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Abstract

The CYBA gene variants have been inconsistently associated with coronary heart disease (CHD) risk. A case-control study
was conducted genotyping 619 subjects to explore the contribution of C242T and A640G to CHD risk in the population.
A significant risk was found associated with GG homozygosity (odds ratio (OR) 2.132, 95% confidence interval, 1.113—
4.085). The C242T variant was associated with CHD risk in women. Bias due to population stratification was analysed.
Phenotype changes linked to these polymorphisms were evaluated. Superoxide measurements revealed higher production as
indicated by the presence of the G and T alleles. Differences in mRNA concentration in heterozygous A640G samples were
analysed. Higher levels of G allele mRNA compared with A allele mRNA were found. NAD(P)H oxidase p22phox sub-unit
expression was evaluated with Western blot. Experiments revealed a gradual relationship in p22phox protein expression
according to genotypes of the analysed variants. Those GG TT double homozygous showed increased p22phox protein
expressions regarding AA CC double homozygous. This study has demonstrated increased expression and activity of the
NAD(P)H system components during atherogenesis and the results could help explain the relevance of the A640G variant as
a CHD marker.
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Abbreviations: CHD, Coronary Heart Disease; NADPH oxidase, nicotinamide adenine dinucleotide phosphate-oxidase;
CYBA, cytochrome b-245 alpha polypeptide; p22phox, p22 phagocyte b-cytochrome; LOOH, Lipid hydroperoxide; PBMC,
peripheral blood mononuclear cell; SOD, superoxide dismutase.

Introduction

The major source of superoxide in the vascular
smooth muscle cells (VSMCs), endothelial cells and
myocites is the NAD(P)H oxidase system [1-3].
Increased superoxide production has been implicated
in atherosclerosis, arterial hypertension, cancer and
diabetes [4,5].

There is accumulated evidence of differences
between vascular NAD(P)H oxidase and that

which is expressed in neutrophils [6]; however; the
molecular identity of the p22phox component be-
tween both systems has been confirmed [7] as
p22phox constitutes a critical component of vascular
NAD(P)H oxidase [7,8]. Thus, it has been shown
that the complete inhibition of p22phox mRNA
expression in VSMCs results in a decrease in
cytochrome b content and superoxide production.
Fukui et al. [9] found an increased expression of
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p22phox and gp9lphox in the necrotic sites after
myocardial infarction. Azumi et al. [1,10] demon-
strated the presence of p22phox-based NAD(P)H
oxidase in human atherosclerotic plaques and re-
ported that ROS production and the presence of
oxidized-LDL were spatially associated with the
p22phox sub-unit. Sorescu et al. [11] observed the
co-localization of the Nox2 and p22phox components
of the NAD(P)H system and also found an increased
expression of these mRNAs concomitantly with the
progression of human atherosclerotic plaques in
coronary arteries.

Among the described polymorphisms in the CYBA
gene that encodes p22phox the C242T transition that
results in a Tyr for His substitution at residue 72 has
been suggested to play a major role in p22phox
function [12]. The 242T allele has been associated
with differences in coronary artery risk and super-
oxide production [12-17]. On the contrary, the
A640G gene variant, another polymorphism of the
CYBA gene, has been less studied [12,18,19].

We have analysed the relationships of both CYBA
gene variants with CHD risk in a case-control study.
Because it is known that allele frequencies vary widely
within and between populations regardless of disease
status, we tested for stratification in our population.
Lipid hydroperoxide concentrations according to
genotypes were evaluated in the plasma of control
subjects. The differences in superoxide anion produc-
tion according to genotype were evaluated in cells and
vascular homogenates. Also protein biosynthesis
differences according to genotypes were evaluated in
cells by Western blots. Based on our findings, we
analysed the differences in mRNA levels according to
genotype and in heterozygous individuals, which
could explain the relevance of our results.

Materials and methods
Subjects

Participants were selected from a case-control trial
carried out in Gran Canaria (Canary Islands, Spain).
The sample design and sampling inclusion selection
criteria have been described in detail elsewhere [20].
Briefly, cases were defined as an individual of
Canaries/Spanish origin admitted to any hospital of
Gran Canaria with a diagnosis of myocardial infarc-
tion or unstable angina and documented evidence of
coronary artery disease by angiography. We mini-
mized the effects of selection bias of subjects suffering
a coronary event by acutely studying consecutive
patients admitted to the coronary unit.

