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ABSTRACT

Hyperhomocysteinemia has been identified as an independent risk factor for
coronary artery disease (CAD). Methylenetetrahydrofolate reductase (MTHFR) is an
enzyme in the remethylation cycle in homocysteine metabolism which catalyzes the
conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate. Two
common polymorphisms of the MTHFR gene, C677T and more recently reported
A1298C polymorphisms may contribute to hyperhomocysteinemia. In the present
study, we determined the prevalence of two common MTHFR polymorphisms, C677T
and A1298C, in 98 healthy control subjects and 199 CAD patients. MTHFR genotypes
were analyzed by polymerase chain reaction followed by Hinf | and Mbo 1l digestions
for C677T and A1298C, respectively. It was found that the T allelic frequency of
C677T mutation on the MTHFR gene was 0.12 in healthy control subjects and 0.16 in
CAD patients. The C allelic frequency of the A1298C was 0.27 in healthy control
subjects and 0.31 in CAD patients. The homozygous of 1298CC genotype was more
significantly highly prevalent in CAD patients (10.55%) than in healthy control
subjects (2.04%). Here we found that 1298CC individuals had a 5.663-fold increased
risk for CAD. Mean plasma homocysteine concentrations in heterozygous 677CT
genotype (13.75+4.70 umol/L) and homozygous 677TT genotype (50 umol/L) in
CAD patients were higher than wild type (12.75+4.62 umol/L) but these differences
were not significant (p>0.05). The only A1298C mutation has no effect on the
increased level of homocysteine. The combined heterozygosity 677CT/1298AC
MTHFR variant was, however, correlated with the elevation of the level of
homocysteine, it was significantly different in healthy control subjects (p=0.0156) but
in CAD patients it was not. It was concluded that C677T and combined heterozygous
677CT/1298AC MTHFR gene variants may be involved in increasing the level of
homocysteine concentration. Moreover, individuals with MTHFR homozygous
1298CC genotype may be at an increased risk for CAD. However, the association of
these genotypes was not correlated with CAD.

KEY WORDS : C677T/ A1298C/ HYPERHOMOCYSTEINEMIA/
HOMOCYSTEINE/ METHYLENETETRAHYDROFOLATE
REDUCTASE/ MUTATION
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CHAPTER |
INTRODUCTION

Homocysteine is a sulfur containing amino acid formed during the metabolism
of methionine, an essential amino acid derived from dietary protein. Moderately
increased plasma concentration of homocysteine have been shown to be an important
risk for atherosclerosis, including coronary artery disease (CAD), cerebrovascular

disease and peripheral vascular disease®?*?.

Hyperhomocysteinemia can be acquired as the results of dietary defiencies of
folate™, vitamin By, and/or vitamin B¢® which are vitamin cofactors for the optimal
function of methylenetetrahydrofolate reductase and cystathionine [-synthase.
Deficiencies in the absorption or transport of these vitamins can also cause
hyperhomocystinemia. Increases in homocysteine concentrations are often the results
of decreased activity of key enzymes involved in ether of homocysteine metabolisms
i.e. methionine symthase, cystathionine B-synthase and methylenetetrahydrofolate

reductase. The defective gene can promote the abnormal activity of the enzymes™®.

Cystationine B-synthase (CBS) deficiency is the most common inherited form
of hyperhomocysteinemia. The homozygous form can be associated with plasma
homocysteine concentrations up to 400 pumol/L®. But it occur in only 1 in 200,000
births®. Heterozygote is the most likely not an important cause of
hyperhomocysteinemia in vascular disease”. An alteration in the gene encoding
the enzyme  methylenetetrahydrofolate  reductase @~ (MTHFR) leads to
hyperhomocysteinemia®’®. MTHFR is the regulating enzyme in the remethylation
pathway in homocysteine metabolism, by catalizing the conversion of 5,10-
methylenetetrahydrofolate to 5-methyltetrahydrofolate, which is the methyl group

donor in the B, dependent remethylation of homocysteine to methionine.
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Defective of MTHFR gene variant is reduce MTHFR activity. A milder deficiency of
MTHFR, with 50% residual enzyme activity is indicated that associated with elevated

homocysteine and CAD®*Y,

The most common mutation of MTHFR, C677T mutation, leading to the
substitution of alanine to valine residue at position 226 was described*®**'®. The
presence of this common mutation was shown to be correlate with increase MTHFR
thermolability, reduced specific activity and subsequently in raised homocysteine
levels®. Recently, a second common mutation in the MTHFR gene was
described™?. In this mutation, an A to C transition at nucleotide 1298(A1298C)
leads to glutamate to alanine substitution in the MTHFR protein. The effect of this
A1298C mutation on the MTHFR activity and homocysteine concentrations is less
than that observed for the C677T mutation.

In this present study, the C677T and A1298C mutations in the MTHFR gene
were investigated in Thai CAD patients undergoing coronary angiography by
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).
The exon 4 and exon 7 of the MTHFR gene were amplified and such polymorphisms
identified by Hinf | and Mbo Il digestion, respectively. The combination of C677T and
A1298C mutations were done to looking for the effect on plasma homocysteine

concentration.
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OBJECTIVE

1. To study the frequencies of C677T and A1298C mutations in Thai CAD

patients and normal control subjects.

2. To study the effect of C677T and A1298C mutations of the MTHFR gene on
plasma homocysteine concentration in Thai CAD patients and normal control

subjects.

