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Abstract The p22phox protein subunit is essential for

NADPH oxidase activity. The prevalence of C242T vari-

ants of p22phox gene was studied in 101 healthy Egyptian

controls and 104 acute myocardial infarction (AMI)

Egyptian patients. Contribution of oxidative stress, repre-

sented by serum oxidized-LDL (ox-LDL), in development

of AMI was also examined and correlated with C242T

gene variants. Genotyping and ox-LDL were assessed by

PCR–RFLP and ELISA. Results showed that wild type CC

genotype is prevalent in 27 % of controls; CT and TT are

in 72 and 1 %. In patients, the distribution was 40.2, 59.8

and 0 % for CC, CT and TT; respectively, showing a

significant difference (p = 0.0259). Serum ox-LDL levels

were higher in patients than controls (p B 0.0001). Sub-

jects having CT genotype had lower levels of ox-LDL than

CC genotype (p B 0.005). C242T polymorphism of

p22phox gene of NADPH oxidase is a novel genetic mar-

ker associated with reduced susceptibility to AMI.
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Introduction

Myocardial infarction (MI) is a complex multifactorial

polygenic disorder that is thought to result from an interac-

tion between a person’s genetic makeup and various envi-

ronmental factors [1]. In general, the incidence of MI

increases additively as a function of the number of conven-

tional risk factors, which include hypertension, diabetes

mellitus, and hypercholesterolemia. Although each risk

factor is partly under genetic control, a family history of MI

is also an independent predictor, suggesting the existence of

additional susceptibility genes for this condition [2].

Nicotinamide adenine dinucleotide phosphate oxidase

(NADPH oxidase) is a major source of the O2
2 anion,

which may play an important role in the development of

atherosclerosis and coronary artery disease (CAD).

p22phox, a component of the NADPH oxidase and encoded

by the cytochrome b-245 a (CYBA) gene, is essential for

the activation of this enzyme, and its over-expression has

been reported in human atherosclerotic arteries [3].

Four types of polymorphism have been reported in the

p22phox gene, namely C242T, C549T, G508A, and

A640G. The C242T and C549T polymorphisms affect

amino acid sequence, whereas the G508A and A640G

polymorphisms do not, due to the degeneracy of the

genetic code in the former case and the location of the

latter in the 39 untranslated region [4].The C242T gene

variant of p22phox gene causes a structural modification in

the protein from histidine-to-tyrosine possibly leading to

functional changes in the protein. Therefore, the functional

consequences of the C242T polymorphisms in the p22phox

gene could modify the risk of CAD by producing varying

amounts of the O2
2 anion [5, 6]. Analysis of coronary

arteries indicated that O2
2 is distributed homogeneously

throughout normal vessels, whereas intense ROS
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production is found in the plaque shoulder of atheroscle-

rotic arteries, suggesting that increased oxidative stress

contributes to coronary atherosclerosis [7].

A growing body of evidence demonstrates that markers

of inflammatory activity are increased in CAD patients [8].

High levels of inflammatory markers are also associated

with an increased risk for development of CAD [9]. These

associations are not surprising as inflammation of the

arterial intima is one of the major characteristics of ath-

erosclerosis [10]. Accumulation, aggregation and oxidative

modification of LDL are believed to play an important role

in activation of this inflammation [11]. Oxidation of LDL

occurs mainly in the extracellular matrix of the arterial

intima and ox-LDL is cleared locally by macrophages

through the scavenger receptor pathway. The recent

development of highly-sensitive ELISAs for ox-LDL using

monoclonal antibodies has made it possible to identify ox-

LDL in the circulation [10]. Increased levels of plasma ox-

LDL have been demonstrated in patients with CAD.

Moreover, patients with AMI and unstable angina, have

been reported to have higher plasma levels of ox-LDL than

controls [12].

The major aims of this study were to investigate the

contribution of the C242T polymorphism of the p22phox

gene of NADPH oxidase to the predisposition of early

onset AMI in Egyptians and to correlate the different

genotypes with the levels of plasma ox-LDL, a marker of

oxidative stress.

