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Genetic polymorphisms of myeloperoxidase and their
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Abstract

Myeloperoxidase (MPO) is a member of the mammalian peroxidase superfamily and plays specific roles in host defense.
This study aimed to explore the association between one polymorphism of MPO and hypertension risk. Study subjects
were recruited from Taipei City Hospital, Zhongxiao Branch, Taipei Medical University Hospital and Taipei Municipal
WanFang Hospital. Participants completed questionnaires and provided blood samples. In this study we considered
hypertension to be present among subjects that had blood pressures above 140/90 mmHg, or who had previously received
treatment for hypertension. The polymorphism of MPO investigated in this study was constructed by performing a
restriction fragment length polymorphism following polymerase chain reaction. This study found the odds ratio and 95%
confidence interval for hypertension among subjects with the MPO -463 GA/AA genotype to be 1.97 (1.23-3.16) when
compared with those with the GG genotype after multivariate adjustment. Participants with a body mass index (BMI)
=24 kg/m? and with MPO -463 GA/AA genotype had a 4.60-fold increased risk of hypertension compared with those
with a BMI <24 kg/m? and with the GG genotype. This is the first study to conclude that the MPO -463 GA/AA
genotype was associated with hypertension. In addition, we also detected that subjects with the MPO -463 GA/AA
genotype that had higher BMIs and positive diabetes status tended to have higher risks of hypertension than subjects
with the MPO -463 GA/AA genotype that had normal BMIs and were not diabetic.
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Introduction atherosclerosis (3,4). A functional promoter poly-

Myeloperoxidase (MPO) is a hemeprotein excreted
by neutrophils and monocytes when they are acti-
vated during inflammation. Furthermore, these pro-
cesses generate superoxide, which can be converted
to hydrogen peroxide by superoxide dismutase.
Hydrogen peroxide is utilized by MPO to create an
array of potent oxides including hypochlorous acid,
hydroxyl radical, nitrogen dioxide and peroxynitrite
(1). These oxidants, termed oxidative biomarkers
(2), can interact with both low- and high-density
lipoproteins to induce oxidation (1) and propagate

morphism has been identified in the promoter region
of the MPO gene, consisting of a G to A substitution
(5). The -463G—A polymorphism is situated within
an Alu-encoded hormone response element and cre-
ates a SP1 site in the G allele promoter, as well as
an estrogen receptor binding site in the A promoter.
Two alleles of the MPO gene exist that differ at one
position within this element, resulting in one allele
with and one allele without a strong SP1 binding
site. The element with the SP1 site increases the
activation of transcription by 25-fold in transient
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transfection assays, while the alternative allele con-
fers several fold less transcriptional activity (5).
MPO-463G/A polymorphism can serve as a useful
marker of atherosclerosis and cardiovascular events
in dialysis patients (6).The levels of MPO in neutro-
phils and serum were associated with the presence of
angiographically demonstrated coronary atheroscle-
rosis (7). In French Canadian patients, the MPO-463
GG genotype was associated with an increased inci-
dence of coronary artery disease (8). MPO-463
G — A SNP, which supposedly results in lower MPO
activity, is associated with a lower prevalence of car-
diovascular disease in end-stage renal disease patients
(9), and the presence of the A allele is associated with
a lower frequency of cardiovascular disease. How-
ever, the association between the MPO-463 G—A
polymorphism and hypertension has not yet been
determined. We hypothesized that the MPO-463 G/A
polymorphism may have an effect on the risk of
hypertension.

Methods
Study subjects

We conducted a hospital-based case—control study.
All our study subjects were recruited from Septem-
ber 2005 to December 2006 from outpatient visits
at the Taipei City Hospital, Zhongxiao Branch. In
this study, we did not include patients with cancer.
Age- and gender-matched controls who received
senior citizen health examinations at the Taipei Med-
ical University Hospital, and those who received
adult health examinations at the Taipei Municipal
WanFang Hospital. These two hospitals provide very
similar services, have similar client bases and are
both located in Taipei within approximately 4 km
from each other. This study was approved by the
ethics committee of Taipei City Hospital, Zhongxiao
Branch. The study was consistent with the World
Medical Association Declaration of Helsinki.