3. To study the relationship between C677T and A1298C mutations of MTHFR

gene on plasma homocysteine concentration and risk to CAD.
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CHAPTER I

LITERATURE REVIEW

1. Homocysteine

Homocysteine is a circulating sulfur amino acid formed by
demethylation of the essential amino acid methionine, and it can be irreversibly
degraded by cystathionine-f-synthase (CBS) gene. Alternatively, homocysteine may
be remethylated to conserve methionine, a process requiring an adequate function of
several enzymes. Methionine synthase (MS) remethylates homocysteine in the
presence of methyl-cobalamine as a cofactor and the cosubstrate
5-methyltetrahydrofolate. Production of 5-methyltetrahydrofolate requires both an
adequate supply of reduced folate and proper function of the enzyme 5,10-
methylenetetrahydrofolate reductase (MTHFR). Dysfunction enzyme or inadequate
amounts of cofactors may therefore result in elevated concentration of

homocysteine“""ilo)

. Homocysteine is an important intermediary in the metabolic
pathways for both methionine and cysteine. At least four different enzyme systems
regulate its concentration in body fluids via synthesis and degradation pathways. In the
early 1960s, an autosomal recessive inherited disease called homocystinuria was
identified®”. A severe deficiency of either of two enzymes, CBS or MTHFR, resulted
in pronounced elevations of homocysteine in the blood (200-400pM/L) and urine®. A
presentation of homocystinuria was severe vascular disease existing in early childhood
with thromboembolic disease of vital organs often occurring before the age of 30. In
the late 1960s, it was postulated that elevated homocysteine levels might contribute to
premature coronary artery disease (CAD) in the general population as well. Several

studies demonstrated that the hyperhomocysteinemia might be considered as an

independent risk factor for cardiovascular disease®''?'*”. Hyperhomocysteinemia
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has been identified as independent risk factor for cerebral®>>-262% (329323nd

, coronary
peripheral atherosclerosis'®, although the pathological mechanism of this risk factor is
not fully understood. High plasma levels of homocysteine are also associated with an
increased risk of neural tube defect'!”¥*% | Alzheimer’s disease, and loss of cognitive
functions'®*?.

Homocysteine, the demethylated derivative of methionine, is an important
branch-point metabolite in metabolism of methionine; an essential amino acid derived
from dietary protein. Homocysteine is a sulfur-containing amino acid with a sulfhydryl
group which was presented in figure 2-1. This sulthydryl group makes it susceptible to
oxidation at physiological pH, thereby forming disulfides with other thiols such as
homocysteine thiolactone; which will aggregate with low density lipoprotein (LDL) to

promote the development of atherosclerotic lesion.

T
Homocysteine HS-CH,-CH,-CH-COOH
Cysteine HS-CH2-|CH-COOH

NH,
Methionine CH3-S-CH,-CH,-CH-COOH
NH,

Figure 2-1 Chemical structure of homocysteine, cysteine and methionine®”
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The “elevated blood homocysteine” is used to define the combined pool of
homocysteine. When homocysteine is transported out of cells into circulation, it reacts
with other compounds containing sulhydryl (-SH) or disulfide (-S-S-) groups. As a
result of these reactions almost all of the homocysteine in circulation is converted to a
disulfide (oxidized) form. Less than 1 percent of total plasma homocysteine is found
as the free-SH form. The disulfide forms include the symmetrical dimer homocysteine
and mixed disulfides with cysteine and cysteine-containing plasma proteins
(Figure 2-2). In fact, over 70 percent of circulating homocysteine is carried as a mixed

disulfide by plasma proteins(36'38).

80-90%
€00- COO-
Al 1 1 I
(I H,CH,CHNH, * %S—(THZ(‘HZ(‘}]I\IHs #
SH

Homocyseine Protein-bound homocysteine
(reduced) mixed disulfide (oxidized)
COO0- COO-
| |
(ITHZCHZCHNH3 * (ITHZCHZCHNIL *
! i
— + I
(,Hz(,HZCI,HNH3 CH,CHNH, -
C00 |
COO-
Homocysteine Homocysteine-cysteine mixed
(oxidized) disulfide (oxidized)

Figure 2-2 The circulating forms of homocysteine that make up plasma total

homocysteine®”



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 7

2. Homocysteine metabolism

Homocysteine is a sulfur-containing amino acid that is formed during
metabolism of methionine, an essential amino acid derived from dietary protein.
Homocysteine is metabolized by one of two pathways: remethylation and
transulfuration® (Figure 2-3). The essential amino acid methionine is activated by
ATP to form S-adenosylmethionine (SAM) in a reaction catalyzed by
S-adenosylmethionine synthetase (EC 2.5.1.6). SAM serves primarily as a universal
methyl donor via reactions catalyzed by a variety of methyl transferases and involving
a variety of acceptors. SAM is essential for the biosynthesis of several cellular
components including creatinine, epinephrine, carnitine, phospholipids, proteins, DNA
and RNA. The byproduct of these methylation reactions is S-adenosylhomocysteine
(SAH) which is hydrolyzed by S-adenosylhomocysteine hydrolase (EC 3.3.1.1), thus
generating adenosine and homocysteine. The homocysteine can be salvaged to form
methionine or transulfurate to form cysteine.

