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Abstract
Dimethylarginine aminodehydrolase (DDAH1) and alanine glyoxylate aminotransferase2 (AGXT2) are two enzymes that 
contribute in asymmetric dimethylarginine (ADMA) and symmetric dimethylarginine (SDMA) metabolism. Hence they affect 
production and bioavailability of eNOS-derived nitric oxide (NO) and consequently healthy blood vessels. The major aims of 
the current study were to investigate the association of genetic variants of AGXT2 rs37369, AGXT2 rs16899974 and DDAH1 
rs997251 SNPs with incidence of coronary artery disease (CAD) in Egyptians and to correlate these variants with the serum 
levels of ADMA and SDMA. The study included 150 subjects; 100 CAD patients and 50 healthy controls. Genotyping was 
performed by qPCR while the ADMA and SDMA concentrations were assayed by ELISA. Both serum ADMA and SDMA 
concentrations were significantly higher in CAD patients compared to controls (both p < 0.0001). Genotype distributions 
for all studied SNPs were significantly different between CAD patients and controls. Carriers of AGXT2 rs37369-T allele 
(CT + TT genotypes) and AGXT2 rs16899974-A allele (CA + AA genotypes) had 2.4- and 2.08-fold higher risk of having 
CAD than CC genotype in both SNPs (p = 0.0050 and 0.0192, respectively). DDAH1 rs997251 TC + CC genotypes were 
associated with 2.3-fold higher risk of CAD than TT genotype (p = 0.0063). Moreover, the AGXT2 rs37369 TT and AGXT2 
rs16899974 AA genotypes were associated with the highest serum ADMA and SDMA while DDAH1 rs997251 CC geno-
type was associated with the highest ADMA. AGXT2 rs37369-T, AGXT2 rs16899974-A, and DDAH1 rs997251-C alleles 
represent independent risk factors for CAD in the Egyptians.

Keywords  Asymmetric dimethylarginine · Coronary artery disease · Alanine glyoxylate aminotransferase 2 · 
Dimethylarginine dimethylaminohydrolase · Polymorphisms · Symmetric dimethylarginine · Nitric oxide

Introduction

Nitric oxide (NO) is generated from the metabolism of 
l-arginine by three isoforms of nitric oxide synthase namely 
endothelial nitric oxide synthase (eNOS), inducible nitric 
oxide synthase (iNOS) and neuronal nitric oxide synthase 
(nNOS). The eNOS plays a major role in regulating vaso-
motor tone [1]. NO plays a key role in the physiological 
regulation of the cardiovascular system, hence abnormali-
ties in its production or bioavailability are associated with 
cardiovascular diseases like hypertension, atherosclerosis 
and angiogenesis-associated disorders [2]. Reduced NO 
production were observed as a result of elevated serum lev-
els of methylarginines; endogenous competitive inhibitors 
of NOS [3].

Methylarginines are produced from the degradation of 
methylated proteins that are formed by the reaction of two 

 *	 Sally I. Hassanein 
	 sally.ibrahim@guc.edu.eg

	 Mina Amir 
	 Mina.amir@student.guc.edu.eg

	 Mohamed F. Abdel Rahman 
	 mmfarouk@msa.eun.eg

	 Mohamed Z. Gad 
	 Mohamed.gad@guc.edu.eg

1	 Clinical Biochemistry Unit, Faculty of Pharmacy 
and Biotechnology, German University in Cairo (GUC), 
Main Entrance El‑Tagamoa El‑Khames, New Cairo City, 
Cairo, Egypt

2	 Biochemistry Department, Faculty of Pharmacy, October 
University for Modern Sciences and Arts (MSA), Cairo, 
Egypt

http://orcid.org/0000-0002-9863-2086
http://crossmark.crossref.org/dialog/?doi=10.1007/s11033-018-4407-1&domain=pdf


