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ABSTRACT

Coronary artery disease (CAD) is a complex, multifunctional condition that results
from interactions among various genetic and environmental influences. The genes coding
for endothelia nitric oxide (eNOS) and angiotensinogen (AGT) have been shown as
potential factors in the prognosis of CAD. E298D polymorphism of the eNOS gene,
M235T and T174M polymorphisms of AGT gene have been defined as CAD risk factors.
However, the polymorphisms of eNOS and AGT genes as risk factors for CAD are
controversial. The aim of this present study was to investigate the association between
primary hyperlipidemia, CAD and the polymorphisms of eNOS (E298D) and AGT
(M235T and T174M) compared with healthy normolipidemia. The study included 105
unrelated healthy normolipidemic subjects, 103 hyperlipidemic subjects and 106 CAD
patients. gDNA was extracted from leukocyte by Guanidine-HCl methods. eNOS E298D,
AGT M235T and AGT T174M gene polymorphisms were analyzed by polymerase chain
reaction (PCR) and restriction fragment length polymorphism (RFLP). For eNOS E298D
polymorphism, the frequency of 298DD homozygous genotype was found 2.8% in CAD,
but not found in hyperlipidemic and healthy normolipidemic subjects. However, the DD
variant and D allele distribution frequencies among the three groups showed no significant
differences. For AGT M235T polymorphism, it was found that the increase risk of
hyperlipidemia is associated with higher frequencies of the AGT 235MT genotype
(OR=3.0306, 95% ClI: 1.6965-5.4139, p=0.0003) and AGT 235M dllele [OR=1.774, 95%
Cl: 1.115-2.822, p=0.020]. AGT M235T variants did not show any association with risk
of CAD. The AGT T174M polymorphism also showed no association with risk of
hyperlipidemia and CAD compared with healthy normolipidemia. All polymorphisms
(eNOS E298D, AGT M235T and AGT T174M) showed no significant difference between
male and female, and hypertensive and normotensive in both heathy normolipidemic
subjects and hyperlipidemic subjects. Carriers of AGT 235 non-TT + eNOS EE
(OR=2.675, 95%CI: 1.399 - 5.115, p=0.004) and AGT 235 non-TT + AGT 174 TT
(OR=2.544, 95%CI1.363 - 4.750, p=0.003) genotypes were significantly associated with
the risk of hyperlipidemia. There were no synergistic effects of eNOS E298D gene
polymorphism and both polymorphisms (M235T and T174M) of AGT gene on CAD. In
conclusion, the present study provides evidence that M allele and MT genotype of AGT
M235T gene polymorphism is associated with hyperlipidemia in this studied population.
There were no correlation of eNOS E298D, AGT M235T and AGT T174M genetic
variants on CAD and hypertension in this study.

KEY WORDS: ENDOTHELIAL NITRIC OXIDE SYNTHASE/
ANGIOTENSINOGEN / HY PERCHOLESTEROLEMIA /
CORONARY ARTERY DISEASE
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CHAPTERI
INTRODUCTION

Coronary artery disease (CAD) is a complex, multifunctional condition resulting

1-3)' and

from interactions among various genetic and environmental influences'
become the important public health problem in many developed®” and developing®
nations including Thailand®. Vascular remodeling which is one of the pathological
situation of CAD, characterized by smooth muscle cell hypertrophy and extracellular
matrix synthesis, leading to media thickening and luminal narrowing, including an
increase in the wall-to-lumen ratio. In addition, blood pressure regulation also plays a
primary role in atherosclerotic process®. It was found that disturbing concerns these
systems; mutations in angiotensinogen, the precursor in renin-angiotensin system, and
endothelial nitric oxide synthase, result to susceptibility to CAD.

The renin-angiotensin system (RAS) is known to be a potent stimulus for vascular
smooth muscle hypertrophy, which plays an important role in blood pressure
regulating function. RAS is an enzymatic cascade generating the vasoactive peptide
angiotensin 1l (Ang Il), a very powerful vasoconstrictor and also a potent growth-
promoting factor for vascular smooth muscle cells, myointimal proliferation and
cardiac hypertrophy. The precursor of this system is angiotensinogen (AGT) which is
synthesized mainly by the liver and then released into blood where it serves as the
protein substrate for renin®®*Y. Renin cleaves AGT to form angiotensin | (Ang ).
Subsequently, angiotensin-converting enzyme (ACE) catalyzes the formation of Ang
.

The variants of genes coding for the proteins of RAS may be related to the origin
and development of cardiovascular disorder, such as CAD. M235T mutation; the
thymine (T) to cytosine (C) substitution at nucleotide 704 of exon 2 in the AGT gene,
leads to methionine (M) to threonine (T) amino acid substitution at codon 235, was
found to be associated with increase risks of hypertension®™®*¥, myocardial infarction
(M1)*519 extent of coronary lesions™” and CAD*®*. The M235T polymorphism of
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the gene is associated with an increase generation of AGT, while the studies
represented the individuals carried TT genotype for the variant having the highest
concentrations of the protein in serum®2®. In contrast, other studied also found that
individuals carried MM genotype were associated with the increase risk of M1%9,
CADY*? and hypertension®®®. The study of Fernandez-Arcas et al.*® showed that the
MM genotype contained a significantly higher plasma renin activity (PRA) profile
than those with the TT genotype. The renin-AGT enzymatic reaction is the rate-
limiting step of the RAS cascade, a change in AGT concentration can affect PRA®".
The plasma AGT levels are close to the Michaelis constant (Km) for renin, which
mean that a rise in plasma AGT could cause close to linear increase in the rate of
angiotensin formation®”. However, in vivo, an increase in plasma AGT concentration
will not increase the rate of angiotensin production, because the secretion of renin
normally has a feed-back relationship with Ang Il so as to maintain a physiologically
appropriate rate of formation of Ang 1%, The exclusively AGT-dependent
hypertension is theoretically impossible. Thus, this justifies that the higher level of
PRA has an advantage of estimating the extent of hypertension in response to the
activation of RAS. In addition, it is known that hypertension, raised cholesterol and
cigarette smoking, directly or indirectly, increase PRA level ©*2Y, suggesting that the
over activity of the RAS as awhole, can contribute to hypertension.

While T174M polymorphism of AGT gene; a cytosine (C) to thymine (T)
substitution at nucleotide 521 of exon 2, leads to the substitution of threonine (T) to
methionine (M) amino acid substitution at codon 174, reveals the association with
hypertension®, CAD® and extent of coronary atherosclerosis®™. Gardemann et
al.®® found that the T174M polymorphism was in linkage disequilibrium with M235T
polymorphism, as the 174M allele occurred only in a subset of carrying the 235T
dlele. In the association study between T174M polymorphism and cardiovascular
disease, it has been shown that this polymorphism has significant difference of
genotype distribution frequency between hypertensives and normotensives, MM
genotype showed higher frequency in hypertensive than that in normotensive
subjects®?. From the study of Sato et a. ®Y, T174M polymorphism was not
significantly associated with the plasma AGT level. It is likely that the increase
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genotype with 174M alele observed in hypertensive group is due to the linkage
disequilibrium with M235T variant rather than mutation.

In addition to RAS in controlling the vascular homeostasis, endothelial cells
which was considered a homeostatic barrier and the adventitia smply as a support
structure for the vessel, also play an important role in the progression and clinical
manifestation of the atherosclerotic process. Endothelial dysfunction is a significant
characteristic of blood vessels that have angiographic narrowing®. One of the most
important product of endothelial cell (EC) is nitric oxide (NO), which can promote
vasodilation by inhibit platelet aggregation, leukocyte adhesion as well as modulate
migration and growth of the vascular smooth muscle. NO synthesized in EC from L-
arginine through the action of the enzyme endothelial nitric oxide synthase (eNOS)©®,

The gene that encodes eNOS represent several polymorphisms®). E298D, a
primarily polymorphism in exon 7 in which a substitution of guanine (G) to thymine
(T) at nucleotide 894, leads to glutamate (E) to aspartate (D) amino acid substitution at
codon 298, was reported to be associated with essentiad hypertension®®, acute
MI“9, coronary artery spasm™®? and CAD“**?. Tesauro et a“® reported that the
eNOS isoforms are processed differently depending on the presence of D or E at
codon 298; the eNOS protein with D variant is more susceptibility to intracellular
cleavage than the eNOS protein with E variant leading to reducing eNOS activity.

In this present study, the M235T and T174M polymorphisms of AGT gene and
E298D polymorphism of eNOS gene were investigated. The frequency of alleles
distributions were performed by polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) within the groups of primary hypercholesterolemia and
CAD in Tha subjects compared with the normolipidemic group and then these
distributions were compared with other racial ethnic groups which no data is available
in Thai population. In which the comparison in the allele and genotype frequencies
and the distribution of these frequencies among the populations will indicate the
associations between the eNOS and AGT genes polymorphisms and CAD risk in Thai
population.
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Objectives

1. To determine the genotype and allele frequencies of AGT and eNOS
polymorphisms in Thai normolipidemic subjects and Thai subjects with
primary hyperchol esterolemia and CAD.

2. To compare the genotype and frequency of AGT and eNOS polymorphisms
between primary hypercholesterolemiaand CAD in Thai subjects.

3. To compare the genotype and frequency of AGT and eNOS pol ymorphisms
between Thal subjects and other populations.

4. To evauate the association of the AGT and eNOS genes with CAD in all
subjects.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistdy) /

CHAPTERII
LITERATURE REVIEW

Coronary artery disease (CAD) is the result of occlusion of the arteries supplying
blood to the head. In humans, this occurs by a long process that begins in childhood
with clinical events usually not occurring until middle or old age. The underlying by
cause of CAD is atherosclerdis

2.1 Ather oscler osis pathology

Atherosclerosis, a disease characterized by accumulation of lipids in the intima of
large- and medium-sized artef& has an important role in CAD susceptibility. The
first step in atherogenesis is the infiltration and entrapment of low density lipoprotein
(LDL), the main source of cholesterol in plasma, in the subendothelium of blood
vessel wall. The anatomy of a normal artery as shown in Figure 2.1, consisting three
morphologically distinct layers; the intima, the innermost layer, is bounded by a
monolayer of endothelial cells on the luminal side and a sheet of elastic fibres, the
internal elastic lamina, on the peripheral side. The normal intima is a very thin region
and consists of extracellular connective tissue matrix, primarily proteoglycans and
collagen. The media, the middle layer, consists of smooth muscle cell (SMCs). The
adventitia, the outer layer, consists of connective tissues with interspersed fibroblasts
and SMCs.

When the LDL particles begin to adhere to the vessel wall, which is greater when
levels of circulating LDL are elevated, and both the transport and retention of LDL are
increased in the preferred sites for lesion formation. LDL diffuses passively through
endothelial cells junctions, and its retention in the vessel wall involves interactions
between the LDL constituent apolipoprotein B (ApoB) and matrix proteoglycans. In
addition to LDL, other ApoB-containing lipoproteins, namely lipoprotein(a) and

remnants, can accumulate in the intima and promote atheros¢f&fSsis
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Figure 2.1 Structure of a normal artér§)
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The trapped LDL undergoes modification, including oxidation, lipolysis,
proteolysis, and aggregation. Enzymes involved in such modification include
lipoxygenase, inducible nitric oxide synthase (iNOS), myeloperoxidase (MPO), and
various lipasd3". One of the most significant modifications for early lesion formation
is lipid oxidation, resulting from exposure to the oxidative waste of vascular cells.
Such modifications initially give rise to oxidized LDL (oxLDL), a key component in
endothelial inflammation. oxLDL may directly injure the endothelium and play a role
in the increased adherence and migration of monocyte and T lymphocytes into
subendothelial space (Figure 2.2). It can induce the formation of adhesive cell-surface
glycoproteins, such as monocyte chemoattractant protein-1 (M&P-vascular
cellular adhesion molecule-1 (VCAM:1Y, by the endothelium. Several classes of
leukocyte-endothelial adhesion molecules are probably involved in atherogenesis.
Once monocytes and lymphocytes enter into the intima of the artery, oxLDL from the
endothelium and other substances associated with atherogenesis may participate in
activation of the monocytes into macrophages. The macrophages become large foam
cells. The lesions were known as atheromas develop, which contain three major types
of atheroma8”: The fatty streak, which is not clinically significant, but they are the
precursors of more advanced lesions, is a localizing accumulation of intima smooth
muscle cells and macrophage containing cholesterol and cholesteryl esters. Fibrous
lesions typically have a ‘fibrous cap’ consisting of SMCs and extracellular matrix that
encloses a lipid-rich ‘necrotic core’. Plagues can become increasingly complex, with
calcification, ulceration at the luminal surface, and hemorrhage from small vessels that
grow into the lesion from the media of the blood vessel wall. Also, advanced lesion is
basically a fibrous plaque that can grow sufficiently large to block blood flow; the
most important clinical complication is an acute occlusion due to the formation of a
thrombus or blood clot, resulting in myocardial infarction (MI). Usually, the

thrombosis is associated with rupture or erosion of the 8&fch
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Figure 2.2 Lipoproteins flooding the intima become oxidized. oxLDL is chemotactic

for monocytes and T lymphocytes. oxLDL promotes mononuclear cell adhesion,
infiltration and proliferation by stimulating the endothelial cells to express adhesion
molecules, e.g. VCAM-1, and to produce chemotactic factors, e.g. MCP-1, and growth

factors. Uptake of oxLDL by macrophages leads to foam cell formi¥tion
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2.2 Plasma lipids and lipoprotein metabolism

The most significant risk factor for atherosclerosis is related to lipoprotein
metabolism. Lipids are transported through the circulation as complexes with proteins,
termed lipoproteins. In general lipoproteins consist of a core of hydrophobic lipids
(triglycerides and cholesteryl esters) surrounded by a monolayer of amphipathic lipids
(phospholipids and free cholestetrol) and various apolipoproteins. Apolipoproteins
function in the packaging and secretion of lipids from cells, in the processing of
circulating lipoproteins, and as ligands for cellular recefffardhere are five major
fractions of lipoproteins, differ in their lipid contents, size, and deéfBiFable 2.1).

Chylomicrons (d<0.95 g/ml) responsible for transporting dietary fat, are
triglyceride-rich lipoproteins synthesized in the mucosal cell of the duodenum and
jejunum during fat absorpticty.

Very low-density lipoprotein (VLDL) (d=0.95-1.006 g/ml) the other triglyceride-
rich lipoprotein, is synthesized in and released from the liver. VLDL transports
hepatic-synthesized triglyceride and cholesterol, which are therefore called
endogenous lipid¥.

Intermediate-density lipoproteins (IDL) (d=1.006-1.019 g/ml), which contain
appreciable amounts of both triglyceride and cholesterol esters in their core, are
produced during the conversion of VLDL to L5

Low - density lipoproteins  (LDL) (d=1.019-1.063 g/ml), which are
derived by catabolism of IDL, are the major cholesterol carrying lipoproteins of
serum, very rich in cholesterol and cholesterol €stérs

High - density lipoprotein (HDL) (d=1.063-1.21 g/ml), which is rich in
cholesterol and has a low triglyceride content, is the main vehicle for carrying excess
cholesterol from the periphery to the liver, comprises several components derived
from various sources such as the liver, intestine, other lipoproteins and other

tissue&®,
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Table2.1 Composition of the major lipoprotein compleXés”

Density Composition (%wt)

Lipoproteins Source (g/ml) Protein  TG* PL® CE c EEAC

Chylomicron Intestine <0.95 1-2 85-88 8 3 1 0

VLDL Liver 0.95-1.006  7-10 50-55 18-20 12-15 8-10 1

IDL VLDL 1.006-1.01¢ 10-12 25-30 25-27 32-35 8-10 1

LDL VLDL 1.019-1.063 20-22 10-15 20-28 37-48 8-10 1

HDL Intestine, 1.063-1.21 33-57 3-15 26-46 15-30 2-10 0-6
liver

(chylomicrons
and VLDLSs)

: triglycerides
: phospholipids
© cholesterol esters

: free cholesterol

© free fatty acid

In addition, each lipoprotein fraction differs in its content of the various
apolipoproteins. Apolipoproteins are involved in the assembly and the secretion of
lipoproteins, and they also play a role in providing the structural integrity to
lipoproteins (Table 2.2).
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Table 2.2 Apolipoprotein classificatiort¥ %

Lipoprotein
Apolipoprotein MW (Da) Association Functions
apoA-I| 29,016 Chylomicrons, HDL ~ Major protein of HDL, activates
lecithin:cholesterol acyltransferase
(LCAT)
apoA-Ii 17,400 Chylomicrons, HDL  Primarily in HDL, enhances hepatic
lipase activity
apoA-IvV 17,400 Chylomicrons, HDL  Present in triglyceride rich
lipoproteins
apoB-48 241,000 Chylomicrons Exclusively found in chylomicrons,
derived from apoB-100 gene by RNA
editing in intestinal epithelium; lacks
the LDL receptor-binding domain of
apoB-100
apoB-100 513,000 VLDL, IDL, LDL Major protein of LDL, binds to LDL
receptor; one of the longest known
proteins in humans
apoC-I 7,600 Chylomicrons, May also activate LCAT
VLDL, IDL, HDL
apoC-ll 8,916 Chylomicrons, Activates lipoprotein lipase
VLDL, IDL and HDL
apoC-lli 8,750 Chylomicrons, Inhibits lipoprotein lipase
VLDL, IDL and HDL
apoD 33,000 HDL Closely associated with LCAT
cholesterol ester transfer HDL Exclusively associated with HDL,
protein (CETP) cholesteryl ester transfer
apoE 34,000 Chylomicron Binds to LDL receptor, apqk allele
remnants, VLDL, amplification associated with late-
IDL and HDL onset Alzheimer's disease
apoH 50,000 Chylomicrons Triacylglycerol metabolism
apo(a) 300,000- LDL Disulfide bonded to apoB-100, forms
800,000 a complex with LDL identified as

lipoprotein(a); strongly resembles
plasminogen; may deliver cholesterol
to sites of vascular injury, high risk
association with premature coronary
artery disease and stroke

& at least 3 alleles[E,, E, E4] each of which have multiple isoforms
b at least 19 different alleles

Apolipoproteins act as co-activators of various lipid-modifying enzymes and can
serve as ligands to specific cell receptors. The major physiological role of lipoproteins
is to transport triglycerides for energy metaboff8nand this is done either by an

exogenous or by an endogenous lipoprotein pathway, and reverse cholesterol transport
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pathway>.

In the exogenous pathWdy the intestinally derived lipids, which primarily
consist of dietary lipids along with biliary cholesterol, are packaged into chylomicrons
within enterocytes (Figure 2.3). The chylomicrons are triglyceride-rich lipoprotein
particles that contain apoB-48, the amino-terminal portion of apoB-100, which is
required for the microsomal transfer protein-dependent assembly and secretion in the
small intestine. In addition, chylomicrons also contain apoA, as well as, apoC and
apoE which are transferred from HDL. The triglycerides on chylomicrons are
hydrolyzed at the endothelial cell surface to free fatty acids by various lipase enzymes,
such as lipoprotein lipase. As a consequence of the lipolysis, chylomicrons are
transformed into smaller, cholesterol-rich particles, which are taken up by the liver
through the LDL receptor (LDL-R) or by LDL receptor-related protein (LRP) through
interaction with apoE.

In the endogenous pathWway triglyceride-rich VLDL is synthesized and
secreted by the liver for the transport of lipid to peripheral tissues (Figure 2.3). The
principal apolipoprotein of VLDL particle is apo B-100, but VLDL also contains apoC
and apoE. Similarly to chylomicrons, triglycerides in VLDL are hydrolyzed by
lipoprotein lipase releasing fatty acids, and as a result, a VLDL remnant named
intermediate density lipoprotein (IDL) is produced. Some of IDL particles are directly
taken up by the hepatic LDL-R via apoE, while other particles are further transformed
into LDL through additional lipolysis by hepatic lipase and other lipases. In plasma,
LDL is the main source of cholesterol. Much of this LDL-cholesterol is removed by
hepatic LDL receptors, but some is also taken up by LDL-R in peripheral cells. Within
the cells, cholesterol is utilized for the synthesis of cell membranes and steroid
hormones. LDL can also undergo various forms of modification to produce oxLDL,
which is largely removed by various scavenger receptors (Figure 2.3).

In the reverse cholesterol transport patff¥aycholesterol is removed from
peripheral tissues by HDL and free apolipoprotein-dependent pathways, which involve
scavenger receptor B1 (SRB1) and ATP-binding-cassette (ABC) transporter 1,
respectively. The HDL or apoA-1-associated cholesterol is then esterified by plasma
lecithin cholesterol acyl transferase (LCAT), providing core cholesterol ester and

enlarging the size of the particle. Hepatic uptake of HDL cholesterol ester is through
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whole particle uptake, selective transfer of HDL cholesterol ester via SRB1, and
cholesteryl ester transfer protein (CETP)-mediated HDL cholesterol ester transfer to
triglyceride-rich particles, which are removed from the circulation by liver LDL-R and

LRP. In the liver, cholesterol ester is hydrolyzed and the cholesterol excreted in the

bile acids or free cholesterol.
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Figure 2.3 Cholesterol pathwa}
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2.3 Coronary artery diseaserisk factors
2.3.1 Hyperlipidemia

Hyperlipidemia (hyperlipoproteinemia or dyslipidemia) is the presence of
elevated or abnormal levels of lipids and/or lipoproteins in the blood. Lipid and
lipoprotein abnormalities are extremely common in the general population, and are
regarded as a highly modifiable risk factor for cardiovascular disease due to the
influence of cholester6P. Each can be inherited and more than one heritable disorder
may cause a given lipoprotein abnormality, which this type is called primary
hyperlipidemia. These abnormalities may be caused by other diseases, or by the
influence of other factors such as improper diet in patients who have a predisposition

to the development of hyperlipidemia called secondary hyperlipi€éhiiable 2.3).

Table 2.3 Common causes of secondary hyperlipidétfiia

Endocrine Immunoglobulin excess
Diabetes mellitus Paraproteinaemia

Hypothyroidism Gout

Pregnancy Association, rather than a cause
Nutrition

Obesity Drugs

Alcohol excess B-adrenoreceptor blockers
Renal Thiazide diuretics

Nephrotic disease Steriod hormones

Chronic renal Microsomal enzyme-inducing

failure agents

Retinoic-acid derivatives
Hepatic disease Protease inhibitors (HIV
Cholestasis infection)
Heptocellular

dysfunction
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In most cases it is impossible to distinguish primary from secondary
hyperlipidemia on the basis of the lipoprotein abnormality, and indeed some of the
pathogenetic mechanism may be common to both types of disorder. In addition,
systemic disorders may alter the expression of the primary hyperlipidemia, often
greatly increasing their severity. The presence of the hyperlipidemia is determined
mainly by the levels of plasma cholesterol and triglyc&fitle

Hyperlipidemias have been classified in several ways, based on the type of
lipoprotein involved. This classificati®# is concerned only with the apoB containing
lipoproteins and takes no account of HDL cholesterol.

Type | hyperlipidemia is characterized by severe elevations of chylomicrons
with resultant elevations of triglycerides in the thousands. This condition results from
either a congenital deficiency of lipoprotein lipase or apoC-ll, the apolipoprotein
required to activate lipoprotein lipase. Eruptive xanthomas and pancreatitis represent
the clinical manifestations of the disorder.

Type IIA hyperlipidemia is characterized by elevation of only LDL
cholesterol. Genetic conditions which can cause this are familial hypercholesterolemia
(FH), polygenic hypercholesterolemia, familial combined hyperlipidemia and familial
defective apoB-100 (FDB). These individuals are at high risk for developing
premature CAD. FH is caused by a defective LDL receptor gene.

Type I1IB hyperlipidemia is characterized by elevation of both LDL
cholesterol and triglycerides. Familial combined hyperlipidemia is the most common
genetic cause of this disorder where both VLDL and LDL are elevated. This disorder
affects approximately 1-2% of the American population. Approximately 10% of
patients with MI before the age of 60 come from families with this disease.

Type Il hyperlipidemia develops due to a defect in VLDL remnant
clearance. Also known as familial dysbetalipoproteinemia, these individuals have
difficulty removing triglyceride rich VLDL remnant particles and consequently have
elevations of cholesterol and triglycerides that are equivalent. Tuberous and planar
xanthomas are common. Premature CAD is frequent.