In the remethylation cycle, homocysteine is recycled to methionine in a
reaction catalyzed by methionine synthase or MS (EC 2.1.1.13)“?. MS is widely
distributed in mammalian tissues and contains vitamin B, as an essential cofactor.
Homocysteine acquires a methyl group from 5-methyltetrahydrofolate that is catalyzed
from 5,10-methylenetetrahydrofolate by the enzyme methylenetetrahydrofolate
reductase or MTHFR (EC1.7.99.5)*?. The other homocysteine methyltransferase,
betaine-homocysteine methyltransferase (EC 2.1.1.5), is present only in liver and
kidney of humans and requires betaine as the methyl donor. This reaction uses
preformed methyl groups because betaine is derived from choline, which is either
obtained from the diet or synthesized through successive S-adenosylmethionine
dependent methylations of phosphatidylethanolamine. Homocysteine enter the
transulfuration pathway when methionine is excessive or cysteine synthesis is
required. In this reaction, homocysteine is condensed with serine to form cystathionine
catalyzed by vitamin Bg-dependent enzyme cystathionine [-synthase or CBS
(EC 4.2.1.22)“%. Cystathionine is subsequently hydrolyzed to yield cysteine by the
enzyme cystathionase (EC 4.4.1.1). Cysteine can be either incorporated into
glutathione or further metabolized to sulfate and excreted in the urine. Every tissue

posses the methionine cycle, thereby each can remethylate homocysteine. But
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transulfuration which is the means for catalyzing homocysteine, can occur only in

liver, kidney, small intestine and pancreas(41).

3. Hyperhomocysteinemia

Hyperhomocysteinemia has received increasing attention during the past
decade and induced pathologic changes in the arterial wall and, thus, is strongly
associated with an increased risk of atherosclerosis, including coronary artery

(29-33) (©6)

(6,27-28) , and peripheral vascular disease"”’.

disease , cerebrovascular discase
Hyperhomocysteinemia can be acquired as the result of dietary deficiencies of folate,
vitamin Bj, and /or vitamin Bs“®. These nutrients are necessary cofactors for the
optimal function of methylenetetrahydrofolate reductase and cystathionine
B-synthase™. Deficiencies in the absorption or transport of these vitamins can also
cause hyperhomocysteinemia. Increases in homocysteine concentrations are often the
result of decreased activity of key enzymes involved in either of homocysteine
metabolisms. The most common inherited form of hyperhomocysteinemia results from

an alteration in the gene encoding the enzyme MTHFR.
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Figure 2-3 Metabolism of Homocysteine : Homocysteine metabolism composed of
two main pathways ; remethylation and transulfurationpathway. The remethylation
pathway reversed homocysteine to methionine and transulfuration pathway conversed

homocysteine to cystathionine. Both pathways stabilize the plasma level of

homocysteine.
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4. Cause of hyperhomocysteinemia

There are several factors that influenced the level of homocysteine. It is
classified into 2 groups : non-genetic and genetic risk factors.

4.1 Non-genetic factors

Non-genetic factors compose of :

- Age and gender : Homocysteine concentrations increased with
age™*. Men have higher basal homocysteine level than women and the level of
homocysteine in women who have postmenopausal state could be reduced by hormone
replacement therapy(44'45>.

- Nutritional status : Nutritional deficiencies in the vitamin cofactors
(folate, vitamin Bj; and vitamin Bg) required for homocysteine metabolism may
generate hyperhomocysteinemia®®. As noted above, de novo synthesis methionine
methyl groups required both vitamin B;, and folate coenzymes, whereas
transulfuration required vitamin Bs. Recent studies have reported that treating
hyperhomocysteinemia patients with vitamin supplementation (with folic acid,
vitamin B¢ and vitamin Bj;) is generally effective in reducing homocysteine
concentrations®*?.

- Renal diseases : Plasma homocysteine levels increase with elevating in
serum creatinine. The levels are significantly increased in patients with moderate renal
failure and rise steeply in terminal uremia®’*®. The rise in plasma homocysteine
levels in patients with renal failure is attributed to loss of renal parenchymal uptake
and metabolism of plasma homocysteine rather than to decrease urinary excretion of
homocysteine(6’49).

- Smoking : It interferes with the synthesis of pyridoxal phosphate, and it
has recently been reported that smokers have significantly lower pyridoxal phosphate
concentrations than nonsmokers®. Nygard et al.*? suggested that the heavy smoker
had plasma homocysteine levels 12% higher than control subjects who have never
smoked.

- Carcinoma : Hyperhomocysteinemia have been reported in association
with several types of carcinoma such as colorectal ®.

- Medications : Several drugs and toxins involved in various process

leading to hyperhomocysteinemia depletes folate and causes a transient increase in
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plasma homocysteine concentrations. Phenytoin also interferes with folate metabolism
and may cause mild hyperhomcysteinemia. Theophylline, a phosphodiesterase
inhibitor, may cause hyperhomocysteinemia by antagonizing the synthesis of

pyridoxal phosphate'®*”.

4.2 Genetic factor

Elevations in plasma homocysteine are caused by genetic defects in the
enzymes involed in homocysteine metabolism, CBS, MS and MTHFR“**¥_ The
deficiencies of enzymes may cause the accumulation of homocysteine in circulation

and finally promotes high level of homocysteine(15 0

5. Genetic defects in homocysteine metabolism

Hyperhomocysteinemia results from congenital or acquired defects in the
pathways of homocysteine metabolism. The most severe form, homocystinuria, is an
inborn error of metabolism presenting largely in children®”. Tt is most often a result
of a deficiency of CBS, the first enzyme in the transsulfuration pathway®’='>?.
However, other severe enzymatic deficiencies can also produce this phenotype,
including those of MTHFR"-"®Y MS(*”, and enzymes involved in vitamin B;,"?

metabolism, the enzymes in the remethylation pathway.