2412	 Molecular Biology Reports (2018) 45:2411–2419

1 3

enzymes; arginine methyltransferase type 1 (PRMT1) and 
type 2 (PRMT2) which transfer the methyl group from 
S-adenosylmethionine. PRMT1 catalyses the formation of 
NG-monomethyl-l-arginine (l-NMMA) and asymmetric 
NG,NG-dimethyl-l-arginine (ADMA), while PRMT2 cata-
lyzes the formation of symmetric NG,NG-dimethyl-l-arginine 
(SDMA) [4]. The l-NMMA and ADMA are competitive 
inhibitors of the NOSs [5]. SDMA, unlike ADMA, does not 
inhibit NO synthesis directly but rather is transported effi-
ciently by human cationic amino acid transporter (hCAT-2B) 
and is exchanged against intracellular l-arginine, resulting 
in an l-arginine depletion of the cells. SDMA also inhibits 
renal tubular l-arginine uptake and consequently enhancing 
its excretion from the body [6].

Elevated circulating ADMA and SDMA levels were 
reported to be associated with cardiovascular [7] and renal 
diseases [8]. In a German study, ADMA has been identified 
as predictor of cardiovascular events and all-cause mortality 
in the studied population [9].

ADMA is metabolized by the enzyme NG dimethylargi-
nine dimethylaminohydrolase (DDAH-1) to citrulline and 
dimethylamine [10]. l-citrulline can be reincorporated into 
proteins while the dimethylamine is excreted in the urine. 
ADMA is also a substrate for alanine-glyoxylate aminotrans-
ferase 2 (AGXT2), which is expressed only in kidney and 
liver, leading to the formation of asymmetric dimethylguani-
dino valeric acid (ADGV) that is also excreted in the urine 
[11].

SDMA is not hydrolyzed by DDAH enzyme, but is a 
substrate for the AGXT2 enzyme leading to the forma-
tion of symmetric α-keto-δ-N,N-dimethylguanidino valeric 
acid (SDGV) that is excreted in the urine. SDMA can also 
be excreted intact in the urine [12]. Compared to DDAH, 
AGXT2 can metabolize both ADMA and SDMA.

Several single nucleotide polymorphisms (SNPs) have 
been identified in DDAH-1 and AGXT2 genes. Few SNPs 
in DDAH-1 have been associated with an increase in serum 
ADMA and hypertension [13, 14]. Also recent genomic 
studies on AGXT2 gene reported many SNPs influencing 
the enzyme activity and the association with several clinical 
disorders [15, 16].

rs37369 and rs16899974 are two SNPs that cause valine 
to isoleucine (Val140Ile) and valine to leucine (Val498Leu) 
substitutions, respectively in human AGXT2 gene region on 
chrosome 5p13. DDAH1 rs997251 is a transition substitu-
tion between cytosine and thymine in the intron of the gene 
on chromosome 1.

Previous studies from our lab investigated the link 
between incidence of acute myocardial infarction (AMI) in 
Egyptians and presence of variants of several genes relevant 
to cardiovascular homeostasis including eNOS and DDAH2 
genes [17–23]. In the current study we aimed to assess the 
association of AGXT2 variants; rs37369, rs16899974 and 

DDAH1 variant rs997251 with the CAD incidence in Egyp-
tians. Moreover, to compare the levels of ADMA and SDMA 
in the CAD patients with those of controls and to explore 
the relationship between these biomarkers and the selected 
SNPs.

Materials and methods

Subjects

The patient group comprised 100 CAD patients having 
a history of coronary artery bypass graft (CABG) and/or 
myocardial infarction. They were recruited from in- and 
out-patient settings of the National Heart Institute (NHI) 
and Kasr El Einy hospital, Cairo. All patients involved in 
the study had history of percutaneous intervention (stents) 
where either recurrence occurred or blockage in another cor-
onary artery so CABG was performed. All patients recruited 
in the study with history of STEMI were put on fibrinolytics. 
After CABG, all patients were given the standard treatment 
including antihypertensives and asprin.

The control group comprised 50 healthy controls with no 
diagnostic signs of CVDs. Both controls and patients had 
a controlled blood pressure of below 140/90 mmHg as all 
patients were receiving antihypertensive medications. Local 
ethics committee approved the study protocols. Subjects’ 
characteristics are listed in Table 1.

Sample collection

A sample of peripheral venous blood was taken from each 
subject at the time of enrolment in the study. Blood samples 
were centrifuged immediately after collection at 5000 RPM 
for 15 min at 25 °C. Plasma was stored at − 80 °C till further 
analysis.

DNA extraction

DNA was extracted from blood using Thermo Scientific 
Gene Jet Whole Blood Genomic DNA Purification Mini-
kit. DNA concentration and purity were determined by 

Table 1   Characteristics of CAD and controls study groups

Data are expressed as mean ± SEM

CAD
(n = 100)

Controls
(n = 50)

p value

Gender (M/F) 45/55 21/29 0.8616
Age (Year) 41.5 ± 1.5 43.9 ± 1.9 0.3789
BMI (Kg/m2) 47.9 ± 1.1 45.6 ± 0.8 0.1162
Smoking (n) 57 5 < 0.0001
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measuring the absorbance at wave lengths 260 and 280 nm 
using the NanoDropR ND-1000 Spectrophotometer (Thermo 
Fisher Scientific, Wilmington, USA).

SNPs genotyping

SNPs in the AGXT2 (rs37369 and rs1689997 in chromo-
some 5p13,) and DDAH1 (rs997251 in chromosome 1p22) 
genes were selected using HapMap. The PCR reaction 
was performed in a 96-well plate. Each well received the 
following: 3 µL of genomic DNA, 5 µL of SNP reaction 
mixture (Applied Biosystems P/N 4371355) consisting of 
2.5 µL of TaqMan Universal PCR Master mix, 0.125 µL 
of 40X working stock of SNP1 rs37369, SNP2 rs1689997, 
SNP3 rs997251 and 2.375 µL DNase-free water. The PCR 
programme started with an initial denaturation at 95 °C for 
10 min for activating the AmpliTaq Gold enzyme followed 
by 40 cycles of denaturation at 92 °C for 15 s and an anneal-
ing/extension temperature at 60 °C for 1 min. Allelic dis-
crimination assays were performed using two TaqMan MGB 
probes (FAM/VIC dye) that target the SNP sites.

ADMA and SDMA assay

Plasma levels of ADMA and SDMA were measured using 
ELISA kits (DLD, Germany).

Statistical analysis

Statistical analysis was performed using the statisti-
cal program GraphPad Prism 7. Data are represented as 
mean ± SEM. To compare differences between groups 
odds ratio (Fischer test), nonparametric student t test 
(Mann–Whitney) and nonparametric one-way ANOVA 
(Kruskal–Wallis) were used. In all statistical tests two-
tailed p ≤ 0.05 was considered statistically significant. Cubex 
online calculator was used to calculate linkage disequilib-
rium [24].

Results

Serum concentrations of ADMA and SDMA

The current study results showed that the average serum con-
centration of ADMA in CAD patients (1.34 ± 0.05 µmol/L) 
was significantly higher than controls (0.72 ± 0.06 µmol/L) 
(p < 0.0001). The average serum concentration of SDMA 
among CAD patients (1.72 ± 0.05 µmol/L) was also signifi-
cantly higher than controls (1.11 ± 0.05 µmol/L) (p < 0.0001) 
(Fig. 1).

AGXT2 and DDAH1 genotyping

Genotype distribution of all 3 studied polymorphisms 
were in line with Hardy–Weinberg equilibrium (p = 0.33 
for AGXT2 rs37369, p = 0.06 for AGXT2 rs16899974 and 
p = 0.31 for DDAH-1 rs997251). Moderate linkage disequi-
librium was observed between the 2 studied AGXT2 SNPs 
(D′ = 0.825 and r2 = 0.2274).

Genotype distribution and allele frequencies for all 
studied SNPs were significantly different between CAD 
patients and controls (Table 2). Genotype distributions of 
AGXT2 rs37369 SNP were 54% CC, 37% CT and 9% TT 
in CAD patients and 74% CC, 22% TC and 4% TT in con-
trols (p = 0.0119) (Fig. 2a) while its allele frequencies were 
72.5% C and 27.5% T in CAD patients and 85% C and 15% 
T in control subjects (p = 0.02). The current study results 
also showed that individuals who do not have CC genotype 
(CT + TT) had 2.4-fold higher risk of having CAD than indi-
viduals who have CC genotype (p = 0.005). It also shows that 
T allele was associated with 2.1-fold higher risk for CAD 
than C allele (p = 0.02) (Table 2).

AGXT2 rs16899974 genotype distribution was 29% CC, 
36% AC and 35% AA in CAD and 46% CC, 34% AC and 
20% AA in controls (p = 0.0183) (Fig. 2b) while its allele 
frequencies in CAD were C 47% and A 53% while in con-
trols they were C 63% and A 37% (p = 0.0101). Individuals 
who do not have CC genotype (CA + AA) showed 2.1-fold 
higher risk of CAD than individuals with CC genotype 
(p = 0.0192). AGXT2 rs16899974-A allele represented 1.9-
fold higher risk for CAD than C allele (p = 0.0101) (Table 2).

Regarding DDAH1 rs997251, the genotype distribu-
tion was 32% TT, 48% TC and 20% CC in CAD and 52% 
TT, 36% TC and 12% CC in controls (p = 0.0144) (Fig. 2c) 
while the allele frequencies were 56% T and 44% C in CAD 
patients and 70% T and 30% C in controls (p = 0.0239). The 
study results showed that individuals who do not have TT 
genotype (TC + CC) had 2.3-fold higher risk of CAD than 

Fig. 1   Serum ADMA and SDMA concentrations in AMI patients and 
controls. Results are expressed as mean ± SEM. ***Significant differ-
ence from the control group at p < 0.0001
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individuals who have TT genotype (p = 0.0063). It also 
showed that C allele was associated with 1.8 times higher 
risk for CAD than T allele (p = 0.0239) (Table 2).

Correlation of AGXT2 and DDAH1 genotypes 
with serum ADMA and SDMA concentrations

Serum ADMA and SDMA concentrations were significantly 
different among various AGXT2 rs37369 genotypes in both 
CAD patients (p < 0.0001) and controls subjects (p < 0.0001) 
where TT genotype showed the highest concentrations of 
ADMA and SDMA followed by CT genotype while CC 
genotype was associated with the lowest serum concentra-
tions of ADMA and SDMA (Fig. 3; Table 3).

Serum ADMA and SDMA concentrations were also 
significantly different among various AGXT2 rs16899974 
genotypes in both CAD patients and control subjects 
(p < 0.0001) where highest serum ADMA and SDMA con-
centrations were in AA (Fig. 4; Table 3).

Serum ADMA concentrations were also significantly dif-
ferent among various DDAH-1 rs997251 where CC geno-
types possessed the highest ADMA concentrations in both 

CAD patients and control subjects (p < 0.0001) (Fig. 5; 
Table 4).

Discussion

In the current study only patients with history of CABG 
were included as these are the most severe cases of coronary 
artery disease to investigate the link between these stud-
ied SNPs and CAD in Egyptians. As there is evidence that 
these studied SNPs are genetic determinants for the ADMA 
and SDMA levels [25]. Besides, there is also evidence that 
ADMA has been identified as predictor of cardiovascular 
events and all-cause mortality in the studied population [9]. 
So we aimed to have homogenous group of cardiovascular 
patients, we decided to select patients with chronic heart 
condition as patients with history of CABG and/or myo-
cardial infarction (MI) to ensure the involvement of gene 
variants in the cardiovascular disease incidence.