Type IV hyperlipidemia is characterized by hypertriglyceridemia.
Individuals with Type IV hyperlipidemia have triglyceride levels generally between

250 and 500 mg/dl. Causes are multiple-genetic, other diseases such as diabetes or
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nephrosis, medications, i.e., BCP's and in some cases dietary factors particularly high
sugar and alcohol intake.

Type V hyperlipidemia have elevated levels of chylomicrons and VLDL.
Defective lipolysis and an overproduction of VLDL are responsible. Triglyceride
levels can be in the thousands. Eruptive xanthomas and pancreatitis can occur. Causes

can be genetic or secondary to diabetes mellitus, obesity or alcohol consumption.

2.3.2 Hypercholesterolemia

Since LDL carries about 65% to 75% of total plasma cholesterol, elevated
levels of fasting plasma total cholesterol in the presence of normal levels of
triglycerides are almost always associated with measured concentrations of plasma
LDL cholesterol (type IIA). The rare patient with markedly elevated HDL cholesterol
may also have increased plasma total cholesterol levels. Elevation of LDL cholesterol
can result from familial defects that are called primary hypercholester§i@niiaese
metabolic defects may be caused by a single gene disorder, for example, FH, FDB, or
may be polygenic and result from multiple genes interacting with environmental
factors®®®”. FH is inherited as an autosomal dominant trait characteristic with a
frequency in the population of 1:500 for heterozygous and 1:1,000,000 for
homozygous. Mutant gene for FH will show an LDL cholesterol level twice that of
normal. In the heterozygous form 50% of the LDL receptors are defective and
cholesterol levels are approximately twice that of normals. In the homozygous form,
no functioning LDL receptors are present and cholesterol levels are extremely high on
the order of 1,000 mg/df.

Polygenic hypercholesterolemia is the most common cause of
hypercholesterolemia and elevated LDL-cholest®ol The cause of such
abnormalities may be variable, including structural abnormalities of the apo B or
LDL-R, abnormalities in the rate of synthesis of the apoB or LDL-R, and defects in
the hepatic uptake of VLDL remnants, resulting in increased conversion {6°LDL

Furthermore, the major interest in plasma lipids is due to the association that
exists between elevated lipids and the development of premature athero$tiéfbsis
The Figure 2.4 shows the relationship between death rate from CAD, and average

daily cholesterol consumption in 24 countries (1952-1956).
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Figure 2.4 The relationship between death rate from CAD, and average daily
cholesterol consumption in 24 countries (1952-1986)
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Moreover, epidemiological studies have revealed numerous risk factors for
atherosclerosi&” (Table 2.4). These can be grouped into factors with an important

genetic component and those that are largely environmental.

Table 2.4 Genetic and environmental risk factors for atheroscléfdsis

Risk factorswith a genetic component
Myocardial infarction (25% to 60%)
Stroke
Total cholesterol (40% to 60%)
HDL-cholesterol (45% to 75%)

Total triglycerides (40% to 80%)
Body mass index (25% to 60%)
Systolic blood pressure (50% to 70%)
Diastolic blood pressure (50% to 65%)
Lp(a) levels (90%)

Homocysteine levels (45%)

Type 2 diabetes (40% to 80%)
Fibrinogen (20% to 50%)

C-reactive protein

Gender

Age

Environmental risk factors
Smoking
Diet
Exercise
Infection
Fetal environment

Air pollution (particulates)
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From Table 2.4, it should be noted that not only an unhealthy environment,
but genetic factors also contribute to premature CAD. Many researchers have
investigated which genetic factors contribute to inter-individual differences in
occurrence of CAD.

Recent data from previous studies of Likidlilid and colleg&€8uU& implied
that apoB and apoE polymorphisms, which have been shown to associate with
variation in lipid and lipoprotein levels, may be major risk factors for premature CAD
in Thai population. From the result, it was found some significant difference of allele
and genotype frequencies of these polymorphisms among primary
hypercholesterolemic subjects and CAD patients. Nevertheless these polymorphisms
shouldn’t be mainly concerned with premature CAD. Other genetic factors may also
be correlated with CAD susceptibility.

2.3.3 Hypertension

High blood pressure or hypertension is the important factor which often
found to coexist with other CAD risk factdfs®®. High blood pressure also
accelerates the development of CAD and increases the workload of the heart.
Maintenance of a normal blood pressure is dependent on the balance between the
cardiac output and peripheral vascular resistance. Most patients with essential
(primary) hypertension, or hypertension of unknown cause which accounts for more
than 90% of cases of hypertensions, have a normal cardiac output but a raised
peripheral resistance. Peripheral resistance is a function of the degree of
vasoconstriction in small muscular vessels, the arterioles, and the precapillary
sphincters. Peripheral vascular resistances like alterations in structure, mechanical
properties, and function of small arteries, by which remodeling of these vessels
contributes to high blood pressure and its associated target organ damage. For
example, among the important physical forces acting on endothelial cells is fluid shear
stress, which has effects on endothelial cells morph8ftggells in the tubular
regions of arteries, where blood flow is uniform and laminar, are ellipsoid in shape and
aligned in the direction of flow. Cells in regions of arterial branching or curvature,
where flow is disturbed, have polygonal shapes and no particular orientation. These

latter areas show increased permeability to macromolecules such as LDL and are
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preferential sites for lesion formation, which attributable to either mechanical
obstruction or functional steno%is.

Figure 2.5 showed many pathophysiologic factors that have been implicated
in the genesis of essential hypertension. Deficiency of vasodilator, nitric oxide (NO),
is one of the important factors. Nitric oxide is a potent vasodilator, inhibitor of platelet
adhesion and aggregation, and suppressor of migration and proliferation of vascular
SMCs. Nitric oxide is released by endothelial nitric oxide synthase (eNOS) in normal
endothelial cells in response to various stimuli, including changes in blood pressure
and shear stress and plays an important role in blood pressure regulation, thrombosis,
and atherosclero$f®. The cardiovascular system in healthy persons is exposed to
continuous NO-dependent vasodilator tone, but NO-related vascular relaxation is
diminished in hypertensive perséti$>. Plasma NO levels also found associated with

blood pressuf&®.
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Figure 2.5 Pathophysiologic mechanisms of hyperteri&fon
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Another interesting factor is angiotensinogen (AGT), the only precursor in
renin angiotensin system (RAS) that plays an important role in the risk of high blood
pressure. A rise in plasma AGT levels can lead to a parallel increase in the formation
of angiotensin Il (Ang 112, one of the most active vasoconstriction agents.

In another hand from online searches of the National Library of Medicine
using PubMed and Ovid search engines from 1996 to Novembef200He search
terms ‘hypertension, genes, genetics and polymorphism’ were used, restricted to the
English language and the category of human genetics. eNOS and AGT genes were
concluded in the group of genes that hypothesized to be involved in essential
hypertension.

From these reasons, the genes coding for eNOS and AGT were investigated
based on genetic information to find out the association of these gene polymorphisms
with CAD and high blood pressure. The prime target in this study will focus in the
associations between these gene polymorphisms with CAD susceptibility in healthy

normolipidemic, primary hypercholesterolemic and CAD subjects.

2.4 Endothelial nitric oxide synthase (eNOS)
2.4.1 Endothelium
The endothelial cell serves several functions in the vasculature, one of the
most important of which is the regulation of vascular fhePoised to respond to
physical and molecular factors in the vasculature, the endothelium modulates the
vascular smooth muscle contractile state and, as a result, is a critical determinant of
vasomotion and, consequently, blood f{&#°,

For several decades, the vascular endothelium was considered a unicellular layer
acting as a semipermeable membrane between the blood and the interstitium.
Recently, it has been demonstrated that the endothelium performs a large range of
important biological functions, participating in several metabolic and regulatory
pathways. Along with long-known specialized functions like gaseous exchange in the
pulmonary circulation and phagocytosis in the hepatic and splenic circulation, the
vascular endothelium performs universal roles in the circulation that include
participation in thrombosis and thrombolytic control, vascular growth, platelet and

leukocyte interactions with the vascular wall, and vasomotor GfnéJnder
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physiological conditions, the endothelium keeps a reduced vasomotor tone, prevents
leukocyte and platelet adhesion, and inhibits the proliferation of vascular smooth
muscle cells. The endothelium regulates the flow of nutrient substances, of various
biologically active molecules, and of blood cells through the entire human body. It is
selectively permeable, possessing various cell membrane receptors for molecules that
include proteins (growth factors, coagulation, and anticoagulation proteins), lipid-
transporting particles (LDL), metabolites (nitric oxide, serotonin), and hormones
(endothelin-1§%. The endothelium plays a central role in the regulation of vascular
tone and blood flow by the secretion and capture of paracrine vasoactive substances,
contracting or dilating specific vascular beds in response to various stimuli. In
contrast, endothelial dysfunction appears to play a pathogenic role in the initial
development of atherosclerd&!$”) and being associated with CAD risk facttPs
and being present even before vascular involvement becomes evident (Figure 2.6).

The endothelium plays a fundamental role in the regulation of vasomotor tone via
the synthesis and release of vasodilator substances such as nitric oxide, prostacyclin,
and the endothelium-derived hyperpolarizing factor, as well as by the liberation of

vasoconstrictor substances like endothelin-1 and platelet-activating¥actor
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C Classic risk factors j C Novel risk factors j

Dyslipidemia Inflammation/infection
Diabetes mellitus Physical inactivity
Smoking Obesity

Hypertension Homocysteine

Aging Postprandial state

Geetic susceptiblity
( ENDOTHELIAL DYSFUNCTION j

Atherosclerosis

Cardiovascular events

Figure 2.6 The role of endothelial dysfunction in atherogenesis. Cardiovascular risk
factors combined with intrinsic susceptibility impair endothelial homeostatic
functions. The dysfunctional endothelium promotes multiple deleterious processes and
contributes to the development of atherosclerotic lesions and clinical cardiad’events
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2.4.2 Endothelium-derived NO

Endothelium-derived NO is probably the main mediator of vasomotor tone
in physiological situations, small amounts being continuously secreted by the
endothelial cellso maintain a reduced arterial tone in the systemic and pulmonary
circulation§”®°¥. The vasodilative agent NO is generated via eNOS, one of the three
isoforms of nitric oxide synthase (NOS), upon the conversion of L-arginine to L-
citrulline in a reaction that requires tetrahydrobiopterin {Bldnd nicotinamide
adenine dinucleotide phosphate (NADPH) as cofactors. NO was identified as a
principal mediator of the vasoprotective actions of the endothelium. NO suppress the
endothelium release of inflammatory cytokines and the expression of adhesion
molecules, and thus blocks vascular infiltration of leuko&XesNO also limits
vascular smooth muscle proliferation, intimal fibrosis, and platelet aggreg8tion
Thus the synthesis of appropriate amounts of NO sustains vascular health, and its loss
characterizes the atherosclerosis.

The localization of eNOS within the cell determines its activity. One
particular site in the cell that apparently is of importance to eNOS function is the
caveolae. Caveolae are specialized invaginations of the plasma membrane and are
present in most cell types, with the highest number being present in endothelial cells,
adipocytes, fibroblasts, and SMCs. eNOS was reported to be present in caveolae but
not in other parts of the plasma membf&heThe localization of eNOS within
caveolae renders the enzyme inactive; eNOS activity is inhibited by cavE&linaL
the presence of calcium mobilizing agents such as bradykinin, acetylcholine, estradiol,
and calcium ionophore can increase intracellular calcium levels and promote an
interaction with calmodulin by displacing caveolin-1. Moreover, other factors,
including vascular endothelium growth factor (VEGF), shear stress, and estrogen, can
also activate the enzyme without a sustained increase in intracellular calcium via
phosphorylation of specific amino acid resid{ledhe calcium ions that are mobilized
into the cytosol are reported to originate from the extracellular environment and from
intracellular calcium stores (i.e., endoplasmic reticulum). As a consequence, caveolin-
1 is displaced and NO is released from the plasma membrane into the cytosol, it
readily diffuses out of the cell and into adjacent SMCs where it binds to a heme

moiety of guanylyl cyclase, catalyze the guanosine triphosphate (GTP) to cyclic
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guanosine monophosphate (cGMP)°® and, thereby, supporting vascular smooth

muscle relaxatioi® (Figure 2.7).

AGGREGATION Platelet

ADHESION
)
)

Acetylcholine
Serotonin
v Bradykinin

i v

\ L-arginine ﬂ L-citrulline )

Endothelial cell

J

Smooth muscle cell

VASODILATION

Figure 2.7 Mechanisms of NO synthesis and action in the vasculature. Agonists
augment eNOS activity via receptor-mediated increases in calcium levels that enhance
binding to CaM. Stimulating factors such as flow also activate eNOS by increasing
phosphorylation at certain residues. eNOS synthesizes NO by converting L-arginine to
L-citrulline in a reaction that requires BFand NADPH as cofactors. NO diffuses
from the endothelium into target cells, where it activates GC conversion of GTP to
cGMP. cGMP stimulates smooth muscle cell relaxation and inhibits platelet adhesion

and aggregatidf.
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2.4.3 Threeisoformsof NOS

There are three isoforms of NOS that exists in named for the tissues in
which they were first cloned and characterized; neuronal NOS (nNOS or NOS1),
macrophage inducible NOS (iNOS or NOS2) and endothelial NOS (eNOS or NOS3).

NNOS is calmodulin dependent which expressed in neurons and skeletal
muscles. It is responsible for the physiological production of NO in these tissues.
NNOS performs a role in cell communication and is associated with plasma
membranes. Given that the nerve endings are distributed densely on the vascular wall,
neuronal NOS may also contribute significantly to basal vascular NO activity. In the
central nervous system or retina, NO derived from nNOS activation acts as a
neurotransmitter for the regulation of neuronal activities. Overproduction of NO by
NNOS has been reported in a number of clinical disorders, including acute and chronic
neurodegenerative disea&®

INOS is generally not expressed in the unstimulated state, it is not calcium-
dependent, but instead is stimulated by abnormal processes, such as infections and
inflammation, by the actions of cytokines (e.g., tumor necrosis factor, interleukins)
and bacterial endotoxins (e.g., lipopolysaccharide). Increases in cellular calcium leads
to increases in levels of calmodulin and the increased binding of calmodulin to eNOS
and nNOS leads to a transient increase in NO production by these enzymes. By
contrast INOS is able to bind tightly to calmodulin even at very low cellular
concentration of calcium. Consequently iNOS activity isn't able to respond to changes
in calcium levels in the cell. As a result the production of NO by iNOS lasts much
longer than from the other isoforms of NOS, and tends to produce much higher
concentrations of NO in the c&. The increased production of reactive oxygen
spesies (ROS) or reactive nitrogen species (RNS) could be critical to NO
bioavailability and disease progression, due to the possible formation of peroxynitrite
(ONOOQ) from O,. The main source of the peroxynitrite is likely to be the INOS.
Peroxynitrite has the capacity to induce the oxidation of LDL, a critical event in the
development of atherosclerotic plague. The excess production of NO by macrophage
may have another negative effect. Excess NO may impair the formation of the fibrous
cap or reduce the mechanical strength of the cap. Macrophage accumulation appears to

reduce the thickness of this €43°% These mechanisms of INOS have an initial role
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in the pathogenesis of inflammation.

eNOS is found primarily in the endothelium and at low levels in platelets.
Synthesize NO will response to an increases in intracellular calcium4&lehe
possible role of NO from eNOS synthesis has been mentioned in 2.4.2.

There are some important structural differences between the isoforms. The
eNOS NH terminus contains a consensus site for N-myristoylation that plays a
significant role in the membrane localization of eNOS. This isoform also contain
palmitoylation. eNOS is membrane associated, whereas INOS and nNOS are
cytosolid'®. Generally, nNOS and eNOS are considered constitutive enzymes
whereas INOS is highly regulated by cytokines (Table 2.5). However, under certain
circumstances, the expression of nNNOS or eNOS s ind{f&ibi&or example, fluid
flow (causing endothelial shear stress) up-regulates the expression of eNOS; indeed, 6
shear stress—responsive elements have been identified in the promoter region of eNOS.
Both eNOS and nNOS are up-regulated during pregnancy and with estradiol treatment,
and response elements for sex steroids have been recognized in their promoter regions.
Generally, INOS is considered to be an enzyme that is induced during immune
responsé®.

All three isoforms have now been found in other tissues. The endothelial
isoform is also expressed by kidney tubular epithelial cells and certain neuronal
populations (particularly the hippocampal pyramidal cells). The neuronal isoform has
been identified in peripheral neurons, skeletal muscle, pancreatic islet cells, kidney
macula densa cells, and respiratory epithelial cells. Almost any nucleated cell can

produce iINOS given the appropriate inflammatory stinféius
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Table2.5 Properties of mammalian NOS isozymM&s

Structural / enzymatic Active homodimers

parameters nNOS INOS eNOS

Subunit molecular 160 kDa 125 - 130 kDa 135 kDa

mass

Inducibility Constitutive Inducible Constitutive

Regulation ca'/CaM Cytokine inducible; C&*/CaM

Céindependent

Source of superoxide Heme domain, Mainly reductase  Mainly heme domain

formation reductase domain domain

Major physiological Neurotransmission Cytotoxicity Vasodialtion

function

Role in disease Stroke, muscular Toxic shock, Endothelial
dystrophy, inflammation, dysfunction,
ischemic- autoimmune hypercholesterolemia,
reperfusion injury disease hypertension

As described above, the alteration of the endothelium-derived NO pathway
might lead to endothelial dysfunction and atherosclerosis. Therefore, endothelium-
derived NO may be an atheroprotective molecule for vascular endothelial function.

The reduced bioavailability of NO is thought to be one of the central factors
common to vascular disease. There are a number of factors which could potentially
affect either the production of NO, or the ability of NO to diffuse to its cellular targets.
Disturbances in NO bioavailability lead to alter regulation of key physiological and
cellular processes such as vasodilatation, platelet function, angiogenesis and SMCs
proliferation. Under certain conditions, NOS may generate superoxide instead of NO,
a process called NOS uncoupling. In eNOS uncoupling, electrons flowing are diverted
to molecular oxygen rather than to the substrate L-arginine, thereby resulting in
production of superoxide instead of NO. Several biochemical mechanisms are
proposed to be involved in eNOS uncoupling in atherosclerosis, such as BH
deficiency™®>1%) L-arginine deficiency® and oxidative stre§8>. In addition eNOS
availability can be regulated at the level of synthesis, so the gene that encodes eNOS

should will be focused.
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2.4.4eNOSgene

eNOS gene was localized to chromosome 7g35-36, spanning 4.4 kb of
genomic DNA. The gene comprises 26 exons that encode a 133-kD protein containing
1,203 amino acid¥’. Approximately 1,500 base pairs of upstream promoter sequence
have been characterized and contain transcription factor-binding sites that mediate
regulation by shear stress and estro®hs The eNOS protein synthesizes NO
constitutively via a reaction including the conversion of L-arginine to L-citrulline,
which involves the transfer of five electrons provided by NADPH. Catalytic activity
requires the presence of heme and the cofactors B&Vin adenine dinucleotide
(FAD), flavin mononucleotide (FMN), and CaM.

The primary sequence map of the three isoforms of human NOS is
illustrated in Figure 2.8, which the three isoforms share only 50% to 55 % sequence
identity with each other. The enzyme acts as a homodimer that can be divided
functionally into two major domains: NHerminal reductase domain and COOH
-terminal oxygenase domain. The oxygenase domain contains a conserve cysteine
residue that acts as an axial ligand for the heme iron, and contains sites,f@nBH
L-arginine. The oxygenase domain catalyses the conversion of arginine into citrulline
and NO. The reductase domain, which is homologous to NADPH:P450 reductase, is
the binding site for the cofactor including NADPH, FAD and FMN. It acts to transfer
electrons from NADPH to the oxygenase domain. The interdomain linker between the
oxygenase and reductase domains contains a CaM-binding sequence, the binding of
CaM is required for the activity of all the NOS isoforms. It detects changes in
intracellular calcium levels, although its precise function is slightly different in each of
the three isoforms. The catalysis of NO synthesis at the active site requires stepwise
transfer of electrons initiated by NADPH binding to its site in the reductase domain.
Electrons are transferred from NADPH to FAD and then to FMN, from where an
electron is transferred to the heme of the oxygenase domain and converts ferric heme

to ferrous that binds oxygen actively (Figure 2.9).
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Figure 2.8 Primary sequence map of the three isoforms of humarfRs
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Figure 29 Schematic direction of electron flow in NOS. The electron flow in the
NOS dimer goes via NADPH/FAD/FMN in the reductase of one monomer to the

haem iron in the oxygenase domain of a separate moH8ter
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2.4.5 eNOS polymor phisms
2.4.5.1 E298D polymorphism

The only common variation identified that leads to an amino acid
substitution in the mature protein is the E298D variant. This polymorphism might
have significant consequences with respect to enzyme stability. Some reports found
significant correlation between this polymorphism and enzyme aéity) There
are several studies observed the association of this polymorphism with cardiovascular
diseases but some studies are not found this association (Table 2.6).