Questionnaire interview and biological
specimen collection

Well-trained personnel described the purpose of this
study for study subjects, received informed consent
from the subjects, and then carried out standardized
personal interviews based on a structured question-
naire and collected specimens. Information obtained
included socio-demographic characteristics, lifestyle
(cigarette smoking and consumption habits of alco-
hol, tea, coffee and other beverages), occupational
and environmental exposure to possible carcinogens,
and personal and familial disease history, including
hypertension and diabetes. Detailed information was
obtained on cigarette smoking including the age at
which the subject began smoking cigarettes, as well
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as the average number of cigarettes smoked per day,
and, if applicable, the age cigarette smoking cessa-
tion. Frequent alcohol, tea and coffee drinkers in this
study were defined as those who consumed the
respective beverages two or more days per week for
at least 6 months. Those who consumed less than this
level were classified as occasional drinkers. A 10-ml
blood sample was collected from each subject upon
recruitment, by use of EDTA-treated vacuum
syringes and disposable needles. Plasma samples
were centrifuged at 3000 rpm for 15 min at room
temperature, separated into aliquots and stored at
— 80°C until used. Buffy coat was prepared for DNA
extraction, and the plasma was tested for blood sugar
and lipid profile.

Blood pressure measurement, diagnosis of hypertension
and definition of diseases

In this study, we followed the standard protocol rec-
ommended by the World Health Organization for
measuring blood pressure. After subjects had rested
for at least 20 min, both systolic and diastolic blood
pressures (SBP and DBP) were measured with the
subjects in a seated posture three times with a mercury
sphygmomanometer. SBP and DBP were defined at
the first and fifth Korotkoff sounds, respectively. The
average of the three measurements was used for anal-
ysis. As a SBP of more than 140 mmHg is a much
more important cardiovascular disease risk factor than
DBP among patients older than 50 years of age (10),
in this study we defined subjects as hypertensive if
their blood pressures was above 140/90 mmHg or if
they had a history of regular treatment with antihyper-
tensive drugs (10). All the subjects in this study were
primary hypertensive patients. Control subjects were
defined as those having blood pressures below 140/90
mmHg (10). Subjects were classified as diabetic if they
were treated for insulin or non-insulin-dependent dia-
betes, or if they had a fasting glucose of > 126 mg/dl.
Positive cardiovascular history was defined as having
a history of myocardial infarction, angioplasty, coro-
nary artery by-pass surgery, lower-limb arterial dis-
ease, stroke or transient ischemic attacks.

Anthropometric measurements

Standing height and body weight were measured
with subjects’ barefoot and wearing light clothing. A
rigid vertical height measurement tool and a stan-
dard medical scale were used. Height was measured
to the nearest 0.5 cm and weight to the nearest
100 g. Body mass index (BMI) was calculated as
weight (kilograms) divided by height (meters)
squared. According to the definition of the Depart-
ment of Health, Executive Yuan, Taiwan, a subject
with a BMI between 24.0 and 27.0 is classified as
overweight, and 27.0 or higher as obese (11).
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Genoryping

We detected the MPO-463G—A polymorphism by
performing a restriction fragment length polymor-
phism (RFLP) after polymerase chain reaction
(PCR), as described by London et al. (12). A 350-bp
DNA fragment was amplified using forward primer
MPOF (5’-CGG TAT AGG CAC ACA ATG GTG
AG) and reverse primer MPOR (5'-GCA ATG GTT
CAA GCGATT CTT C). PCR was performed and
10 pl of the PCR product was digested with the
restriction enzyme Acil. After electrophoresis, the
digested products resulted in banding patterns indic-
ative of the genotypes. These included 169-, 120- and
61-bp fragments for the homozygous wild-type
(-463GQ), 289-, 169-, 120- and 61-bp fragments for
the heterozygous type (-463AQG), and 289- and 61-bp
fragments for the homozygous mutant (-463AA).

