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Abstract: Background: While a number of genetic and environmental risk factors for coronary heart diseases have
been identified. This study was designed to determine the association between NOS, ACE and DDAH-2 gene poly-
morphism and CAD with regard to the plasma levels of ADMA, SDMA and NOx in Tunisian population. Methods:
Relevant clinical parameters were measured and peripheral whole blood obtained for genetic analysis on 193
patients with stable coronary artery disease (CAD) and 104 CAD free control subjects. Polymerase chain reaction
restriction fragment length polymorphism (PCR-RFLP) was used to determine genotype distributions for three poly-
morphic DDAH-2 rs3131383, ACE rs4291 and NOS rs2070744 and evaluated the association with plasma NOx,
ADMA and SDMA concentration, them a potential predictor of CAD in a Tunisian population. Results: Significant
differences in the distribution of the ACE and DDAH-2 polymorphisms were observed between CAD and controls but
no difference was detected in eNOS gene T-786C polymorphism. Conclusion: ACE and DDAH-2 polymorphism were
associated with an increased risk of CAD in Tunisian population.
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Introduction display reduced NO° production, which is

believed to participate in the establishment

Coronary artery disease (CAD) is a leading
cause of mortality worldwide and accounts for
30% of death [1, 2]. The pathophysiology of
CAD remains unclear but may involve interac-
tions between genetic and environmental fac-
tors. Many epidemiological studies have high-
lighted numerous risk factors for CAD. Those
include hypertension, diabetes, dyslipidemia,
obesity, smoking habit and history of CAD.
However, predictive factor, such as genetic
association may also be helpful stratifying
patients at risk of CAD [3-6]. One of the hall-
mark of CAD is an alteration in nitric oxide (NO°)
metabolism. NO° is a major vasodilator factor
that is produced by the endothelium, which
exhibit anti-thrombotic, anti-inflammatory, and
anti-proliferative actions [7]. Patients with CAD

and progression of CAD. Endothelium-derived
NO° is produced from L-arginine by the endo-
thelial NO synthase (NOS3, eNOS). Several
allelic variants of the NOS3 gene have been
shown to influence basal production of NO° [8].
The T-786C polymorphism (rs2070744) is one
of several promoter SNPs of eNOS that have
been associated with the reduced eNOS expres-
sion and have been linked to CAD risk [9].

Factors that influence the production of NO°
are numerous and include asymmetric dimeth-
yl-arginine (ADMA), which inhibits NO produc-
tion [10]. ADMA is metabolized into inactive
compound by the dimethylargininase (DDAH).
DDAH exists under two isoforms, of which
DDAH-2 share similar endothelial expression
pattern as NOS3 [11].
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Table 1. Demographic and clinical characteristics of the study

excluded. Patients with fasting

population plasma glucose > 7.0 mmol/L, or
CAD (n = 193) Controls (n = 104) P whotwere under %nti-ocljiabetcijg tt:e?t-
ment were considered as diabetic
Age 62155, 70] 50[41-57] < 0.0001 [14]. Patients with cholesterol lev-
Male, n (%) 50 (66.3%) 45 (43.3%) 0.0002 els > 5.17 mmol/L, triglycerides lev-
BMI 27.7[24.831.2] 26.8[24.7-30.5]  0.44 els > 1.70 mmol/ L, both, or who
Hypertension, n (%) 104 (53.9%) 1(0.9%) <0.0001 were under hypo-cholesterolemic
Dyslipidemia, n (%) 43 (22.3%) 0 (0%) < 0.0001 drugs were considered dyslipide-
Diabetes, n (%) 115 (59.6%) 3(2.9%) < 0.0001 mic.
Smoking, n (%) 107 (55.4%) 6 (5.8%) < 0.0001

CAD: coronary artery disease, BMI: body mass index.

The DDAH-2 expression is related to the renin-
angiotensin-aldosterone system since ADMA
infusion promotes the expression of the angio-
tensin converting enzyme (ACE), which is the
major angiotensin ll-producing enzyme [11].
Renin angiotensin system (RAS), known for hav-
ing a helpful role in physiological functions of
cardiovascular system and also CAD, this asso-
ciation has been frequently reported by many
studies [12, 13].

From a genetic standpoint, polymorphism of
the NOS3, DDAH-2 and ACE genes have been
implicated as risk factors of CAD. We therefore
studied the association of the SNPs DDAH-2
rs3131383, ACE rs4291 and NOS3 rs2070744
with regard to the plasma levels of ADMA,
SDMA and NOx and evaluated them as poten-
tial predictor of CAD in a Tunisian population.