Table2.6 E298D polymorphisms of human eNOS gene and associations with

cardiovascular disease

Statistical

Study Country Ethnicity assodiation Refs

Condition evaluation: CAD

Hingorani AD UK Caucasian Yes 108
(Cases, 298; Controls, 138)

Cam SF Turkey  Caucasian Yes 42
(Cases, 115; Controls, 83)

Colombo MG, Italy Caucasian Yes 43
(Cases, 201; Controls, 114)

YoshimuraM  Japan Asian Yes 41
(Cases, 201; Controls, 345)

CaiH Australia Caucasian No 109
(Cases, 605; Controls, 158)

Jaramillo P Chile MixedCaucasian/Amerindian) No 110
(Cases, 112; Controls, 72)

Kim 1J Korea Asian No 111
(Cases, 147; Controls, 222)

YoonY Korea Asian No 112

(Cases, 110; Controls, 128)
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Table2.6 E298D polymorphisms of human eNOS gene and associations with

cardiovascular diseag€ontinued)

Study Country Ethnicity Stat'?’t”.:al Refs
association
Condition evaluation: CAD
Wu YW Taiwan  Asian No 113
(Cases, 114; Controls, 65)
Condition evaluation: Hypertension
Miyamoto Y Japan Asian Yes 114
(Cases, 405; Controls, 463)
Shoji M Japan Asian Yes 115
(Cases, 183; Controls, 193)
Lacolley P Belgium Caucasian No 116
andthe  (Cases, 309; Controls, 123)
north of
France
Kato N Japan Asian No 117
(Cases, 549; Controls, 513)
Kishimoto T Japan Asian No 118

(Cases, 135; Controls, 789)
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2.5 Angiotensinogen

Angiotensinogen (AGT) is the only known substrate for the enzyme renin in
renin-angiotensin system (RAS). RAS is well known for its regulation of blood
pressure and fluid homeostasis. Angiotensin Il (Ang Il), the end product of RAS
system, is one of the most vasoactive agemsRAS is a two-enzyme cascade which
plays an important role in the regulation of blood pressure, fluid balance, and
electrolyte homeostasis and in the pathogenesis of cardiovascular disease. The
enzymatic cascade by which Ang Il is produced consisted of renin, an aspartyl
protease, which cleaves angiotensinogen (AGT) to form the decapeptide angiotensin |
(Ang I, Figure 2.10). Ang | is then further cleaved by angiotensin converting enzyme
(ACE), a dipeptidyl carboxypeptidase, to produce the octapeptide Ang Il, the
physiologically active component of the system. Further degradation (or processing)
by aminopeptidase (AP) A and N produces angiotensin 11l (Ang 2-8), and angiotensin
IV (Ang 3-8), respectively. ACE also inactivates bradykinin, a peptide able to promote
the release of important vascular mediators, including nitric oxide, prostacyclin
(PGI2), and tissue plasminogen activator (t-PA). In this pathway, ACE has broad-
ranging effects for the entire vascular homeostasis. Other proteases in tissues may also
hydrolyze AGT to Ang | (or even directly to Ang 1l); leucocyte cathepsin G cleaves
angiotensin Il directly from angiotensinogen, or from angiotensin |; heart chymase,
acting on angiotensin 1, is a major source of angiotensin Il in the cardiac ventricles.
The Ang Il produced locally by these systems may have paracrine or autocrine effects.
These tissue systems may well be regulated locally, independently of the circulating
systent20122)

AGT, the key component of the tissue RAS, plays a central role in determination
of plasma Ang #?®. AGT is a globular glycoprotein of molecular weight 55-65 kDa
and pl 4.3 — 4.9, depending on the degree of glycosylation. The average carbohydrate
content is 13-14%. The information deduced from the human cDNA nucleotide
sequence show that there is a signal peptide consisting of 24 or 33 amino acids, and
that the mature protein contains 452 amino acids. There are four potential N-
glycosylation sites (Asn-X-Ser/Thr), 14- 16, 137- 139, 271-273, and 295-297, that can
be the origins of complex glycosylation chdif® AGT is synthesized in the liver,

and the plasma AGT concentration reflects mainly this synthesis. AGT is not stored in
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hepatocytes, but is constitutively secreted. Many tissues other than the liver; brain,
lung, heart, large intestines, large arteries, kidney, and adipose tissues, are also the site
of synthesized AGT. The widespread distribution of AGT mMRNA may indicate a
similarly widespread distribution of local R&AZ*2")

Angiotensinogen
tPA
cathepsin G
tonin
trypsin
kallikrein
kallikrein v
chymase v @
> Angiotensin II > Angiotensin (1-7)
Y
Angiotensin IIT

Endopeptidases Angiotensin converting enzyme

Figure 2.10 Pathways for formation of angiotensin peptides and for non-ACE
formation of Ang 1f*2”).
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25.1 Angiotensin Il (Ang 1)
Ang Il causes vasoconstriction both directly and indirectly by stimulating

Ang Il type | (AT-1) receptors present on the vasculature by increasing sympathetic
tone and arginine vasopressin release. Chronically, Ang Il regulates blood pressure by
modeling renal sodium and water reabsorption directly, by stimulating AT-1 receptors
on the kidney, or indirectly, by stimulating the production and release aldosterone
from the adrenal glands, or stimulating the sensation of thirst in the central nervous
system (CNS)*?%1?® The actions of Ang Il results from its binding to specific
receptors; AT-1 and AT-2, classified by their differential affinities for various
nonpeptide antagonist (Table 2.8). Both of these cell surface receptors belong to the
large family of G protein-coupled receptors although the pathways used are
completely different and signal in apparent opposition. The AT-1 receptor has a
widespread distribution, being present in such organs as the heart, kidney, adrenal
gland, and brain. The receptor is also expressed by vascular SMCs, where it mediates
the vasoconstrictor and proliferative actions of Ang Il. The AT-2 receptor was
discovered more recently and much less is known about its functions and signal
transduction pathways than for the AT-1 receptor. In fetal tissues, the AT-2 receptor is
highly and ubiquitously expressed, but expression in many organs is dramatically
reduced after birth. However, expression levels are maintained in the adult adrenal
gland, brain, uterus, and ovary, and the receptor is also expressed by endothelial cells.
Observations of increased AT-2 receptor expression in Ml and skin wounds, as well as
its much higher level of expression in fetal compared to normal adult tissues, have led
to speculation as to a possible role for the AT-2 receptor in cell growth, development,
and/or differentiation. The physiological roles of the AT-2 receptor remain the subject

1,129-130)

of intense stud Indeed, the majority of the physiological and

pathophysiological roles of Ang Il have been shown to occur via the AT-1 receptor.
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Table 2.7 Properties of the Ang Il receptdfs

AT-1 AT-2
Affinity Ang Il > Ang lll > Ang | Ang lll > Ang Il > Ang |
Structure 7-transmembrane domains 7-transmembrane domains
G-protein Yes Possibly
coupled
Distribution Cardiovascular system, kidney, Fetal tissues, adult brain,
adrenal gland, brain kidney, heart, uterus,
endothelial cells
Function Vasoconstriction, aldosterone  Apoptosis, inhibition of

synthesis, thirst, cardiovascular proliferation, regulation of NO

hypertrophy and remodeling production

In vascular tissue, Ang Il has been shown to increase the expression of
fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), and
transforming growth factop-1 (TGF{$1). In addition, Ang Il has chemoattractant
properties for inflammatory ceff$**? Moreover, Ang Il is a major stimulator of
vascular reactive oxygen species (ROS) production, which have been implicated in
key processes of atherosclerosis, including oxidative modification of LDL and
endothelial dysfunction, thereby promoting a vascular inflammatory respthse

Vascular smooth muscle cells (VSMC), the major contractile cells of the
blood vessel wall, are major targets for Ang IlI, which activates contraction of
arterioles throughout the body. Ang Il exerts its vasoconstriction effect via the AT-1
receptor, which is present at high levels in VSMC and relatively low levels in the
adventitia and are undetectable in the endothelium. One important mechanism of Ang
Il is involved in induction of increasing in intracellular free calcium concentration
([Ca™]), leads to stimulate cellular constrictibti 3%

In the other hand, the role of the most extensively studied of the active
angiotensin peptides, Ang I, in salt and water homeostasis (Figure 2.11) is also well
recognized. It stimulates the resorption of filtered sodium, both by direct actions on
the renal tubule, and by promoting adrenal aldosterone secretion. This acts on the

distal tubule, causing sodium and water resorption, coupled with potassium and
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hydrogen ion secretion, thus increasing blood volume and blood pressureffhally
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Figure 2.11 AGT trigger aldosterone system: 1. When blood pressure drops, the
kidneys release the enzyme renin into the bloodstream. 2. Renin splits AGT, a large
protein that circulates in the blood stream, into pieces. One piece is Ang I. 3. Ang |,
which is relatively inactive, is split into pieces by ACE. One piece is Ang Il, which is
very active. 4. Ang Il causes the muscular walls of small arteries to constrict,
increasing blood pressure. Ang Il also triggers the release of the hormone aldosterone
from the adrenal glands which are located above the kidneys. 5. Aldosterone causes
the kidneys to retain salt (sodium) and excrete potassium. The sodium increases
plasma pressure. This causes water to be retained, thus increasing blood volume and

consequentially blood pressfifd.
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2.5.2 Angiotensinogen gene

The human AGT gene located on exon 2 of chromosome No.1 (1g41-42). Its
cDNA is 1,455 nucleotides long and codes for a 485 amino acid protein. The AGT
gene contains 5 exons and 4 introns, which span 13 kb (Figure 2.12). The first exon
(37 bp) codes for the 59-untranslated region of the mRNA. There are two potential
ATG sites, and the second exon codes for a signal peptide of 24 or 33 residues and the
first 252 amino acids (59%) of the mature protein. In which mature AGT contains 452
amino acid residues; the first ten amino acids correspond to angiotensin | (Ang I).
Exon 3 codes for 90 amino acids and exon 4 codes for 48 residues. Exon 5 contains a
short coding sequence (62 amino acids), followed by a long 39-untranslated sequence
with two polyadenylation signals, accounting for the existence of two mMRNA species
differing in length by 200 nucleotitfé®.
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Figure 2.12 Schematic structure of the AGT gene, mRNAs, and prétéths
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2.5.3 Angiotensinogen gene polymor phisms

25.3.1 M235T and T174M polymor phisms

The missense mutations located in exon 2, the variants M235T and
T174M are at some distance from btite angiotensin cleavage sites and the promoter
region, andit remains uncertain how these polymorphisms might functionally
influence the RAS. It appears most liketgat both variants are in linkage
disequilibriunt®®). There are several studies with controversy on assocttla35T
or T174M with premature CAD and also hypertension in different populations (Table
2.8-2.9).

Table 2.8 M235T polymorphisms of human AGT and associations with
cardiovascular diseases

Study Country Ethnicity Statlstlgal Refs
association

Condition evaluation: CAD

Berdeli A Turkish Caucasian Yes 19
(Cases, 115; Controls, 83)

Sekuri C Turkish Caucasian Yes 20
(Cases, 115; Controls, 128)

Buraczynska M Poland Caucasian Yes 18
(Cases, 200; Controls, 200)

Fatini C Italy Caucasian Yes 21
(Cases, 205; Controls, 209)

Winkelmann German Caucasian Yes 25

BR (Cases, 207; Controls, 92)

Katsuya T New Zealand Caucasian Yes 23
(Cases, 422; Controls, 406)

Tiret L France Caucasian Yes 138
(Cases, 779; Controls, 532)

Ichihara S Japan Asian No 137

(Cases, 327; Controls, 352)
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Table 2.8 M235T polymorphisms of human AGT and associations with
cardiovascular disease (Continued)

Statistical

Study Country Ethnicity association Refs

Condition evaluation: Hypertension

ProcopciucL  Romania Caucasian Yes 139
(Cases, 38; Controls, 21)

Hata A Japan Asian Yes 140
(Cases, 105; Controls, 81)

Say YH Malaysia Asian Yes 141
(Cases, 188; Controls, 188)

Frossard PM United Arab Arabs Yes 142

Emirates (Cases, 135; Controls, 61)

Mondorf UF German Caucasian No 143
(Cases, 112; Controls, 125)

Fornage M USA African-American No 144
(Cases, 104; Controls, 195)

Kishimoto T Japan Asian No 145
(Cases, 201; Controls, 201)

Tsai CT Taiwan Asian No 32
(Cases, 408; Controls, 286)

Cheung BMY China Asian No 146

(Cases, 101; Controls, 103)
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Table2.9 T174M polymorphisms of human AGT and associations with
cardiovascular disease
Study Country Ethnicity Statistical  Refs
association

Condition evaluation: CAD

Gardemann A Germany Caucasian Yes 33
(Cased 1639; Control 511)

Fatini C Italy Caucasian No 21
(Cases, 205; Controls, 209)

Ichihara S Japan Asian No 137
(Cases, 327; Controls, 352)

Condition evaluation: Hypertension
Tsai CT Taiwan Asian Yes 32
(Cases, 408; Controls, 286)

Hata A Japan Asian Yes 140
(Cases, 105; Controls, 81)

Tiret L France Caucasian No 138
(Cases, 779; Controls, 532)

Frossard PM United Arab Arabs No 142
Emirates (Cases, 135; Controls, 61)

% single, double and triple vessel disease (at least 50% stenosis)

® no vessel disease
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CHAPTER Il
MATERIALS AND METHODS

Materials
1. Subjects

All of the subjects used for this study were selected mainly based on the plasma
total cholesterol or triglyceride level as followings:

1.1 Normolpidemic subjects

The 105 healthy normolipidemic subjects randomly selected from the

Department of Preventive and Social Medicine, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand, were consisted of 49 men and 56 women
aged range from 32 to 61 years (mean age 46.55 + 0.82 years). Their cholesterol level
were< 200 mg/d|, triglyceride< 200 mg/dl and HDL-CG 35 mg/dl. All subjects were
defined as healthy by physical examination (weight, height, chest x-ray, respiratory,
eye examination and blood pressure measurements in those previously untreated with
antihypertensive medication as systolic/diastolic blood press@’®/90 mmHg by a
mercury sphygmomanometer on two consecutive visits) and laboratory tests (complete
blood count, blood urea, creatinine, uric acid, fasting blood glucose and liver function
test). Subjects with diabetes mellitus, cardiovascular diseases, renal and hepatic
disease, endocrine or other metabolic disorders, inflammation, injury or trauma in the
previous month were excluded from the study. A questionnaire was used to collect
family and medical history and alcohol habits from the subjects.

1.2 Hypercholesterolemic subjects

The 103 primary hyperlipidemic subjects obtained from Dyslipoproteinemia

and obesity clinic, Department of Preventive and Social Medicine, Faculty of
Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand, were randomly
recruited from 36 men and 67 women with no electrocardiogram (ECG) abnormalities,
no documented history of CAD and no signs of myocardial ischemia during exercise
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or six minutes walk*”, aged range from 33 to 76 years (mean age 52.33+0.90 years).
Their total cholesterol level > 200 mg/dl and/or triglyceride > 200 mg/dl. Other criteria
for selection of all subjects were similar to the normolipidemic subjects.
1.3 CAD subjects

The 106 CAD subjects randomly selected from Her Majesty’s Cardiac
Center, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand,
consisted of 60 men and 46 women with significant plaque burden by cardiovascular
angiographic test and underwent cardiac catheterization for symptoms of CAD, aged
range from 28 to 88 (mean age 61.11 + 1.15 years). Other criteria for selection of all
subjects were similar to the normolipidemic subjects.

This study was approved by the ethic committees of the Faculty of Medicine
Siriraj Hospital, Mahidol University and informed consent was obtained from all
subjects after full explanation for the purpose of the study.
Definition of risk factors: Coronary angiography was performed by standard
techniques with multiple projections and interpreted by two cardiologists who had no
prior knowledge of the patient's clinical and laboratory findings. CAD, defined as
>50% diameter stenosis in any major coronary vessels either a single or multiple
vessels, was diagnosed by coronary angiography. The extent of stenotic changes was
assessed on the basis of the number of stenotic vessels (right coronary, left anterior
descending, or left circumflex arteries). Severity of stenosis was determined by a score
assigned to each of 15 segments according to the classifications of the American Heart
Association grading committee. A normal coronary angiogram was graded 0; <25%
stenosis as 1; 25-50% stenosis as 2; 50-75% stenosis as=¥58ndstenosis as 4. A
maximum value of 60 derived from the sum total of the above scores was used to
define the coronary stenosis index. The CAD patients were then subclassified
according to the National Heart, Lung and Blood Institute Coronary Artery Surgery
Study (CASS) protocol as having one, two or three major epicardial coronary arteries
with >50% luminal obstruction. Patients who met two of thkowing criteria were
considered to have suffered myocardial infarction: (1) history of prolonged chest pain
lasting longer than 30 min and not responsive to nitroglycerin; (2) elevation of
creatinine phosphokinase (CPK), including the CK-MB isoform, >6f6; (3)

pahological Q-waves on ECG during follow-up, and ST segment elevation of >0.1
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mV in at least two leads at the time of diagnosis. Patients exhibiting increased serum
activities of enzymes such as creatinine kinase, aspartate aminotransferase, and lactate
dehydrogenase were referred. Patients were classed as hypertensive if repeated
measurements of systolic blood pressure wé&r) mmHg or diastolic blood pressure

>90 mmHg or the using an antihypertensive medicatonf, diagnosed with arterial
hypertension. Patients were classed as hyperlipidemic when plasma total cholesterol
was >200 mg/dl, plasma triglycerides >150 mg/dl or if using lipid lowering drugs with

an established diagnosis of hyperlipidemia. Clinical and metabolic data were obtained
by trained research assistants and nurses using standardized questionnaires and review
of medical records and laboratory tests. Persons reporting cigarette use during the year

prior to examination were classified as smokers.
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2. Chemicals

Chemicals used in this study were analytical and molecular biological grades.

Table 3.1 Chemicals

Chemical Molecular
Chemical name structure weight Company Country
1. Absolute ethanol C,HsOH 46.07 E. Merck Germany
2. Acrylamide C3HsNO 71.08 Biorad USA
3. Agarose - - USB Spain
4. Ammonium chloride NH.CI 53.49 Sigma USA
5. Ammonium persulfate (NH4)2S,0g 228.19 BDH England
6. Boric acid H3:BO3 61.85 Promega USA
7. Bromophenol blue  C;oHgBrs,OsSNa 691.9 BDH England
8. Deoxyribonucleotide - - Promega USA

triphosphate (ANTP)
9. Ethidium bromide C12Ho0N3Br 394.31 Sigma USA

10. Ethylene diamine  CjoH4sNoNa&Og  372.2 E. Merck Germany
tetraacetic acid
(EDTA)

11. Guanidine CHsN3HCI 95.53 Sigma USA
hydrochloride

12. Isopropanol C3HgOH 60.10 Sigma USA

13. Magnesium chloride MgCI,2H,0 303.30 Promega USA

14. N,N’-methylene bis C;H10N2O; 154.2 Biorad USA

acrylamide
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Table 3.1 Chemicals (Continued)

Chemical Molecular
Chemical name structure weight Company Country
15. Sodium hydroxide NaOH 40.00 BDH England
16. N,N,N’,N’- CsHsN2 116.21 Fluka Japan

tetramethyl ethylene
diamine (TEMED)

17.Tris [hydroxymethyl] C4H1:NO3 121.10 Promega USA
aminomethane

18.Tris [hydroxymethyl] C4;H;;NO3;-HCI 157.6 Sigma USA
aminomethane

hydrochloride

3. Enzymes
Enzymes used for this study were as followings:
3.1Mbo |, Promega, USA
3.2Tth 1111, Promega, USA
3.3Nco |, Promega, USA
3.4 Proteinase K, Gibco BRL, USA
3.5Tag DNA polymerase, Intron, USA

4. Oligonucleotide primers

All Oligonucleotide primers used in this study were synthesized by Sigma
Genosys Australia Ply.Ltd., Australia. The oligonucleotide used for amplification an
exon 7 of eNOS gene for E298D polymorphism analysis were described by Cam et
al*®  Colombo et &**% Kim et al*'?, and Kishimoto et 4 as shown in Figure
3.1
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a.)

b.)

Figure 3.1 The diagrammatic view the location of primers used in the PCR that
annealing to the genomic DNA (for eNOS gene) a.) Partial sequence of the exon 7 of

the eNOS gene b.) The oligonucleotide primers anneal the underline sequence to
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Sense strand : 5" -CAT GAG GCT CAG CCC CAG AAC- 3

Anti-sense strand 5 -AGTCAATCCCITTTGGTGC TCAC -3

Sense strand primb

.1 Exon6 Exon 7 Exon 8

:|3

<€— Anti-sense strand primer

H_J

206 bp

GAGGGGTGCC TGEGTGGTCA CGGAGACCCA GCCAATGAGG GACCCTGGAG
ATGAAGGCAG GAGACAGTGG ATGGAGGGGT CCCTGAGGAG GGCATGAGGC
TCAGOCCCAG AACCCCCTCT GGCOCACTCC CCACAGCTCT GCATTCAGCA
L CI QH
CGGCTGGACC CCAGGAAACG GTCGCTTCGA OGTGCTGOCC CTGCTGCTGC
G W T UG SR8 50 TN | | L
AGGCCCCAGA TGAGCCCCCA GAACTCTTCC TTCTGCCCCC CGAGCTGGTC
Q AP D ECEECENLRE/BEWPr P E L V
CTTGAGGTGC CCCTGGAGCA CCCCACGIGA GCACCAAAGG GATTGACTGG
L EV PLEH PT

amplified the 206 bp PCR prod(#&®).

Oligonucleotide primers used for amplification an exon 2 of AGT gene for AGT

Exon7
277

293

310

319

M235T and T174M polymorphisms analysis were described by Buracznsk&®et al
Ichihara et dF*”, Goldbergova et &f¥, Hixson et af*®, Russ et &°Y and Kim et

al™® as shown in Figure 3.2. The mismatch in the anti-sense primer (underlined)

creates a restriction site foth 1111 when 235Thr is present.
Sense strand : 5" -GAT GCG CAC AAG GTCCTG TC- 3

Anti-sense strand : 5 -CAG GGT GCT GTC CAC ACTAECcC C- 3’
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a.)
Sense strand primer%
.. _—] Exon1l Exon2 Exon3 .3
<€— Anti-sense strand primer
303 bp
b.)
CTGGGAGCCT TGGACCACAC AGCTGACAGG CTACAGECAA TCCTGGEGTGT  exon 2
L GA L DHT A DR L QA I L GV 164
TCCTTGGAAG GACAAGAACT GCACCTCCCG GCTGGATACG CACAAGGTCC
P W K, lSENs ~CNES-RYAENIEY.  H K V 180

TGICTGCCCT GCAGGCTGTA CAGGGCCTGC TAGTGGCCCA GGGCAGGGCT
L SCALL. QAN /AW A . G/ R A 197
GATAGCCAGG COCAGCTGCT GCTGTCCACG GTGGTGGGCG TGTTCACAGC

D S ANA @ b L ~t—5T UWW\EAF T A 214
CCCAGGCCTG CACCTGAAGC AGCCGTTTGT GCAGGGCCTG GCTCTCTATA

P GL HLK QPFV QGL ALY 230
CCCCTGTGGT CCTCCCACGC TCTCTGGACT TCACAGAACT GGATGTTGCT
TPVV LPR SLD FTTETL DV A 247
GCTGAGAAGA TTGACAGGTT CATGCAGGCT GTGACAGGAT GGAAGACTGG

A EK I DRF MQA VTG WKT G 264
CTGCTCCCTG ACGGGAGCCA GTGTGGACAG CACCCTGGCT TTCAACACCT

Figure 3.2 The diagrammatic view the location of primers used in the PCR that
annealing to the genomic DNA. (for AGT gene) a.) Partial sequence of the exon 2 of
the AGT gene b.) The oligonucleotide primers anneal the underline sequence to
amplified the 303 bp PCR prod{{c?).
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5. Equipments

Company
Autoclave Huxley, Taiwan
Automatic pipette Gilson, France
Bench top centrifuge Heraeus Sepatech, USA
DNA thermocycler 480 Perkin Elmer, USA
Hotplate stirrer Barnstead International, USA
Incubator Heraeus Sepatech, USA
Mini-protein I1I electrophoresis cell Biorad, USA
Personal microcentrifuge Daihan labtech, Korea
pH meter Beckman, USA
Power supply Biorad, USA
Refrigerated centrifuge Sorvall, USA
Submarine agarose gel electrophoresis Hoefer, USA
UV-transilluminator Fotodyne, USA
Vortex mixer Scientific Industries Inc., USA
Water bath Precision pacific Inc., USA

Universal HoodT and Gel Doc EQ system Biorad, USA

6. Miscellaneous

Company
Centrifuge tube (50 ml) Nunc, DK
Microcentrifuge tube (0.5, 1.5 ml) Axygen Scientific Inc., USA
PCR microtube (0.5 ml) Axygen Scientific Inc., USA
Pipette tip (0.2 pl, 200 pl, 1000 ul) Axygen Scientific Inc., USA
Syringe driven filter unit Millipore, USA

7. Reagents
All of the solutions were prepared in sterile distilled water, unless otherwise
indicated. They were sterilized by autoclaving, except organic solvents and

unsterilizable solutions.
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7.1 Reagents for genomic DNA extraction
7.1.1 Absolute ethanol
7.1.2 0.5 M EDTA, pH 8.0

EDTA disodium salt 93.0 g was dissolved with 400 ml of distilled
water, 10 g of NaOH pellets were added and mixed. The pH of the solution was
adjusted to 8.0 with 10 N NaOH. The solution was sterilized by autoclaving. The
volume of this solution was adjusted to 500 ml with distilled water.

7.1.3 Guanidine hydrochloride, pH 7.6

Guanidine-HCI 72.0 g was dissolved with,@d&hd adjusted the pH
of the solution to 7.6 with 1 M Tris-HCI. The volume of this solution was adjusted to
100 ml with ddHO. The solution was filtered by 0.2 pum Millipore filter.

7.1.4 Lysis buffer (solution A)

NECI 6.35 g, EDTA 1.33 g and Trizma base 0.92 g were dissolved
with 800 ml of distilled water. The pH of the solution was adjusted to 7.2 with
10 N HCI and adjusted the volume to 1 liter. The solution was autoclaved. Working
solution A was prepared by dilution of solution A with 2 volume of gldidefore use.

7.1.5 Proteinase K solution

Proteinase K 0.001 g was dissolved with 1.0 ml ofQddHd mixed.

The solution was stored at -20 until used.
7.1.6 10% (w/v) SDS solution

SDS 10.0 g was dissolved in 100 ml sterile distilled water and
incubated at 58C with continuous stirring for 1-2 hours until dissolved. This solution
was not autoclaved.

7.1.7 1 M Tris-HCI, pH 7.6

Tris hydrochloride 60.6 g was dissolved with 400 ml of distilled water
and added approximately 13 ml of 6M HCI to adjust the pH of the solution to 7.6. The
solution was adjusted the volume to 500 ml with distilled water and sterilized by
autoclaving.

7.1.8 TE 10-1 buffer

10 ml of 1 M Tris-HCI, pH 7.6 and 2 ml of 0.5 M EDTA, pH 8.0 were

diluted in distilled water and adjusted the volume to 1 liter. The solution was sterilized

by autoclaving.
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7.1.9 70% ethanol
Diluted 700 ml of absolute ethanol with 300 ml of sterile distilled water
and mixed well.
7.2 Reagents for polymerase chain reaction (PCR)

7.2.1 10 mM deoxyribonucleotide triphosphate (commercial kit) containing
2.5 mM each of dGTP, dATP, dCTP, and dTTP.

7.2.2 10 x Mggliree buffer

7.2.3 MgGlsolution (25 mM)

7.2.4 Primers for each genes, eNOS and AGT genes.

7.2.5Taq DNA polymerase (5 unit/pl), Intron, USA.