5.1 Mutations in methionine synthase gene

MS gene is located on 1q43°°

on chromosome 1 which encoded enzyme
S-methyltetrahydrofolate-homocysteine-S-methyltransferase or methionine synthase.
This enzyme has the function to transfer the methyl group. In homocysteine cycle, MS
catalyzes the remethylation of homocysteine to form methionine which requires
vitamin By, as a cofactor (Figure 2-3). Many researches reported that MS deficiency
related with mental retardation, macrocytic anemia and homocysteinuria®”. Without
functional methionine synthase, homocysteine cannot be converted to methionine. As
a result, homocysteine builds up in the bloodstream and methionine is depleted. The
most common mutation in MS gene is an A to G substitution, 2756A->G, which

converts an aspartate to a glycine(ss).
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Other mutations are

1. 4-bp Deletion

Four bp deletion at codon 1675 in the MS gene results in a frameshift and
thereby stop codon. This mutation induces homocysteine-megaloblastic anemia.

2. 3-bp Deletion

Three bp deletions at codon 1675 identify a 1726 deletion TTG mutation
results in the loss of a highly conserved leucine at position 576. This mutation presents
in heterozygous state and induces homocysteine-megaloblastic anemia.

3. D919G

This polymorphism is associated with risk of colorectal adenoma.

4. A366G

This polymorphism is associated with increased risk for spina bifida.

5.2 Mutations in cystathionine B-synthase gene

CBS enzyme converts homocysteine to cystathionine in the trans-sulfuration
pathway of the methionine cycle and requires pyridoxal 5-phosphate as a cofactor
(Figure 2-3). The other two cofactors involved in remethylation pathway of
methionine include vitamin B, and folic acid. CBS gene spans 30 kb and consists of
19 exons on chromosome 21°%. CBS gene defect leads to hyperhomocysteinemia, the
inborn errors of homocysteine metabolism'®. Patients with homocysteinuria have

mental retardation, osteoporosis(60)

, increasing homocysteine, enhancing thromboxane
biosynthesis, abnormal rapid turnover of platelets, fribinogen and
plasminogen®”**%%)  Homozygousity mutation for CBS is the most common cause
with the frequency of homocystinuria ranging from 1 in 58,000 to 1 in 1,000,000 but
with marked geographic difference®®". Heterozygosity for CBS presents less than 1 %
of the general population®". The substitution of T to C at nucleotide position 833
(T833C) is a highly prevalent mutation in the CBS gene found in homocytinuric
patients with decreased CBS enzyme activity. In tandem with the T833C mutation,
a 68-base pair insert (844 ins 68) has also been identified in exon 8Y. The presence of
this T833C/844INS68 has added to the complexity of the genetic regulation of

homocysteine metabolism and associated with coronary artery disease®®>. The

second most common mutation of CBS gene is a G to A transition at nucleotide 919
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(G919A) resulting in a serine for glycine at amino acid residue 3077, This
mutation has been associated with pyridoxine nonresponsieveness. Patients with the
T833C mutation can respond to pyridoxine therapy, whereas, patients with the G919A
mutation do not respond to pyridoxine therapy®”.

Other mutations are :

1. TI91IM

The substitution of C to T at nucleotide 572 on exon 5.

2. R266K

G-to-A transition at nucleotide 797 substitution.

3. P145L

C-to-T transition at nucleotide 434 substitution of proline at position 145 with
leucine.

4. A114V

C-to-T transition at nucleotide 341 substitution.

5.3 Mutations in methylenetetrahydrofolate reductase

MTHFR catalyzed the conversion of 5,10-methylenetetrahydrofolate to
5-methyltetrahydrofolate. The human MTHFR gene is composed of 11 exons and
located on 1p36.3*7. Decreasing of MTHFR activity is one of the most frequent
causes which results in inadequate production of 5-methyltetrahydrofolate that is
required for the remethylation of homocysteine to methionine so the level of
homocysteine is accumulated”'”. There are several studies reported about the
polymorphisms of MTHFR which induced hyperhomocysteinemia®'”"*7® In 1991, a
thermolabile variant of MTHFR was discovered and found to be correlated with
coronary artery disease’”. MTHFR gene has been investigated and found to have
several polymorphisms and mutations. Nowadays, many researchers found many
mutations in this gene. C677T and A1298C mutations on exon 4"*'® and
exon 77" respectively, of the MTHFR gene have been associated with MTHFR
deficiency”*">. C677T is the most common mutation, leading to the substitution of
alanine to valine residue at position 226. The presence of this common mutation was
shown to correlate with increased MTHFR thermolability and reduced specific

(8-9)

activity"” . Recently, a second common mutation was described; an A to C transition
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at base pair 1298 which substitutes a glutamate for an alanine"'”. The A1298C is also
associated with increased homocysteine and reduced enzymatic activity, although to a
lesser extent than C677T7”. In addition, other MTHFR mutations which cause
hyperhomocysteinemia are

1. G482A mutation  (Arginine to Glutamine)

2. A983G mutation  (Serine to Aspatate)

3. T1027G mutation (Tyrosine to Glycine)

4. C1084T mutation (Arginine stop to codon)

5. T1059C mutation (no change amino acid)

6. G1793A mutation (Arginine to Glutamate)

Three main enzymes, CBS, MS and MTHFR regulated plasma homocysteine
level. Nevertheless, hyperhomocysteinemia causing by CBS and MS enzyme was
found in rare case among normal population from many studies. Whereas, many
investigators suggested that MTHFR gene defect is the cause of hyprhomocysteinemia
and found to be common in normal population all over the world. Thus, this study will
investigate the effect of these two mutations, C677T and A1298C, of the MTHFR

gene in coronary artery disease subjects.