Methods

This study was approved by local ethic commit-
tees and written consent was obtained from all
patients and controls, whose are Tunisian ori-
gins. This study using human samples was per-
formed according to the current revision of the
Helsinki Declaration.

Study population

The studied population (N = 297) consisted of
193 patients with stable coronary artery dis-
ease (CAD) and 104 CAD-free control subjects
recruited from the health professional depart-
ment while undergoing routine check-up. The
patients with CAD were included when present-
ing at least 50% stenosis in at least one of the
major coronary arteries. Patients who suffered
from inflammatory disease, heart failure, renal
disease, rheumatoid arthritis or cancer were
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Plasma samples were assayed for
NOx, the stable end product of NO,
by using a commercially available
kit (Cayman Chemical, Ann Arbor, MI). Briefly,
the plasma and urine samples were first filtered
through a 0.45-um Minisartcolumn (Amersham,
U.K.) [15].

Plasma ADMA and SDMA were measured by
HPLC-fluorescence after derivatization with
naphthalene-2,3-dicarboxaldehyde (NDA) ac-
cording to Marra et al [16].

DNA analysis

Genomic DNA was extracted from peripheral
blood leukocytes using salting out method [17].
Extracted DNA were dissolved in sterile distilled
water and stored at 4°C for further PCR analy-
sis. The NOS3-786C>T (rs2070744), the ACE-
240A>T (rs4291), and the DDAH-2-871T>G
(rs3131383) were analyzed by restriction frag-
ment length polymorphism (RFLP). The oligo-
nucleotides used for PCR were: 5-TGGAG-
AGTGCTGGTGACCCCA-3’ and 5-GCCTCCACCC-
CCACCCTGTC-3’ for rs2070744, 5-TCGGGCT-
GGGAAGATCGAGC-3’ and 5-GAGAAAGGGCCT-
CCTCTCTCT-3’ for rs4291, and 5-AGCACAAC-
ACAAGCTCAATCAG-3" and 5-AGTCCCCTCCC-
CAGGTTC-3" for rs3131383. PCR products
were digested with BsiSI (rs2070744, Thermo
scientific), Xbal (rs4291, Thermo scientific), or
Smal (rs3131383, Thermo scientific). Re-
striction fragments were analyzed on 2% aga-
rose gel stained with ethidium bromide. For
technical reasons, genetic analysis was per-
formed on a subset of 94 controls and 99 CAD
patients.

Statistical analysis
All statistical analyses were performed using
the R-statistical software (http://www.r-project.

org/). Continuous variables are expressed as
median and interquartile range and were ana-
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Figure 1. A. Plasma levels of NOx in controls and CAD patients. B. Plasma levels of ADMA in controls and CAD
patients. C. Plasma levels of SDMA in controls and CAD patients. D. Correlation between NOx and ADMA levels.

Table 2. Genetic characteristics of the popu-
lation for the three polymorphisms tested

Gene Genotype CAD Controls P
NOS3 -786TT 57 63 0.21
-786CT 32 27
-786CC 10 4
ACE -240AA 38 54 0.01
-240AT 48 36
-240TT 13 4
DDAH-2 -874TT 46 41 0.02
-8717G 27 40
-871GG 26 12

CAD: coronary artery diseases.

lyzed using Wilcoxon rank-sum test. Categorical
data were analyzed using Pearson’s x? test.
Genetic association analyses were performed
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using the SNPassoc package from R. A p value
< 0.05 was considered significant.

Results

Baseline characteristics of control and CAD
groups

We investigated 193 patients with stable coro-
nary artery diseases and 104 apparently
healthy subjects which demographic and clini-
cal characteristics are reported in Table 1. CAD
patients had higher risk factors of cardiovascu-
lar diseases (e.g. hypertension, diabetes) com-
pared to the control group.

Plasma levels of NOx, ADMA and SDMA

Plasma levels of NOx were lower in CAD patients
(15.3 pM [12.2-20.5]) compared to controls
(34.5 yM [31.5-37.3], P < 0.0001, Figure 1A).

Int J Clin Exp Med 2016;9(2):4119-4124
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Table 3. Odd ratio associated with the ACE-240T and DDAH-2-867G alleles according to the genetic

model
Dominant model Recessive model Additive model

OR [95% Cl] P OR [95% Cl] P OR [95% Cl] P
Univariate analysis
ACE-240T 2.17 [1.22-3.85] 0.007 3.40[1.07-10.84] 0.03 2.02[1.27-3.22] 0.002
DDAH-2-867G 2.62[1.42-4.83] 0.002 3.23[1.71-6.09] <0.001 2.00[1.40-2.85] <0.001
Multivariate analysis®
ACE-240T 0.56 [0.15-2.12] 0.38 3.28[0.21-2.12] 0.38 0.83[0.30-2.32] 0.72

DDAH-2-867G  20.94 [2.93-149.85] < 0.001 3.24[0.90-11.61] 0.06

3.49[1.42-8.57] 0.002

®Multivariate analysis adjusted for age, sex, hypertension, diabetes, smoking habit, and dyslipidemia.