Age and gender-matched controls were selected
from the Gran Canaria population. A two-stage
stratified selection process from the Gran Canaria
population census randomly identified controls. Con-
trols underwent a structured clinical interview and a
physical exam and diagnostic procedures (EKG and

echocardiogram) to exclude cardiovascular disease.
Subjects, interviewed by a trained nurse, completed a
standard questionnaire consisting of demographic
information, lifestyle and anthropometry data and
history of employed medications. Participants were
Canary Islanders with at least two generations of
Canarian ancestors. The present study was con-
ducted in subjects from which serum and DNA
samples were available.

Blood samples were also obtained from healthy
male volunteers and affected patients for peripheral
blood mononuclear cell (PBMC) isolation and DNA
and RNA studies. CHD patient recruitment was
carried out under the inclusion criteria described
above.

The study protocol was approved by the Insti-
tutional Ethics Committee. Participants provided
written informed consent.

Laboratory procedures

Total cholesterol, HDL and triglycerides were mea-
sured by enzymatic-colourimetric methods. LDL
cholesterol was calculated according to the Friede-
wald formula when triglyceride levels were <4.52
mmol/L.. Lipoprotein (a) [Lp(a)] was analysed with
an immunoturbidimetric method. Total plasma lipid
hydroperoxide (LOOH) content was calculated by
the Xylenol Orange (FOX) assay as described
[21,22]. Briefly, plasma samples were analysed under
basal conditions and after being mixed with copper
sulphate at a final concentration of 10 pm at 37°C for
24 h. Triphenyl phosphine was used for signal
authentication. The absorbance of the supernatants
was monitored at 560 nm and the hydroperoxide
content determined using a molar absorption coeffi-
cient of 4.3 x 10* M~ ! cm ™! or by reference to an
H,0, standard curve.

P22Phox variant genoryping

Genotypes of the CYBA gene variants were deter-
mined as described [18].

Detection of population stratification

To address the possibility that, in our study, the
observed differences in allele frequencies between
analysed populations might be related to population
structure, we applied Pritchard et al.’s [23] approach.
The software STRUCTURE was downloaded from
http://pritch.bsd.uchicago.edu. The programme was
first used to infer the most probable number of groups
according to Pariset et al. [24] and, secondly, it was
used to estimate the natural logarithm of the prob-
ability that a given genotype X is part of a given
population K. To this end, Ya5NBC5, YbS8NBC65,
Yc1RG68, Ya5NBC27, Ya5NBC51, Ya5NBC109,
Ya5NBC102 and ACE(I/D) polymorphic Alu markers
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were amplified by PCR in all subjects. Primer
sequences and PCR conditions were as described
[25]. Implemented data was run using the admixture
model assuming K = 1-5 using a burn-in period of 100
000 steps followed by 2 000 000 Markov Chain Monte
Carlo replicates.

Cell isolation and culture

PBMCs were isolated from normal healthy blood
donors and CHD patients by density-gradient cen-
trifugation using Ficoll-Hypaque (Pharmacia). Iso-
lated cells from healthy subjects were cultured in
RPMI 1640 medium containing 10% (vol/vol) nor-
mal heat-inactivated calf serum and antibiotics. The
cells were allowed to adhere overnight in the presence
of 5% CO, in a humidified incubator at 37°C. Non-
adherent cells were washed away twice with phos-
phate-buffered saline (PBS). For RNA stability
studies, monocytes/macrophages of known genotypes
for the CYBA A640G and C242T variants were
isolated, cultured and treated with 5 pg/ml of actino-
mycin D or vehicle for 6 and 12 h prior to RNA
isolation.

Cytochrome C test

Monocyte/macrophage cells were isolated as de-
scribed above from healthy male subjects who had
previously been genotyped for the A640G and
C242T variants of the CYBA gene. All possible
p22phox gene combinations for the two polymorph-
isms were assayed for superoxide production. Super-
oxide anion release was measured under basal and
stimulated conditions according to the procedure of
ferricytochrome C reduction in the presence or
absence of superoxide dismutase (SOD). All the
chemicals used were from Sigma Chemical Co. (St
Louis, MO). Samples were assayed on an ELISA
reader (EL, 800, BIO-TEK Instruments, Inc). Each
microwell contained 5 x 10* cells incubated with
cytochrome C (150 pum) and SOD (400 U/ml)
(SOD+) or an equal volume of Hank’s balanced
salt solution (HBSS) (SOD —). To activate mono-
cytes/macrophages, 60 ng/ml of phorbol myristate
acetate (PMA) was used (PMA-+). Under basal
conditions, an equal volume of DMSO was added
(PMA —). Total final volume was adjusted with
HBSS. The reduction of ferricytochrome C was
measured from changes in absorbance at 550 nm.
The amount of O, released was calculated by
dividing the difference in absorbance with and with-
out SOD under basal and PMA-stimulated condi-
tions by the extinction coefficient (Esso = 18.5 mm
cm ™ ') and the results are expressed as nanomoles
O, per 107 cells.