5.3.1 C677T mutation

The MTHFR gene was mapped to chromosome region 1p36.3. A
common missense mutation C to T transition at nucleotide 677 (C677T) on exon 4 of
the MTHFR gene, leading to the substitution of alanine to valine residue at position
226"*Y The C677T was shown to correlate with increased MTHFR thermolability
and decreased specific enzyme activity (Table 2-1). This mutation is in the region
encoding the N-terminal catalytic domain that could indirectly affect flavin adenine
dinucleotide (FAD) cofactor and destabilize the quaternary structure®. Individual
homozygous for the mutation have significantly elevated plasma homocysteine level
because of 50% reduction of the activity of enzyme MTHFR. From the studies of the
C677T mutation in cardiovascular disease patients and controls, many researchers
concluded that the C677T polymorphism may be a risk factor for coronary artery
disease'"*. The homozygosity for this frequent mutation in the MTHFR gene is

associated with a 3-fold increase in risk for premature cardiovascular disease in
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patients with mild hyperhomocysteinemia even without other known risk factors such
as hypertension, hyperlipidemia or diabetes'?. Klerk et al.”™® performed a
metaanalysis of the risk of coronary heart disease related to the C677T polymorphism.
Individuals with the C677T genotype have a significant higher risk of coronary heart
disease, particularly in the setting of low folate status. These results supported that the
high homocysteine levels is causally related to increased risk of coronary heart
disease. The common C677T mutation in the MTHFR gene shows ethnic difference

(79)

with a high allele frequency''”. This mutation has relatively high frequency

throughout the world™. The allele frequency of the substitution was a 0.30 in

Caucasian and 0.10 in African-americans'””.

5.3.2 A1298C mutation

The second common mutation of MTHFR gene is A1298C in exon 7
which results in a substitution of glutamate for an alanine residue at codon 429"7'%77,
The A1298C mutation is found in the C-terminal regulatory domain which is
S-adenosyl-methionine-regulatory domain of the enzyme(75 ). The binding of
S-adenosyl methionine (SAM) results in conformational changes within the MTHFR
enzyme that inhibit the enzyme activity’>. The A1298C mutation, like the C677T
mutation, results in a decrease in MTHFR activity that is more pronounced in the
homozygous (CC) than in the heterozygous (AC) or normal (AA) states, and does not
result in a thermolabile protein®*?. The effect of the only A1298C mutation on the
level of homocysteine is lesser than the C677T.

The frequency of the A1298C allele was significantly higher in CAD
(0.304) than in controls (0.199)(15’83). Genotype frequencies of the MTHFR A1298C
polymorphism were shown in Table 2-2. Allele 1298C showed a significant
association with early-onset CAD both in homozygote and in heterozygous
carriers®**Y. Hyperhomocysteinemia is commonly inherited with homozygosity for
the C677T mutation of the methylenetetrahydrofolate reductase gene (MTHFR), or
with compound heterozygosity for the C677T and A1298C mutations of the MTHFR
gene. Many studies commented that only A1298C mutation is not influenced on
increasing the level of homocysteine or lower blood folate concentrations however, is

associated with reduced in vitro enzyme activity (~ 40% to 50% reduction), higher
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plasma concentrations of homocysteine and decreased plasma folate levels"'¥. In vitro
studies, the observed of activity for the A1298C polymorphism (~65% of control) is
clearly higher than that observed for the C677T mutation (~40% of control),
suggesting that homocysteine metabolism might not be significantly disrupted by the
A1298C polymorphism alone"®. The MTHFR C677T and A1298C sites are 2.1 kb
apart and have been found to be in strong linkage disequilibrium. Combined
heterozygosity of the A1298C mutation with other MTHFR mutations including
C677T has been associated with increased total plasma homocysteine levels®**7.
Type of genotypes can be classified as

- Heterozygous MTHFR C677T: The patient has only one copy of the MTHFR
C677T mutation and is negative for the A1298C mutation. This mutation is associated
with intermediate levels of enzyme activity, but no increase in plasma homocysteine
levels. It has not been correlated with coronary artery diseases or venous thrombosis.

- Heterozygous MTHFR A1298C: The patient has one copy of the MTHFR A1298C
mutation and is negative for the C677T mutation. This is associated with decreased
levels of enzyme activity, but no increase in plasma homocysteine levels. It has not
been correlated with coronary artery diseases or venous thrombosis.

- Homozygous MTHFR C677T: The patient has two copies of the MTHFR C677T
mutation. This is associated with increased plasma homocysteine levels and an
increased risk for atherosclerotic coronary artery diseases and venous thrombosis.

- Homozygous MTHFR A1298C: The patient has two copies of the MTHFR
A1298C mutation. This is associated with decreased levels of enzyme activity, but no
increase in plasma homocysteine levels. It has not been correlated with coronary artery
diseases or venous thrombosis.

- Compound Heterozygous MTHFR C677T/A1298C: The patient has one copy of
the MTHFR C677T and the other of the A1298C mutation. This is associated with
increased plasma homocysteine levels, a risk factor for atherosclerotic coronary artery
diseases and venous thrombosis.

- Compound Homozygous MTHFR C677T/A1298C: The patient has two copies of
the MTHFR C677T mutation and two copies of the A1298C mutation. This is
associated with increased plasma homocysteine levels and an increased risk for

atherosclerotic coronary artery diseases and venous thrombosis.
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- Homozygous MTHFR C677T/Heterozygous A1298C: The patient has two copies
of the MTHFR C677T mutation and one copy of the MTHFR A1298C mutation. This
is associated with increased plasma homocysteine levels and an increased risk for
atherosclerotic coronary artery diseases and venous thrombosis.