Similarly, ADMA levels were lower in CAD (136
nM [98-174]) compared to controls (547 [470-
671], P <0.0001, Figure 1B). Conversely, SDMA
levels were higher in CAD patients (366 nM
[301-519]) than in controls (288 [241-407], P <
0.0001, Figure 1C). There was a strong nega-
tive correlation between NOx and SDMA (p =
-0.90, P < 0.0001). In contrast, there was a
moderate positive relationship between NOx
and ADMA in CAD patients (p = 0.49, P <
0.0001, Figure 1D).

Association of ACE, eNOS and DDAH-2 gene
polymorphism with CAD

No deviation from the Hardy-Weinberg equilib-
rium was observed for NOS3 rs2070744, ACE
rs4291 and DDAH-2 rs3131383 (P > 0.05) in
the control population. Significant differences
in distribution of the ACE and DDAH-2 polymor-
phisms were observed (Table 2) between CAD
and controls. No difference was observed for
NOS3 between the two groups (Table 2).

Univariate analysis of ACE and DDAH-2 poly-
morphism showed that the ACE-240T was
associated with an increased risk of CAD
regardless the genetic model used; dominant
or recessive (Table 3). In contrast, the DDAH-2-
871G allele was also associated with increased
risk of CAD only when a recessive model was
considered (Table 3). In a multivariate model
that was adjusted with common CAD risk fac-
tor, i.e. age, gender, hypertension, diabetes,
smoking habit, and dyslipidemia, none of the
polymorphism was associated with risk of CAD
(Table 3). Of note, there was no association
between the plasma levels of NOx, ADMA or
SDMA and the polymorphisms tested.
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Discussion

Three gene polymorphisms NOS3-786C>T,
ACE-240A>T, and DDAH-2-871T>G, in this pres-
ent study, were determined in CAD patients and
healthy individuals.

NOS3-786C>T

In the present study, the NOS3 SNP T-786C was
investigated in Tunisian population and the dis-
tribution of genotypes was not different
between case and control groups significantly.

Similarly to many previous report, we found that
genetic polymorphism in the -786T>C not asso-
ciated to the risk of development of coronary
heart disease [18-20].

In contrast, many studies have both shown a
significant association between -786T>C gene
polymorphism and CAD risk [21-24].

ACE-240A>T and DDAH-2-871G

Results showed that the ACE-240T and DDAH-
2-871G alleles were strongly associated with
CAD and that DDAH-2-871G was strongly asso-
ciated with CAD, even after adjustment for risk
factors in a dominant model.

We found the DDAH-2-871G allele was an inde-
pendent predictor of CAD in the study popula-
tion, regardless the recessive or dominant
genetic model. In type 2 diabetic patients, this
allele has been associated with ADMA serum
level [25]. In our population, the presence of
DDAH-2-871G allele is therefore anticipated to
dictate ADMA plasma levels. Further studies
are required to test this hypothesis but these
results suggest DDAH-2 as a significant CAD
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predictor in the Tunisian population, possibly
through alteration of the nitric oxide metabo-
lism. Interestingly, the genotype distribution of
the DDAH-2-871T>G was in the Hardy-Weinberg
equilibrium, with a lower representation of
heterozygous.

The DDAH-2 gene, rs3131383 are significantly
associated with ADMA levels in individuals with
type 2 diabetes [22].

The ACE-240T allele was also a strong predic-
tor of CAD but failed once adjusted to common
CAD risk factors. These data are no exception
to the body of literature which found no asso-
ciation between this polymorphism and cardio-
vascular diseases. It is worth mentioning that
some association was found with early-onset
Alzheimer’s disease [26], suggesting a poten-
tial specific effect of this polymorphism.
However, since ACE-240T was associated with
higher risk of CAD in univariate analysis; these
data suggest that the ACE-240T allele is most
likely associated with a risk factor of CAD rath-
er than CAD itself.