Patients and methods

Study population

Random unrelated 101 healthy controls were recruited for

the study from the volunteers attending the blood bank at

57357 Hospital in Cairo, Egypt. They were included if they

had no clinical or diagnostic evidence for CHD and having

controlled blood pressure below 140/90 mm. Out of the

controls, 32 were females, ages between 18 and 62 years,

and 69 were males, 19–54 years of age. On the other hand,

random unrelated 104 AMI patients, divided into 35

females (age range 34–55 years) and 69 males (age range

35–55 years), were recruited from the intensive care unit of

the National Heart Institute, Imbaba, Giza. Patients were

included if they had a diagnosis of an acute single or multi-

vessel CAD verified by clinical presentation, ECG changes,

and/or cardiac markers elevation.

Written informed consent was obtained from each par-

ticipant in the study that abided by the Helsinki declaration.

Information on personal and family medical history and

health-relevant behaviors, including exercise and diet was

obtained by a routine questionnaire filled in by blood

donors at the time of venesection. Exclusion criteria

included any concomitant acute or chronic severe diseases

such as renal failure, hepatic insufficiency, cardiovascular

disease other than MI and diabetes mellitus.

Specimen collection

Fasting blood samples (4 ml) were collected into two sets

of tubes; the first set was EDTA-coated vacuum tubes

stored at 4 �C for DNA extraction. The second set was non

EDTA-coated vacuum tubes, which were centrifuged at

1,000 rpm for 10 min and the resulting serum was sepa-

rated and stored at -20 �C in 0.25 ml aliquots. The ali-

quots were used for determination of ox-LDL.

Purification of DNA from human blood by spin

protocol

DNA extraction and purification was performed using

QIAamp DNA Blood Mini Kits (Qiagen, Hilden, Ger-

many). The purified DNA, free of protein, nucleases, and

other contaminants or inhibitors, was used directly in the

PCR reaction [13, 14]. DNA fragments containing C242T

polymorphic site of p22 phox gene were amplified from

genomic DNA by PCR with sense primer 50-
TGCTTGTGGGTAAACCAAGGCCGGTG-30 and anti-

sense primer 50-AACACTGAGGTAAGTGGGGGTGGCT

CCTGT-30. The PCR product was then digested with

restriction enzyme Rsa I. C ? T mutation at nucleotide

242 creates an Rsa I digestion site, which digests the

348-bp fragment into 160- and 188-bp fragments [4]. A

representative gel after electrophoresis of Rsa I digested

p22 phox gene of the C242T polymorphism is shown in

Fig. (1).

Fig. 1 Representative of 2 % agarose gel electrophoresis on Rsa I

RFLP of p22 phox gene of NADPH oxidase where lane 1

homozygotes of CC; lanes 2, 3 and 4 heterozygote of CT and lane

5, homozygote of TT
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Assay of ox-LDL

Serum ox-LDL was determined by quantitative enzyme-

linked immunosorbent assay (ELISA) using a commercial

kit provided by Immunodiagnostik, Germany [15].

Data processing and statistical analysis

All statistical analyses were performed using the GraphPad

Prism statistics software (GraphPad software, Inc.). Data

are represented as mean ± standard error of mean (SEM).

Comparison of the differences between groups was done

using one-way analysis of variance (ANOVA) and Mann–

Whitney test. Correlations between different parameters

were tested by Pearson coefficient (r). A two-tailed

p value B 0.05 was considered statistically significant.

Results

Genotyping of C242T variants of the p22 phox gene

of NADPH oxidase

The genotype distribution and allele frequencies of

NADPH oxidase gene variants among the control subjects

and AMI patients are shown in Figs. 2 and 3, respectively.

A significant difference was observed in the genotype

distribution pattern (Mann–Whitney test, p = 0.0259)

between the patients and controls, while the difference in

the allele frequencies was not significant (Mann–Whitney

test, p = 0.1665). It was quite noticeable that the TT

genotype is rare in both healthy (one subject) and patients

(zero subjects).

Serum levels of ox-LDL

A highly significant difference (p B 0.005) was observed

between the mean serum levels of ox-LDL in patients

(202.3 ± 21.3) (mean ± SEM) as compared to controls

(113.5 ± 4.9).