- Homozygous MTHFR A1298C/Heterozygous C677T: The patient has two copies
of the MTHFR A1298C mutation and one copy of the MTHFR C677T mutation. This
is associated with increased plasma homocysteine levels, a risk factor for
atherosclerotic coronary disease and venous thrombosis.

In addition, the C677T and A1298C mutations in the heterozygous or
homozygous states correlate with reduced enzyme activity®**”. On the other hand,
only individuals homozygous for C677T mutation or compound heterozygous for the
C677T/A1298C mutations have significantly elevated plasma homocysteine

levels®+87.
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Table 2-1 Correlation between MTHFR C677T genotypes and enzyme activity,

thermolability and plasma homocysteine level ")

Genotype C/C C/T T/T
N=19 N=9 N=12

Specific activity *° 22.9+1.7 15.0£0.8 6.940.6
(mmol CH30/mg protein/hr) (11.8-33.8) (10.2-18.8) (2.6-10.2)
Residual activity after 66.8£1.5 56.2+£2.8 21.842.8
heating *° (%) (55-76) (41-67) (10-35)
Plasma homocysteine *° 12.6+1.1 13.8+1.0 22.442.9
(M) (after fasting) (7-21) (9.6-20) (9.6-42)
Plasma homocysteine ** 41.345.0¢ 4142.8 72.6+11.7 ¢
(M) (post-methionine load) (20.9-110) (29.1-54) (24.4-159)

* one-way anova p<.01

® paired t test for all combinations p<.01

¢ paired t test p<.05 for TT group versus CT group or CC group ; p>.05 CT versus CC group
4n=18

‘n=11
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6. Association between hyperhomocysteinemia and atherosclerosis

An elevated plasma homocysteine concentration has recently been identified as
an independent risk factor for atherosclerosis' ***. The association between elevated
concentrations of plasma homocysteine and peripheral vascular arterial disease has

been shown clinically.

6.1 Homocysteine-induced oxidative stress

Because homocysteine is a thiol, it can undergo autooxidation and oxidation
with other thiols. In several investigations hyperhomocysteinemia causes endothelial
cell damage(45’88'89). The toxic effects of hyperhomocysteinemia on endothelial cells
can result from the formation of reactive oxygen derived substances, appears in
process of auto- oxidation of homocysteine to be a major cause of damage®***".
Most of the occurring reactive oxygen species (ROS) is hydrogen peroxide (H,0O,) and
superoxide anion (0,%). Auto-oxidation of homocysteine may produce hydrogen
peroxide (Figure 2-4). Indirect oxidative effects of hyperhomocysteinemia may
include generation of superoxide anion from uncoupled endothelial nitric oxide
synthase (eNOS), xanthine oxidase, or NAD(P)H oxidase, downregulation of auto-
oxidant enzymes and depletion of intracellular glutathione. In the presence of
transition metals such as copper (Cu) or iron (Fe), hydrogen peroxide and superoxide
anion may react to form hydroxyl radical (*OH). Hydroxyl radical may promote the
generation of lipid peroxyl radicals (LOO®), and both superoxide and lipid peroxyl
radicals may react rapidly with endothelium-derived nitric oxide (*NO) to produce
peroxynitrite (ONOO ") or lipid peroxynitrites (LOONO), respectively (Figure 2-4).
This endothelial cell damage can be prevented by an antioxidant catalase and an intact
nitric oxide production pathway in endothelial cells and may play an important role in
protecting against homocysteine damage by formation of non-toxic adduct S-nitro-
homocysteine™.

Nitric oxide (NO) released from normal endothelial cell can detoxify
homocysteine®”. Nitric oxide serves as an endothelium-dependent vasodilator and an
antithrombotic agent in the vasolature because NO forms adducts with several classes

of biologic compound, one of which is the sulthydryl functionality, to form thionitrites

or S-nitrothiols (S-NO-Homocysteine) (Figure 2-5). The S-nitrothiols is a protein
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vasodilator and antiplatelet agent by decreasing in the expression of fibrinogen-
binding sites on the platelet surface and reduction®”. In contrast to homocysteine,
S-nitrosothiols does not support hydrogen peroxide generation nor undergo conversion
to homocysteine-thiolactone. The releasing of endothelial derived NO inhibits the
vascular smooth muscle cell migration and proliferation (Figure 2-6a). However, the
high level of homocysteine can destroy the endothelial cell. When endothelial cell
dysfunctions, the production or bioavailability of NO is attenuated because of inability
to sustain adequate elaboration of NO in the presence of the elevations of

homocysteine(%) (Figure 2-6b).
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Figure 2-4 Schematic diagram of the effect of homocysteine oxidation on
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Figure 2-5 Schematic diagram of the conversion of homocysteine to S-nitroso-

homocysteine, which serves as a vasodilator and inhibitor of platelet function via

activation of guanylyl cyclase®".
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Figure 2-6a Circulating homocysteine is detoxified by NO which is released from

endothelial cell. This reaction also inhibits the vascular smooth muscle proliferation
(45)

and migration

Figure 2-6b NO may be inactivated by intraendothelial reactive oxygen species,

leading to endothelial damage and smooth muscle cell proliferation(45).
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7. Homocysteine and endothelial dysfunction