Finally, associations between NOS3-786C>T
polymorphism and cardiovascular diseases
have been extensively studied in various popu-
lations, albeit conflicting results. NOS3-786C
allele was found an independent predictor of
internal carotid artery stenosis [21] and Ml in
young subjects [24]. In contrast, we and others
failed to find any association between this poly-
morphism and the risk of cardiovascular dis-
eases [18]. These data suggest that while
alterations of nitric oxide metabolism can be a
risk factor for cardiovascular disease, it
appears to be context [27] and possibly
population-dependent.

In conclusion, this study identified the DDAH-2
G allele as a potential genetic predictor for CAD
in the Tunisian population. Moreover, ACE-240T
is most likely a predictor of a CAD risk factor
than a CAD predictor itself.

Disclosure of conflict of interest
None.

Address correspondence to: Abderraouf Kenani,
UR12ES08-Faculté de Médecine de Monastir-
Université de Monastir-Tunisie. E-mail: raouf.kena-
ni@fmm.rnu.tn

4123

References

[1] Cam SF, Sekuri C, Tengiz I, Ercan E, Sagcan A,
Akin M, Berdeli A. The g894t polymorphism on
endothelial nitric oxide synthase gene is asso-
ciated with premature coronary artery disease
in a turkish population. Thrombo Res 2005;
116: 287-92.

[2] GBD 2013 Mortality and Causes of Death
Collaborators. Global, regional, and national
age-sex specific all-cause and cause-specific
mortality for 240 causes of death, 1990-2013:
A systematic analysis for the global burden of
disease study 2013. Lancet 2015; 385: 117-
71.

[3] Dayoub H, Achan V, Adimoolam S, Jacobi J,
Stuehlinger MC, Wang BY, Tsao PS, Kimoto M,
Vallance P, Patterson AJ, Cooke JP. Dim-
ethylarginine dimethylaminohydrolase regu-
lates nitric oxide synthesis: Genetic and physi-
ological evidence. Circulation 2003; 108:
3042-7.

[4] Erbs S, Mobius-Winkler S, Linke A, Adams V,
Doll N, Gielen S, Gummert JF, Mohr FW, Schuler
G, Hambrecht R. Both t-786¢ and g894t poly-
morphism of endothelial nitric oxide synthase
affect in-vitro endothelium-dependent relax-
ation of internal mammary artery rings from
patients with coronary artery disease. Eur J
Cardiovasc Prev Rehabil 2006; 13: 826-31.

[5] Settin A, Elbaz R, Abbas A, Abd-Al-Samad A,
Noaman A. Angiotensin-converting enzyme
gene insertion/deletion polymorphism in egyp-
tian patients with myocardial infarction. J
Renin Angiotensin Aldosterone Syst 2009; 10:
96-100.

[6] Sibal L, Agarwal SC, Home PD, Boger RH. The
role of asymmetric dimethylarginine (adma) in
endothelial dysfunction and cardiovascular
disease. Curr Cardiol Rev 2010; 6: 82-90.

[7]1  Ellul J, Markoula S, Marousi S, Galidi A, Kyritsis
AP, Papathanasopoulos P, Georgiou I. As-
sociation of endothelial nitric oxide synthase
polymorphism g894t with functional outcome
in acute stroke patients. Neurol Res 2011; 33:
835-40.

[8] Hingorani AD. Polymorphisms in endothelial
nitric oxide synthase and atherogenesis: John
french lecture 2000. Atherosclerosis 2001;
154: 521-7.

[9]1 Doshi AA, Ziolo MT, Wang H, Burke E, Lesinski
A, Binkley P. A promoter polymorphism of the
endothelial nitric oxide synthase gene is asso-
ciated with reduced mrna and protein expres-
sion in failing human myocardium. J Card Fail
2010; 16: 314-9.

[10] Leiper J, Vallance P. New tricks from an old
dog: Nitric oxide-independent effects of di-
methylarginine dimethylaminohydrolase. Ar-

Int J Clin Exp Med 2016;9(2):4119-4124


mailto:raouf.kenani@fmm.rnu.tn
mailto:raouf.kenani@fmm.rnu.tn

Association between markers with coronary artery disease in Tunisian population

(11]

[12]

[13]

[14]

[15]

(16]

(17]

(18]

[19]

4124

terioscler Thromb Vasc Biol 2006; 26: 1419-
20.

Tran CT, Leiper JM, Vallance P. The ddah/
adma/nos pathway. Atheroscler Suppl 2003;
4: 33-40.

Lei HP, Chen HM, Zhong SL, Yao QZ, Tan HH,
Yang M, Lin QX, Shan ZX, Zheng ZW, Zhu JN,
Zhou ZL, Lin SG, Yu XY. Association between
polymorphisms of the renin-angiotensin sys-
tem and coronary artery disease in chinese
patients with type 2 diabetes. J Renin
Angiotensin Aldosterone Syst 2012; 13: 305-
13.