7.3 Reagents for restriction enzyme digestion
7.3.1 EnzymMbol
7.3.2 10x buffer for enzyrivtbol
7.3.3 EnzymEhl11l
7.3.4 10x buffer for enzymighl11l
7.3.5 Enzyniécol
7.3.6 10x buffer for enzyrmeol
7.3.7 Acetylated BSA, 10 pg/ul, Promega, USA.

7.4 Reagents for agarose and polyacrylamide gel electrophoresis
7.4.1 Agarose, USB, Spain
7.4.2 10xTBE buffer, pH 8.0
Trizma base 108 g, Boric acid 55 g and EDTA 7.44 g were dissolved
with 800 ml of distilled water and mixed. The pH of the solution was adjusted with 10
N NaOH to 8.0. The solution was added with distilled water up to 1,000 ml and
sterilized by autoclaving.
7.4.3 Electrophoresis running buffer
1XTBE buffer, diluted 100 ml of 10xTBE buffer with 900 ml of
distilled water for use in chamber and gel.
7.4.4 Ethidium bromide

1 mg/L of Ethidium bromide in sterile distilled water.
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7.4.5 Gel loading buffer
Dissolved 0.125 g each of bromophenol blue and xylene cyanol in 50
ml distilled water containing 15 ml of glycerol.
7.4.6 DNA marker 250 mdyt Hindlll digestedh. DNA marker, 50 bp ladder
Bsolved 5ul of 1 ug/ul DNA molecular markerHindlll digestedi
DNA marker and 50 bp ladder) in 15 of sterile distilled water.

7.5 Reagents for polyacrylamide preparation
7.5.1 40% acrylamide/bis Solution, Biorad,USA
7.5.2 20% (w/v) ammonium persulfate (APS), Sigma, USA
7.5.3 Electrophoresis running buffer (1x TBE buffer)
7.5.4 N,N,N’,N’-tetramethylene diamine (TEMED), Auka, Japan

Methods

1. Lipid profiles determination

Lipid profiles of blood samples were analyzed by Clinical Laboratory Service
Department, Faculty of Medical Technology, Mahidol University. Blood samples
collected after overnight (>12 h.) fasting were used to determine serum lipid levels.
Total cholesterol and triglyceride levels were measured by Hitachi 917 Autoanalyzer.
High density lipoprotein (HDL) cholesterol concentrations were determine by
enzymatic assay after precipitation of LDL and VLDL fraction with dextran sulfate
and MgC}. Plasma low density lipoprotein (LDL) cholesterol concentrations were
calculated according to Friedewald’s formula: LDL-C = Total cholesterol — HDL-C —

(Triglyceride/5§*®

and very low density lipoprotein (VLDL) cholesterol
concentrations were calculated using the formula: VLDL-C = Total cholesterol —

(LDL-C + HDL-C).
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2. DNA extraction

Genomic DNA was extracted from peripheral blood leucocytes by standard
Guanidine—HCI method (UCLA, 1993). Aseptic technique was used in all steps of this
process. 10 ml of whole blood were collected into 50 ml capped tube which contained
200 pl of 5% EDTA (blood anticoagulant). Working red blood cell lysis buffer
(solution A) was added into two volume of whole blood, mixed by vortex and left
stand at room temperature for 10 minutes. The mixture was centrifuged at 3,000 rpm,
4°C for 10 minutes. The supernatant was discarded after centrifugation and repeated
this step until all red blood cells were lysed and the supernatant was clear but not more
than three times. The white blood cells were packed in the bottom of the capped tube
after the supernatant was discarded. Approximately 80 ul of proteinase K was added
and mixed the sample. 400 pl of distilled water was added and vortexed. 400 ul of
distilled water was added to the solution, followed by 300 pl of 10% sodium dodecyl
sulfate (SDS). This detergent lysed the nuclear membrane and the solution became
viscous as the DNA was released, mixed the sample with gently and the air bubble
avoid. The sample was incubated at°@5overnight. 300 pl of Guanidine
hydrochloride was added and gently mixed. This reagent precipitated proteins. After
mixing, the sample was incubated af®8or 3-4 hours, The sample was centrifuged
at 3,000 rpm, & for 10 minutes, reincubated at °68 for 30 minutes and
recentrifuged again. The supernatant was transferred to 50 ml capped tube by
pipetting, precipitated with 4 ml of cold absolute ethanol. The tube was rolled with
gently until appeared the strands of DNA. The sample was incubated °& -20
overnight. The precipitated DNA was transferred to 1.5 ml eppendorf tube and cleaned
with 800l of 70 % ethanol. This step DNA should be centrddgt 10,000 rpm for 1
minute rapidly and discarded as much of supernatant as possible. The precipitated
DNA was cleansed two times with approximately 1-2 ml of 70 % ethanol. The DNA
pellet was dried by incubated at°87overnight with open the cap to evaporate the
ethanol. Dried DNA was dissolved with 100-200 ul of TE10-1 buffer, incubated at
37°C overnight and stored at -ZD until used. Finally, the quality of genomic DNA
was verified by 1% agarose gel electrophoresis.
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3. Polymerase chain reaction (PCR)

3.1 Principle®?

Polymerase chain reaction (PCR) is a biochemistry and molecular biology
technique that used to amplify specific regions of a DNA strand as shown in Figure
3.1 and 3.2. This can be a single gene, just a part of a gene, or a non-coding sequence.
It is anin vitro method of nucleic acid synthesis which allows a small amount of DNA
to be amplified exponentially. PCR, as currently practiced, requires several basic
components. These components are: DNA template that contains the region of the
DNA fragment to be amplified. Primers are short oligonucleotides, containing
nucleotides that are complementary to the nucleotides at both ends of the DNA
fragment to be amplifiedTaq polymerase is a thermostable polymerase used in
polymerase chain reaction to check for the presence or absence of a gene by
amplifying a DNA fragment. First isolated frohermus aquaticus, a bacterium that
lives in hot springs and hydrothermal vertag was identified as the first polymerase
able to withstand the denaturing conditions required during PCR. Deoxyribonucleotide
triphosphates (dNTPs) from which the DNA polymerase builds the new DNA. Buffer
solution provides a suitable chemical environment for optimum activity and stability
of the DNA polymerase. Divalent cation, magnesium or manganese ions; generally
Mg** is used.

To selectively PCR-amplify a DNA fragment, suitable primers need to be
designed and synthesized. Complementary bases in primer and DNA template
facilitate annealing of the primer to the DNA template to which the DNA polymerase
can bind and begin with the synthesis of a new DNA strand that is complementary to
the DNA template. The length of the primers and their desired melting temperature
(Tm) depend on a number of considerations. The Tm of a primer is defined as the
temperature at which half of the primer binding sites at the DNA template are
occupied. As the Tm increases with the length of the primer, primers that are short
(<15 base pairs) require a lower annealing temperature (<50°C) for efficient
amplification.

This technique uses repeated cycles of template denaturation, primer annealing,
and polymerase extension to amplify a specific sequence of DNA determined by

oligonucleotide primers. The first cycle, during an initialization step, the PCR reaction
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is often heated to a temperature of 94-96°C. This first hold is employed to ensure that
most of the DNA template and primers are denatured, i.e., that the DNA is melted by
disrupting the hydrogen bonds between complementary bases in two DNA strands.
The denaturation is followed by the annealing step. In this step the reaction
temperature is lowered so that the primers can attach to the single-stranded DNA
template. The temperature at this step depends on the Tm of the primers (see above),
and is usually between 50-64°C for 20-40 seconds. The annealing step is followed by
an extension/elongation step during which the DNA polymerase copies the DNA
template, starting at the primers annealed to both of its strands. The temperature at this
step depends on the DNA polymerase uska] polymerase has a temperature
optimum of 70-74°C; thus, in most cases, during the extension a temperature of 72°C
is used. This enzyme services the high temperatures needed for DNA denaturation.
Its halflife (at 95°C) is 40 min. The extension time depends both on the DNA
polymerase used and on the length of the DNA fragment to be amplified. A final
elongation step is frequently used after the last cycle to ensure that any remaining
single-stranded DNA is completely copied. This differs from the other elongation
steps only in that it is longer typically 10-15 minutes. A final hold of 4°C for an
indefinite time is often employed to allow short-term storage of the reaction,

especially if cannot be removed immediately after the cycling.
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Figure 3.3 The schematic diagram of the principle of polymerase chain reaction

(PCRJ*®
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3.2 Procedure

The eNOS E298D polymorphism, M235T and T174M polymorphisms of AGT
gene were amplified by PCR. The sense and antisense oligonucleotide primers of each
polymorphism were mentioned in Figure 3.1 and 3.2. The reaction were performed in
a final volume of 25 ul in 0.6 ml PCR tube which contained 5 pl genomic DNA, 1.0
unit Tag DNA polymerase, 1x MgGlfree PCR buffer, 37.5uM MgCl,, 0.01 mM
dNTPs and 10 pmole of each oligonucleotide primers. The optimized PCR was
conducted in an automated Thermo electron corporati@nliaermal cycler.

FCR condition for the polymorphism of eNOS E298D gene containing exon 7 of
DNA segment was modified from the method of Cam ét?alan initial cycle of
denaturation of $€ for 5 minutes, followed by 35 cycles of denaturation 4C%ér
1 minute, annealing at 88 for 1 minute, and primer extension af@Zor 1 minute.
Finally, final extension for 10 minutes at°@and chilling to 4C for stopped the
reaction. This amplification reaction resulted in synthesis of a 206 bp fragment for
exon 7 of eNOS gene.

The DNA amplification condition for M235T and T174M polymorphisms of
AGT gene was modified from the method of Ichihara &£41.at first, denaturation
at 94C for 5 minutes, followed by 35 cycles of denaturation C%r 1 minute,
annealing at 6% for 1 minute and primer extension af@Zor 1 minutes. The final
primer extension was at %2 for 10 minutes then stopped the reaction°at & his
amplification reactions resulted in synthesis of a 303 bp fragment for exon 2 of AGT
gene.

All of the PCR-amplified DNA products from subjects of CAD patients,
hypercholesterolemia and healthy normolipiemic control subjects were used in the

next step of restriction enzyme analysis.

4. Agarose gel electrophoresis for analysis of DNA fragments
4.1 Principle®®®
Agarose gel electrophoresis is an analytical technique used to separate DNA
fragments by size. Gel refers to the matrix used to separate the molecules. In most
cases the gel is a crosslinked polymer whose composition and porosity is chosen based
on the weight and composition of the target of the analysis. The purified agarose, a
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component of agar which is a red seaweed extract, were used for separating larger
nucleic acids (greater than a few hundred bases). The gel forms a solid but porous
matrix that looks and feels like clear jelly.

Electrophoresis refers to the electromotive force (EMF) that is used to push
or pull the molecules through the gel matrix; by placing the molecules in wells in the
gel and applying an electric current, the molecules will move through the matrix at
different rates. DNA molecules normally migrate from negative to positive potential
due to the net negative charge of the phosphate backbone of the DNA chain.

In DNA electrophoresis apparatus, an agarose gel is placed in this buffer-filled
box and electrical current is applied via the power supply to the system, the positive

pole (the anode) is at the end of gel so DNA can migrate towards.

4.2 Procedure

Agarose gel electrophoresis was used for analyzing of PCR products. The
amplified DNA fragments were analyzed by electrophoresis in 2% agarose gel.
Agarose gel was dissolved in 1,000 ml of 1x TBE buffer. The mixture was melted.
After that, let gel cool about 80. The melting gel was poured into an electrphoresis
chamber set with a comb that was previously inserted to make sample wells near one
edge of gel. The gel was left at room temperature for 30 minutes for polymerization.
The comb was removed, transferred the gel into electrophoresis chamber that filled 1x
TBE buffer. 2 pl of loading buffer were mixed with 50 bp DNA marker and PCR
product then loaded in each well and electrophoresed at 100 volts for 30 minutes. For
DNA fragment staining, the gel was submerged in ethidium bromide solution for 15
second. The stained agarose gel was destained in 1x TBE buffer for 15 minutes and
visualized on UV transilluminator. The fragments of amplified DNA were observed

and photograph of the gel was taken.

5. Restriction endonuclease digestion of PCR products
5.1 Principlé™”
A restriction endonuclease is an enzyme that cuts double-stranded DNA.
Each restriction enzyme is highly specific, recognizing a particular short DNA

sequence, or restriction site, and cutting both DNA strands at specific points within
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this site. Most restriction sites are palindromic, the sequence of nucleotides is the same
on both strands when read in the 5' to 3' direction, and are four to eight nucleotides
long. Many cuts are made by one restriction enzyme because of the chance repetition
of these sequences in a long DNA molecule, yielding a set of restriction fragments. A
particular DNA molecule will always yield the same set of restriction fragments when
exposed to the same restriction enzyme. An interested different in the pattern of
restriction is known as a restriction fragment length polymorphism or RFLP. RFLP
result from single base changes or from deletions or insertions of DNA into a

restriction fragment.

5.2 Procedure

E298D polymorphic variant of the eNOS gene, in which a guanine (G) to
thymine (T) substitution at nucleotide 894 of exon 7, leads to glutamate (E) to
aspartate (D) amino acid substitution at position 298 (Glutamate to Aspatate-AGC
ATC), introduces a restriction site for thbo | enzyme. This enzyme was used to
distinguish the allele by cleaving the 206 bp mutant fragment as shown in Figure 3.4
into 119 bp and 87 bp fragments. The amplified DNA (PCR product) digestion was
performed in a final reaction volume of 20 pl. 10 pl of each PCR product was added in
2 ul of 10x buffer, 0.2 ul of 10pug/ul acetylated BSA and 1 univbb | restriction

endonuclease. The mixture was incubated 3t %ernight.
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—_—
S’....|: Exon 6 Exon 7 Exon 8 ] 3’
&

Nucleotide
position 894

G allele i

(298Glll) LEGCCCCAGATGAGCCCCCAGRACTCTTCC
Glu

T allele ,,‘

AGGCCCCAGH GAT CCCCAGARACTCTTCC

(298Asp)

Asp

Mbo 1

Figure 3.4 Identification of E298D polymorphism by RFLP. Genomic DNA was
amplified by PCR, producing a 206 bp product, and then subjected to digestion using
Mbo I. The T allele, but not the G allele, at nucleotide position 894 generdit® &

site.

Two mutations of AGT gene on T174M and M235T in exon 2 were also analyzed
by PCR-RFLP. T174M mutation; a cytosine (C) to thymine (T) substitution at
nucleotide 521 of exon 2 of AGT gene, leads to threonine (T) to methionine (M)
amino acid substitution at position 174 (Threonine to Methionine; ACRTG),
introduces a restriction site for th\eo | enzyme as shown in Figure 3.5, by cleaving
the 303 bp mutant fragment into 211 bp and 92 bp fragments. The reaction mixture
(20 pl) contained 10ul of the PCR-amplified DNA, 24 of 10x buffer, 0.2 ul of
10pg/ul acetylated BSA and 1 unit dfco | restriction endonuclease. Sample were

digested overnight at 37 °C.
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... ] Exon1l Exon 2 Exon3 [ ]....3

Nucleotide
position 521

C allele  cocAGETGCTGETGTOCACG GTGGTGEEOGTGT
(174Thr)

Thr

T allele

(174Met) CCCAGCTGCTGCTGT TGGTGGTGGGOGTG
Met
Ncol

Figure 3.5 Identification of T174M polymorphism by RFLP. Genomic DNA was
amplified by PCR, producing a 303 bp product, and then subjected to digestion using
Nco I. The T allele, but not the C allele, at nucleotide position 521 generadeodn

site.

M235T mutation; the thymine (T) to cytosine (C) substitution at nucleotide 704
of exon 2 in the AGT gene, leads to methionine (M) to threonine (T) amino acid
substitution at position 235 (Methionine to Threonine; AFSACG), introduces a
restriction site for thd@th 1111 enzyme as shown in Figure 3.6, by cleaving the 303 bp
mutant fragment into 279 bp and 24 bp fragments. The reaction mixtural)(20
contained 10ul of the PCR-amplified DNA, 2l of 10x buffer, 0.2 pl of 10ug/ul
acetylated BSA and 1 unit ofth 1111 restriction endonuclease. Samples were

digested overnight at 65 °C.
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.1 Exonl Exon 2 Exon3 [

Nucleotide
position 704

T allele  raeraeTCoCTGAT G GEGTCCAGTGTGRACA

(235Met) Met
C allele
(235Thr) CTGECTGCTCOCTGA UG GEGTCCAGTGTGGAC
Thr
Tth 1111

Figure 3.6 ldentifucation of M235T polymorphism by RFLP. Genomic DNA was
amplified by PCR, producing a 303 bp product, then subjected to digestionTtising
1111. The C allele, but not the T allele, at nucleotide position 704 generEted HlI

site.

After digestion, the fragments were identified by 8% polyacrylamide gel
electrophoresis. The gel was stained with ethidium bromide and visualized on a UV

transilluminator.
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6. Polyacrylamide gel electrophoresis (PAGE) for analysis of DNA fragments
6.1 Principle®®®

DNA fragment can be separated by agarose gel electrophoresis according to
their size. The same technique is often applied to DNAs or proteins, in which case the
gel usually made of polyacrylamide. This technique, therefore, calls polyacrylamide
gel electrophoresis, or PAGE. Polyacrylamide is an acrylate polymer (-
CH,CHCONH,-) formed from acrylamide subunits that is readily cross-linked.
Acrylamide needs to be handled using good laboratory practices (GLP) to avoid
poisoning since it is a neurotoxin. Polyacrylamide is not toxic, but unpolymerized
acrylamide can be present in the polymerized acrylamide. Therefore it is
recommended to handle it with caution. It is highly water-absorbent, forming a soft gel

used in the applications.

6.2 Procedure

Restriction DNA fragments were analyzed by 8% polyacrylamide gel
electrophoresis. 9 ml of 8% polyacrylamide solution, containing 1.8 ml of 40%
acrylamide solution (19:1), 1.8 ml of 5x TBE buffer, 5 ml of distilled water, 70 ul of
20% ammonium persulfate (to initiated free radicals which an important for chain
reaction) and 15 pl of TEMED were mixed with gently. TEMED accelerated the
polymerization of acrylamide and bis-acrylamide by catalyzing the formation of free
radicals from ammonium persulfate. The free radicals would drive the polymerization.
The gel was poured as soon as possible after TEMED had been added to the mixture.
The polyacrylamide solution was slowly poured by using pipetman (P 1,000) into the
gel mold with continuously stream to prevent the formation of air bubbles. The comb
was placed to make sample wells into the top of the gel. The gel was left to polymerize
at room temperature for 30 minutes. After the polymerization was completed, the
comb was carefully removed. The gel mold was set to the electrophoresis apparatus.
1x TBE buffer was added to the upper and lower chambers. The solution of the DNA
marker (50 bp ladders) and /or DNA sample were mixed with 2 pl of gel loading
buffer and applied into each well and electrophoresed at 120 volts for 50 minutes at
room temperature. When the electrophoresis was finished, the DNA fragments in the

gel was stained with ethidium bromide solution for 15 second. The stained
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polyacrylamide gel was then placed on the short wavelength UV transilluminator (254
nm) for visualization. The restricion DNA fragments were observed and then
photographed the gel. The sizes of DNA fragments of each polymorphism were
estimated by comparing it with that of DNA markers.

7. Statistical analysis

All statistical analysis was conducted by software package SPSS version 15.0 and
MedCalc. The difference of lipid concentrations in primary hyperlipidemia and
normolipidemic healthy control subjects were compared by the unpaired (independent)
t—test with normal distribution. Allele frequencies and genotype distributions between
the study groups were compared by Chi-squgfeanalysis and estimated the allele
frequencies or genotype frequencies using gene—counting method. The Chi—square
goodness of fit test was also carried out to test deviation of genotype frequencies from
those predicted by the Hardy—Weinberg equilibrium hypothesis. To assess the
association among eNOS, AGT and each risk factor (i.e. univariable analysis), Chi-
square test were applied. Crude (unadjusted or exposure) odds ratio and 95%
confidence interval (Cl) were estimated. To determine the effect of all risk factors
simultaneously (i.e. multivariable analysis) on these gene polymorphisms for assessing
the independent condition risk of the different factors possibly influencing the
presence or absence of CAD, a logistic model or multivariate binary logistic
regression analysis were fitted. Adjusted odds ratio and 95% CI obtained from the
models were reported. The nominal level of statistical significance for all analyses was
<0.05.
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CHAPTER IV
RESULTS

1. Clinical characteristics of the study population

The study populations were divided into 3 groups, as followings: 105
normolipidemic subjects, 103 primary hypercholesterolemic subjects and 106 CAD
patients. The anthropometric characteristics and the average plasma lipids values in
each group were shown in Table 4.1. The clinical lipid profiles were compared
between 105 normolipidemic subjects and 103 primary hyperlipidemic subjects. All
CAD subjects were under lipid-lowering and antihypertensive drugs treatment due to
the ethic of treatment, so the clinical lipids profiles were not compared in this study.

The lipid profiles of total cholesterol (TC), LDL-cholesterol (LDL-C),
triglyceride (TG) and VLDL-cholesterol (VLDL-C) including TC/HDL-C ratio were
highly significant increase in hyperlipidemia than that in normolipidemia (p<0.001)
except HDL-C showed no significant difference. A ratio of TC/HDL-C in
normolipidemia is lower than 5 indicated the high HDL levels while hyperlipidemia is
higher than 5 indicated the high plasma cholesterol levels.

The age differences between case and normolipidemic subjects were directly
consequences of not completely random sampling: in fact, normolipidemic subjects
were considerate selected by age more than 40 years in order to prevent bias related to
age dependency of the hyperlipidemic profile. On the contrary, other differences
(height, BMI and DBP) were more fortuitous, although possibly also related, at least in
part, to the main selection criteria (blood lipid level and age). Other parameters such as
sex, SBP and weight were not significantly different. A family history of CAD in first-
degree relatives and smoking were excluded in hyperlipidemia and normolipidemia.
Among the categorical variables, the presence of age and BMI showed significant

association with hyperlipidemia.
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Table 4.1 Clinical data, biochemical characteristics and lipid profiles of
normolipidemic subjects, hyperlipidemic subjects and CAD patients [Data expressed
as mean (SEM)]

Normolipidemia Hyperlipidemia CAD
Parameters (n = 105) (n = 103) (n=106) p-value @
Age (years) 46.55 (0.82) 52.33(0.90) 61.11 (1.15) <0.001,0.001
Sex
49/56 36/67 60/46 0.092, 0.169
Male/Female

Blood pressure (mmHg)

Systolic BP 118.39 (0.86) 117.67 (1.81) - 0.792, -
DiastolicBP 78.75 (0.58) 73.11 (1.10) - <0.001, -
Weight (Kg) 59.14 (0.82) 60.04 (1.02) - 0.493, -
Height (m) 163.20 (0.58) 161.26 (0.64) - 0.027, -
BMI (Kg/m?) 22.14 (0.23) 22.98 (0.29) - 0.025, -
Plasma lipid (mg/dl)
TC 177.87 (1.89)  278.32 (4.14) - <0.001, -
TG 109.57 (4.56) 172.50 (9.39) - <0.001, -
LDL-C 108.08 (2.28)  194.74 (4.52) - <0.001, -
HDL-C 49.81 (1.40) 49.22 (1.32) - 0.757, -
VLDL-C 23.10 (1.11) 34.50 (1.88) - <0.001, -
TC/HDL-C 3.84 (0.10) 6.06 (1.18) - <0.001, -

&= Normolipidemia compared with hyperlipidemia
® = Normolipidemia compared with CAD

" = Using independent student t-test

= Using Chi-square test
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2. DNA extraction

Genomic DNA of healthy normolipidemic subjects, hyperlipidemic subjects and
CAD patients were extracted from peripheral blood leucocytes by standard Guanidine-
HCI method (UCLA, 1993). Genomic DNA was run on 1 % agarose gel by
elctrophoretic technique. Figure 4.1 showed the bands of genomic DNA that was
stained with ethidium bromide and visualized by UV — transilluminator. The bands

were compared withlindlll digested. DNA marker.

hl—mmsasg 5

23,130 bp _»
6,557 bp —»

2,322 bp —

Figure 4.1 Genomic DNA was extracted from peripheral blood leucocytes. Lane M
was Hindlll digestedh. DNA marker, Lane 1-5 were genomic DNA from different

subjects.