Atherosclerosis which is associated with hyperhomocysteinemia, results from
endothelial dysfunction and injury followed by platelet activation and thrombus
formation®™. Homocysteine is rapidly auto-oxidized when added to plasma, forming
homocysteine, mixed disulfides and homocysteine thiolactone (Figure 2-7). The
reactive oxygen species (ROS) including superoxide and hydrogen peroxide, are
formed during the auto-oxidation of homocysteine. Both of these oxygen-derived
molecules have been linked to endothelial toxicity®”. Superoxide-dependent
formation of the hydroxyl radical has been shown to initiate lipid peroxidation,
oxidation of low-density lipoprotein (LDL). The excess of homocysteine promotes the
homocysteine thiolactone which is a major byproduct of deregulated homocysteine
metabolism™® (Figure 2-8). Homocysteine thiolactone reacts with LDL to produce
LDL - homocysteine thiolactone aggregates which are taken up by macrophages and
subsequently incorporated into foam cells in early atherosclerotic plaques. In plaques,
homocysteine thiolactone acrylates proteins and enhances oxidative process in the
vessel, thereby generating atherothrombosis. Homocysteine may induce the expression
and secretion of chemokines in vascular endothelial cells. Production of these
chemokines by stimulated endothelial cells would attract monocytes and neutophils to
sites of vascular injury where they could take up residence in the intimal space
(Figure 2-9). White blood cells (WBC) such as monocytes and neutophils which flow
through blood vessels normally have random contact with vascular endothelial cells.
When endothelial cells are damaged from injurious agents, the WBCs begin to roll
along, and adhere to, the endothelial surface. Homocysteine may speed the progression
of wvascular disease by stimulating production of monocyte and neutrophil
chemoattractants, MCP-1 and IL-8, in the vascular endothelium. Secretion is targeted
to the bottom site of the cell, thereby establishing a concentration gradient for
chemotaxis. Once attached, monocytes migrate between endothelials and become
resident in the vascular intimal space®”. Here they are transformed into macrophages,

engulf oxidized LDL, and become foam cells.
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*03 and *H,0,

Figure 2-8 Homocysteine-thiolactone reacts with low density lipoprotein (LDL) to
from LDL-Homocysteine thiolactone aggregates, then promoting atherosclerosis.
In adiition, auto-oxidation of LDL lead to endothelialdysfunction and proliferation

of vascular smooth muscle cells*,
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Figure 1-9 Homocysteine may induce the expression and secretion of chemokines

such as monocyte chemoattractant protein 1 (MCP-1) and interleukin 8 (IL-8) in

vascular endothelial cells then generate foam cell®?,
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8. Treatment of hyperhomocysteinemia

The high level of plasma homocysteine can be reduced by using vitamin
supplementation which consist of folic acid, vitamin Bs and vitamin B;,. Many
investigation prove that folic acid is the most effective vitamin to use® . In most
patients, small doses of folic acid (Img to 5 mg per day) may normalize plasma
homocysteine concentrations. According to a recent study, both cigareete smoking and
coffee consumption were associated with increased homocysteine levels™*”. Smoking
and caffeine consumption have previously been shown to be associated with an
increased risk of both cardiovascular disease and osteoporosis. The link between

coffee consumption and increased homocysteine level is yet controversial.
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CHAPTER 11

MATERIALS AND METHODS

MATERIALS

1. Enzymes

Mbo 11 (10,000 U/mL) Amersham Biosciences

Hinf 1(10,000 U/mL) Amersham Pharmacia Biotech
Proteinase K GibcoBRL

Taq DNA polymerase (2,000 U/mL) Pacific Science

2. Oligonucleotide primers
Oligonucleotide primers used to amplify an exon 4 of MTHFR gene were
described by Frosst P et al" and synthesised by the Bioservice Unit of Mahidol

University, Ministry of Science.

Sense strand 1 5°-TGA AGG AGA AGG TGT CTG CGG GA-3’
Anti-sense strand : 5°-AGG ACG GTG CGG TGA GAG TG-3’

Oligonucleotide primers used to amplify an exon 7 of MTHFR gene were

described by Van der Put NM et al '” and synthesised by Bio Basic Inc.

Sense strand :5°-CTT TGG GGA GCT GAA GGA CTA CTA C-3°
Anti-sense strand : 5°’-CAC TTT GTG ACC ATT CCG GTT TG-3’
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a.)
3 Sense strand primer —> 5
5’ & Anti-sense strand primer 3’
— —~— _
198 bp
b.)
3’ Sense strand primer —_ 5’
5’ < Anti-sense strand primer 3’
— _/
~—
163 bp
c.)

1141 CGTACCCAGG AGTGGGACGA GTTCCCTAAC GGCCGCTGGG 1180

1181 GCAATTCCTC TTCCCCTGCC _TTTGGGGAGC TGAAGGACTA 1220

1221 CTACCTCTTC TACCTGAAGA GCAAGTCCCC CAAGGAGGAG 1260
1261 CTGCTGAAGA TGTGGGGGGA GGAGCTGACC AGTGAAGAAA 1300
1301 GTGTCTTTGA AGTCTTTGTT CTTTACCTCT CGGGAGAACC 1340

1341 AAACCGGAAT GGTCACAAAG TGACTTGCCT GCCCTGGAAC 1380

Figure 3-1 The diagrammatic view the location of primers used in the PCR that
annealing to the genomic DNA (a and b). Partial sequence of the exon 7 of the
MTHFR gene (c), the oligonucleotide primers anneal the underline sequence to

amplified the 163 bp PCR product.
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3. Chemical substances

Chemical substance

Agarose

Ammonium chloride (NH4Cl, MW=63.4)