In the current study, the mean serum levels of ADMA 
in controls was 0.72 ± 0.06 µmol/L. This value is identi-
cal to the mean serum ADMA concentration reported by 

Table 2   Genotype distribution, allele frequencies and odds ratio for all of the AGXT2 studied SNPs

SNP CAD patients n = 100 (%) Controls
n = 50 (%)

Odds ratio p value

AGXT2 rs37369

Genotypes

CT + TT 46 26 2.4 0.0050
CC 54 74

Alleles

T 27.5 15 2.1 0.0200
C 72.5 85

AGXT2 rs16899974

Genotypes

CA + AA 71 54 2.1 0.0192
CC 29 46

Alleles

A 53 37 1.9 0.0101
C 47 63

DDAH-1 rs997251

Genotypes

CT + CC 68 48 2.3 0.0063
TT 32 52

Alleles

C 44 30 1.8 0.0239
T 56 70
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Martens-Lobenhoffer et al. [26] and very close to the mean 
serum level reported in a study performed on 500 healthy 
subjects to determine the reference interval of serum ADMA 
(0.69 µmol/L) [27]. Our level also falls within the reference 
interval for ADMA reported recently in Pomerania [28]. The 
mean serum SDMA concentration in the current study was 
1.11 ± 0.05 µmol/L. This value is higher than the reported 
mean SDMA concentration in various studies [29, 30]. Simi-
larly, it is higher than the recently reported Pomeranian ref-
erence intervals for SDMA [28]. SDMA variability might 
be attributed to different assay procedures [31]. SDMA is a 
sensitive marker for renal function [12]. Although controls 

are free from any renal disease but variability in their renal 
function cannot be excluded. A limitation in the current 
study is that no renal function biomarkers were measured.

Elevated serum levels of ADMA and SDMA reduce NO 
bioavailability leading to endothelial dysfunction and conse-
quently to CAD [32]. ADMA inhibits NO synthesis directly 
by acting as a competitive inhibitor of the NOSs [5] while 
SDMA inhibits NO synthesis indirectly by depleting the 
intracellular l-arginine as it is transported and exchanged 
against intracellular l-arginine. SDMA also inhibits renal 
tubular l-arginine uptake and consequently enhancing its 
excretion [6].

The current study results showed that the serum concen-
trations of ADMA and SDMA in CAD patients were signifi-
cantly higher than controls. These results are consistent with 
those of Valkonen et al. who reported a 3.9-fold increased 
risk of acute coronary events in subjects with highest quar-
tile of ADMA compared to other quartiles [7]. Lu et al. con-
firmed that increased risk of cardiovascular events was noted 
with increasing levels of ADMA in stable angina patients 
undergoing percutaneous coronary intervention [33]. On the 
same line, 24 months follow up study of 880 healthy women 
showed that a 0.15 µmol/L increase in baseline ADMA lev-
els was associated with an approximately 30% increase in 
incident cardiovascular risk and 30% increase in fatal car-
diovascular disease after adjustment for conventional car-
diovascular risk factors [34].

Other various studies had shown that ADMA contrib-
utes to promoting vascular damage and hypertension-
induced cardiovascular risk [35]. Imbalance of arginine 
and ADMA was an independent risk factor in athero-
sclerosis progression [36]. Plasma levels of ADMA are 

Fig. 2   Genotype distributions in a AGXT2 rs37369, b AGXT2 
rs16899974 and c DDAH-1 rs997251. *Significant difference from 
the control group at p < 0.05

Fig. 3   Serum ADMA and SDMA concentrations in various AGXT2 
rs37369 genotypes in CAD patients and controls subjects. Results are 
expressed as mean ± SEM. ***Significant difference from the control 
group at p < 0.0001
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elevated in chronic cardiac failure (CHF) patients [37] and 
positively correlated with disease severity in CHF [38]. 
Mahran and coworkers reported that ADMA is linked to 
predisposition of restenosis following coronary stenting 
[39].

Bode-Böger et al. reported that SDMA might be a use-
ful parameter for detecting patients in very early stages of 
chronic kidney disease and for determining their risk for 
developing cardiovascular disease [40].. Serum SDMA level 
could also predict all-cause mortality in patients with coro-
nary heart disease [41], ischemic stroke [42] and sympto-
matic peripheral arterial disease [43]. In contrast to all these 
studies, Wang et al. reported that ADMA and SDMA levels 
were not associated with CAD severity [44].

Table 3   Serum ADMA and 
SDMA concentrations in 
various genotypes of studied 
SNPs

Results are expressed as mean ± SEM

SNP Genotypes CAD patients
n = 100

Controls
n = 50

Serum ADMA
(µmol/L)

Serum SDMA
(µmol/L)

Serum ADMA
(µmol/L)

Serum SDMA
(µmol/L)

AGXT2 rs37369 CC 0.98 ± 0.06 1.31 ± 0.05 0.59 ± 0.03 0.96 ± 0.05
CT 1.42 ± 0.03 1.81 ± 0.04 0.92 ± 0.02 1.37 ± 0.02
TT 1.79 ± 0.03 2.18 ± 0.05 1.41 ± 0.01 1.59 ± 0.02

p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001
AGXT2 rs16899974 CC 0.9 ± 0.08 1.34 ± 0.04 0.44 ± 0.05 0.86 ± 0.06

CA 1.34 ± 0.03 1.8 ± 0.04 0.88 ± 0.03 1.31 ± 0.02
AA 1.7 ± 0.03 2.14 ± 0.04 1.3 ± 0.04 1.51 ± 0.03

p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001

Fig. 4   Serum ADMA and SDMA concentrations in various AGXT2 
rs16899974 genotypes in CAD patients and controls subjects. Results 
are expressed as mean ± SEM. ***Significant difference from the 
control group at p < 0.0001

Fig. 5   Serum ADMA and SDMA concentrations in various DDAH-1 
rs997251genotypes in CAD patients and controls subjects. Results 
are expressed as mean ± SEM. ***Significant difference from the 
control group at p < 0.0001

Table 4   Serum ADMA concentrations in various genotypes of 
DDAH-1 rs997251 SNP

Results are expressed as mean ± SEM

SNP Genotypes Serum ADMA
(µmol/L)

CAD patients
n = 100

Controls
n = 50

DDAH-1 rs997251 TT 0.95 ± 0.06 0.4 ± 0.05
TC 1.4 ± 0.04 0.83 ± 0.02
CC 1.78 ± 0.03 1.3 ± 0.09

p < 0.0001 p < 0.0001
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The current study investigated the clinical association of 
AGXT2 rs37369 and rs16899974 and DDAH1 rs997251 
gene polymorphisms with incidence of cardiovascular dis-
ease in Egyptians. Results showed significant differences in 
the genotype distribution and allelic frequencies between 
CAD patients and controls in all the three studied SNPs. 
Subjects having genotypes CT + TT for AGXT2 rs37369 
had a significantly higher risk for development of CAD than 
CC subjects. Similar observation was noticed for AGXT2 
rs16899974 CA + AA genotypes compared to CC. Thus, C 
allele for both AGXT2 SNPs represents a “low” risk allele 
for the development of CAD.

These results are consistent with a Japanese study that 
demonstrated that the AGXT2 rs37369 TT and rs16899974 
AA genotypes possess lowest AGXT2 activity and highest 
mean carotid intimal media thickness, and consequently the 
highest risk of carotid atherosclerosis [45]. Another study 
reported that the rs37369 T and rs16899974 A alleles are 
involved in the pathogenesis of atrial fibrillation and its age-
related thromboembolic complications [46]. Other studies 
linked the AGXT2 rs37369 SNP to increased risk of coro-
nary heart disease [47] and chronic heart failure [48]. Sep-
pälä et al. reported an association between rs16899974 and 
increased risk of atrial fibrillation and ischemic stroke [49].

In contrast, our results were inconsistent with those of a 
Chinese study that reported that homozygous rs37369 GG 
subjects (correspond to CC in the present study) were more 
susceptible to coronary heart diseases than AG and AA gen-
otypes (correspond to CT and TT genotypes in the present 
study). They related these results to the predominance of the 
A allele in the Chinese population and explained this differ-
ence in genotype by ethnic differences [47].