Correlation of NADPH oxidase genotypes with serum

ox-LDL levels in control and AMI subjects

There was a significant difference in the serum ox-LDL

levels when compare the CC vs. CT genotypes of the

NADPH oxidase gene either in the controls (p B 0.05) or

in patients (p B 0.005) (Fig. 4). Because of the limited

Fig. 2 Genotype distribution pattern of NADPH oxidase gene among

control subjects and AMI patients. A significant difference was

observed in the genotype distribution pattern (Mann–Whitney test,

p = 0.0259). Numbers reflect each genotype distribution in percent-

age relative to total number of subjects

Fig. 3 Allele frequencies of NADPH oxidase gene in control subjects

and AMI patients. The difference in the allele frequencies was not

significant (Mann–Whitney test, p = 0.1665). Numbers reflect each

allele distribution in percentage relative to total number of subjects

Fig. 4 Serum ox-LDL concentrations for the various NADPH

oxidase genotypes in control subjects and AMI patients. There was

a significant difference in the serum ox-LDL levels between the CC

and CT genotypes of the NADPH oxidase gene in the controls

(p B 0.05) and patients (p B 0.005). Results are expressed as

mean ± SEM. **Significantly different from CT at p B 0.05
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number of TT in both controls (one subject) and in patients

(zero subjects), they were excluded from the comparison.

Discussion

Genotype distribution and allele frequency of C242T

p22phox gene of NADPH oxidase

All cell types within the heart, including cardiomyocytes,

endothelial cells; vascular smooth muscle cells (VSMCs),

fibroblasts and infiltrating inflammatory cells generate

ROS. Potential sources of ROS in these cell types include

the mitochondrial electron transport chain, xanthine oxi-

dases, ‘uncoupled’ nitric oxide synthases (NOSs), cyto-

chrome P450 and NADPH oxidase. Among these sources,

NADPH oxidase may be considered unique in that they

generate ROS in a highly regulated manner whereas ROS

are generated as a by-product of enzymatic activity by all

the other sources [16–18].

In the last decade, five NADPH oxidase isoforms, each

encoded by a separate gene and with distinct tissue distri-

butions, have been identified [16, 17]. These isoforms are

distinguished by the presence of distinct catalytic subunits,

Nox1-Nox-5, which mediate the electron transfer process.

In addition to the core catalytic Nox subunit, the enzymatic

activity of the oxidase depends on additional subunits,

which vary according to the isoform. These subunits

include gp91phox and p22phox, and a cytosolic component

composed of subunits p47phox, p40phox, p67phox, and a

G protein, Rac [19]. In vessels from patients with CAD,

expression of Nox2 and Nox4 is enhanced [3].

To our knowledge, this study represents the first clinical

investigation in the Egyptian population on the significance

of C242T polymorphism of NADPH oxidase in CAD. We

found that the (CT ? TT) genotypes were significantly

more frequent in control subjects than in CAD patients,

indicating that the C242T polymorphism of the potential

heme-binding site in the p22 phox gene might have a

protective effect on coronary risk. The p22 phox, a heme-

binding protein, contains two histidine residues at amino

acids 72 and 94 [20] which are the potential heme-binding

sites. Because the C242T polymorphism substitutes the

histidine-72 to tyrosine residues, this base substitution may

have a direct functional role in the association between the

C242T polymorphism and coronary risk. It is interesting to

speculate that this mutation of the p22 phox gene might

modulate the activity and regulation of NADPH oxidase,

which leads to a decrease in oxidative stress in the vas-

culature, which in turn, might reduce susceptibility to CAD

[4].

Our results were consistent with several studies done in

Asians [4, 21–23] and in a Finnish population [24]. In

harmony, Schachinger et al. [25] observed a significant

increase in the flow-dependent dilation in patients bearing

the T allele of the C242T polymorphism and an impaired

coronary arterial dilator response to nitroglycerin in

patients carrying the CC genotype. However, our results

were in contrast with others done on Japanese [26] and

Caucasian Italians [27]. Moreover, many researchers found

no correlation between the C242T polymorphism of p22

phox gene and the risk of CAD and MI [28, 29].