Ammonium persulfate (NH4),S,05, MW=228.20)

Boric acid H3BO3;, MW=61.83)

Bromophenol Blue

Buffer (10x PCR reaction buffer : 100 mM Tris-HCI
, 15 mM MgCl,, 500 mM KCI and

1% Triton X-100)

Buffer (10x reaction buffer for Hin f I enzyme:
10mM Tris-HCI, 7mM MgCl,, 100 mM NaCl
and 7 mM 2-mercaptoethanol)

Buffer (10x reaction buffer for Mbo Ilenzyme:
10mM Tris-HCI, 7mM MgCl,, 10mM KCl,
7mM 2-mercaptoethanol and 0.01%BSA)

2’-Deoxynucleoside 5’-triphosphate

Ethanol (C;HsOH , MW=46.0)

Ethidiumbromide (C,1H2oN3;Br, MW=394.3)

Ethylenediaminetetraacetic acid disodium salt dihydrate

(EDTA, CoH4N2Na,Og.Hoo, MW=372.24)
Glycerol
Guanidine-HCI (CH;sN5.HCl, MW=95.53)
Hydrochloric acid (HCI)
Ladder marker
Lauryl sulfate (SDS=Sodium dodecyl sulfate
, C12H2504SNa, MW= 288.38)
Mineral oil
Sodium hydroxide (NaOH, MW=40.0)
Trizma base

Tris-HC1
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Company
Sigma
Sigma
Merck
Merck

Sigma

Pacific Science

Amersham Pharmacia

Biotech

Amersham Biosciences
Pharmacia Biotech
Merck

GibcoBRL

Pharmacia Biotech
Sigma
Sigma
Merck

Invitrogen

Sigma
Pacific science
Merck
Pacific science

Sigma
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Chemical substance

Xylene cyanol

4. |Instruments

Instruments

Autoclave

Automatic Pipette

Bench top centrifuge

DNA Thermal cycler

Hotplate Stirrer

Hot Air Oven

Incubator

Microcentrifuge

Mini-protean II electrophoresis cell

Mini-protean III electrophoresis cell

pH meter

Polaroid camera

Refrigerated centrifuge 4237R

Submarine agarose gel electrophoresis set
(Gel Mate2000)

UV-transluminator

Water bath

5. Miscellaneous

Plastic wares

Disposable plastic transfer pipette
Microcentrifuge tube (0.5,1.5 mL)
Pipette tip

Centrifuge tube (50 mL)

Thin wall PCR reaction tube (0.2 mL)
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Company

Sigma

Company

Hirayama, Japan
Gilson, France

Haraeus Sepatech, USA
Perkin Elmer, USA
Corning, USA
Memmert, Germany
Heraeus Sepatech, USA
Heraeus Sepatech, USA
Biorad, USA

Biorad, USA

Beckman, USA
Fotodyne, USA

ALC product, Italy

Toyobo, Japan
Fotodyne, USA

Precision pacific Inc,USA

Company
Elkay, UK
Scientific plastics, USA
Axygen Scientific Inc.,USA
Elkay, UK

Sorenson BioScience Inc., USA
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6. Reagents

6.1 Reagents for DNA extraction from human blood samples

a. 0.5M EDTA pH8.0:

Dissolved 93.0 g EDTA (disodium salt) in approximately 400 ml. distilled
water. Ten grams of NaOH pellets was added to adjust pH to 8.0. The final volume of
this solution was made up to 500 ml and autoclaved.

b. 5% EDTApH7.4:

Dissolved 25 g EDTA (disodium salt) in 400 ml distilled water. The pH of this
solution was adjusted to 7.4 with 10 N NaOH, and then final volume was made up to
500 ml before autoclaving to sterile the solution.

c. 7.5M Guanidine-HCI :

Dissolved 72.0 g guanidine-HCI in 50 ml sterile distilled water and adjusted
pH to 7.6. The final volume was made up to 100 ml and filtered with 1 pm filter.

d. Proteinase K solution :

Dissolved 100 mg proteinase K in 10 ml sterile distilled water and mixed well.
One milliliter of proteinase K solution was aliquoted into 1.5 ml microcentrifuge tube
and stored at —20°c until use.

e. 10% (W/V) SDS solution :

Dissolved 10 g SDS in 100 ml sterile distilled water.

f. Stock lysis buffer :

118 mM NHy4CI, 7.6 mM Trizma base, 3.6 mM EDTA pH 7.2

Dissolved 6.35 g NH4Cl, 1.33 g EDTA (disodium salt) and 0.92 g Trizma in
800 ml distilled water and adjusted pH to 7.2. After adding distilled water up to 1
Liter, the solution was autoclaved and kept at 4°c.

Working lysis buffer :

The stock lysis buffer was diluted 1:2 before use.

g. TE buffer pH 8.0:

Mixed 10 ml of 1 M Tris-HCI pH 7.6 and 2 ml of 0.5 M EDTA pH 8.0.

Adjusted the final volume to 1 Liter and autoclaved.
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h. 1M Tris-HCI pH7.6:

Dissolved 60.6 g Tris-HCI in 400 ml distilled water and added 13 ml of 6 M
HCI to adjust pH to 7.6. Adjusted the final volume to 500 ml and autoclaved.

I.  70% ethanol :

Diluted 700 ml of absolute ethanol with 300 ml of sterile distilled water and

mixed well.

6.2 Reagents for DNA amplification

a. 10x buffer PCR :

500 mM KCI, 15 mM MgCl12, 100 mM Tris-HCI pH 8.8 and 1% Triton
X-100

b. