was

performed using low to normal settings and calibrated as

follows: 20 frames, 4 to 20 frames/s, 2 track points for

calculation of motility, 8 track points for calculation of

velocity, and 0 to 180 mm/s velocity range.

Determination of eNOS Genotypes

Genomic DNA was extracted from peripheral blood lympho-

cytes using the Flexigene DNA kit (Qiagen, Valencia,

California) according to the manufacturer’s instructions.

Isolated genomic DNA was assessed using a Du-62 spectro-

photometer (Beckman, Fullerton, California) at 260 nm, which

also helped to ensure that our extraction method was reliable.

An SNP of the eNOS gene in exon 7 (NCBI SNP cluster

rs1799983; GenBank accession number NG_011992; protein
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accession number NP_000594) was identified using polymerase

chain reaction (PCR) and sequencing analysis. The specific

genotype was identified with PCR followed by restriction

fragment length polymorphism using the restriction enzymes

MboI and BanII (New England Bio Labs, Ipswich, Massa-

chusetts) to digest mutant and wild-type alleles, respectively.

Briefly, PCR was performed using 50 mL of PCR mixture

buffer (16Tris-HCl buffer, pH 8.55), 1.0 mM MgCl2, 0.8 mM

dNTPs, 0.75 U of Taq DNA polymerase (Finnzyme Oy,

Espoo, Finland), 150 ng of genomic DNA template, and

forward and reverse primers at 0.5 mM each.

Thermocycling conditions consisted of an initial denaturation

for 5 minutes at 94uC, amplification for 35 cycles (denaturation

for 30 seconds at 94uC, annealing for 30 seconds at 62uC, and

extension for 30 seconds at 72uC) followed by a final step of

extension for 5 minutes at 72uC (2700 Thermal Cycler; Applied

Biosystems, Foster City, California). PCR primers were

designed to amplify the 248-bp fragment encompassing the

894G.T variant: forward and reverse primers were 59-

AAGGCAGGAGACAGTGGATGGA-39 and 59-CCCAGT

CAATCCCTTTGGTGCTCA-39, respectively (Hibi et al,

1998). PCR products were separated on a 2.5% agarose gel

and visualized under ultraviolet light after ethidium bromide

staining. The PCR product was digested using 5 U of the proper

restriction enzyme at 37uC overnight. The guanine (G) allele at

position 894 results in the presence of a glutamic acid amino

acid at position 298 and produces 2 fragments (163 and 85 bp) in

response to BanII restriction enzyme digestion. The thymine (T)

allele at position 894 results in the presence of an aspartic acid

amino acid at position 298 and produces 2 fragments (158 bp

and 90 bp) in response to MboI restriction enzyme digestion.

The restriction digest products were analyzed by electrophoresis

on 2.0% agarose gels.

In some cases, sequence validation using the same primers

was performed according to the manufacturer’s instructions.

Sequencing was performed using the Prism 310 sequencer

(Applied Biosystems).

Statistical Analysis

Statistical analysis was performed using the SAS statistical

package (SAS Institute, Cary, North Carolina). The Kolmo-

gorov-Smirnov goodness-of-fit test was used to determine if

the data were normally distributed. For each biallelic marker,

allele frequencies were calculated from the genotypes in the

patients and control groups using the Hardy-Weinberg

equilibrium. Deviation from Hardy-Weinberg equilibrium

was assessed using the x2 test. Results are expressed as means

6 SD, and they were compared with Student’s t test between

the patients and controls. Values of P , .05 were considered

statistically significant.

Results

Screening for Missense Mutation (Glu298Asp Variant) of
eNOS Gene

A descriptive comparison of our study population is

presented in Table 1. Figure 1 shows an agarose gel

Table 1. Descriptive comparison of age, ejaculate volume,
sperm concentration, and hormonal levels in
asthenozoospermic patients and healthy controls

Clinical Parameters

Asthenozoospermic

Group (n 5 70)a
Control Group

(n 5 60)a P

Age, y 32.5 (27–38) 40 (30–50) ..05

Sperm concentration,

6106/mL 49.55 6 20.61 55.21 6 24.69 .02

Ejaculate volume, mL 3.2 6 0.9 2.4 6 1.1 .02

Follicle-stimulating

hormone, mIU/L 3.8 6 2.1 2.9 61.6 .02

Luteinizing hormone,

mIU/L 4.4 6 2.0 3.7 6 1.9 .02

Testosterone, ng/mL 4.7 6 1.3 4.0 6 1.5 .02

Estradiol, pg/mL 31.8 6 10.4 35.6 6 12.9 .02

Prolactin, ng/mL 9.7 6 4.1 8.8 6 3.9 .02

a Data are presented as means 6 SD except for age presented as

average (range). The comparison between groups was done with

the Student’s t test. P , .05 was considered statistically significant.

Figure 1. Representative agarose gel loaded with 3 polymerase
chain reaction (PCR) products of (Glu298Asp) homozygote (TT),
heterozygote (GT), and wild-type (GG) after digestion with BanII,
respectively. PCR–restriction fragment length polymorphism analy-
sis was used to screen for the missense (Glu298Asp) mutation (G to
T substitution at nucleotide position 894 of the endothelial nitric oxide
synthase cDNA); a standard 100-bp marker was electrophoresed in
the first lane.
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loaded with 3 PCR products after digestion with the

BanII enzyme only. Figure 2 shows the sequencing

pattern analyses of the 3 different genotypes of the

eNOS (Glu298Asp) variant. Sequence analysis was

completed to confirm the homozygous mutant, hetero-

zygous mutant, and wild-type genotypes.

eNOS genotypes (TT, GT, and GG) were found in 31

(44.3%), 22 (31.4%), and 17 (24.3%) of the 70 patients,

respectively, with idiopathic asthenozoospermia. In

contrast, eNOS genotypes (TT, GT, and GG) were
found in 9 (15.0%), 9 (15.0%), and 42 (70.0%) of the 60

control subjects, respectively. The x2 test showed that

genotype frequencies were in agreement with those

predicted (not shown) by Hardy-Weinberg equilibrium

(Table 1). Additive and dominant effects of the eNOS

(T) allele were significantly higher in the patients with

idiopathic asthenozoospermia than in the controls, as

shown in Table 1.

Comparisons between the asthenozoospermic and

control groups regarding the eNOS gene (Glu298Asp)

polymorphism are also shown (Table 2). There was

a significant increase in allelic frequency of the

(Glu298Asp) variants (TT, GT) in asthenozoospermic

patients (60%) vs 22.5% for the control group.

Sperm Motion Kinetics in Asthenozoospermic and
Control Groups

We examined the association between sperm motion

kinetic parameters (progressive motile sperm [a + b, %],
VCL, VSL, and LIN) in the asthenozoospermic patients

and controls with different eNOS (Glu298Asp) variants

(Table 3). Comparisons of sperm motion kinetic pa-

rameters between the controls (n 5 60) and astheno-

zoospermic patients (n 5 70), irrespective of the eNOS

polymorphism, are summarized in Table 4.

In the control group, sperm motion kinetic parameters

were significantly different in the men with GG vs GT
genotypes in regards to progressive motile sperm (a + b,

%) (P 5 .04) and VCL (P 5 .04) and in the men with GG

Figure 2. Sequencing analysis of the 894G.T of exon 7 in the endothelial nitric oxide synthase gene with different allele expressions. (A)
Heterozygous (GT) genotype. (B) Mutant homozygous (TT) genotype. (C) Wild-type homozygous (GG) genotype.

Table 2. Genotype and allele frequencies for the eNOS
gene SNP (Glu298Asp variant) in asthenozoospermic
patients and healthy controls

Asthenozoospermic

Group (n 5 70)

Control

Group (n 5 60)

Genotypes

eNOS (GG), n (%) 17 (24.29) 42 (70)

eNOS (GT), n (%) 22 (31.43) 9 (15)

eNOS (TT), n (%) 31 (44.28) 9 (15)

x2 testa 0.94 0.85

P .02

Alleles

G, n (%) 56 (40.00) 93 (77.50)

T, n (%) 84 (60.00) 27 (22.50)

P .02

Abbreviations: eNOS, endothelial nitric oxide synthase; eNOS (GG),

homozygous normal; eNOS (TG), heterozygous carrier of eNOS

(Glu298Asp) variant; eNOS (TT), homozygous carrier of eNOS

(Glu298Asp) variant; SNP, single nucleotide polymorphism.
a The x2 test was used to compare the observed frequencies to

predicted frequencies (not shown) by the Hardy-Weinberg equilib-

rium among patient and control study populations.
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vs TT genotypes in regards to progressive motile sperm (a

+ b, %) (P 5 .03). The asthenozoospermic patients with

the homozygous eNOS (TT) genotype had significantly

better sperm motion kinetics than did the wild-type group

(GG) in regards to progressive motile sperm (a + b, %) (P

5 .02), VCL (P 5 .01), VSL (P 5 .02), and LIN (P 5 .01).

Moreover, these sperm kinetic parameters were signifi-

cantly better in the heterozygous patients (GT) vs the

homozygous (TT) patients in regards to progressive

motile sperm (a + b, %) (P 5 .01), VCL (P 5 .002), VSL

(P . .05), and LIN (P 5 .002).

Discussion

For the first time, we report an association between the

SNP of the eNOS (Glu298Asp variant) gene and sperm

motility and sperm motion kinetics. A nucleotide

substitution in the open reading frame causes an amino

acid substitution of aspartic acid for glutamic acid at

position 298. Therefore, we have only limited informa-

tion about whether this missense mutation gives rise to a

functional alteration of eNOS enzymatic activity or if it

is a genetic marker associated with some loci. Specifi-

Table 3. Comparison of sperm motion kinetics parameters in infertile men with different eNOS genotypes among infertile
asthenozoospermic men (A) and healthy controls (B)

Sperm Motion Kineticsa

Rapid Motile Sperm

(a + b, %)

Curvilinear Velocity,

mm/s

Straight Linear Velocity,

mm/s

Linearity,

%

Genotype variants

eNOS (GG) (n 5 17) 23 6 15.39 28.58 6 11.68 13.88 6 3.05 28.35 6 8.59

eNOS (GT) (n 5 22) 21.32 6 8.74 26.54 6 5.57 12.68 6 2.21 29 6 12.19

Student’s t test 0.43 0.72 1.42 20.19

P ..05 ..05 ..05 ..05

eNOS (GG) (n 5 17) 23 6 15.39 28.58 6 11.68 13.88 6 3.05 28.35 6 8.59

eNOS (TT) (n 5 31) 13 6 12.92 17.71 6 13.89 10.81 6 6.26 18.13 6 12.04

Student’s t test 2.40 2.74 2.28 3.09

P .02 .01 .02 .01

eNOS/GT (n522) 21.32 6 8.74 26.54 6 5.57 12.68 6 2.21 29 6 12.19

eNOS (TT) (n 5 31) 13 6 12.92 17.71 6 13.89 10.81 6 6.26 18.13 6 12.04

Student’s t test 2.62 3.20 1.54 3.22

P .01 .002 ..05 .002

Control subjects

eNOS (GG) (n 5 42) 56.81 6 4.66 48.40 6 9.89 19.21 6 3.38 38.47 6 7.33

eNOS (GT) (n 5 9) 53.33 6 2.82 57.00 6 15.46 20.55 6 2.35 41.22 6 6.24

Student’s t test 2.14 22.13 21.13 21.16

P .04 .04 ..05 ..05

eNOS (GG) (n 5 42) 56.81 6 4.66 48.40 6 9.89 19.21 6 3.38 38.47 6 7.33

eNOS (TT) (n 5 9) 53.16 6 3.51 48.77 6 8.27 19.77 6 2.58 40.11 6 6.29

Student’s t test 2.21 20.11 20.47 20.02

P 0.03 NS NS NS

eNOS (GT) (n 5 9) 53.33 6 2.82 57.00 6 15.46 20.55 6 2.35 41.22 6 6.24

eNOS (TT) (n 5 9) 53.16 6 3.51 48.77 6 8.27 19.77 6 2.58 40.11 6 6.29

Student’s t test 0.11 1.41 0.67 0.38

P NS NS NS NS

Abbreviations: eNOS, endothelial nitric oxide synthase; eNOS (GG), homozygous normal; eNOS (GT), heterozygous carrier of eNOS

(Glu298Asp) variant; eNOS (TT), homozygous carrier of eNOS (Glu298Asp) variant; NS, nonsignificant.
a Data are presented as means 6 SD. The Student’s t test was used for comparison between each 2 groups. P # .05 was considered

statistically significant.