3. Analysis of E298D polymorphism of eNOS gene

For the analysis of the E298D polymorphism of the eNOS gene, the gDNA was
amplified by PCR, the amplified-DNA product was 206 bp (Figure 4.2). The
restriction enzymévbol cut 206 bp fragment into 119 bp and 87 bp that was defined
as D allele mutation. In contrast, the E allele had no site cWiifot, the fragment
after digestion would remain 206 bp. After restriction enzyme digested PCR-amplified
DNA, the DNA fragments were analyzed by 8% polyacrylamide gel electrophoresis
(Figure 4.3).
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250 b

200 b <+— 206 bp

50 bp

Figure 4.2 The PCR-amplify product of exon 7 of eNOS gene (E298D) in 2 %
agarose gel electrophoresis. Lane M was 50 bp ladders. Lanes 1-5 were eNOS-PCR

product (206 bp).

206 bp
119 bp

87 bp

Figure 4.3 The E298D polymorphism of eNOS gene aftélool digestion in 8 %

polyacrylamide gel electrophoresis. Lane M was 50 bp ladders. Lane 1 was uncut
eNOS PCR product. Lane 2 was heterozygous ED (206 bp, 119 bp and 87 bp), lane 3
was homozygous DD (119 bp and 87 bp), and lane 4 and 5 were homozygous EE (206

bp).
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4. Analysis of M235T and T174M polymorphismsof AGT gene

To analyze the M235T and T174M polymorphism of AGT gene, the gDNA was
amplified by PCR, the amplified-DNA product was 303 bp (Figure 4.4). For M235T
polymorphism; the restriction enzyrmél11l cut 303 bp fragment into 279 bp and 24
bp, that was defined as T allele. While the M allele had no site cUitiad1l, the
fragment after digestion would remain 303 bp (Figure 4.5).

For T174M polymorphism; the restriction enzyNeel cut 303 bp fragment into
211 bp and 92 bp, that was defined as M allele. Whereas the T allele had no site cut
for the enzyme, the fragment after digestion would remain 303 bp (Figure 4.6).

After restriction enzyme digested PCR-amplified DNA, the M235T and T174M

DNA fragments were analyzed by 8% polyacrylamide gel electrophoresis.

400 bp

300 bp <«— 303 bp

50 bp

Figure 4.4 The PCR-amplify product of exon 2 of AGT gene in 2 % agarose gel
electrophoresis. Lane M was 50 bp ladders. Lanes 1-5 were AGT-PCR product (303

bp).
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400 bp —»

«— 303bp
+— 279 bp

300 bp —»
250 bp —»

150 bp —»

Figure 4.5 The M235T polymorphism of AGT gene aft&hl11l digestion in 8 %

polyacrylamide gel electrophoresis. Lane M was 50 bp ladders. Lane 1 was
heterozygous MT (303 bp and 279 bp). Lane 2 and 3 were homozygous TT (279 bp),
lane 4 was homozygous MM (303 bp), and lane 5 was uncut AGT PCR product (303

bp).
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«— 303Dbp

<«— 211 bp

<«— 92 bp

Figure 4.6 The T174M polymorphism of AGT gene aftBicol digestion in 8 %
polyacrylamide gel electrophoresis. Lane M was 50 bp ladders. Lane 1 was uncut
AGT PCR product (303 bp). Lane 2 and 3 were homozygous TT (303 bp), lane 4 was
heterozygous TM (303 bp, 211 bp and 92 bp), and lane 5 was homozygous MM (211
bp and 92 bp).

5. Study on the genotype and allele frequencies of E298D polymor phism of eNOS
gene
5.1 Hardy-Weinberg equilibrium
Genotype and allele frequencies of eNOS E298D polymorphism in among 3
groups were presented in Table 4.2. All genotypes of eNOS E298D polymorphism
were in consistent with an expected population of Hardy-Weinberg equilibrium using

binomial equation as following: (p+g¥ p* + 2pq + §.
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Table 4.2 The distribution of genotype and allele frequencies of eNOS E298D
polymor phism in Hardy-Weinberg equilibrium

. Normolipidemia Hyperlipidemia CAD All subjects
Variables
(n =105) (n =103) (n = 106) (n=314)
Genotypes
EE 81 e, 82 240
ED 24 26 21 71
DD 0 0 3 3
x? 1.748 2.149 1.253 0.815
p-value 0.4172 0.3415 0.5345 0.6654
Alleles
E 0.89 0.87 0.87 0.88
95% ClI 0.8356-0.9220 0.8215-0.9124 0.8210-0.9110 0.8494-0.9008
D 0.11 0.13 0.13 0.12
95% ClI 0.0780-0.1644 0.0876-0.1785 0.0890-0.1790 0.0992-0.1506
5.2 Genotype frequencies

Genotype frequencies of E298D polymorphism of eNOS gene were
analyzed in 105 normolipidemic subjects, 103 hyperlipidemic subjects and 106 CAD
patients. Table 4.3 showed the distribution of E298D mutation of eNOS gene. The
frequencies of EE and ED genotypes in hormolipidemic and hyperlipidemic subjects
were 77.1%, 22.9%, 74.8% and 25.2%, respectively. DD genotype was not observed
in both groups of subjects. The genotype frequencies of EE, ED and DD genotypes in
CAD patients were 77.4%, 19.8% and 2.8%, respectively.

Chi-square analysis indicated that genotype frequencies fgf £B.058;

p = 0.8101), ED % = 0.058; p = 0.8101) and DDy{ =0.005; p = 0.9447) of
hyperlipidemic group were not significantly different when compared with
normolipidemic subjects. The frequencies of EEX 0.016; p = 0.8990), EDyf =
0.138; p = 0.7099) and D{= 1.333; p = 0.2482) genotypes of CAD patients were

also not significantly different when compared with normolipidemic subjects.
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5.3 Allelefrequencies
Allele frequencies of E298D of eNOS gene were calculated and also
displayed in Table 4.3. By using the gene counting method, estimated allele
frequencies of E and D alleles showed no significant difference between
normolipidemic and hyperlipidemic subjects® € 0.050; p = 0.8233). The similar
result was obtained when compared normolipidemic subjects with CAD patiérts (
0.069; p = 0.7929).

Table 4.3 Genotype and allele frequencies of eNOS E298D polymorphism in
nor molipidemic subjects, hyperlipidemias and CAD patients

. Normolipidemia Hyperlipidemia CAD
Variables
(n =105) (n =103) (n = 106)
Genotypes
EE 81 (77.1%) 77 (74.8%) 82 (77.4%)
ED 24 (22.9%) 26 (25.2%) 21 (19.8%)
DD 0 (0%) 0 (0%) 3 (2.8%)
Alleles
E 186 (0.886) 180 (0.873) 185 (0.873)
D 24 (0.114) 26 (0.127) 27 (0.127)

Normolipidemia vs Hyperlipidemia:
EE: /= 0.058; p= 0.8101; df = 1 Allele frequency: 2= 0.050; p = 0.8233; df = 1
ED: /= 0.058; p= 0.8101; df = 1
DD : = 0.005; p= 0.9447; df = 1

Normolipidemia vs CAD:
EE: /= 0.016; p= 0.8990; df = 1 Allele frequency: *= 0.069; p = 0.7929; df = 1
ED: 4*= 0.138; p= 0.7099; df = 1
DD: = 1.333; p= 0.2482; df = 1
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6. Assessment the risk of eNOS E298D polymorphism of genotype and allele
frequencies between normolipidemic and hyperlipidemic subjects

To study the association of eNOS E298D polymorphism between hyperlipidemic
and normolipidemic subjects, the odds ratio was used to evaluate the risk assessment
of eNOS E298D polymorphism on hyperlipidemic subjects compared with
normolipidemic subjects. If the odds ratio is more than 1, there will be a positive
correlation between the eNOS E298D genotypes or allele frequencies with
hyperlipidemia. In contrast, when the odds ratio is less than 1, there is a negative
correlation. In addition, 95% confidence interval (95% CI) values are considered as
the risk factor indicator if the values of 95% CI are equal or more than 1.

The odds ratio of genotype and allele frequencies of eNOS E298D variants
between normolipidemic and hyperlipidemic subjects in this study were summarized
in Table 4.4. The odds ratio of EE and ED genotypes were 0.8775 (95% CI: 0.4643-
1.6583) and 1.1396 (95% CI: 0.6030-2.1537), respectively in hyperlipidemic subjects
compared with normolipidemic subjects. The odds ratio of DD genotype was not
calculated because of the absence of DD genotype in both groups of subject.

The odds ratio of E and D alleles were 0.8933 (95% CI: 0.4945-1.6138) and
1.1194 (95% CI: 0.6196-2.0224), respectively in hyperlipidemic subjects compared
with normolipidemic subjects. These results suggested that there were no association
between this polymorphism and hyperlipidemia.

Table 4.4 Theunadjusted oddsratio of eNOS E298D polymor phism genotype and

allele frequencies between nor molipidemic and hyperlipidemic subjects

Normolipidemia Hyperlipidemia Unadjusted p-value

Variables (n=105) (n=103) odds ratio 95% ClI
Genotypes

EE 81 (77.1%) 77 (74.8%) 0.8775 0.4643-1.6583 0.8101

ED 24 (22.9%) 26 (25.2%) 1.1396 0.6030-2.1537 0.8 1)1

DD 0 (0%) 0 (0%) - - -
Alleles

E 186 (0.886) 180 (0.873) 0.8933 0.4945-1.6138 0.8233

D 24 (0.114) 26(0.127) 1.1194  0.6196-2.0224
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7. Assessment the risk of eNOS E298D polymorphism genotype and allele
frequencies between nor molipidemic subjectsand CAD patients

The odds ratio of genotype and allele frequencies of eNOS E298D polymorphism
between normolipidemic subjects and CAD patients in this study were summarized in
Table 4.5. The odds ratio of EE and ED genotypes were 1.0123 (95% CI: 0.5318-
1.9271) and 0.8338 (95% CI: 0.4310-1.6133), respectively in CAD patients compared
with normolipidemic subjects. The odds ratio of DD genotype was not calculated
because of the absence of DD genotype in normolipidemic subjects.

The odds ratio of E and D alleles were 0.8841 (95% CI: 0.4919-1.5891) and
1.1311 (95% CI: 0.6293-2.0330), respectively in CAD subjects compared with
normolipidemic subjects. These results indicated that there were no association
between E298D polymorphism and CAD.

Table 4.5 The Unadjusted odds ratio of genotype and allele frequencies of eNOS
E298D polymor phism between nor molipidemic subjects and CAD patients

Normolipidemia CAD Unadjusted
Variables (n=105) (n=106) odds ratio 95% Cl p-value
Genotypes
EE 81 (77.1%) 82 (77.4%) 1.0123 0.5318-1.9271 0.8990
ED 24 (22.9%) 21 (19.8%) 0.8338 0.4310-1.6133 0.7099
DD 0 (0%) 3 (2.8%) - - 0.2482
Alleles
E 186 (0.886) 185 (0.873) 0.8841 0.4919-1.5891 0.7929

D 24 (0.114) 27(0.127) 1.1311  0.6293-2.0330
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8. Influence of eNOS E298D polymor phism and hypertension

The influence of eNOS E298D polymorphism on hypertension was analyzed in
105 normolipidemic subjects. The results (Table 4.6) represented no significant
differences for EE y*=1.435; p=0.2310) and EDy%1.435; p=0.2310) genotypes
between hypertensives and normotensives in this subject group. Chi-square value of
DD genotype was not calculate because of the absence of this genotype in both
normotensive and hypertensive groups. Moreover, allele frequencies of E and D allele
also showed no significantly different between normotensive and hypertensive groups
in normolipidemic subjectsf=1.250; p=0.2636).

For hyperlipidemic subjects, no significant differences were obtained in EE
(x?=0.002; p=0.9682) and E;{=0.002; p=0.9682) genotypes between hypertensives
and normotensives. Chi-square value of DD genotype was not obtained because of the
absence of this genotype in both normotensive and hypertensive groups. The allele
frequencies of E and D allele also showed no significant difference between
normotensive and hypertensive groups in hyperlipidemic subjegts0.001;
p=0.9706) (Table 4.6).
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Table 4.6 Influence of eNOS E298D polymorphism and hypertension in

nor molipidemic and hyperlipidemic subjects

Normolipidemic subjects (n = 105)

Variables Normotensive Hypertensive v p-value
Genotypes

EE 76 (79.2%) 5 (55.6%) 1.435 0.2310

ED 20 (20.8%) 4 (44.4%) 1.435 0.2310

DD 0 (0%) 0 (0%) - -
Alleles

E 172 (0.90) 14 (0.78) 1.250 0.2636

D 20 (0.10) 4 (0.22)

Hyperlipidemic subjects (n = 103)

Variables Normotensive Hypertensive v p-value
Genotypes
EE 51 (73.9%) 26 (76.5%) 0.002 0.9682
ED 18 (26.1%) 8 (23.5%) 0.002 0.9682
DD 0 (0%) 0 (0%) - -
Alleles
E 120 (0.87) 60 (0.88) 0.001 0.9706
D 18 (0.13) 8(0.12)

9. Study on the distribution of eNOS E298D polymorphism genotype and allele
frequencies between gendersin Thai population

The study of genotype and allele frequencies between genders of normolipidemic
subjects, hyperlipidemic subjects, CAD patients and total study population as shown
in Table 4.7, 4.8, 4.9 and 4.10, respectively, indicated that the distribution of EE, ED
and DD genotypes as well as E and D alleles, showed no significant difference
between genders.
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Table 4.7 Distribution of eNOS E298D polymorphism genotype and allele

frequencies between gendersin normolipidemic subjects (n = 105)

Variables Male Female  Statistical value
Genotypes
EE 38 (77.6%) 43 (76.8%) 5
x~=0.020
ED 11 (22.4%) 13 (23.2%)
p =0.8889, df =2
DD 0 (0%) 0 (0%)
Total 49 (100%) 56 (100%)
Alleles
|
E 87 (0.888) 99 (0.884) g 0017
11 (0.112) 13 (0.116) P 08962, df=1

Genotype frequency Male VS Female
EE: *=0.020, p= 0.8889, df = 1
ED: #=0.020, p = 0.8889, df = 1

Table 4.8 Distribution of eNOS E298D polymorphism genotype and allele

frequencies between gendersin hyperlipidemic subjects (n = 103)

Variables Male Female  Statistical value
Genotypes
EE 30 (83.3%) 47 (70.1%) 5
v~ =1.515
ED 6 (16.7%) 20 (29.9%)
p=0.2184,df =2
DD 0 (0%) 0 (0%)
Total 36 (100%) 67 (100%)
Alleles
E 66 (0.917) 114 (0.851) x*=1.296
D 6 (0.083) 20 (0.149) p=0.2549,df=1

Genotype frequency Male VS Female
EE: 4=1.515p= 0.2184,df = 1
ED: *=1.515,p= 0.2184,df = 1
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Table 4.9 Distribution of eNOS E298D polymorphism genotype and allele
frequencies between gendersin CAD patients (n = 106)

Variables Male Female  Statistical value
Genotypes
EE 47 (78.4%) 35 (76.1%) X
x~=0.293
ED 11 (18.3%) 10 (21.7%)
p =0.8637,df =2
DD 2 (3.3%) 1 (2.2%)
Total 60 (100%) 46 (100%)
Alleles
E 105 (0.875) 80 (0.870) v*=0.008
D 15 (0.125) 12 (0.130) p=0.9281,df=1

Genotype frequency Male VS Female
EE: /=0.002, p= 0.9683, df = 1
ED: #=0.036, p= 0.8492, df = 1
DD: #/=0.055, p= 0.8149, df = 1

Table 4.10 Distribution of eNOS E298D polymorphism genotype and allele
frequencies between gendersin Thai population (n = 314)

Variables Male Female Statistical value
Genotypes
EE 115 (79.3%) 125 (74.0%) 5
y~ = 2.097
ED 28 (19.3%) 43 (25.4%)
p =0.3503,df =2
DD 2 (1.4%) 1 (0.6%)
Total 145 (100%) 169 (100%)
Alleles
E 258 (0.890) 293 (0.867) Xz = 0.557
D 32 (0.110) 45(0.133) p=0.4556,df=1

Genotype frequency Male VS Female
EE: /=0.959, p= 0.3274,df = 1
ED: 4#=1.346,p= 0.2461, df = 1
DD: = 0.018, p= 0.8939, df = 1
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10. Study on the genotype and allele frequencies of M235T polymorphism of
AGT gene

10.1 Hardy-Weinberg equilibrium

A Chi-square test of heterogeneity in the AGT M235T genotype distribution
was also observed. Only hyperlipidemic population was not consistent with Hardy-
Weinberg equilibrium s = 9.018; p = 0.0110; df= 2). This implied that
hyperlipidemic population was deviated from expected population of Hardy-Weinberg
equilibrium. This may be due to the high frequencies of MT genotype. However, the
AGT M235T genotype distribution in normolipidemic subjects, CAD patients, and
total study population were in Hardy-Weinberg equilibrigf= 1.058; p = 0.5893; df

= 2,4* = 0.147; p = 0.9289; df = 2, and = 1.227; p = 0.5414; df = 2, respectively)
(Table 4.11).

Table 4.11 The distribution of genotype and allele frequencies of AGT M235T
polymor phism in Hardy-Weinberg equilibrium

Normolipidemia Hyperlipidemia CAD All subjects
Variables (n =105) (n=103) (n =106) (n=314)
Genotypes
MM 5 2 5 12
MT 28 54 33 115
1T v 47 68 187
v 1.058 9.018 0.147 1.227
p-value 0.5893 0.0110 0.9289 0.5414
Alleles
M 0.18 0.28 0.20 0.22
95% CI  0.1348-0.2386 0.2246-0.3465 0.1542-0.2620 0.1906-0.2554
T 0.82 0.72 0.80 0.78

95% ClI  0.7614-0.8652 0.6535-0.7754 0.7380-0.8458 0.7446-0.8094
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10.2 Genotype frequencies
The AGT M235T polymorphism was genotyped in 105 normolipidemic

subjects, 103 hyperlipidemic subjects and 106 CAD patients. The distribution of
genotype frequencies among 3 groups of M235T polymorphism were shown in Table
4.12. MM genotype distributions of hyperlipidemic group likely to be lower than
normolipidemic subjects, but did not show statistical difference (1.9% vs 43%,
0.552, p = 0.4574). Chi-square analysis also indicated that MT genotype distributions
of hyperlipidemic group were statistically higher than that of normolipidemic subjects
(52.4% vs. 26.7%y* = 13.390, p = 0.0003). Whereas TT genotype appeared to be
significantly higher in normolipidemic group than that in hyperlipidemic group
(68.6% Vs. 45.6%°= 10.260, p = 0.0014).

The genotype distributions of CAD subjects compared with normolipidemic
subjects, showed no statistical significance for Mi#=0.095; p = 0.7576), MTyf =
0.318; p = 0.5731) and T}{= 0.285; p = 0.5935) genotypes.

10.3 Allele frequencies
Allele frequencies of M and T allele were significantly different between
healthy normolipidemic and hyperlipidemic subject$ £ 5.376, p = 0.0204). The
frequency of M allele in healthy normolipidemic subjects was 0.181 which was
significantly lower than that in hyperlipidemic subjects (0.282). However, no
significant difference of M and T alleles were observed between healthy
normolipidemic subjects and CAD patientd € 0.200, p = 0.6549).
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Table 4.12 Distribution of genotype frequencies and allelic frequencies of AGT
M235T polymor phism in normolipidemias, hyperlipidemias and CAD patients

Normolipidemia Hyperlipidemia CAD

Variables (n = 105) (n =103) (n =106)
Genotypes

MM 5 (4.7%) 2 (1.9%) 5 (4.7%)

MT 28 (26.7%) 54 (52.5%) 33 (31.1%)

1T 72 (68.6%) 47 (45.6%) 68 (64.2%)

Alleles
M 38 (0.181) 58 (0.282) 43 (0.203)
T 172 (0.819) 148 (0.718) 169 (0.799)

Normolipidemia vs Hyperlipidemia:
MM : /*= 0.552; p= 0.4574; df = 1 Allele frequency: *= 5.376; p = 0.0204; df = 1
MT: »*= 13.390; p= 0.0003; df = 1
TT: 4= 10.260; p = 0.0014; df = 1
Normolipidemia vs CAD:
MM : #*= 0.095; p= 0.7576; df = 1 Allele frequency: 7*= 0.200; p = 0.6549; df = 1
MT: /= 0.318;, p= 0.5731; df = 1
TT: /= 0.285; p= 0.5935; df = 1
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11. Assessment the risk of genotypes and allele frequencies of AGT M235T
polymor phism between normolipidemic and hyperlipidemic subjects

MM Genotype frequencies showed no association with risk of hyperlipidemia
when compared with normolipidemic subjects, as shown in Table 4.13. It seemed
likely to be that AGT MM genotype do not represent a risk factor for hyperlipidemia
(OR = 0.3960, 95% CI : 0.0751-2.0892), and odds ratio was also observed in TT
genotype and showed no association (OR: 0.3847, 95% CI: 0.2185-0.6773). The odds
ratio of MT genotype distribution between hyperlipidemic and normolipidemic
subjects was 3.0306, 95% CI: 1.6965-5.4139, which indicated that MT genotype,
represent a risk factor for hyperlipidemia.

For allele frequencies, M allele frequency showed association with risk of
hyperlipidemia compared with normolipidemia, as shown in Table 4.13 (OR = 1.7738,
95% CI: 1.1149-2.8221). Whereas the odds ratio of T allele was 0.5638 (95% CI:
0.3543-0.8969) in hyperlipidemic subjects compared with normolipidemic subjects
and showed no positive relationship between T allele of M235T polymorphism and
hyperlipidemia.

Table 4.13 The odds ratio of genotype and allele frequencies of AGT M235T

polymor phism between nor molipidemic and hyperlipidemic subjects

Normolipidemia Hyperlipidemia Unadjusted

Variables (n=105) (n=103) odds ratio 95% CiI p-value
Genotypes

MM 5 (4.8%) 2 (1.9%) 0.3960 0.0751-2.0892 0.4574
MT 28 (26.6%) 54 (52.4%) 3.0306 1.6965-5.4139 0.0003
TT 72 (68.6%) 47 (45.7%) 0.3847 0.2185-0.6773 0.0014
Alleles

M 38 (0.181) 58 (0.282) 1.7738 1.1149-2.822 0.0204

T 172 (0.819) 148 (0.718) 0.5638 0.3543-0.8969
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12. Assessment the risk of genotype and allele frequencies of AGT M235T
polymor phism between normolipidemic subjectsand CAD patients

The odds ratio of genotype and allele frequencies of AGT M235T polymorphism
between normolipidemic subjects and CAD patients in this study were summarized in
Table 4.14. The odds ratio of MM, MT and TT genotypes were 0.9901 (95% CI:
0.2780-3.5259), 1.2432 (95% CI: 0.6845-2.2579) and 0.8202 (95% CI: 0.4628-1.4534,
respectively in CAD patients compared with normolipidemic subjects.

The odds ratio of M and T alleles were 1.1517 (95% CI: 0.7089-1.8710) and
0.8683 (95% CI. 0.5345-1.4107), respectively in CAD patients compared with
normolipidemic subjects. The result showed that there was no association between
M235T polymorphism and CAD.

Table 4.14 The odds ratio of genotype and allele frequencies of AGT M235T

polymor phism in normolipidemic subjects and CAD patients

Normolipidemia CAD Unadjusted

Variables (n = 105) (n=106)  odds ratio 95% CI p-value
Genotypes

MM 5 (4.8%) 5 (4.7%) 0.9901 0.2780-3.5259 0.7576

MT 28 (26.6%) 33 (31.1%) 1.2432 0.6845-2.2579 0.5731

TT 72 (68.6%) 68 (64.2%) 0.8202 0.4628-1.4534 0.5935
Alleles

M 38 (0.181) 43 (0.203) 1.1517 0.7089-1.8710 0.6045

T 172 (0.819) 169 (0.799) 0.8683 0.5345-1.4107
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The influence of AGT M235T polymorphism on hypertension between 105

normolipidemic and 103 hyperlipidemic subjects showed no significant differences

between hypertensives and normotensives as shown in Table 4.15.