Firouzabadi N, Tajik N, Bahramali E, Bak-
hshandeh H, Maadani M, Shafiei M. Gender
specificity of a genetic variant of angiotensin-
converting enzyme and risk of coronary artery
disease. Mol Biol Rep 2013; 40: 4959-65.
Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus. Report of
the expert committee on the diagnosis and
classification of diabetes mellitus. Diabetes
Care 2003; 26 Suppl 1: S5-20.

Matata BM, Galinanes M. Effect of diabetes on
nitric oxide metabolism during cardiac surgery.
Diabetes 2001; 50: 2603-10.

Marra M, Bonfigli AR, Testa R, Testa |, Gambini
A, Coppa G. High-performance liquid chro-
matographic assay of asymmetric dimethylar-
ginine, symmetric dimethylarginine, and argi-
nine in human plasma by derivatization with
naphthalene-2,3-dicarboxaldehyde. Anal Bio-
chem 2003; 318: 13-7.

Miller SA, Dykes DD, Polesky HF. A simple salt-
ing out procedure for extracting DNA from hu-
man nucleated cells. Nucleic Acids Res 1988;
16: 1215.

Colomba D, Duro G, Corrao S, Argano C, Di
Chiara T, Nuzzo D, Pizzo F, Parrinello G,
Scaglione R, Licata G. Endothelial nitric oxide
synthase gene polymorphisms and cardiovas-
cular damage in hypertensive subjects: An ital-
ian case-control study. Immun Ageing 2008; 5:
4,

Gardemann A, Lohre J, Cayci S, Katz N,
Tillmanns H, Haberbosch W. The t allele of the
missense glu(298)asp endothelial nitric oxide
synthase gene polymorphism is associated
with coronary heart disease in younger indi-
viduals with high atherosclerotic risk profile.
Atherosclerosis 2002; 160: 167-75.

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

Van de Werf F, Bax J, Betriu A, Blomstrom-
Lundqvist C, Crea F, Falk V, Filippatos G, Fox K,
Huber K, Kastrati A, Rosengren A, Steg PG,
Tubaro M, Verheugt F,Weidinger F, Weis M; ESC
Committee for Practice Guidelines (CPG).
Management of acute myocardial infarction in
patients presenting with persistent st-segment
elevation: The task force on the management
of st-segment elevation acute myocardial in-
farction of the european society of cardiology.
Eur Heart J 2008; 29: 2909-45.

Ghilardi G, Biondi ML, DeMonti M, Bernini M,
Turri O, Massaro F, Guagnellini E, Scorza R.
Independent risk factor for moderate to severe
internal carotid artery stenosis: T786¢ muta-
tion of the endothelial nitric oxide synthase
gene. Clin Chem 2002; 48: 989-93.

Liu D, Jiang Z, Dai L, Zhang X, Yan C, Han Y.
Association between the -786 t>c 1polymor-
phism in the promoter region of endothelial
nitric oxide synthase (enos) and risk of coro-
nary artery disease: A systematic review and
meta-analysis. Gene 2014; 545: 175-83.
Narne P, Ponnaluri KC, Siraj M, Ishaq M.
Polymorphisms in oxidative stress pathway
genes and risk of diabetic nephropathy in
south indian type 2 diabetic patients.
Nephrology 2014; 19: 623-9.

Zigra AM, Rallidis LS, Anastasiou G, Merkouri
E, Gialeraki A. Enos gene variants and the risk
of premature myocardial infarction. Dis
Markers 2013; 34: 431-6.

Abhary S, Burdon KP, Kuot A, Javadiyan S,
Whiting MJ, Kasmeridis N, Petrovsky N, Craig
JE. Sequence variation in ddah1l and ddah2
genes is strongly and additively associated
with serum adma concentrations in individuals
with type 2 diabetes. PLoS One 2010; 5:
e9462.

Wang XB, Cui NH, Gao JJ, Qiu XP, Yang N, Zheng
F. Angiotensin-converting enzyme gene poly-
morphisms and risk for sporadic alzheimer’s
disease: A meta-analysis. J Neural Transm
2015; 122: 211-24.

Mayer O Jr, Filipovsky J, Pesta M, Cifkova R,
Dolejsova M, Simon J. The interaction of endo-
thelial nitric oxide synthase polymorphism and
current smoking in terms of increased arterial
stiffness. Physiol Res 2010; 59: 529-36.

Int J Clin Exp Med 2016;9(2):4119-4124