Chemiluminescent detection of O, production

Small distal mammal artery fragments rejected after
histological examination because of surgical reasons
were collected from patients undergoing coronary
revascularization surgery. Fragments were cleaned
from fat, homogenized on a glass homogenizer and
conserved at — 70°C until use. Protein content was
measured using the Bio-Rad Protein Assay with serial
dilutions of bovine serum albumin (BSA) as stan-
dard. Superoxide anion generation was measured in
homogenate samples by using the chemiluminescent-
enhanced lucigenin assay. Samples were equilibrated
in PBS at pH 7.5. A total of 500 pg per well was
placed in opaque 96-well microtiter plates and
incubated at 37°C under 95% O, and 5% CO, for
30 min with and without substrate and inhibitor
before counting in an FL,800 Microplate Fluores-
cence Reader. Lucigenin was added for determin-
ing basal NAD(P)H-derived O, production. A
lucigenin concentration of 50 pum avoids problems
related to its own autoxidation [26]. This measure
was validated by treating the homogenates with
the NAD(P)H inhibitor, diphenyl iodonium (DPI,
100 pmol/L) for 10 min before adding lucigenin. To
evaluate the NADH-activated O, production, a
high concentration of NADH (100 pmol/l) was added
to the wells containing lucigenin and homogenates.
These measures were also validated by DPI treat-
ment. Signals were integrated over 30 min and
averages of the plateau phase used for calculations.
Validation experiments were also conducted with
intact artery rings used immediately after extraction.
Superoxide anion was measured and subsequently
rings were dried in an oven for 60 min at 60°C to
obtain the tissue dry weight. The specific chemilu-
minescent signal was expressed as counts per min per
milligram of dry weight (cpm/mg). Basal and acti-
vated-NAD(P)H oxidase activities were expressed as
the difference of aortic O, production under each
condition in the presence and in the absence of DPI.

Western Blot Analysis

PBMCs were isolated from double homozygous
subjects for the A640G and C242T variants. Cells
were lysed in a buffer containing 6 M urea, 25%
glycerol, 0.1% SDS, 0.5% sodium deoxycholic acid,
1% Nonidet P-40 substitute (Sigma), 150 mm NaCl,
50 mm Tris/HCI (pH 7.8) and a protease inhibitor
mixture (Roche) essentially as described [27]. Lysates
were incubated with Laemmeli sample buffer con-
taining 5% 2-mercaptoethanol for 30 min at room
temperature and then boiled for 5 min. Approxi-
mately equal amounts of proteins were resolved by
15% SDS-PAGE and transferred to nitrocellulose
membrane. Following blocking, proteins were probed
with polyclonal rabbit anti-p22phox and anti-CD68
antibodies (Santa Cruz Biotechnology) diluted 1:100
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in blocking solution. Visualization was carried out
with SuperSignal West Pico chemiluminescent sub-
strate (Pierce) using horseradish peroxidase-conju-
gated secondary antibodies against rabbit IgG
(1:2000) (Dako). Blots were photographed in a
Gene Genius device and analysed by the GeneTools
Software from Syngene. For all of the Western blot
analysis experiments, CD68 was used as an internal
loading control. The ratio of p22phox to CD68
Western blot products, as pixel density in densito-
metric units was used as indexes of p22phox protein
expression.

c¢cDNA synthesis and polymerase chain reaction (PCR)
amplification and restriction analysis

Total RNA was extracted from PBMCs isolated from
CHD patients. Reverse transcription of mRNA was
carried out using MMLV reverse transcriptase
(Roche Applied Science) according to manufacturer’s
instructions.

The allele-mixing experiment was performed as
described [28] with changes. Total RNA from cul-
tured cells of an AA homozygote of the A604G
polymorphism was added in increasing amounts
(from 0.1-1.6 pg in 0.1-pg increments) to 1 ug of
the total RNA from PBMCs of a GG homozygote.
These mixtures were used for cDNA synthesis.
Amplification of the p22phox cDNA fragment en-
compassing the A640G polymorphism was per-
formed with 2 pl of the cDNA synthesized with the
same primers used for genotyping the A640G variant
except that the sense primer was 5’-labelled with 6-
carboxyfluorescein (6-FAM) (Applied Biosystem
UK). PCR conditions were as described [18] [Gen-
bank accession number GI:4557504] except that the
annealling temperature was 60°C and cycle number
was 29. Restriction analysis of labelled PCR products
was performed with Dralll; an excess of enzyme was
used to ensure a complete digestion yielding labelled,
allele-specific fragments of 258 bp (G) and 227 bp
(A). The digested PCR products were purified using
the QIAquick PCR Purification Kit (Qiagen) and by
ethanol precipitation and separated on an ABI Prism
310 Analyser.