Table 4.15 Influence of AGT M235T polymorphism and hypertension in

nor molipidemic and hyperlipidemic subjects

Normolidemia subjects (n = 105)

Variables Normotensive Hypertensive v p-value
Genotypes
MM 5 (5.2%) 0 (0%) 0.014 0.9069
MT 26 (27.0%) 2 (22.2%) 0.006 0.9372
1T 65 (6.8%) 7 (77.8%) 0.061 0.8051
Alleles
M 36 (0.187) 2 (0.111) 0.235 0.6278
T 156 (0.813) 16 (0.889)
Hyperlipidemia (n = 103)
Variables Normotensive Hypertensive ? p-value
Genotypes
MM 2 (29.0%) 0 (0%) 0.059 0.8078
MT 34 (49.2%) 20 (58.8%) 0.494 0.4823
T 33 (47.8%) 14 (41.2%) 0.182 0.6695
Alleles
M 38 (0.275) 20 (0.294) 0.014 0.9071
T 100 (0.725) 48 (0.706)
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14. Study on the distribution of AGT M235T polymor phism genotypes and allele
frequencies between gendersin Thai population

The study of genotype and allele frequencies between genders of normolipidemic
subjects, hyperlipidemic subjects, CAD patients and total study population as shown
in Table 4.16, 4.17, 4.18 and 4.19, respectively indicated that the distribution of MM,
MT and TT genotypes as well as M and T alleles showed no significant difference

between genders.

Table 4.16 Distribution of AGT M235T polymorphism genotype and allele

frequencies between gendersin normolipidemic subjects (n = 105)

Variables Male Female  Statistical value
Genotypes
MM 3 (6.1% 2 (3.6%
( ) (3.6%) v?=2.315
MT 16 (32.7%) 12 (21.4%)
p=0.3143,df =2
1T 30 (61.2%) 42 (75.0%)
Total 49 (100%) 56 (100%)
Alleles
M 22 (0.224) 16 (0.143) v*=1.832
T 76 (0.776) 96 (0.857) p=0.1759,df=1

Genotype frequency Male VS Female
MM: #/=0.023,p= 0.8783,df = 1
MT: #=1.159, p= 0.2818, df = 1
TT: /= 1.706, p= 0.1915,df = 1
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Table 4.17 Distribution of AGT M235T polymorphism genotype and allele

frequencies between gendersin hyperlipidemic subjects (n = 103)

Variables Male Female  Statistical value
Genotypes
MM 1(2.8% 1(1.5%
( ) ( ) x*=0.493
MT 20 (55.6%) 34 (50.7%)
p=0.7815,df =2
TT 15 (41.6%) 32 (47.8%)
Total 36 (100%) 67 (100%)
Alleles
E 22 (0.306) 36 (0.269) XZ =0.159
D 50 (0.694) 98 (0.731) p=0.6899,df=1

Genotype frequency Male VS Female
MM: #*=0.089, p = 0.7657, df = 1
MT: 4*=0.067, p= 0.7955, df= 1
TT: /= 0.148, p= 0.7005, df = 1

Table 4.18 Distribution of AGT M235T polymorphism genotype and allele
frequencies between gendersin CAD patients (n = 106)

Variables Male Female Statistical value
Genotypes
MM 2 (3.3% 3 (6.5%
( ) ( ) v*=0.589
MT 19 (31.7%) 14 (30.5%)
p=0.7448, df = 2
TT 39 (65.0%) 29 (63.0%)
Total 60 (100%) 46 (100%)
Alleles
E 23 (0.192) 20 (0.217) Xz =0.084
D 97 (0.808) 72(0.783) p=0.7723,df =1

Genotype frequency Male VS Female
MM: »*=0.093, p= 0.7602, df = 1
MT: ##=0.006, p = 0.9395, df = 1
TT: = 0.000, p= 0.9969, df = 1
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Table 4.19 Distribution of AGT M235T polymorphism genotype and allele

frequencies between gendersin Thai population (n = 314)

Variables Male Female Statistical value
Genotypes
MM 6 (4.2% 6 (3.6%
( ) ( ) 220315
MT 55 (37.9%) 60 (35.5%)
p=0.8541,df =2
TT 84 (57.9%) 103 (60.9%)
Total 145 (100%) 169 (100%)
Alleles
M 67 (0.231) 72 (0.213) v*=0.199
T 223 (0.769) 266 (0.787) p=0.6558,df=1

Genotype frequency Male VS Female
MM: »*=0.001, p = 0.9805, df = 1
MT: 4#=0.107, p= 0.7431, df = 1
TT: /= 0.183, p= 0.6690, df = 1
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15. Study on the genotype and allele frequencies of T174M polymorphism of AGT
gene
15.1 Hardy-Weinberg equilibrium
Genotype and allele frequencies of AGT T174M polymorphism in among 3
groups were presented in Table 4.20. All genotypes of AGT T174M polymorphism
were in consistent with an expected population of Hardy-Weinberg equilibrium using

binomial equation as following: (p+oF p* + 2pq + G.

Table 4.20 The distribution of genotype and allele frequencies of AGT T174M
polymor phism in Hardy-Weinberg equilibrium

Normolipidemia Hyperlipidemia CAD All subjects
Variables (n = 105) (n=103) (n=106) (n=314)
Genotype
1T 84 86 84 254
™ 20 17 20 57
MM 1 0 2 3
rZ 0.025 0.833 0.385 0.010
p-value 0.9875 0.6593 0.8248 0.995
Alleles
T 0.90 0.92 0.89 0.90
95% CI  0.8465-0.9298 0.8718-0.9478 0.8371-0.9227 0.8702-0.9180
M 0.10 0.08 0.11 0.10

95% CI  0.0702-0.1535 0.0522-0.1282 0.0773-0.1629 0.0792-0.1263
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15.2 Genotype frequencies

Genotype frequencies of T174M polymorphism of AGT gene were
presented in Table 4.21. The frequencies of TT, TM and MM genotypes in
normolipidemic subjects were 80.0%, 19.0% and 1.0%, respectively, hyperlipidemic
subjects: 83.5%, 16.5% and 0%, respectively, and CAD patients: 79.2%, 18.9% and
1.9%, respectively.

Chi-square analysis indicated that genotype distributions fo £10(224;
p = 0.6364), TM %? = 0.089; p = 0.7656) and MMyt = 0.000; p = 0.9923) of
hyperlipidemic group were not significantly different when compared with healthy
normolipidemic subjects. The genotype distributions of CAD subjects compared with
healthy normolipidemic subjects, also showed no statistical significance for>ET (

0.001; p = 0.9722), TMyf = 0.020; p = 0.8868) and MM{= 0.000; p = 0.9934).

15.3 Allele frequencies
Allele frequencies of T174M of AGT gene were calculated and displayed in
Table 4.21. By using the gene counting method, estimated allele frequencies of T and
M allele showed no significant difference between healthy normolipidemic and
hyperlipidemic subjectsyf=0.372; p=0.5420). The similar results were obtained when
compared between healthy normolipidemic subjects and CAD patiért®(015; p =
0.9028).
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Table 4.21 The genotype and allele frequencies of AGT T174M polymorphism in
healthy normolipidemic, hyperlipidemic subjects and CAD patients

Normolipidemia Hyperlipidemia CAD

Variables (n = 105) (n =103) (n =106)
Genotypes

1T 84 (80.0%) 86 (83.5%) 84 (79.2%)

™ 20 (19.0%) 17 (16.5%) 20 (18.9%)

MM 1 (1.0%) 0 (0%) 2 (1.9%)

Alleles
T 188 (0.895) 189 (0.917) 188 (0.887)
M 22 (0.105) 17 (0.830) 24 (0.113)

Normolipidemia vs Hyperlipidemia:
TT: /2= 0.224; p= 0.6364; df = 1
T™M : ##= 0.089; p= 0.7656; df = 1
MM : #*= 0.000; p= 0.9923; df = 1

Normolipidemia vs CAD:

TT: /= 0.001; p= 0.9722; df = 1
TM : ##= 0.020; p= 0.8868; df = 1
MM : #*= 0.000; p= 0.9934; df = 1

Allele frequency: »°= 0.372; p= 0.5420; df = 1

Allele frequency: *= 0.015; p = 0.9028; df = 1
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16. Assessment the risk of genotype and allele frequencies of AGT T174M
polymor phism between normolipidemic and hyperlipidemic subjects

The odds ratio of genotype and allele frequencies of AGT T174M polymorphism
between normolipidemic and hyperlipidemic subjects in this study were summarized
in Table 4.22. The odds ratio of TT and TM genotypes were 1.2647 (95% CI. 0.6239-
2.5637) and 0.8401 (95% CI. 0.4119-1.7134), respectively in hyperlipidemic
compared with normolipidemic subjects. The odds ratio of MM genotype was not
calculated because of the absence of MM genotype in hyperlipidemic subjects.

The odds ratio of T and M alleles were 1.3010 (95% CI: 0.6695-2.5281) and
0.7686 (95%CI: 0.3955-1.4936), respectively in hyperlipidemic subjects compared
with normolipidemic subjects. These results indicated that there were no association
between AGT T174M polymorphism and hyperlipidemia.

Table 4.22 The odds ratio of genotype and allele frequencies of AGT T174M

polymor phism in normolipidemic and hyperlipidemic subjects

Normolipidemia Hyperlipidemia Unadjusted

Variables (n = 105) (n=103) odds ratio 95% ClI p-value
Genotypes
TT 84 (80.0%) 86 (83.5%) 1.2647 0.6239-2.5637 0.6367
™ 20 (19.0%) 17 (16.5%) 0.8401  0.4119-1.7134 0.7656
MM 1 (1.0%) 0 (0%) - - 0.9923
Alleles
T 188 (0.895) 189 (0.917) 1.3010 0.6695-2.5281 0.5420

M 22 (0.105) 17 (0.830) 0.7686  0.3955-1.4936
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17. Assessment the risk of genotype and allele frequencies of AGT T174M
polymor phism between normolipidemic subjectsand CAD patients

The odds ratio of genotype and allele frequencies of AGT T174M polymorphism
between normolipidemic subjects and CAD patients in this study were summarized in
Table 4.23. The odds ratio of TT, TM and MM genotypes were 0.9545 (95% CI:
0.4884-1.8656), 0.9884 (95% CI: 0.4965-1.9676), and 2.0000 (95% CI: 0.1786-
22.3983), respectively in CAD patients compared with normolipidemic subjects.

The odds ratio of T and M alleles were 0.9167 (95% CI: 0.4967-1.6918) and
1.0909 (95% CI: 0.5911-2.0134), respectively in CAD patients compared with
normolipidemic subjects. These results also suggested that there were no associations

between AGT T174M polymorphism and CAD patients.

Table 4.23 The odds ratio of genotype and allele frequencies of AGT T174M

polymor phism in normolipidemic subjects and CAD patients

Normolipidemia CAD Unadjusted

Variables (n = 105) (n=106) odds ratio 95% CI p-value
Genotypes

TT 84 (80.0%) 84 (79.2%) 0.9545 0.4884-1.8656 0.9722

™ 20 (19.0%) 20(18.9%) 0.9884 0.4965-1.9676 0.8868

MM 1 (1.0%) 2 (1.9%) 2.0000 0.1786-22.3983 0.9934
Alleles

T 188 (0.895) 188 (0.887) 0.9167 0.4967-1.6918 0.9028

M 22 (0.105) 24 (0.113) 1.0909 0.5911-2.0134
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18. Influence of AGT T174M polymor phism and hypertension

The influence of AGT T174M polymorphisms on hypertension was observed in
105 normolipidemic and 103 hyperlipidemic subjects which showed no significant
differences between hypertensives and normotensives among these subjects as shown
in Table 4.24.

Table 4.24 Influence of AGT T174M polymorphism and hypertension in
nor molipidemic subjects and hyperlipidemia patients

Normolipidemic subjects (n = 105)

Variables Normotensive Hypertensive y? p-value
Genotypes
TT 77 (80.2%) 7 (77.8%) 0.068 0.7937
™ 19 (19.8%) 1(11.1%) 0.036 0.8491
MM 0 (0%) 1 (11.1%) 2.211 0.1370
Alleles
\ 173 (0.901) 15 (0.833) 0.244 0.6210
M 19 (0.099) 3(0.167)

Hyperlipidemic subjects (n = 103)

Variables Normotensive  Hypertensive v p-value
Genotypes
TT 59 (85.5%) 27 (79.4%) 0.251 0.6161
™ 10 (14.5%) 7 (20.6%) 0.251 0.6161
MM 0 (0%) 0 (0%) - -
Alleles
T 128 (0.928) 61 (0.897) 0.229 0.6324

M 10 (0.072) 7 (0.103)
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19. Study on the distribution of AGT T174M polymorphism genotype and allele
frequencies between gendersin Thai population

The study of genotype and allele frequencies between genders of normolipidemic
subjects, hyperlipidemic subjects, CAD patients and total study population as shown
in Table 4.25, 4.26, 4.27 and 4.28, respectively, indicated that the distribution of TT,
TM and MM genotypes as well as T and M alleles showed no significant differences

between genders.

Table 4.25 Distribution of AGT T174M polymorphism genotype and allele

frequencies between gendersin normolipidemic subjects (n = 105)

Variables Male Female Statistical value
Genotypes
TT 37 (75.5%) 47 (83.9%) y
y~=2.535
™ 12 (24.5%) 8 (14.3%)
p=0.2815,df =2
MM 0 (0%) 1(1.8%)
Total 49 (100%) 56 (100%)
Alleles
T 86 (0.878) 102 (0.911) XZ =0.310
M 12 (0.122) 10 (0.089) p=0.5775,df =1

Genotype frequency Male VS Female
TT: /#=0.691, p = 0.4058, df = 1
TM: /#=1.165, p= 0.2804, df= 1
MM: 7%= 0.005, p= 0.9465, df = 1
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Table 4.26 Distribution of AGT T174M polymorphism genotype and allele

frequencies between gendersin hyperlipidemic subjects (n = 103)

Variables Male Female  Statistical value
Genotypes
TT 30 (83.3%) 56 (83.6%) 5
x~ = 0.060
™ 6 (16.7%) 11 (16.4%)
p = 0.8058, df =2
MM 0 (0%) 0 (0%)
Total 36 (100%) 67 (100%)
Alleles
T 86 (0.878) 102 (0.911) Xz =0.310
M 12 (0.122) 10 (0.089) p=0.5775,df=1

Genotype frequency Male VS Female
TT: 4#=0.060, p= 0.8058, df = 1
TM: *=0.060, p = 0.8058, df = 1

Table 4.27 Distribution of AGT T174M polymorphism genotype and allele
frequencies between gendersin CAD patients (n = 106)

Variables Male Female Statistical value
Genotypes
TT 48 (80.0%) 36 (78.3%) )
x“ = 0.066
™ 11 (18.3%) 9 (19.5%)
p=0.9674,df=2
MM 1 (1.7%) 1 (2.2%)
Total 60 (100%) 46 (100%)
Alleles
T 107 (0.892) 81 (0.880) ¥*=0.001
M 13 (0.108) 11 (0.120) p=0.9704,df=1

Genotype frequency Male VS Female
TT: 4#=0.001, p= 0.9818, df = 1
TM: #*=0.008, p = 0.9285, df = 1
MM: ##=0.281, p= 0.5961, df = 1
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Table 4.28 Distribution of AGT T174M genotypes and allele frequencies between
gendersin Thai population (n = 314)

Variables Male Female Statistical value
Genotypes
TT 115 (79.3%) 139 (82.2%) 5
x°=0.789
™ 29 (20.0%) 28 (16.6%)
p=0.6741,df =2
MM 1 (0.7%) 2 (1.2%)
Total 145 (100%) 169 (100%)
Alleles
i 259 (0.893) 306 (0.905) XZ =0.141
M 31 (0.107) 32 (0.095) p=0.7076,df=1

Genotype frequency Male VS Female
TT: /= 0.267, p= 0.6057, df = 1
TM: #=0.409, p = 0.5224, df = 1
MM: %= 0.018, p= 0.8939, df = 1
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20. Study on the distribution of AGT M235T genotypes according to eNOS
E298D genotypesin normolipidemic, hyperlipidemic subjectsand CAD patients

From the result in Table 4.29, the carriers of AGT 235 non-TT + eNOS EE
genotype were significantly associated with the risk of hyperlipidemia (OR=2.675,
95%Cl: 1.399 - 5.115, p=0.004). While there was not any association of the interaction
of AGT M235T and eNOS E298D genotypes in CAD patients compared with
normolipidemic subjects (Table 4.30).

Table 4.29 Distribution of AGT M235T genotypes according to eNOS E298D

genotypesin normolipidemic, and hyperlipidemic subjects

eNOS EE eNOS non-EE
Variables Normolipidemia  Hyperlipidemia  Normolipidemia  Hyperlipidemia
AGT 235 non-TT 26 43 7 13
AGT 235TT 55 34 17 13
Unadjusted OR 2.675 2.429
95% ClI 1.399-5.115 0.755-7.814
2 8.108 1.472
p-value 0.004 0.225

Table 4.30 Distribution of AGT M235T genotypes according to eNOS E298D
genotypes in normolipidemic subjects and CAD patients

eNOS EE eNOS non-EE
Variables Normolipidemia CAD Normolipidemia CAD
AGT 235 non-TT 26 27 7 11
AGT 235TT 55 55 17 13
Unadjusted OR 1.038 2.055
95% ClI 0.539 - 2.000 0.624 - 6.764
x? 0.000 0.800

p-value 1.000 0.371
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21. Study on the distribution of AGT T174M genotypes according to eNOS
E298D genotypes in normolipidemic subjects, hyperlipidemic subjects and CAD
patients

From the Tables 4.31 and 4.32, genotype distributions for combination of AGT
T174M and eNOS E298D polymorphisms did not differ among normolipidemic,
hyperlipidemic subjects and CAD patients. This can be suggested that there was no
synergistic contribution of AGT T174M and eNOS E298D polymorphisms to the risk
of hyperlipidemia and CAD.

Table 4.31 Distribution of AGT T174M genotypes according to eNOS E298D

genotypes in normolipidemic and hyper lipidemic subjects

Variables eNOS EE eNOS non-EE
Normolipidemia  Hyperlipidemia  Normolipidemia  Hyperlipidemia
AGT 174 non-TT 16 11 5 6
AGT 174 TT 65 66 19 20
Unadjusted OR 0.677 1.140
95% ClI 0.292 — 1.569 0.298 — 4.365
Xz 0.492 0.000
p-value 0.483 1.000

Table 4.32 Distribution of AGT T174M genotypes according to eNOS E298D

genotypesin normolipidemic subjectsand CAD patients

. eNOS EE eNOS non-EE
Variables
Normolipidemia CAD Normolipidemia CAD

AGT 174 non-TT 16 18 5 4
AGT 174TT 65 64 19 20

Unadjusted OR 1.143 0.760

95% Cl 0.536 — 2.435 0.177 — 3.263

v 0.023 0.000

p-value 0.879 1.000
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22. Study on the distribution of AGT M235T genotypes according to AGT
T174M genotypesin normolipidemic, hyperlipidemic subjectsand CAD patients

The results in Table 4.33 indicated that the frequency of AGT 235 non-TT +
AGT 174 TT individuals was significantly increased in hyperlipidemic subjects
compared to the normolipidemic subjects (OR=2.544, 95%CI1.363 - 4.750, p=0.003).

While the combination of AGT 235 genotypes and AGT 174 genotypes showed
no association with CAD patients when compared with normolipidemic subjects
(Table 4.34).

Table 4.33 Distribution of AGT M235T genotypes according to AGT T174M

genotypes in normolipidemic and hyper lipidemic subjects

Variables AGT 174 TT AGT 174 non-TT
Normolipidemia  Hyperlipidemia Normolipidemia  Hyperlipidemia
AGT 235 non-TT 27 47 6 9
AGT 235TT 57 39 15 8
Unadjusted OR 2.544 2.813
95% ClI 1.363 - 4.750 0.734 -10.772
XZ 7.866 1.427
p-value 0.003 0.232

Table 4.34 Distribution of AGT M235T genotypes according to AGT T174M
genotypesin healthy normolipidemic subjectsand CAD patients

, AGT 174 TT AGT 174 non-TT
Variables
Normolipidemia CAD Normolipidemia CAD

AGT 235 non-TT 27 36 6 2
AGT 235 TT 57 48 15 20

Unadjusted OR 1.583 0.250

95% ClI 0.844 -2.972 0.044 - 1.417

v 1.625 1.560

p-value 0.202 0.212
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23. The comparison of allele frequencies of eNOS E298D polymorphism in
different populations

The allele frequencies of eNOS E298D polymorphism from Thai population in
this study were compared with other ethnic racial population as shown in Table 4.35.
The distribution of E and D alleles frequencies among different populations were
compared by Chi-square analysis. The result showed highly significant differences in
allele frequencies between Thai and various populations. Caucasian populations
showed higher significant differences of allele D frequencies compared with Thai
population, whereas other Asians populations showed lower significant difference of

allele D frequencies.
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Table 4.35 Comparison of eNOS E298D polymor phism in different populations

No. of Allele frequency

Countries subjects E D p-value References

Thailand 314 0.88 0.12 Present study

Taiwan 179 0.90 0.10 0.3952 wu YW, et al. 2008™)
Korea 366 0.91 0.09 0.0856 Kim 1J, et al. 2008
Korea 238 0.93 0.07 0.0078 Yoon Y, et al. 2006*?
Japan 924 0.93 0.07 0.0001 Kishimoto T, et al. 2004
Japan 892 0.92 0.08 0.0034 shimasaki Y, et al. 1948
India 139 0.85 0.15 0.2567 Srivastava K, et al. 2065°
Chilee 184 0.81 0.19  0.0034 jaramillo P, et al. 20018
Brazil 105 0.76 0.24  <0.0001 Hirata RDC, et al. 200%?
Tunisia 220 0.73 0.27  <0.0001 Kerkeni M, 2006 et af*®"
Turkey 400 0.68 0.32 <0.0001 Afrasyap L, et al. 200%?
Turkey 198 0.66 0.34 <0.0001 cam SF, et al. 2065
Turkey 198 0.66 0.34  <0.0001 Berdeli A, et al. 200%”
Italy 315 0.66 0.34 <0.0001 Colombo MG, et al. 206%
Italy 415 0.65 0.35 <0.0001 Colombo MG, et al. 206%
ltaly 131 0.66 0.34  <0.0001 Spoto B, et al. 2005
France 76 0.64 0.36  <0.0001 Heltianu C, et al. 2065%
Germany 3250 0.67 0.33  <0.000&Gardemann A, et a2002%
Germany 80 0.64 0.36  <0.0001 schneider M, et al. 2066
Germany 72 0.60 0.40  <0.0001 Fricker R, et al. 200#”
Romania 319 0.58 0.42  <0.0001 Heltianu C, et al. 2005*
UK 100 0.68 0.32  <0.0001 Guzik TJ, et al. 2001
UK 436 0.57 0.43  <0.0001 Hingorani AD, et al1999%®)

Australia 232 0.69 0.31 <0.0001 Benjafield AV, et al200¢'*
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24. The comparison of AGT M235T allele frequenciesin different populations

The AGT M235T allele frequencies from Thai population in this study was also
compared with other racial ethnic populations (Table 4.36), using Chi-square analysis
to test statistically significant differences in the allele frequencies between different
populations. The result showed highly significant differences in allelic frequencies of
AGT M235T gene between Thai and various populations. All of Caucasian
populations contained T allele significantly lower than that of Thai and other Asian
populations.
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Countries No.of -_Allele frequency p-value References

subjects M
Thailand 314 0.22 0.78 Present study
Japan 402 0.20 0.80  0.3906 Kishimoto T, et al. 2001*
Japan 679 0.20 0.80  0.3348 Ichihara S, et al. 1997"
Japan 186 0.17 0.83 0.0682 Hata A, et al. 1994
China 1555 0.20 0.80 0.2795 Niu T, et al. 1998
Taiwan 245 0.13 0.87 0.0001 Chang HR, et al. 2083"
Taiwan 694 0.15 0.85 0.0001 TsaicCT, etal. 200%
New Zealand 828 0.59 0.41 <0.000Katsuya T, et al. 1995
United Arab Emirates 196 0.44  0.56 <0.0001 Frossard PM, et al. 194&
Turkey 174 0.59 0.41 <0.0001 Agachan B, et al. 20639
Turkey 243 0.56  0.44 <0.0001 Sekuri C, et al. 200%)
Turkey 198 0.55 0.45 <0.0001Berdeli A, et al. 200%”
Germany 236 0.61 0.39 <0.0001 Mondorf UF, et al. 1998
Germany 299 0.56 0.44  <0.0001 Winkelmann BR, et al999*
Germany 2250 0.57 0.43 <0.0001Gardemann A, etal. 1999
France 826 0.59  0.41 <0.0001Tirel L, et al. 2006
France 1311 0.58  0.42 <0.0001TiretL, et al. 1998
Italy 300 0.65 0.36 <0.0001Mettimano M, et al. 2001
Italy 414 0.56  0.44 <0.0001Fatini C, et al. 2008"
Spain 614 0.49 051 <0.0001Pe’rez JC, et al. 2069
Spain 150 0.51 0.49  <0.0001Llama PF, et al. 19$8°
Denmark 9184 059  0.41 <0.0001Sethi AA, et al. 2003""
Czech 358 0.54 0.46  <0.0001 Goldbergova M, et akoo3**®
Poland 400 0.50 0.50 <0.0001 Buraczynska M, et ak003'®
Romania 59 0.51 0.49  <0.0001 Procopciuc L, et al. 206%%
UK 153 0.60 0.40 <0.0001Morgan L, et al. 1996
Canada 741 0.59  0.41 <0.0001 Gutierrez C, et al. 1947°
USA 403 0.44 0.56  <0.0001 Fornage M 199%*)
Brazil 150 0.43 0.57 <0.0001 Pereiral AC, et al. 2061%




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 105

25. The comparison of AGT T174M allele frequenciesin different populations

The comparison of allele frequencies of AGT T174M of Thai population in this
study with other ethnic racial populations (Table 4.37), using Chi-square analysis. The
result showed no significant differences when compared to Taiwan, Japanese, United
Arab Emirates, Turkish, German, France, Spanish and Danish populations but showed
significant allele frequencies of this gene when compared with Chinese, Italian, UK,

Croatia and Canadian populations.

Table 4.37 Comparison of AGT T174M polymor phism different in population

No. of Allele frequency

Countries subjects T M p-value References

Thailand 314 0.90 0.10 Present study

Taiwan 245 0.90 0.10 (.g200 ChangHR, etal. 203"
Taiwan 682 0.89 0.11 (5g53g TsaiCT, etal 200%
Japan 679 0.91 0.09 (5287 Ichiharas, etal. 1997
China 1555 0.93 0.07 (o117 NiuT,etal. 19967
United Arab Emirates 196 0.89 0.12 (3ggg Frossard PM, et al. 1968’
Turkey 180 0.93 0.07 (1396 Agachan B, etal. 2003?
Germany 2250 0.88 0.12 (.1640 Gardemann A, et al999*
France 1307 0.88 0.12 (1818 TiretL, etal 1998%
France 826 0.87 0.13 (o594 TirelL, etal. 2006™
Spain 150 0.91 0.09 (7164 LlamaPF,etal. 1998°
Denmark 9184 0.88 0.12 (1449 SethiAA, etal. 2003
Italy 200 0.85 0.15 (oogo Fatini C, et al. 2006"

UK 153 0.82 0.18 (opoog MorganL, etal 1996

Canada 741 0.82 0.18 <0 0001 Hegele RA, et al. 1994%
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26. Multivariate binary logistic regression model and predicting variables for
primary hyperlipidemia

The crude odds ratio of D allele of eNOS E298D (Table 4.4), T allele of AGT
M235T (Table 4.13) and M allele of T174M polymorphism (Table 4.22) showed no
relationship with hyperlipidemia. For AGT M235T, M allelic frequency showed
association with risk of hyperlipidemia when compared with T allele of
normolipidemia (OR = 1.774, 95% CI : 1.115-2.822, p=0.020). The stepwise logistic
regression was also performed to indicate the independent risk factor and showed that
the subjects carrying D allele of eNOS E298D and M allele of T174M gene
polymorphisms were not significant independent risk factor for hyperlipidemia as
shown in Table 4.38. However, M allelic frequencies of AGTM235T revealed a
stronger association with hyperlipidemia (adjusted OR=2.088, 95%CI: 1.220 — 3.573,
p=0.007).

Other risk factors such as age and BMI were also found to be independent
predictors of hyperlipidemia leading to CAD. This finding suggested that M allele of
AGT M235T gene was independent risk factors for hyperlipidemia in Thai population.

Table 4.38 Results of multivariate binary logistic regression model and predicting

variablesfor primary hyperlipidemia

Adjusted
Predictor variables Coefficient ~SE  Odds ratio 95% CI p-value
Age 0.071 0.014 1.074 1.046 —1.103 <0.001
Height -0.034 0.019 0.967 0.931-1.003 0.074

Diastolic blood pressure  -0.069 0.013 0.933 0.910-0.957 <0.001
BMI 0.134 0.045 1.143 1.047 -1.248 0.003
eNOS E298D_D allele 0.3630.345 1.438 0.731-2.829 0.292
AGT M235T_M allele 0.736 0.274 2.088 1.220-3.573 0.007

AGT T174M_M allele -0.146 0.399 0.864 0.395-1.890 0.714
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CHAPTER YV
DISCUSSION

Several risk factors for CAD have been identified, such as gender, age, blood
pressure, cholesterol level and smoking and showed a strong relationship between
these risk factor and CAD. However, development of CAD is not associated with only
traditional risk factors in most cases. CAD is a complex multifactorial disorder
exhibiting interaction between environmental and multiple genetic factors. Therefore,
the identification of new cardiovascular risk factors, especially a genetic nature,
should be concentrated. Numerous genetic polymorphisms increase the CAD risk
which is revealing this effect in the presence with other genetic and non-genetic risk
factors. Therefore, the associations between the eNOS and AGT genes polymorphisms
and CAD risk in Thai population were identified in this study.

Guzik et al*®® examined the relationships between NO-mediated endothelial
function and clinical risk factors for atherosclerosis. Nitric oxide (NO) bioactivity was
investigated in vein segments, endothelium-dependent vasorelaxations to different
agonists (acytylcholine, bradikinin, and nitroprusside) in human saphenous veins
obtained from patients with CAD and identified risk factors (hypertension,
hypercholesterolemia, smoking, DM and E298D variant). These data indicated that
increased atherosclerotic risk factor profile is associated with reduced acetylcholine —
dependent vasorelaxations (r = -0.54, P<0.001), suggesting that vasorelaxation
reduction was associated with increased number of clinical risk factors for
atherosclerosis. The endothelium-NO, another potent vasodilator which plays a critical
role in vascular biology, including regulation of vascular tone and blood pressure was
identified as a vasoprotective agent against important events during atherosclerosis.
The vasodilative NO is generated via endothelial nitric oxide synthase (eNOS), hence
eNOS gene has been identified as a further susceptibility gene of CAD. It was
believed that the E298D polymorphism has a role in functional alterations in

endothelium -dependent vasodilation. However, the mechanism by which the E298D
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variant could alter the eNOS activity remains controversial.

From the report of Tesauro et ®. revealed that the eNOS isoforms are
processed differently depending on the presence of aspartate (D) or glutamate (E) at
codon 298. By which the eNOS protein with D variant is more susceptibility to
intracellular cleavage than the eNOS protein with E variant. Tanus-Santo$°ét al.
examined the effects of eNOS variants in platelet-derived NO and platelet function
and also assessed the effect of estradiol on platelet function. Venous blood from 47
healthy Caucasians were genotyped for E298D polymorphism. The data demonstrated
that the eNOS with D variants played a role in decrease platelet-derived NO (p=0.007)
and did not effect ADP-induced platelet aggregation (p>0.05). However, estradiol
significantly increases platelet aggregation (p=0.004) in individuals homozygous for
the DD variant, suggesting that D variant may influence the thrombotic response in the
presence of estradiol. This study corresponded to the previous study showing that
platelets from patients with acute coronary syndromes produced significantly less NO
than did those from patients with stable an{ffa In addition, Cooke et &% also
found that the D variant may result in a decrease in eNOS activity by reducing a
conformational change from helix to tight turn in the eNOS.

The investigation of Yoon et &% was not consistent with those. The E298D
polymorphism was associated with increased plasma NO level only in control subjects
whereas genotype with D allele represented higher NO level than genotype with E
allele.

For the association study between E298D polymorphism and CAD, it was
obtained from several studies that found the positive risk of D variant with CAD. The
study of Shimasaki et & showed that the E298D variant was significant higher in
myocardial infarction (MI) group than in the control group. In which the frequency of
D variant was significantly higher in the MI group than in the control (p=0.003),
indicated that the presence of D variant represented a possible genetic risk factor for
MI in Japanese populations. This results was in agreement with the report of
Gardemann et &%), that investigated D allele carriers and found an increased risk of
CAD (OR=1.43, 95%CIl: 1.05-1.96, p=0.025) including the extent of the disease
(p=0.037) in young German individuals (&§é&, mean age). The study of Morray et

a."®) in a cohort of 814 American patients after infarction enrolled in the
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Thrombogenic Factors and Recurrent Coronary Events (THROMBO) has been
confirmed these findings and also found that DD genotypes are independently
associated with a significantly earlier occurrence of coronary events. The patients
carrying the DD genotype experienced a first Ml at a significantly younger age than
the patients carrying either the EE or ED genotypes (age at first Ml of EE, ED and DD
were 58.4, 59.4 and 55.2, respectively, p=0.036). Within the subgroup of a first Ml at
age < 50 years, DD variant was found to be associated with onset of a first MI when
compared with non-DD variants (OR=2.15, 95%Cl: 1.18-3.91, p= 0.01).

The report of Colombo et & evaluated the association of eNOS E298D gene
polymorphism with the presence, extent, and severity of angiographic CAD. The
frequencies of the DD genotypes in the CAD group were significantly higher than
those of controls (15.9% vs. 6.1%, p=0.0136). In comparison with subjects who had
genotype with E allele, the risk of CAD was increased among DD carriers (OR=2.9,
95%ClI: 1.2-6.8, p = 0.01). In addition, there was a significant association between the
polymorphism and number of stenosis vessels (p=0.01). This result was consistent
with the other repoﬁ“) which observed that the individuals with DD genotype
conferred an increase risk for CAD compared with the carrying non-DD individuals.

The investigation of Cam et &, which studied in 115 CAD Turkish patients
and 83 control subjects, also showed that the patients group showed an increase in the
frequency of the D allele compared to controls (p=0.0001). There was a significant
association between the DD genotype and premature CAD when compared with EE
and ED genotype (OR=17.000, 95%CI: 3.592-73.125, p=0.0001). The same results
were obtained from the study in the populations of JEPanUK®®® Franc&®
Tunisid'®®, Turkey*®. All of these suggested a major risk factor between E298D
polymorphism and increased risk of CAD in the populations.

The numerous studies have reported the positive association of eNOS E298D
polymorphism with cardiovascular disease, however, inconsistent data have also been
observeff?9111:113116-118.162)afragvap et aft®? observed no significant difference of
serum mean NO level between healthy controls and CAD patients. The distribution
frequency of E298D variant also showed no significant difference between the groups.
The results showed that the CAD of Turkish population seemed to develop without

any alterations in eNOS E298D genotype frequency and the serum nitric oxide level.
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Jaramillo et af*'? investigated the association between occurrences of CAD
documented by angiography and the E298D gene polymorphism in Chilean
individuals. The results showed that the genotype distribution and allele frequencies
were not significantly different between CAD and control subjects. The odds ratio for
CAD associated with the D variant failed to reach statistical significance. While a
case-control study of Granath et’8P also found no significant difference between
CAD patients and controls in the frequencies of any allele or genotype for the E298D
polymorphism with premature CAD in an Australian Caucasian. In addition, Kim et
al** found no evidence that the polymorphism is associated with CAD in Korean
population. Wu et dt™® also reported no evidence for a significant difference in risk
of premature CAD between genotype classes of the E298D polymorphism in
Taiwanese population, consistent with the study of Fatini et al. in (fljaBuzik et
al. in UK*®® and in this study. These results suggested that the E298D polymorphism
of the eNOS gene was not associated with CAD in this individual subjects.

In this study E298D polymorphism of eNOS gene was investigated in 103
hyperlipidemic subjects and 106 CAD patients compared with 105 healthy
normolipidemic subjects. The distribution of frequency of DD homozygous genotype
of E298D polymorphism was 2.8% in CAD which was not found in hyperlipidemic
and healthy normolipidemic subjects. However, this DD genotype did not reach the
significant level (p=0.24). This may be due to the small samples size. No association
was also observed between this polymorphism and CAD risk in our present study. Our
report also revealed significant difference neither allele nor genotype distribution
frequencies between hyperlipidemic and normolipidemic subjects. It can be concluded
that this variant did not show the association with hyperlipidemia and CAD
corresponding with the study of Hirata, ef'&f who found that the frequency of the
D variant was similar between familial hypercholesterolemia and controls (27% vs.
22%, p>0.05).

Several reports have represented the association among eNOS E298D
polymorphism and risk of hypertension. Miyamoto ef?®3lexamined the possible
association between essential primary hypertension and the E298D variant by
performed a large scale case-control study using two independent populations from

Kyoto and Kumamoto in Japan. In both groups, D variant showed a strong association
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with essential hypertension when compared with normotensive subjects (Kyoto:
OR=2.3, 95%CI: 1.4-3.9, p=0.0015; Kumamoto: OR=2.4, 95%Cl: 1.4-4.0, p=0.0007).
The D allele distribution frequency in hypertensive subjects were significantly higher
than those in normotensive subjects in both groups (Kyoto:0.103 vs. 0.050, p=0.0017,
Kumamoto: 0.120 vs. 0.058, p=0.0013). Shoji ét'&lwhich identified E298D in 183
hypertensive and 193 normotensive populations revealed that the 298D variant had a
significant positive association with hypertension (OR=1.8; 95%CI: 1.1-3.0,
p=0.0376). Moreover, diastolic and mean arterial blood pressures were significantly
higher in hypertensive subjects with the D allele than those without the variant
(p=0.032 and p=0.049, respectively). Hence it can be concluded that E298D variant
may be a genetic susceptibility factor for hypertension.

However, in our results; the E298D variants did not showed any association
with hypertension in both systolic and diastolic blood pressures. Nevertheless, our
results were in accordance with Benjafield et'%l.that analyzed the association of
eNOS E298D polymorphism in 91 hypertensives compare with 149 normotensives
and observed no association for the variant with hypertension. The retrospective
cohort study of Kishimoto et &% also suggested no association between the E298D
gene polymorphism and the incidence of hypertension. The report of Heltiartf8t al.
found that eNOS E298D gene polymorphism represented a significantly frequent risk
factor for CAD, but this variant distribution frequency did not significantly differ
when studied in hypertensive compared with normotensive subjects. All of the results
were in accordance with the study of Bonnardeaux &f°hthat did not showed
moleculawvariants of the eNOS gene involviedessential hypertension.

Besides the eNOS gene, the AGT genetic variant is another selected candidate
gene that plays an important role in cardiovascular remodeling. AGT is the precursor
to form a potent vasoconstrictor, Ang-Il. However, it is unclear how this genetic
variant might influence the activity of RAS and thereby contribute to the
predisposition to CAD. The results remain controversial and inconclusive. However,
several reports have linked some variants of the AGT gene with an increase risk of
cardiovascular disease. Ferna'ndez-Arca’s P dlas investigated the association of
M235T polymorphism of AGT gene with Ml in Spanish population. The higher 235M
allele frequency was observed in the MI subjects without CAD risks (hypertension,
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elevated serum cholesterol, and cigarette smoking) as compared to the control subjects
(0.69 vs. 0.42, p<0.01). The strong associations between the MM genotype and Mi
(OR=4.29, 95%CI: 1.95-9.42, p<0.001) as well as the M allele (OR=2.6, 95%ClI:
1.46-4.6, p<0.01) were found. Furthermore, the subjects with the 235MM genotype
showed a significantly higher plasma renin activity (PRA) profile than those with the
TT235 genotype (p<0.001). This result concluded that the M allele is an independent
risk factor for Ml.

Sekuri et al®® has studied in Turkish population and demonstrated that
increased premature CAD associated with higher frequencies of the 235MM genotype
when compared with non-MM genotypes (OR=1.92, Cl 95%:1.11-3.33, p=0.018).
Berdeli et af'? also investigated in Turkish population and found that increased CAD
risk was associated with higher frequencies of the AGT 235MM genotype (OR=2.407,
95%Cl: 1.267-4.573, p=0.007).

Tsai et af®®”’had selected a total of 250 patients with documented nonfamilial
structural atrial fibrillation (AF) and 250 controls and found that AGT M235T
polymorphism associated with risk of AF. The frequency of the 235M allele was
significantly higher in cases than in controls (P<0.001). The genotype with M allele
had a positive risk with AF when compared with TT genotype (OR=2.5, 95%CI: 1.7-
3.3).

The study of Ayed et &t*® had investigated the association of AGT M235T
gene polymorphisms with chronic allograft dysfunction and showed that the renal
allograft recipients with chronic allograft dysfunction had significantly higher
frequencies of the MM genotype than those recipients without chronic allograft
dysfunction and controls (47.8%, 25.0% and 21.6%, respectively, p <0.05).

However, some inconsistent data have been reported. Batalla“®t al
determined the association between AGT M235T polymorphism and early onset of Ml
in 220 patients and 200 controls with age less than 55 years and showed that allele
and genotype frequencies did not differ between patients and controls. The study of
Ichihara et af*”, comprised of a total of 327 middle-aged Japanese men with
angiographic CAD and 352 matched control subjects did not showed the significant
difference of allele and genotype distribution frequencies between patients with CAD

and control subjects. This study indicated that the M235T variant of the AGT gene
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was not associated with CAD in Japanese men. Nair €t%ahlso observed no
significant difference in the distribution of the M235T variant between CAD and
control groups. The study of Ket al™®? in Chinese population showed that no
association was found between AGT M235T polymorphism and the risk of CAD or
MI in Chinese. The study of Tiret L et &® also showed that the AGT M235T
polymorphism was not associated with the risk or the severity of the idiopathic dilated
cardiomyopathy in French populatiohll of these studies were in agreement with our
study that did not detect any association between the AGT M235T with CAD.

However, our results had detected the risk of M235T polymorphism with
hyperlipidemia, AGT 235MT heterozygous was significantly higher in hyperlipidemic
subjects than in normolipidemic subjects (p=0.0003). Moreover, MT genotype and M
allelic distribution frequencies also represented association with risk of hyperlipidemia
when compared with normolipidemia [(OR = 3.0306, 95%CI. 1.697-5.414, p=0.0003)
and (OR =1.774, 95% CI : 1.115-2.822, p=0.0204), respectively].

In contrast, the several reports showing the disagreement with this association,
it was found that T allele of the M235T polymorphism has been functionally related to
the increased AGT plasma leVél€® and associated with risk of cardiovascular
diseases. The report of Winkelmann ef®3lidentified the effect of the M235T
polymorphism on plasma AGT levels and blood pressure in patients with CAD and in
the subgroup of survivors of Ml as compared with angiographically defined control
subjects in 247 German patients. The plasma AGT levels significantly increased
stepwise in cases according to the number of T235 alleles present (no T235 allele, 14.8
+ 3.9 nmol/L; 1 allele, 15.7 £ 5.1 nmol/L; 2 alleles, 17.3 + 4.7 nmol/L; p = 0.006).
Diastolic blood pressure was higher in T235 homozygotes compared with individuals
carrying only 1 or no T235 allele (p=0.05). Finally, homozygosity for T235 was
associated with an increased risk of CAD and MI (OR=1.5; 95%CI: 1.1-2.1, p=0.03,
and OR=1.5; 95%ClI: 1.0-2.1, p =0.05, respectively).

Gardermann et &% analyzed the relationship of the AGT M235T gene
polymorphism to the presence and extent of CAD in 1,066 young German male (<62
years) whose coronary anatomy was defined by CAD score. A higher CAD score was
found within AGT 235 with T allele carriers than within MM homozygote (p<0.02).
The results revealed an association of AGT M235T gene polymorphisms with the
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extent of CAD. The study of Lanz et@? in Brazil which represented the association
among the presence of 235T allele and higher angiographic extension scores (p<0.05).
After adjustment for age, gender, ethnicity, hypertension, dyslipidemia, diabetes
mellitus, BMI and smoking status, a 1.86 fold increase in the risk of presenting 3-
vessel disease (95% CI: 1.174-2.947, p=0.01) was associated with the TT genotype
when compared with non-TT genotype.

Katsuya et af?¥ studied the association in 422 New Zealand patient with CAD
(50% of the study population is CAD with MI) and 406 controls. AGT T235
homozygote were significantly increased risk of CAD (OR=1.66, 95%Cl: 1.14-2.42,
p=0.008) and of Ml (OR=1.80, 95%CI: 1.15-2.80, p=0.009). Agreement with the
study of Fatirff®, that investigated the significant association of AGT M235T with
CAD risk in a case-control study, comprised of 205 patients with CAD and 209
control subjects. The 235TT genotype was found to be CAD risk 1.87 folds (95%CI:
1.10-3.17, p=0.019) when compared with MM genotype.

Buraczyiska et al'® also observed the significant involvement of the AGT235
genetic variants in predisposition to CAD in a case-control study in Poland population.
The 235T allele was significantly more frequent in patients than in the control group
(55% vs. 44%, p<0.05). A statistically significant difference in the frequency of the
heterozygous MT genotype was also observed between patients and controls (61% and
40%, respectively, p<0.01). Moreover, in 200 CAD patients, which included 139 Ml
(70%) and 85 hyperlipidemia (43%) subjects in the population, homozygous TT
seemed to be associated with hyperlipidemia coexisting with CAD, the TT genotype
was significantly more frequent in subgroup of patients with hyperlipidemia than
without hyperlipidemia (30% vs. 21%, p<0.05). The report of Goldbergovaé?al.
also investigated the relationship between the AGT M235T gene polymorphism and
chronic heart failure (CHF) in Czech population. The T allelic frequency was
significantly higher in CHF patients than in controls within women group (0.562 vs.
0.397, p=0.020).

However, it was found that the frequency of the 235T allele showed a
significant ethnic difference in which a high prevalence of the T allele was reported in
non-Caucasians. The T prevalence of the studies in Taiwnése
Japaned&’1401%9and Chinesé’ were 0.85-0.87, 0.80-0.83 and 0.80, respectively,
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which higher than in the Caucasians (0.39-0'8)2325:33.126.138-139,142-144,149,172-174,176-

) In the present study, the frequency of T allele was 0.78, which showed no
difference with the reports of Kishimoto et Ichihara et af*”, Niu et al'*’®, as
well as Hata et dt*®, suggested that our selected population is 1.5-2.0 folds of allele
frequency higher than the white popuIati%ﬁ%l,23,25,33,126,138-139,142-144,149,172-174,176.-177)

In the studies of association between M235T polymorphism and hypertension,
Hata et af**” found the association between the polymorphism and hypertension in a
Japanese case control study. The T235 allele was significantly more common among
hypertensive subjects than in controls (0.89 vs. 0.75, p < 0.001). Tiret-&t also
observed the higher prevalence 235T allelic frequency in hypertensive cases than in
controls in French men group (p= 0.01). The study of Procopciuc’@? atere also
found an association of the 235TT genotype with essential hypertension in Romanian
population. Similar results were obtained from the studies in the populations of
Braziliar**™®, TurkisH!"® and Malaysiafi®>-

The contrast reports with this association were also represented. Suwazono et
al®®¥ investigated the associations of M235T polymorphisms with blood pressure in
196 Japanese male workers subjects. Systolic blood pressure of the MM genotype was
significantly higher than that of the MT genotype (p<0.05). Diastolic blood pressure of
the M235T MM genotype was also significantly higher than that of the MT or TT
genotype (p<0.05). Multivariate analysis using a general linear model, including age
and body mass index, demonstrated that the MM genotype compared with the TT
genotype was significant predictor of systolic and diastolic blood pressure variation
[(OR = 15.027, 95%CI: 2.511-27.543, p=0.019) and (OR=12.262, 95%Cl: 4.106-
20.418, p=0.003), respectively].

The study of Beisun et &° in Tibetan population observed the risk of
hypertension in the individuals with MM genotype (OR=7.7, 95%CI. 1.3-20.5) when
compared with individuals with MT and TT genotypes within women group,
suggested that 235MM is a predictor for hypertension development in this population.
Matsubara et &’ also investigated the association between hypertension and
M235T polymorphism in a general population of Ohasama in Japanese population.
There was no significant difference among the genotypes in blood pressure values or

in prevalence of hypertension. However, the significant difference between pulse
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pressure and genotypes was observed (p=0.047), MM genotype revealed the highest
pulse pressure value.

In this study, the association between the M235T polymorphism and
hypertension was not observed. This report was in agreement with the studies in
Japanes® 14519 Chines8®1®)  Taiwanes€?, Germaf*®, Canadiaf®”,
Americart™*? and Frencfi’)

The relation study of AGT T174M gene, which is in linkage disequilibrium
with M235T polymorphist?® with the extent of coronary atherosclerosis, has been
observed in CAD patients. The results of Gardermann & ai. German population
showed the higher mean CAD score defined by Gensini method within MM
homozygote of the T174M gene variation than within TT genotype; while TM subjects
had intermediate values (p<0.05).

Inconsistent result was observed in populations of Ifallaand JapaneSéd”
and showed no significant differences of genotype and allelic distribution frequencies
between CAD and control subjects corresponding to this study.

However, Tsai et &f? found significant difference of T174M genotypes
distribution frequency between hypertensive and normotensive subjects. The higher
frequency of MM genotype was observed in hypertensives than in normotensives (3%
vs. 1%, p<0.006). The studies in Turké9) and Japdfr® also showed the association
between this polymorphism and hypertension.

Also, the association of AGT T174M polymorphism did not revealed a
significant difference with hypertension in Chine&8 Japanes¥® Frenci®),
Canadiaft®” and United Arab Emirat€4? populations including this study.

Additionally, Berdeli et af'¥ observed the synergistic effects of AGT M235T
and eNOS E298D gene polymorphisms on the risk of premature CAD in Turkish
population. The frequency of AGT 235MM with eNOS 298DD genotype containing
individuals was significantly increased in patients compared to the controls (p=0.001).
In the logistic regression analysis, the carriers of AGT 235MM with eNOS 298DD
genotype were also found to be associated with the risk of premature CAD
(OR=14.22, 95%CI: 1.85-109.17, p=0.001).
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Pilbrow et al*®” studied the association of AGT M235T and AGT T174M
polymorphisms with heart failure (HF) survival (recorded over 4 years of follow-up)
in New Zealand population. The patients carrying the AGT 235TT genotype were 3
years younger at admission (p=0.011), and, in those with hypertension, diagnosis of
hypertension was made ~10 years earlier than the other patients (p=0.038). The
patients with>1 AGT 174M allele were more likely to have a previtistory of HF
(p=0.044) and increase mortality during follow-up (OR=1.69; 95% CI: 1.03-2.79;
P=0.038) compared with 174TT homozygote. The AGT genotype combinations
(235TT and/oe1 174M alleles) were combined into a putatively tigsk” genotype
and compared with the remaining “low-risk” genotypes (235MM or 235MT in
combination with 174TT). The patients with a high-risk genotype combination were
more likely to have a previous history of HF (p=0.043) and a higher left ventricular
mass index (p=0.028). Mortality among the high-risk genotype containing patients was
significantly greater than Ilow-risk group (p=0.004). The high-risk genotype
combinations were also independently predictive of mortality (OR=2.0; 95% CI: 1.3-
3.0;p=0.001).

In this study, no association of the interactions of eNOS E298D, AGT M235T
and T174M genotypes in CAD risk were observed. This observation was in agreement
with Ichihara et af**” which also found no association of AGT M235T and T174M
combined genotypes or haplotypes with CAD in Japanese population. Nevertheless the
carriers of AGT 235 non-TT with eNOS EE (OR=2.675, 95%CI: 1.399-5.115,
p=0.004) and AGT 235 non-TT with AGT 174TT (OR=2.544, 95%CI. 1.363-4.750,
p=0.003) genotypes were significantly associated with the risk of hyperlipidemia in
this present study. This results implied that the alterations in lipid metabolism may
account for the increased enzymatic activity of renin in uremic plasma. Increase
plasma renin activity may be related to the deficiency of a normally occurring renin
inhibitor, aliskirert*®,

In summary, it's appeared no relationship between the effects of eNOS E298D,
AGT M235T and AGT T174M genetic variants on CAD and hypertension in this
study. However, we observed that AGT 235MT genotype and AGT 235M allelic
distribution frequencies was associated with risk of hyperlipidemia. The synergistic
contribution of AGT M235T genotype with M allele, eNOS E298D genotype without
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D allele and AGT T174M genotype without M allele may be a risk of hyperlipidemia

as found in this selected population.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 119

CHAPTER VI
CONCLUSION

The biological mechanism by which the eNOS and AGT genes interact in the
development of CHD are not yet fully understood. CAD is a complex multifactorial
disorder where the phenotype is heavily influenced by the interaction of susceptibility
genes and environmental factors as well as standard risk factors. A further search for
other important genetic factors and the interactions between genetic components and
environmental factors may help to understand the pathogenesis of CAD, and it may
provide an effective way of early identification of a high-risk group. However, in this
study we concluded that:

1. E298D polymorphism of eNOS gene and both polymorphisms of AGT gene
(M235T and T174M) were not associated with CAD.

2. M dlele and MT genotype of M235T polymorphism of AGT gene may be the
risk factor in hyperlipidemia whereas E298D polymorphism of eNOS gene and
T174M polymorphism of AGT were not associated with hyperlipidemia.

3. E298D polymorphism of eNOS gene and both polymorphisms (M235T and
T174M) of AGT gene were not associated with hypertension.

4. There were no synergistic effects of E298D polymorphism of eNOS gene and
both polymorphisms (M235T and T174M) of AGT gene on CAD.

5. The synergistic contribution of eNOS E298D genotype without D allele, AGT
M235T genotype with M allele and AGT T174M genotype without M allele were
associated with hyperlipidemia

6. E298D polymorphism of eNOS gene and AGT T174M polymorphisms of
AGT gene were not a genetic marker for early diagnosis of hypertension involving in
hyperlipidemiaand CAD, while M235T polymorphism of AGT gene may be a genetic
marker for early diagnosis of hyperlipidemiain this selected popul ation.

7. Itispossible that other genetic loci rather than those proposed to be associated

with accel erated atherosclerosis may be more important as risk factors for CAD.
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Comparison of clinical characteristic variables among E298D polymor phism of

eNOS genotypesin 85 men and 123 women. Data shown as mean + SE.

eNOS genotype

Variables EE (n = 68) ED (n=17) p-value

Male(n=85)
Age (years) 49.18+1.18 49.06+2.24 0.964
SBP(mmHg) 122.35+1.47  114.94+2.57 0.023
DBP (mmHg) 77.94+1.00 76.12+2.25 0.427
Weight (kg) 65.40+1.15 62.53+1.40 0.237
Height (m) 166.91+0.63  165.12+1.21 0.202
BMI (kg/nY) 23.41+0.31 22.92+0.42 0.467
Total cholesterol (mg/dl) 219.04+7.81 213.06%13.14 0.725
Triglyceride (mg/dl) 155.27+9.32 136.59+16.04 0.361
LDL-cholesterol (mg/dl) 147.04+6.98 139.84+11.39 0.634
HDL-cholesterol (mg/dl) 44.18+1.61 46.06+2.79 0.593
VLDL-cholesterol (mg/dl) 30.93£1.92 28.08+3.23 0.497
TC/HDL ratio 5.31+0.25 4.83+0.38 0.370

eNOS genotype

Variables EE (n = 90) ED (n = 33) p-value

Female (n =123)
Age (years) 49.86+1.00 48.88+1.23 0.592
SBP(mmHg) 115.31+#1.57  118.15+2.94 0.367
DBP (mmHg) 74.63+1.01 75.39+1.82 0.704
Weight (kg) 55.46+0.83 57.35+1.43 0.248
Height (m) 158.89+0.51  160.27+1.08 0.196
BMI (kg/nv) 21.95+0.30 22.28+0.43 0.563
Total cholesterol (mg/dl) 232.7446.37 238.79+8.73 0.609
Triglyceride (mg/dl) 139.83+9.83 115.67+8.86 0.161
LDL-cholesterol (mg/dl) 151.48+6.38  163.57+8.20 0.301
HDL-cholesterol (mg/dl) 52.38+1.42 54.5542.42 0.434
VLDL-cholesterol (mg/dl) 29.50+2.03 22.52+1.71 0.049
TC/HDL ratio 4.81+0.20 4.59+0.23 0.556

" : Test by ANOVA
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Comparison of clinical characteristic variables among M235T polymorphism of

AGT genein 85 men and 123 women, data expresses as mean = SE

AGT M235T genotype

Variables MM(n=4) MT(n=36) TT(n=45)  p-valué

Men (n=85)
Age (years) 49.50+ 5.20 48.25+1.74  49.84+1.34 0.761
SBP (mmHgQ) 117.5042.50 122.22+2.22 120.09+1.73 0.630
DBP (mmHg) 77.50+2.50 76.94+1.53  78.09+1.20 0.834
Weight (kg) 71.75+4.97 64941145 64.12+1.33 0.262
Height (m) 168.75+2.39 166.47+0.91 166.42+0.75 0.688
BMI (kg/nr) 25.11+1.06 23.37+0.37 23.1040.38 0.284
Total cholesterol (mg/dl)  192.25+9.42 222.47+8.98 216.42+10.52 0.643
Triglyceride (mg/dl) 122.00+£33.08 150.69+11.77 154.82+11.87 0.705

LDL-cholesterol (mg/dl) 120.50+10.49 148.87+7.77 145.22+9.47 0.628
HDL-cholesterol (mg/dl) 47.25+5.36 46.25+ 2.00 42.961+2.04 0.479
VLDL-cholesterol (mg/dl)  24.50+6.64 30.62+2.35 30.68+2.47 0.740

TC/HDL ratio 4.19+0.36 5.10+0.31 5.40+0.31 0.443
AGT M235T genotype
Variables MM(n=3) MT(n=46) TT(n=74) p-value
Women (n =123)
Age (years) 40.67+0.33 51.00+1.23  49.08+1.07  0.110
SBP (mmHg) 120.00£0.00 116.72+2.37 115.51+1.79 0.832
DBP (mmHg) 73.33+6.67  75.17+1.49  74.69+1.12 0.932
Weight (kg) 56.00+1.00 56.34+1.05 55.74+1.01 0.925
Height (m) 162.67+1.45 158.80+0.76 159.41+0.63  0.438
BMI (kg/m?) 21.16+0.24 22.33+0.38 21.89+0.34  0.602
Total cholesterol (mg/dl) 212.33+49.83 256.07+8.07 221.77+6.41 0.00%°
Triglyceride (mg/dl) 96.00+28.02 149.63+10.90 124.74+10.52  0.218

LDL-cholesterol (mg/dl)  140.20+43.27 175.53+8.38 142.38+6.26 0.007
HDL-cholesterol (mg/dl) 45.67+8.65 51.85%+2.28 53.95%1.42 0.459
VLDL-cholesterol (mg/dl)  26.47+4.78  29.12+2.26  26.75%2.22 0.768
TC/HDL ratio 4.75+0.76 5.32+0.26 4.39+0.20 0.021

": Test by t-test, “: MT compared with TT, p 9.004 (Bonferroni test)

$. MT compared with TT, p .006 (Bonferroni test), ' : MT compared with TT, p #.016 (Bonferroni test)
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Comparison of clinical characteristic variables among T174M polymorphism of

AGT genein 85 men and 123 women, data expresses as mean = SE

AGT T174M genotype

Variables TT(n=67) TM(n=18) MM(n=0)  p-valué

Men (n=85)
Age (years) 49.21+1.10 48.94+2.79 - 0.918
SBP (mmHg) 120.66+1.53 121.67+2.59 - 0.756
DBP (mmHg) 77.97£1.03 76.11+2.00 - 0.408
Weight (kg) 64.78+1.13  65.00+1.81 - 0.928
Height (m) 166.99+0.58 164.94+1.48 - 0.137
BMI (kg/nv) 23.16£0.30 23.88+0.55 - 0.265
Total cholesterol (mg/dl) 222.63+7.81 200.06+£12.55 - 0.173
Triglyceride (mg/dl) 152.70+9.60 147.17+14.29 - 0.782
LDL-cholesterol (mg/dl) 150.29+6.87 128.16+11.80 - 0.133
HDL-cholesterol (mg/dl) 45.31+1.64 41.72+2.43 - 0.296
VLDL-cholesterol (mg/dl)  30.59+1.96  29.50+3.03 - 0.790
TC/HDL ratio 5.27+0.25 5.02+0.39 - 0.636

AGT T174M genotype

Variables TT(n=103) TM(n=19) MM(n=1)  p-value

Women (n =123)
Age (years) 49.7940.88  49.79+0.88 53.00 0.761
SBP (mmHg) 115.66+1.50 115.66+1.50 140.00 0.280
DBP (mmHg) 74.46+0.94  74.46+0.94 70.00 0.483
Weight (kg) 56.37£0.79  56.37+0.79 48.50 0.352
Height (m) 159.3840.53 159.38+0.53 153.00 0.466
BMI (kg/nv) 22.18+0.28  22.18+0.28 20.72 0.449
Total cholesterol (mg/dl) 236.31+5.81 236.31+5.81 173.00 0.464
Triglyceride (mg/dI) 131.6948.10 131.69+8.10 73.00 0.627
LDL-cholesterol (mg/dl)  158.16+5.68 158.16+5.68 107.40 0.279
HDL-cholesterol (mg/dl) 52.75+1.30 52.75+1.30 51.00 0.902
VLDL-cholesterol (mg/dl)  26.59+1.64  26.59+1.64 14.60 0.187
TC/HDL ratio 4.80+0.18 4.80+0.18 3.39 0.655
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Clinical characteristicsand lipid profiles of each eNOS E298D genotypein

healthy normolipidemic subjects

Normolipidemia (n=105)

Parameter EE(n=81) ED((=24) DD(n=0) p-value

Age (year) 46.28+0.95 47.46+1.53 - 0.545
SBP (mmHg) 118.12+0.90 119.29+2.24 - 0.569
DBP(mmHg) 78.85+0.63 78.42+1.45 - 0.756
Weight (Kg) 59.51+0.95 57.92+1.65 ) 0.420
Height (m) 163.30+0.64 162.88+1.40 : 0.764
BMI (kg/m?) 22.25+0.27 21.77+0.44 : 0.392
TC(mg/di) 176.48+2.12  182.58+4.15 0.178
TG (mg/dl) 112.2845.16 100.7949.66 ) 0.292
LDL-C (mg/dl) 106.02+2.46 115.0445.39 i 0.097
HDL-C (mg/dl) 49.85+1.53 49.71+3.38 X 0.966
VLDL-C (mg/dl) 24.07+£1.32 19.85+1.90 - 0.112
TC/HDL ratio 3.81+0.12 3.94+0.20 - 0.597
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Clinical characteristics and lipid profiles of each eNOS E298D genotypein

hyperlipidemic subjects

Hyperlipidemia (n = 103)

Parameter EE(h=77) ED(n=26) DD(n=0) p-value
Age (year) 53.01+1.08  50.31+1.56 - 0.194
Blood pressure

systolic (nmHg)  118.574#2.11 115.00+3.52 - 0.394

diastolic (mmHg)  73.12+1.26  73.08+2.27 ] 0.987
Weight (Kg) 59.99+1.28  60.21+1.49 : 0.924
Height (m) 161.34+0.78 161.04+1.10 ) 0.841
BMI (kg/m?) 22.92+0.36  23.17+0.43 0.708
TC (mg/dl) 279.83+5.22 273.855.74 ] 0.534
TG (mg/d) 182.44+11.78 143.08+11.36 g 0.068
LDL-C (mg/di) 195.3845.76  192.85+5.69 Y 0.809
HDL-C (mg/dl) 47.79+1.61  53.4622.00 i 0.062
VLDL-C (mg/d) 36.48+2.36  28.62+2.26 . 0.069
TC/HDL ratio 6.30£0.22  5.35+0.27 - 0.021

" : Test by ANOVA
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Clinical characteristics and lipid profiles of each AGT M235T genotype in

healthy normolipidemic subjects

Normolipidemia (n=105)

Parameter MM (n=5) MT (n=28) TT (n=72) p-value
Age (year) 49.00+3.51  46.36+1.84  46.46+0.92  0.797
SBP (mmHg) 120.00+0.00 120.68+1.28 117.39+1.13  0.224
DBP (mmHgQ) 80.00+0.00  79.21+0.94  78.49+0.77 0.771
Weight(Kg) 65.804£5.77  59.73+1.54  58.45+0.96  0.155
Height (m) 166.60+2.66 163.64+1.33 162.79+0.65 0.354
BMI (kg/m?) 23.53+1.29  22.23+0.37 22.01+0.30 0.391
TC (mg/dl) 175.60+6.65 178.00+3.77 177.99+2.33  0.965
TG (mg/dl) 113.40+27.15 111.86+8.74 108.54+5.49  0.936
LDL-C (mg/dl) 106.12+7.80 110.98+4.60 107.09+2.77  0.747
HDL-C (mg/dl) 42.40£4.96  49.68+2.97 50.39+1.66  0.489
VLDL-C (mg/dl) 27.08+4.79  21.74+1.94 23.36x1.41  0.599
TG/HDL-C ratio 4.35+0.46 3.80+0.16 3.82+0.14  0.555

": Test by t-test
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Clinical characteristics and lipid profiles of each AGT M235T genotype in
healthy hyperlipidemic subjects

Hyperlipidemia (n=103)

Parameter MM (n=2) MT (n=54) TT (n=47) p-value
Age (year) 37.50+£3.50 51.57+1.18 53.83+1.35 0.030
SBP (mmHg) 115.00+5.00 118.33+2.45 117.02+2.82 0.919
DBP (mmHg) 65.0045.00  74.26x1.51  72.13+1.64 0.370
Weight(KQ) 63.00+5.00 60.31+1.27 59.61+1.70 0.871
Height (m) 165.00+0.00 161.41+0.83 160.94+1.04 0.674
BMI (kg/m?) 23.14+1.84  23.08£0.36  22.87+0.48 0.934
TC (mg/dl) 264.00+48.00 274.15+5.22 283.72+6.67 0.470
TG (mg/dl) 104.50+45.50 169.93+10.25 178.36+16.80 0.544
LDL-C (mg/dl) 186.00+38.00 191.2245.94 199.15+7.12 0.667
HDL-C (mg/dI) 57.00+1.00 49.24+1.84  48.87+1.98 0.707
VLDL-C (mg/dl) 21.00£9.00  33.94+2.05  35.70+3.37 0.545
TG/HDL-C ratio 4.62+0.76 5.96+0.23 6.24+0.29 0.399

": Test by t-test

“: MM compared with TT, p .039 (Bonferroni test)
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Clinical characteristicsand lipid profiles of each AGT T174M genotypein

Normolipidemia (n = 105)

Parameter TT (n=94) T™ (n=8) MM (n=1) p-value
Age (year) 47.29+0.89  43.15+1.87 53.00 0.098
SBP (mmHg) 118.06+0.95 118.70+1.81 140.00 0.043
DBP (mmHg) 78.85+0.64  78.80+1.40 70.00  0.342
Weight (Kg) 59.35+0.92  58.83+1.89 48.50 0.439
Height (m) 163.24+0.66 163.55+1.22 153.00 0.229
BMI (kg/m?) 22.22+0.27  21.89+0.48 20.72 0.726
TC (mg/dl) 179.30+2.09 172.15+4.57 173.00 0.328
TG (mg/dl) 110.43+5.13 108.25+10.48 73.00 0.724
LDL-C (mg/dl) 110.99+2.46  95.9245.36 107.40 0.033
HDL-C (mg/dl) 50.02+1.55  48.90+3.54 51.00 0.950
VLDL-C (mg/dl) 22:43X T2V 26, 3(E£3143 14.60 0.291
TG/HDL-C ratio 3.86+0.12 3.76+0.21 3.39 0.855

": Test by t-test,
“: TT compared with MM, p .014 (t-testand

- TM compared with MM, p =0.019 (t-test)

. TT compared with TM, p .009 (t-test)
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Clinical characteristics and lipid profiles of each AGT T174M genotypein

hyperlipidemic subjects

Hyperlipidemia (n = 103)

Parameter TT (n=86) TM (n=17) MM (n=0) p-value
Age (year) 51.78+0.98  55.12+2.21 - 0.171
SBP (mmHg) 117.21+1.98 120.00+4.54 - 0.570
DBP (mmHg) 72.9141.17  74.12+3.10 - 0.684
Weight (Kg) 60.02+1.12  60.15+2.60 - 0.964
Height (m) 161.54+0.70 159.88+1.64 - 0.342
BMI (kg/m?) 22.90+0.32  23.40+0.71 - 0.522
TC (mg/dl) 281.34+4.67 263.06+8.02 - 0.103
TG (mg/dl) 168.83+10.37 191.12+22.10 - 0.381
LDL-C (mg/dl) 198.10+5.03 177.71+9.50 - 0.094
HDL-C (mg/dI) 49.62+1.44  47.24+3.37 - 0.506
VLDL-C (mg/dl) 33.78+2.08  38.12+4.44 - 0.395
TG/HDL-C ratio 6.07+0.20 5.99+0.41 - 0.863

": Test by t-test,
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Distribution of eNOS E298D, AGT M235T and AGT T17M polymorphisms in

gystolic and diastolic blood pressure of

hyperlipidemic subjects

healthy normolipidemic and

SBP > 140 mg/Hg

eNOS E298D Normotensive Hypertensive x>  p-value
EE 3 24 1.453 0.228
ED 3 5
DD 0 0
AGT M235T Normotensive Hypertensive y?  p-value
MM 0 0 0.276 0.599
MT 2 16
TT 4 13
AGT T174M Normotensive Hypertensive > p-value
TT 4 24 0.113 0.737
™ 1 0.315 0.575
MM 1 0.782 0.376
DBP > 90 mg/Hg
eNOS E298D Normotensive Hypertensive > p-value
EE 4 15 0.000 1.000
ED 2 5
DD 0 0
AGT M235T Normotensive Hypertensive > p-value
MM 0 0 2.612 0.106
MT 1 13
TT 5 7
AGT T174M Normotensive Hypertensive y?  p-value
TT 5 16 0.000 1.000
™ 1
MM 0
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Distribution of eNOS E298D, AGT M235T and AGT T17M polymorphisms in

systolic and diastolic blood pressur e of normolipidemic subjects

SBP > 140 mg/Hg

eNOS E298D Normotensive Hypertensive X p-value
EE 78 3 1.277 0.258

ED 21 3

DD 0 0
AGT M235T Normotensive Hypertensive y*>  p-value
MM 3 0 0.179 0.672
MT 26 2 0.009 0.924
14 68 4 0.122 0.727
AGT T174M Normotensive Hypertensive v p-value
TT 80 4 0.099 0.753
™ 19 1 0.146 0.702
MM 0 1 3.675 0.055

DBP > 90 mg/Hg

eNOS E298D Normotensive Hypertensive v*  p-value
EE 77 4 0.017 0.898

ED 22 2

DD 0 0
AGT M235T Normotensive Hypertensive v*  p-value
MM 5 0 0.179 0.672
MT 27 1 0.009 0.924
TT 67 5 0.122 0.727
AGT T174M Normotensive Hypertensive v p-value
TT 79 5 0.099 0.753
™ 19 1 0.146 0.702
MM 1 0 3.675 0.055
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Distribution of eNOS E298D, AGT M235T and AGT T17M polymorphisms in
systolic and diastolic blood pressure of hyperlipidemic subjects

SBP > 140 mg/Hg

eNOS E298D Normotensive  Hypertensive X p-value
EE 53 24 0.843 0.359
ED 21 5
DD 0 0
AGT M235T Normotensive  Hypertensive x>  p-value
MM 2 0 0.010 0.920
MT 38 16 0.017 0.897
TT 34 13 0.014 0.907
AGT T174M Normotensive  Hypertensive v p-value
11 62 24 0.000 1.000
™ 12
MM 0
DBP > 90 mg/Hg
eNOS E298D Normotensive  Hypertensive x> p-value
EE 62 15 0.000 1.000
ED 21 5
DD 0 0
AGT M235T Normotensive  Hypertensive y?  p-value
MM 2 0 0.041 0.840
MT 41 13 1.010 0.315
TT 40 7 0.661 0.416
AGT T174M Normotensive  Hypertensive v p-value
TT 70 16 0.018 0.894
™ 13
MM 0
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