Statistical analysis

All the statistical analyses performed in this study
were carried out with the SAS program (version 9.2).
All results for continuous variables were expressed as
mean= standard error (SE). The z-test was used to
explore differences between two groups for continu-
ous variables. Comparisons between exposures, mea-
sured as a categorical variable, and Hardy—Weinberg
equilibrium for genotype distributions of controls
were assessed by 2 analysis. ANOVA and Duncan’s
multiple comparisons test were used to compare
continuous variables between varied genotype strata.
The relationship between the genotypes and hyper-
tension status was investigated through the construc-
tion of logistic regression models, which we used to
generate estimated odds ratios (OR) and 95% con-
fidence intervals (CI). Probability values < 0.05 were
considered statistically significant. The significant
variables in the univariate analysis were included in
the multivariate logistic regression models. The joint
effects of diabetes and MPO G-463A and the joint
effects of BMI and MPO G-463A4 on the risk of
hypertension were evaluated on both multiplicative
and additive scales. The binary interaction terms
were calculated by multiplying the indicators for the
two explored risk factors, and were added to the
main effect models. Their significance was then tested
by the likelihood ratio statistic based on a multiplica-
tive model. The OR values and their variance—cova-
riance matrix were then used to calculate values for
the synergy index and 95% ClIs (13).

Results

The socio-demographic characteristics of the hyper-
tension patients and normotensive participants ana-
lyzed in this study are shown in Table I. A total of
508 subjects, including 254 hypertensive patients
and 254 normotensive participants, were recruited in

this study and 59.6% were male (Table I). BMI was
significantly associated with hypertension risk in a
dose-response relationship (trend test, p<<0.001).
Participants with an educational attainment of col-
lege or above had lower ORs for hypertension than
those with only a junior high school level education
or below. Therefore, educational attainment seemed
to provide a protective effect against hypertension.
Participants with diabetes had significantly higher
ORs than non-diabetics (5.70, 95% CI 2.81-11.56).
Current alcohol drinkers, and occasional tea and cof-
fee drinkers had significantly lower hypertension
risks than non-drinkers. The distributions of the
MPO-463G — A polymorphism of controls were fit-
ted to the Hardy—Weinberg equilibrium. The distri-
bution of the MPO gene polymorphism was similar
between hypertensive and normotensive persons.

The participants in this study with the MPO AA
genotype were on average younger than those with
either the GG or GA genotype. BMI, SBP, DBP,
lipid profile including triglycerides, cholesterol, low-
density and high-density lipoproteins (HDL), and
fasting blood glucose were similar among varied
genotypes (data not shown). However, higher triglyc-
erides, cholesterol and fasting blood glucose levels
were positively associated with hypertension risk,
whereas HDLs were negatively associated with
hypertension risk (data not shown).

We tried to control for significant risk factors
of hypertension in our analysis of the association
between the MPO G-463A polymorphism and hyper-
tension risk. It was found that increased serum HDL
levels were associated with a lower risk of hyperten-
sion and that BMI and diabetes were significantly
related with the presence of hypertension. Partici-
pants with the MPO GA/AA genotype had signifi-
cantly higher ORs than those with the GG genotype
in the multivariate model (Table II). The results were
similar when further adjusted for alcohol, tea and
coffee drinking.

The associations between MPO genotype and
hypertension stratified by cigarette smoking and
diabetes status are summarized in Table III. Non-
smokers who carried the MPO GA/AA genotype
had a significantly higher risk (OR 2.43, 95%
CI 1.34-4.42) than those who carried the MPO GG
group after multivariate adjustment. However, this
phenomenon was not evident among cigarette smok-
ers. On the other hand, non-diabetics with the MPO
GA/AA genotype had a significantly higher adjusted
risk (OR 1.98, 95% CI 1.21-3.24) than the MPO
GG group, while there was no significantly increased
risk detected among diabetic patients that carried the
MPO GAIAA genotype.

Since BMI, diabetes and the MPO G-463A4 gen-
otype were significantly associated with hypertension
in the multivariate analysis, further analyses were
carried out to assess the joint effects of the MPO
G-463A genotype and these two risk factors (BMI
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Table I. Socio-demographic characteristics of hypertension patients and normotension subjects.

Variable and group Hypertension, n (%)

Normotension, n (%) Age-gender adjusted OR (95% CI)

Gender

Female 104 (40.94)

Male 150 (59.006)
Age

(Mean= SE) 69.43+0.71

<60 47 (18.50)

=60 207 (81.50)
Marital status

Single 7 (2.76)

Married 220 (86.61)

Others 27 (10.63)
Highest educational level®

Junior high school or below 104 (41.11)

High school 100 (39.53)

College or above 49 (19.37)
Body mass index (kg/m?)

<24 78 (30.71)

24-27 93 (36.61)

=27 83 (32.68)
Diabetes

No 206 (81.10)

Yes 48 (18.90)
Cigarette smoking

No 176 (69.29)

Yes 78 (30.71)
Alcohol consumption

No 186 (73.52)

Current drinker 33 (13.04)

Occasional drinker 34 (13.44)

Tea consumption
NO 118 (46.46)
Current drinker 91 (35.83)
Occasional drinker 45 (17.72)
Coffee consumption
NO 157 (61.81)

Current drinker 47 (18.50)

Occasional drinker 50 (19.69)
MPO G-463A

GG 167 (65.75)

GA 80 (31.50)

AA 7 (2.76)

GA/AA 87 (34.25)

101 (39.76) 1.00?
153 (60.24) 0.95 (0.67-1.36)
69.03 +0.68 0.95 (0.60—1.49)°
45 (17.72) 1.00b
209 (82.28) 0.95 (0.60-1.41)
8 (3.15) 1.00
194 (76.38) 1.25 (0.44-3.53)
52 (20.47) 0.55 (0.18-1.72)
88 (34.92) 1.00
83 (32.94) 1.01 (0.67-1.53)
81 (32.14) 0.50 (0.31-0.79)**
126 (49.61) 1.00dH#*
74 (29.13) 2.03 (1.34-3.08)**

54 (21.8226) 2.48 (1.59-3.88)***

244 (96.06) 1.00

10 (3.94) 5.70 (2.81-11.56)***
166 (65.35) 1.00

88 (34.65) 0.83 (0.56-1.24)
146 (57.48) 1.00

44 (17.32) 0.54 (0.32-0.92)*

64 (25.20) 0.71 (0.38 — 1.32)

81 (31.89) 1.00

89 (35.04) 0.70 (0.47-1.06)

84 (33.07) 0.37 (0.23-0.58)***
118 (46.64) 1.00

45 (17.79) 0.78 (0.48-1.26)

90 (35.57) 0.42 (0.28-0.64)***
180 (70.87) 1.00

70 (27.56) 1.23 (0.84-1.81)

4 (1.57) 1.86 (0.53-6.51)
74 (29.13) 1.27 (0.87-1.84)

2Age adjusted. ®Gender adjusted. Information of highest educational level was not available in 1 hypertension patient and 2 controls.

dTrend test. *p<0.05; **p<0.01; ***p<0.001.

and diabetes) independently. We also performed a
trend test for a dose-response relationship and found
those subjects with MPO GA/AA genotype and either
diabetes or a BMI=24 had an even elevated risk of
hypertension than subjects with MPO GA/AA but
without diabetes or a BMI <24 (Figure 1).

Discussion

In this study, diabetics and those subjects with lower
levels of educational attainment had higher risk of
hypertension than subjects who were non-diabetic
and had higher levels of educational attainment.
Participants that drank tea or coffee exhibited a
decreased risk of hypertension. The participants that
had high BMIs were at significantly increased risk of

hypertension in a dose-response relationship. As pre-
viously reported, obesity is a major risk factor of
hypertension (14). In the current study, we provided
more evidence that obesity (BMI=27 kg/m?) is a
major risk factor of hypertension. Diabetes is another
commonly cited risk factor associated with hyperten-
sion (15). Increased fasting blood glucose levels and
insulin resistance are both correlated with the occur-
rence of hypertension (16). In this study, levels of
fasting blood glucose were associated with hyperten-
sion in a significant dose-response relationship
whether analyzed by stratification of clinic values
(<100, 100-126, > 126 mg/dl) or by the tertile of
the control group (data not shown).

Previous studies on the association between ciga-
rette smoking habits and blood pressure have been
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Table II. Multivariate analysis between MPO G-463A polymorphism and hypertension risk.

Variables

OR® (95% CI) OR® (95% CI)

Age (1 age increment)

Gender (Male vs female)

High school vs junior high school or below
College or above vs junior high school or below
BMI (kg/m?)

HDL (1 mg/dl increment)

MPO (GA/AA vs GG)

Diabetes (yes vs no)

Alcohol drinking (yes vs no)

Tea drinking (yes vs no)

Coffee drinking (yes vs no)

0.96 (0.60-1.51)
0.62 (0.35-1.10)
0.98 (0.97-1.00)*

4.52 (2.08-9.81)%**

1.00 (0.98-1.02) 0.99 (0.98-1.02)
0.78 (0.47-1.27)
1.26 (0.74-2.13)
0.73 (0.41-1.32)
1.12 (1.05-1.19)***
0.98 (0.96-1.00)*
1.97 (1.23-3.16)**
4.59 (2.08-10.13)***
0.74 (0.55-0.99)*
0.73 (0.54-0.99)*
0.86 (0.66-1.13)

1.10 (0.66-1.58)
1.12 (1.05-1.19)***

1.85 (1.17-2.92)**

2Adjusted for age, gender, educational status, body mass index (BMI), high-density lipoprotein (HDL),
and diabetes. PAdjusted for age, gender, educational status, BMI, HDL, diabetes, alcohol drinking, tea
drinking and coffee drinking. *p < 0.05; **p<0.01; ***p<0.001; 0.05<p<0.1.

conflicting and controversial. For instance, in one
report it was reported that there was no correlation
between cigarette smoking and blood pressure (17),
in another that the blood pressure of smokers was
lower than that of non-smokers (18), and in another
that cigarette smoking raised blood pressure and
resulted in an accelerated heart rate (19). In this
study, participants that smoked more than 0.65 packs
a day had a 1.5 times increased risk of hypertension
than non-smokers. The duration of cigarette smoking
was not related with hypertension in a dose—response
manner (data not shown). Therefore, the chronic
effect of cigarette smoking on hypertension may not
be apparent in this study.

Hypertension increases vascular production of
reactive oxygen species (ROS) in all layers of blood
vessel walls. The increased vascular superoxide free
radical production is in large part responsible for
reducing endothelium-dependent vasodilation (20).
MPO is a member of the mammalian peroxidase
superfamily and plays specific and complementary
roles in host defense (21). MPO generates the reac-
tive chlorinating species hypochlorous acid (HOCI)
(22), which possesses potent microbicidal activity

(23). MPO induced reactive oxidants can initiate
lipid peroxidation (24) and modify target proteins
through mechanisms including halogenation and
nitration (3,4). One study reported that MPO might
be involved in the regulation of inducible nitric
oxide synthase (iNOS) expression, and found the
expression of iINOS to be significantly higher in
patients with the MPO G allele (61.54%, 48/78)
than in patients with MPO A allele (38.46%, 30/78)
(25). It was suggested that the expression levels of
iNOS and MPO were correlated with hepatopul-
monary syndrome (HPS)-induced hypoxemia, and
the MPO-463 G/A mutation might be a protective
factor that prevents the development of HPS (25).
The association between MPO level and MPO
polymorphism is controversial. The GA genotype is
associated with 1.6-2.5-fold higher MPO mRNA
levels than the GG genotype in primary human
peripheral blood mononuclear cells (26). In mac-
rophages, the GG genotype has been shown to be
associated with 4.6—7-fold higher MPO levels than
the GA genotype (26). One recent study showed
that MPO levels were increased in coronary artery
disease but the MPO-463 G/A polymorphism had

Table III. MPO G-463A polymorphism and hypertension risk stratified by cigarette smoking status or diabetes status.

Non-smokers

Smokers

MPO G-463A Hypertension/normotension OR (95% CI) Hypertension/normotension OR (95% CI)

GG 113/121 1.00 54/59 1.00

GA/AA 63/45 2.19 (1.25-3.86)>** 24/29 1.30 (0.59-2.84)?

GA/AA 2.43 (1.34-4.42)b%% 1.18 (0.50-2.78)®
Non-diabetes Diabetes

MPO G-463A Hypertension/normotension OR (95% CI) Hypertension/normotension OR (95% CI)

GG 113/121 1.00 54/59 1.00

GA/AA 63/45 1.80 (1.12-2.90)%* 24/29 2.68 (0.37-19.40)°¢

GA/AA 1.98 (1.21-3.24)9** 2.07 (0.26-16.74)4

aAdjusted for gender, age, body mass index (BMI), high-density lipoprotein (HDL), educational level, diabetes. PAdjusted for gender, age,
BMI, HDL, educational level, diabetes, alcohol drinking, tea drinking and coffee drinking. ‘Adjusted for gender, age, BMI, HDL,
educational level, cigarette smoking status. 9Adjusted for gender, age, BMI, HDL, educational level, cigarette smoking status, alcohol

drinking, tea drinking and coffee drinking. *»<0.05; **p<0.01.
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Figure 1. Interaction between MPO G-463A4 and diabetes (A) and MPO G-463A4 and BMI (B) on hypertension risk. Odds ratio adjusted
for gender, age, high-density lipoprotein, highest educational level, alcohol drinking, and tea drinking and coffee drinking. p, . ;<0.001.

no effect on MPO levels (27). Thus, the MPO A
allele can be higher or lower expressing than the
MPO G allele, depending on the cell type. In this
study, the MPO GA/AA genotype was significantly
associated with hypertension risk after adjusting for
multiple risk factors. This may suggest that the
increased risk of hypertension among participants
with the MPO GA/AA genotype may be mediated
through interactions with NO and their effect on
the inhibition of vasodilatation. Further investiga-
tion will be needed to explore the mechanism
underpinning the increased risk of hypertension
detected in this study.

The common MPO G-463A polymorphism has
been associated with Alzheimer’s disease (28), lung
cancer (29) and brain damage (30). The MPO
-463A allele significantly contributes to a protec-
tive effect in smokers against lung cancer (31) and
individuals with the MPO GA/AA genotype have
been shown to have a lower risk of experiencing a
cardiovascular event (32)- A previous study found
that the OR for coronary artery disease (CAD) of
participants with the MPO AA genotype was 0.17
that of subjects with the MPO GG/AG genotype,
suggesting that the A allele may have a significantly
protective effect against CAD (33). In contrast,
another study showed no significant relationship
between the MPO G-463A genetic polymorphism
and brain infarction risk, but the MPO A allele was
associated with the extent of brain damage (30).
Prior to the current study, however, there has
been no report regarding the risk of hypertension
among subjects with the MPO G-463A genetic
polymorphism.

Analysis within the current study was performed
by stratification of cigarette smoking status. Non-
smoking participants with the MPO-463 GA/AA
genotype carried a 2.43-fold higher risk than the
GG genotype, but this increased risk was not sig-
nificant in smokers following multivariate adjust-
ment. We believe this finding suggests that cigarette

smoking status may have had a more powerful effect
on blood pressure than the MPO G-463A genotype.
The potential increased hypertension risk in sub-
jects with the variant A allele should be further
studied.

The MPO G-463A genotype was also analyzed by
stratifying on diabetes status. We found that in non-
diabetic participants the OR of hypertension with the
MPO-463 GA/AA genotype was significantly higher
than those with the MPO-463 GG genotype; how-
ever, this association was higher but statistically
insignificant in those with diabetes. In contrast, a
study has reported that the presence of type 2 dia-
betes mellitus and the MPO-463 GG genotype had
significant interactions on intima-media thickness
(34). However, further studies are needed to explore
the mechanisms associated with the joint effect of
diabetes and the MPO G-463A genotype on hyper-
tension risk.

In this study, participants with the MPO-463 GA/
AA genotype were shown to be associated with
hypertension after controlling for potential risk fac-
tors for hypertension, such as BMI = 24 kg/m?, lower
level of educational attainment, diabetes and high
fasting blood sugar. The reasons behind these
increased risks need further examination, but may be
due to increased ROS caused by obesity (35) or high
blood glucose (36).

While the present study succeeded in detecting a
novel association between hypertension and subjects
carrying the MPO-463 GA/AA genotype, our results
need to be interpreted with regard to several limita-
tions. First, there is a possibility that this study suf-
fered from selection bias as the cases and controls
were recruited from two different hospitals; however,
we feel that the bias should be minimal as these hos-
pitals were both located in Taipei. Furthermore, the
majority of cases and controls lived in Taipei and
were similar in demographic characteristics. Second,
because of the small sample size and lack of a repli-
cation population, these results should be interpreted
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with caution and warrant the confirmation of future
studies.

In summary, to the best of our knowledge, this is
the first study to conclude that the MPO-463 GA/AA
genotype was associated with an increased risk
of hypertension following multivariate adjustment.
In addition, BMI =24 kg/m? or diabetes tended to
affect the hypertension risk induced by the MPO
-463 GA/AA genotype.
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