In the current study, TT genotype of AGXT2 rs37369 
SNP was associated with the highest serum ADMA and 
SDMA, followed by CT then CC in both CAD patients and 
controls. These results are consistent with a meta-analysis 
carried out on 5110 individuals of European descent drawn 
from two large cohorts; the YFS and the LURIC study. 
It was found that the most significant factor for increas-
ing SDMA levels was the AGXT2 rs37369 (V140I) SNP 
variant on chromosome 5p13; the T allele was associated 
with higher levels of SDMA. The same meta-analysis also 
demonstrated that the rs16988874 A allele is highly asso-
ciated with the increase in SDMA levels [46]. Luneburg 
et al. suggested that rs37369 SNP variant of AGXT2 plays 
a role in the modulation of its enzyme activity. Computer-
based 3D structure modeling and analysis of AGXT2 pre-
dicted that the presence of isoleucine at position 140 for 
AGXT2 rs37369 (V140I) has an effect on loop conforma-
tion and substrate access to the active site. In addition, a 
large clash of I140 is observed with one methyl group of 
SDMA, which was predicted to dramatically reduce the 

affinity for this substrate. In HEK293 cells, overexpres-
sion of the AGXT2 rs37369 C-allele resulted in a signifi-
cantly enhanced SDMA-metabolizing activity. A reversal 
effect was observed when the AGXT2 rs37369 T-allele 
was over-expressed [50]. Kittel et al. confirmed that amino 
acid exchange Val140Ile in the AGXT2 protein results in 
decreased enzyme activity [16]. The same study predicted 
that rs16988874 SNP leads to the replacement of valine at 
position 498 with leucine in the helix area of the AGXT2. 
The larger L498 side chain forms steric clashes that result 
in local structural rearrangement and might also cause a 
decreased stability of the enzyme [16].

With regard DDAH1, very few studies investigated the 
correlation between DDAH1 gene variants and incidence 
of CVD. Our study showed a significant difference in the 
genotype distribution and allele frequencies of DDAH1 
rs997251 SNP between CAD patients and controls. Sub-
jects possessing genotypes CC + CT had a significantly 
higher risk for development of CAD than TT subjects. 
Valkonen et al. reported that the occurrence of CHD was 
50-fold higher among the carriers for a DDAH-1 mutation 
[14]. Another study concluded that the DDAH1 polymor-
phism that leads to DDAH1 loss of function is associated 
with both increased risk of thrombosis stroke and CHD in 
the Chinese Han population [51]. However, on the other 
hand, a study showed that none of the investigated SNPs in 
DDAH1, DDAH2, and AGXT2 was associated with CVD 
[52].

In the current study, the highest serum levels of ADMA 
were observed in subjects with CC genotype of DDAH1 
SNP (rs997251) followed by CT then TT. These results 
were consistent with the results of a study that aimed to 
identify novel genetic variants influencing circulating 
ADMA. It was found in this study that the C allele of 
DDAH1 rs997251 SNP was significantly associated with 
elevated serum ADMA levels [46]. Another study per-
formed on 26 SNP for DDAH suggested that the majority 
of DDAH1 genetic variations were significantly associated 
with high serum ADMA levels [53].

In conclusion, this study confirmed the association 
between CAD with high serum concentrations of ADMA 
and SDMA. AGXT2 rs37369-T, AGXT2 rs16899974-A 
and DDAH1 rs997251-C represent high risk alleles for 
CAD among Egyptians. Carriers of these alleles had sig-
nificantly higher serum levels of ADMA and SDMA. This 
study shed the light on possible genetic determinants of 
ADMA and SDMA levels, which might be used ti identify 
high risk individuals among those with family history of 
CAD, then serum ADMA and SDMA levels should be 
carefully monitored as follow up to help in early discovery 
of cardiovascular diseases. However more studies are still 
needed to confirm these findings.
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No follow up records are available for the recruited 
patients.
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