Table 4. Comparison of sperm motion kinetics among infertile asthenozoospermic patients vs. healthy controls

Control Groupa (n 5 60) Asthenozoospermica (n 5 70) P

Sperm motility (grade a + b), % 63.85 6 7.38 32.52 6 16.65 ,.001

Curvilinear velocity, mm/s 59.55 6 9.15 35.11 6 9.69 ,.001

Straight linear velocity, mm/s 22.00 6 1.61 15.42 6 2.71 ,.001

Linearity, % 43.29 6 5.86 33.40 6 10.57 ,.001

a Data are presented as means 6 SD.
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cally, we found that there was a statistically significant

association between the eNOS (Glu298Asp) SNP and

motility in asthenozoospermic patients. In regards to
sperm motion kinetic parameters, the asthenozoosper-

mic patients who had a wild-type (GG) genotype had

significantly higher values of sperm motion kinetics than

patients with a heterozygous (GT) or homozygous (TT)

genotype, except for VSL (Table 3).

Recent reports have suggested that the eNOS gene

Glu298Asp polymorphism plays a role in various

conditions and diseases that are associated with OS
and/or abnormal NO levels such as attenuation of the

vasodilation in nonexercising muscle (Dias et al, 2009),

advanced stages of endometriosis (Kim et al, 2009), and

frontotemporal lobar degeneration (Venturelli et al,

2009). Also, the Glu298Asp eNOS polymorphism

increases the risk of hypotension in Escherichia coli

bacteremia (Huttunen et al, 2009). These reports

support our hypothesis that the Glu298Asp eNOS

SNP is associated with abnormal levels of NO

and/or OS.

In effect, we found a significant difference in

frequency of the missense (Glu298Asp) variant of the

eNOS gene between asthenozoospermic patients and the

control group. The combined incidence of the missense

(Glu298Asp) eNOS mutation (heterozygote [GT] and

homozygote [TT]) was 75.71% in the patients with
idiopathic asthenozoospermia and 30.0% in the con-

trols. Thus, our study showed that this missense eNOS

polymorphism (Glu298Asp variant) was significantly

associated with asthenozoospermia and that its homo-

zygous condition (TT) was statistically associated with

compromised sperm motion kinetics parameters.

The eNOS missense mutation (Glu298Asp variant) is

not located in any functional consensus sequence, but

computer analysis has revealed that the mutation results
in a conformational change in the eNOS protein from a

helix to a tight turn (Joshi and Bauer, 2008). The

functional significance of this missense mutation of the

eNOS gene has not yet been demonstrated, suggesting

that it may affect the function of the eNOS protein.

However, x-ray diffraction by protein crystallography is

still required to confirm the eNOS 3-dimensional

structure, which will provide a better understanding of
the molecular basis of the eNOS protein’s function.

The T allele of this missense eNOS SNP is associated

with high plasma NO levels in healthy people (Yoon et

al, 2000) and with eNOS protein levels (Wang et al,

2000). The eNOS T allele may be associated with an

increased production of NO that compromises sperm

motility. The presence of the T allele may be the cause of

altered eNOS protein structure and/or function that
increases the incidence of OS-induced sperm damage in

infertile men, leading to asthenozoospermia (Zalata et

al, 1998). OS-induced sperm damage may be related to

abnormal NO levels (Zhang and Zheng, 1996; Balercia

et al, 2004) or may be due to any other possible

associated polymorphism affecting genes responsible for

other important molecules such as tumor necrosis factor

a (Tronchon et al, 2008).

In regards to NO concentrations, they were higher in

the semen from the asthenozoospermic infertile patients

than that of the normozoospermic men. We found a

linear negative correlation between NO concentration

and sperm motility, as well as sperm motion kinetic

characteristics such as VCL and VSL. Furthermore,

eNOS protein expression has been shown to be higher in

asthenozoospermic patients than in normozoospermic

men (Balercia et al, 2004).

In conclusion, we report for the first time an

association between the SNP of the eNOS gene

(Glu298Asp variant) and sperm motility and motion

kinetic parameters in infertile men. Our study results

suggest that the T allele, encoding for aspartic acid, of

the eNOS (Glu298Asp) SNP may be associated with low

sperm motility. Our study findings may one day lead to

therapies that inhibit NO activities in patients with low

sperm motility. In addition, our report may provide

novel diagnostic tools for idiopathic male infertility and

asthenozoospermia. Additional studies with larger

groups of participants are needed to confirm our results,

establish a genetic profile that may be useful in the

prediction of the outcome of idiopathic infertility, and

establish a relationship for NOS protein activity and

NO levels with sperm motility.
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