To analyse mRNA decay rates according to A640G
genotypes, actinomycin D chase experiments were
performed. Total RNA prepared from cultured, non-
treated monocytes/macrophages (controls) and acti-
nomycin D treated cells was used to measure CYBA
mRNA stability. Following retrotranscription, a 5'-
fluorescence-labelled fragment of the CYBA gene
was amplified as described above. Normalization was
performed against a 147-bp amplified fragment of the
glyceraldehyde-3-phosphate  dehydrogenase gene
(GAPDH) with the forward primer 5’GGCCTCCA
AGGAGTAAGACC3’ (5'-1abelled with 6-FAM) and
the reverse primer 5’AGGGGTCTACATGGCAA

CTG3’ (spanning GAPDH 1031-1177 bp) [Gen-
bank accession number BC020308]. Products were
separated on an ABI Prism 310 Analyser.

Statistical analysis

Distortions from Hardy-Weinberg equilibrium
(HWE) were estimated for single and bi-loci disequi-
libria by using Genetic Data Analysis (GDA) version
1.1 and Arlequin version 2.000 software, respectively
[29]. Arlequin was also used to infer haplotype
frequency from genetic data. SPSS statistical soft-
ware, version 12.0, was used for the remaining data
analysis. Quantitative variables are presented as
mean + SD and qualitative variables as percentages.
Assumption of normal distribution for continuous
variables was tested by Kolmogorov-Smirnov z-sta-
tistics. Normally distributed continuous variables
were compared by one-way ANOVA; the Kruskal-
Wallis test was used for comparisons of non-normally
distributed variables. Means and pairwise compar-
isons were performed using unpaired Student’s rtests
and the Mann-Whitney U-test when appropriate.
Chi-square tests and odds ratio (OR) with 95%
confidence interval (CI) analyses were carried out
to estimate the risk of CHD associated with catego-
rical variables and the analysed polymorphisms.
Logistic regression analysis was performed using
the Wald stepwise method including as the dummy
variable the genotypes of polymorphic variants. To
compare superoxide production using fluorometric
readings between unprocessed artery samples and
those processed by homogenization, we also consid-
ered the following ANCOVA model: y;;= o+ y;+
fix (time);; (with ¢=vascular artery homogenates,
intact artery rings and j=1, ..., 30). Thus, y;;
represents the expected superoxide production in
the 7 group in the sample ;. The y; parameter
represents the group effects (With Yurtery rings = 0> as
the reference category) and the f; is the variation rate
for y;; for each time unit variation. Therefore, when
the sample processing method does not alter the
superoxide production, slopes in both groups are
expeCted to be equal (/))artery homogenates — /))artery rings)-

Results

Distribution of A640G and C242T genotypes among
cases and controls

Three hundred and four cases (mean age 56+ 10
years, 22% females) and 315 matched community
controls (mean age 54 + 10 years, 26% females) were
randomly selected. The main clinical characteristics
of study subjects are listed in Table I. Genotype
distribution for the analysed polymorphisms was in
accordance with those frequencies expected in HWE
for both gene variants in the whole study and in cases
and controls. We found that genotype distribution for
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Table I. Main clinical characteristics of the study subjects.

Cases Controls p-value
Sample size, n 304 315 0.658
Sex (male/female), n 237/67 232/83 0.211
Age, years 56+10 545+11 0.062
MI, % 60 - -
Smoking status, % 50 27.3 <0.001
Diabetes, % 33.9 12.1 <0.001
BMI, Kg/m? 27.2+3.7 27.34+3.8 0.693
SBP, mm Hg 135+24 136+26 0.954
DBP, mm Hg 76+13 84+12 <0.001
Alcohol, g/day 16+27 11+19 0.011
Total cholesterol, mmol/L 52+1.1 6.1+1.0 <0.001

LDL cholesterol, mmol/L 3.5+1.0 441.0 <0.001

Triglycerides, mmol/L 1.24+0.67 1.52+0.77 <0.001
Lp (a), mg/dL 53.51+68 36.8+43 <0.001
CYBA A640G

A allele 0.4045 0.577

G allele 0.5955 0.423 <0.001
CYBA C242T

C allele 0.6155 0.622

T allele 0.3845 0.378 0.828

A640G gene polymorphisms was significantly differ-
ent between groups ()(% =137.4; p<0.001). Genotype
distribution for cases and controls, respectively, was
AA: 15% and 30.6%; AG: 50.9% and 54.2%; and
GG: 34.1% and 15.2%. Bivariate analysis showed a
strong cardiovascular risk associated with the GG
genotype with an OR of 2.9, 95%CI 1.934.32. G
allele carriers had an OR of 2.5, 95%CI 1.66-3.76.
No gender-dependent difference was observed,
although a higher cardiovascular risk associated with
the GG genotype was found among the males (OR =
3.36, 95%CI 2.08-5.434) compared to females
(OR =2.04, 95%CI 0.96-4.34).

There was no difference in the genotype distribu-
tion among groups for the C242T polymorphism
(43=0.12; p=0.94). Genotype distribution for cases
and controls, respectively, was CC: 39% and 39.2%;
CT:45.1% and 46%; and TT: 15.9% and 14.8%. No
differences were observed among cases and controls
either between C allele carriers vs AA homozygotes or
A allele carriers vs CC homozygotes for the total
population studied. A gender difference was observed:
there was a trend towards a significant difference in
the C242T genotype distribution in women (3=
5.924; p=0.05). Bivariate analysis showed that fe-
male T allele carriers had a significant cardiovascular
risk with an OR of 2.23, 95%CI 1.08-4.58.

Both variants were found to be in linkage disequili-
brium in controls (37 = 14.75; p <0.001); the A and
G alleles of the A640G variant were preferentially
found with the T and C alleles of the C242T variant,
respectively. Linkage disequilibrium tested among the
cases was at the threshold of significance (33 =3.65;
p=0.056). The overall comparison of the inferred
haplotypes was significantly different between pa-
tients and controls.

The cardiovascular risks associated with classic
cardiovascular risk factors have been previously
analysed using multivariate model approaches in
our population [20,22]. Among others, those models
included a detailed lipid profile, hypertensive status,
blood pressure values, diabetes, glycemia, familial
antecedents of diabetes and coronary diseases. Also,
we have interpreted the associated risk obtained when
considering the fact that some of the analysed
variables were clearly modified because of the phar-
macological treatment. Since our present interest
remains estimative rather than predictive, the selected
model depicted in Table II was the best obtained
resultant of the inclusion of variables that differed
significantly in bivariate analysis. Thus, in this model
we obtained an OR of 2.132, 95%CI 1.113-4.085 for
the GG genotype of the A640G variant and an OR
of 3.85, 95%CI 1.748-8.481 for the interaction term
“T allele carrier of the C242T variant and gender
(women)’.

Popularion admixture analysis

We explored population characteristics by the model-
based inference framework used in the Structure
software. Genotype distributions were initially tested
for significant deviations from HWE. Using an
approach similar to described [24], the likelihood
values and the variance of the bootstrap samples
obtained with the Structure software were plotted
against K for choosing the optimal K value. We found
that the likelihood reaches a maximum around K= 2.
A similar result was obtained when the recommenda-
tions of Pritchard et al. [23] were applied. Thus, the
smallest probability was associated with a prior K of
2 (Table III). Results from STRUCTURE for K= 2
showed that the distribution of members was ap-
proximately similar between inferred clusters. The
same conclusion was reached by examining global
probabilities regardless of the value of K between the
ranges of 2-5 (Table III). This symmetry was strongly

Table II. Multivariate model.

OR IC 95%

Diabetes 2,926 1.550-5.523
HTA 1,939  1.127-3.335
Lp(a) 1,009 1.003-1.015
Tobacco 3,506 1.996-6.160
Triglycerides 0,988  0.984-0.999
HDL-cholesterol 0,854  0.825-0.884
Total colesterol 0,992  0.984-0.999
Alcohol 1,019 1.006-1.015
GG genotype (A640G) 2,132 1.113-4.085
T allele carrier (C242T)*Sex (women) 3,850 1.748-8.481
Global adjustment 84.4%

HTA: hypertension; T allele carrier (C242T)*Sex (women) refers
to the interaction term when these two variables were considered.
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Table III. (a) Estimates of log probability of data under the admixture model and (b) Proportion of membership of the whole studied

population under the admixture model.

(a) Ln P (X/D) P (K/X)
K=2 —3164.9 1
K=3 —3797.6 ~0
K=4 —3232.3 5.35 x10 2
K=5 —3290.7 2.32x107°°
Inferred groups
(b) 1 2 3 4 5
K=2 0.428 0.572
K=3 0.330 0.341 0.329
K=4 0.277 0.223 0.277 0.223
K=5 0.193 0.193 0.211 0.211 0.192

suggestive of the absence of population structure in
our study sample.

Genorype-phenotype associations: Lipid hydroperoxides

Total lipid hydroperoxide (LLOOH) content was
evaluated in the plasma of control subjects. We found
a gradual but not significant relationship in LOOH
content according p22phox genotypes. Those G
and T allele carriers possessed higher plasma
LOOH levels than those A and C allele carriers.
For simplicity, the subjects were grouped as double
homozygotes of the p22phox analysed variants; there-
fore, only those subjects with truly informative
haplotype were considered. As depicted in Figure 1,
we found a significant difference in LOOH levels in
the oxidized plasma samples of those subjects with G
T haplotype regarding those subjects with the A C
haplotype (p =0.038).

Genorype-phenotype associations: Superoxide generation
Sfrom cultured monocytes/macrophages

A graded but not statistically significant relationship
in basal superoxide production in cultured cells

LOOH (uM)

ﬁ |

n=19 n=40 n=16 n=46 n=56 n=15 n=13 n=12 n=4
AC/AC AC/AT AT/AT AC/IGC AC/GT AT/GT GC/IGC GC/GT GI/GT

Figure 1. Lipid hydroperoxides concentration values according to
p22phox haplotypes. Values are means + mean standard error. *p =
0.038 and **p =0.032 for the Mann-Whitney U-test comparing
LOOH concentrations of the indicated haplotype vs G T haplo-

type.

(n=41) according to A640G and C242T genotypes
was observed. Analysis revealed that GG and TT
homozygous samples produced more superoxide
anion than did AA and CC homozygotes. These
graded relationships based on genotype were lost
when cells were analysed after PMA-treatment.
Because of linkage disequilibrium, we analysed super-
oxide production according to genotype combina-
tions in healthy controls. A graded but not significant
relationship according to A640G variant was ob-
served under basal conditions in the sub-set of TT
homozygotes of the C242T. This relationship was lost
under stimulated conditions. Similarly, we found that
under basal and stimulated conditions, a graded but
not significant relationship was observed according to
C242T genotypes only in the sub-set of GG homo-
zygotes of the A640G variant.

Genorype-phenotype associations: Superoxide production
from mammal artery fragments

Chemiluminescent detection of NAD(P)H-derived
superoxide production was analysed in vascular
homogenates obtained from 15 patients as described
in the Methods section. Previously performed valida-
tion experiments using intact artery rings and vascu-
lar homogenates showed no differences in slopes
(p =0.34). We observed a higher but not statistically
significant NADP(H)-derived superoxide anion pro-
duction was found in GG and TT double homo-
zygotes of the A640G and C242T variants.

Allele mixing experiment

We used a non-radioactive approach that was sensi-
tive enough to detect changes in the relative concen-
trations of A- and G-type mRNA. Figure 2A shows
the ratios of the fluorescence signals corresponding to
the labelled fragments of the A and G alleles (219/
258). There was a decrease in the A:G signal ratio
according to the increase in the amount of the A allele
digestion product. Five experiments with three repli-
cates were performed. Data from Figure 2A indicate
the mean ratios of representative experiments.
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(a)

A:G ratio

I8 2

Total RNA (juq) added (AA homozygous samples)

(b)

1§ 180 200 0 240 260 80 0 30 34

—— o A

Figure 2. (A) Graphic representation of the A allele:G allele signal ratios obtained in the allele-mixing experiments. Data are means +SD
of three different mixed samples replicated twice. (B) Selected examples of the AG heterozygotic samples analysed.

Analysis of heterozygotic A640G monocytes/macrophages

Total RNA samples from PBMCs of previously
genotyped heterozygous subject for the A640G
variant were obtained and analysed as described
above. To avoid C242T-dependent effects, all ana-
lysed A640G heterozygous samples were genotyped
and confirmed to be CC homozygous for the C242T
variant. Twenty-one A640G heterozygous samples
were analysed. Results demonstrate significantly
higher levels of G allele mRNA compared with A
allele mRNA with a mean value of 2.584+1.75.
Selected examples are depicted in Figure 2B.

Analysis of mRNA degradation rates

We compared the mRNA degradation rates of
the CYBA gene transcript in cultured cells by
actinomycin D chase experiments. Cells were isolated
from previously genotyped homozygous subjects (GG
and AA) for the A640G gene variant. Results are
depicted in Figure 3A. At the indicated time points
there were no statistically significant differences
among the CYBA gene transcripts according to
A640G genotypes.

Effects of genotypes on p22phox protein expression

To analyse the influence of A640G and C242T
variants of the CYBA gene on p22phox expression,
we evaluated the expression of the NAD(P)H oxidase
subunit p22phox using Western blot. Figure 3B
showed a clear effect on p22phox expression accord-
ing to genotypes of the analysed variants. Moreover in
accord with mRNA analysis we found that p22phox
protein expression was significantly higher in cell
lysates from GG TT double homozygous subjects

than those obtained from AACC double homozygous
subjects.

Discussion

We found that the A640G gene variant of p22phox
constitutes a strong genetic risk marker of CHD in
the whole study population and is even more sig-
nificant among males.

As has been shown, the most important source of
superoxide anion is the enzyme NADP(H) oxidase
[30]. Increased expression of the NAD(P)H compo-
nents in infarcted areas [1,31] has been demon-
strated, as has its relevance to atherosclerotic
disease progression [10,11]. Polymorphic variants
described in the CYBA gene have been controver-
sially associated with CHD risk [12,13,15,16,19].
Gardemann et al. [18] found that the A640G gene
variant constituted an independent coronary risk
factor for males and suggested that the A-to-G
transition might influence CYBA mRNA processing
and stability or alternatively act as a neutral marker.
We have analysed CYBA gene mRNA production in
A640G heterozygous samples testing for the sensitiv-
ity of the method by allele-mixing experiments. Our
results revealed higher levels of G allele mRNA
compared with A allele mRNA. We did, however,
identify a great variability, but this could suggest that
the precise combination of other gene variants or
gene—gene interactions with the analysed polymorph-
ism determines in vivo transcriptional gene regula-
tion. Nevertheless, we used only one set of primers,
and the possibility that the A640G polymorphism
could be associated with conformational changes of
mRNA should not be ruled out. Data from Western
blots are also consistent with mRNA assays showing a
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Figure 3. (A) Actinomycin D (Act D) chase experiments. Monocyte/macrophage cells were isolated from previously genotyped GG and
AA homozygous subjects for the A640G variant. Cells were treated with Act D and vehicle and harvested at the indicated time points.
mRNA remaining at the indicated time point is expressed as a percentage of the initial value, after being normalized to GAPDH. Signal
intensity at time 0 was defined as 100%. Results are shown as means +SD of three (GG) and three (AA) samples replicated five times. (B)
Bars plot of protein data of Western blotting expressed as percentages of p22phox signal compared to CD68 signal. Bars represent Mean +
SEM values of four lysates from subjects belonging to each type of double homozygosis at least three times repeated. *p =0.011.

gradual relationship according to genotypes of the
analysed variants. Thus, the NAD(P)H oxidase sub-
unit p22phox protein level normalized to CD68
protein level was found to be higher when passing
from AA to GG genotype of the A640G variant but
also when passing from CC to TT genotype of the
C242T gene variant.

Lipid hydroperoxide (LOOH) can be considered a
reliable marker of oxidative stress [32]. Measure-
ments in plasma of control subjects showed a gradual
relationship according to p22phox genotypes and
haplotypes. Moreover when LOOH levels were ana-
lysed according to haplotypes we found a significantly
higher level in subjects with the G T haplotype than
in subjects of the A C haplotype.

Superoxide anion production was measured in
monocyte/macrophages and internal mammal artery
homogenates. Data from experiments showed a trend
toward a difference in NADP(H) system activity in
both A640G and C242T variants. Therefore,
although these experiments did not reach statistical
significance, it seems that our phenotypic data
reinforce genetic findings. Superoxide production
derived from the NADP(H) oxidase system was
analysed in monocytes and vascular homogenates by
two reference methods whose sensitivities are known
to differ [26,33]. However, data obtained from
healthy subjects tended in the same direction as
data obtained using artery fragments from affected
patients where, as reported [17], it is difficult to
investigate the effect of a polymorphism free of other
factors known to increase superoxide results. It is

known that under certain physiological situations,
increased ROS production is associated with com-
pensatory pathways leading to an up-regulation in
expression levels of antioxidant enzymes [34]; how-
ever, these compensatory pathways are lost in disease
situations. It is conceivable that these mechanisms
could help explain the relevance of the A640G gene
variant that we have identified. Moreover, basal
differences in mRNA levels according to the A640G
variant could be relevant when considered in con-
junction with the up-regulation of all NAD(P)H
components as well as enzyme activity that has been
described during atherogenesis [11].

There are conflicting reports in the literature [18]
with our findings. Authors studied a large male
population composed of individuals that underwent
coronary angiography for diagnostic purposes. Cases
and controls were then selected according to the
presence/absence of 50% of vessels stenosis. There-
fore, studies comparisons differ according to control
selection criteria; sample size; and gender selection
criteria, mainly because they found higher cardiovas-
cular risk in AA homozygous and we found higher
cardiovascular risk in GG homozygous subjects.
Regarding the differences in control selection criteria,
some reports argue that in case-control studies
patient-based controls vs population controls consti-
tute study strengths rather than a limitation [18,35].
Others suggest caution in the interpretation of results
[36]. We have analysed a well-characterized selected
population. Our controls were selected from the same
population as cases and their risk-factor information
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was collected. Diagnostic procedures were used to
exclude coronary heart disease. Moreover, it is known
that cases should be the same individuals who would
have been considered cases in a hypothetical cohort
study. To this end, incident cases were recruited in
our study period to minimize survival bias. We found
that the strength of the association was statistically
high therefore, although we have analysed a smaller
than Gardemann et al. [18] population, our study
seems not to be under-powered because of limited
sample size. Another important issue is that popula-
tion admixture and ethnic heterogeneity that has been
recognized qualitatively as one major potential error
cause in association studies [37,38] was tested in our
study. Also, we explored some genetic and phenoty-
pic changes linked to the presence of the analysed
variants. Moreover, studies have reported associa-
tions between CYBA-p22phox gene variants and
some clinical phenotypes [39-41]. Some of these
works argue in the same direction as our study while
others show inverse relationships. Thus, a significant
interaction between systemic oxidative stress level
response to exercise training and A640G polymorph-
ism has been found [40]. Authors found that subjects
with one or two copies of A allele at the A640G locus
showed a greater reduction in thiobarbituric acid
reactive substances (TBARS) level after exercise
training than those without an A allele. Furthermore,
their diplotype analysis showed that TBARS was
decreased to a greater extent in the C242/A640
haplotype carriers compared with the non-carriers
[40]. Similarly, a genotype-phenotype association has
been recently reported between the NADPH oxidase
p22phox genotypes and plasma nitrotyrosine level
[41]. On the contrary, a study that analysed among
others the A640G and C242T CYBA gene variants
identified the C242/A640 haplotype as a risk haplo-
type for end stage renal disease [39]. It turns out
paradoxical to find this result in a sub-group of non-
diabetic patients taking into account the largely
documented impact of oxidative stress in diabetes
[4,5]. It might be possible that interactions between
unadjusted confounders at least partly explained the
results obtained in this work.

Therefore, some but not all case-controls studies
confounders were avoided in our study. There are
other possible but not analysed sources of hetero-
geneity including gene-gene or gene—environment
interactions; locus heterogeneity; variable effects of
linkage disequlibrium; variable disease expression or
differential disease susceptibilities; variable pheno-
types and different cut-off points and genotyping
error [42]. To this end our analysis does not solve the
problem of a false positive; but it does a spurious
association unlikely to be responsible for the observed
link. Interestingly, new functional variants have
been described in the CYBA gene [43]. It is possible
that these variants could be linked to the A640G

polymorphism. Alternatively, the A640G variant
could be linked to other not studied variants either
in the same gene or elsewhere.

According to some [16,17] but not all studies [14],
we found a higher but not statistically significant
increased superoxide production linked to the T allele
of the C242T variant. The C242T genotype distribu-
tion was also statistically different in women in our
population. Most of the association reports that
evaluated the C242T on CHD risk provided conflict-
ing results [13,14,18,44,45]. Notably, the C242T
polymorphism is clearly influenced by ethnicity. It is
known that genotype frequencies differ between
Japanese and other populations [12,16]. Peculiarly,
the association between C2427T and ischemic cero-
brovascular disease (CVD) has been found in the
Japanese [46], whereas studies carried out in other
populations failed to find such association [47]. As
has been suggested [46], polymorphism of the
putative heme-binding site in the p22-phox gene
may have different effects on NADPH oxidase in
the central nervous system and the cardiovascular
system and even have opposite effects in CVD
and CHD.

Although we cannot speculate on the functional
properties of the C242T variant since this aspect was
insufficiently explored in our study, it is possible that
the C242T could be linked to other functional
variants either in the same gene or elsewhere. More-
over, there are numerous indications that steroid
hormone levels affect NAD(P)H-mediated superox-
ide production [48,49]. This is suggestive that there
may be differential regulation of p22phox gene
expression by oestrogen by genotype as described
[49]. Additional studies of the mechanisms of
p22phox regulation are needed.
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