Serum levels of ox-LDL

In the present study, the mean serum levels of ox-LDL

were significantly elevated in patients compared to controls

(p B 0.05). The reason behind the observed increase in ox-

LDL levels in AMI patients remains unknown. Previous

in vitro studies have documented that macrophages and

lymphocytes are capable of oxidizing LDL [12].

The culprit lesions of patients with AMI contain abun-

dant macrophages and T lymphocytes [30]. Under these

circumstances, ox-LDL in macrophage-derived foam cells

may be enhanced within unstable plaques. One could

hypothesize that the ox-LDL present within unstable pla-

ques may be released into the blood stream in patients with

severe endothelial injuries, such as in plaque erosion or

rupture. Moreover, previous in vitro studies have demon-

strated that neutrophils can oxidatively modify LDL into a

form that is rapidly incorporated by macrophages [31].

Neutrophils are known to accumulate at sites of plaque

rupture or erosion in patients with AMI. Hence, one could

also hypothesize that these neutrophils could contribute to

an increase in the blood ox-LDL levels, especially at early

stages after injuries.

The causal role of ox-LDL is suspected but not estab-

lished [32, 33]. The observed association between CAD

and plasma levels of ox-LDL suggests investigating the

causal role of ox-LDL in atherosclerotic cardiovascular

disease in a prospective study. Previously, malodialdehyde-

modified LDL was isolated from the plasma of AMI

patients [34]. It was concluded that it did not originate from

extensive metal ion-induced oxidation of LDL but that it

may be generated by MDA released by oxidation of ara-

chidonic acid present in LDL. Ischemic injury may induce

not only the activation of the cyclooxygenase-dependent

pathway of prostaglandin synthesis in endothelial cells, but

also increased production of F2-isoprostanes, non-

cyclooxygenase-derived prostaglandin F2-like compounds,

that are strong inducers of platelet activation. Activated

platelets may then produce large amounts of aldehydes,

further enhancing the modification of LDL [35]. Experi-

mental studies have identified several mechanisms through

which ox-LDL may contribute to the development of ath-

erosclerosis. Ox-LDL may cause intimal inflammation by
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activating the expression of adhesion molecules on endo-

thelial cells, stimulating leucocyte chemotaxis and induc-

ing release of growth factors from macrophages [11].

Many studies coincide with our results [10, 12, 35, 36]

suggesting that ox-LDL plays an important role in the pro-

gression of CAD and AMI. Tsimikas et al. [37] reported that

circulating levels of ox-LDL are strongly associated with

angiographically documented CAD, and with serum lipo-

protein (a), which binds oxidized phospholipids in LDL.

Association between C242T p22phox genotypes

and ox-LDL in AMI patients

As shown in Fig. 4, serum ox-LDL levels were signifi-

cantly reduced in the CT genotype compared to the wild

genotype, CC, in both patients and controls confirming our

finding that the T allele and the C242T polymorphism of

the p22phox gene decreases the risk and has a protective

role in CAD.

The above finding may be explained by the fact that O2
-

production by vascular NADPH oxidase in the CC homo-

zygous subjects may result in the oxidation of small LDL

particles, and a reduction in the uptake of these oxidized

particles by the hepatic LDL receptor. Thus the fraction of

small LDL particles may be increased in the CC homo-

zygotes without advanced atherosclerosis, because ox-LDL

appears to induce expression of scavenger receptor mRNA

in advanced atherosclerosis [38].

In summary, the salient findings of this work include:

(1) The C242T polymorphism of the p22phox gene of

NADPH oxidase may reduce susceptibility to MI and

is a novel genetic marker that has a protective effect

on coronary risk in the Egyptian Population. In

harmony, subjects having CT genotype of the p22

phox gene of NADPH oxidase were found to have

significantly lower levels of serum ox-LDL than the

CC wild genotypes.

(2) AMI Patients had higher serum ox-LDL levels

compared to controls confirming the role of oxidative

stress in the incidence of AMI.
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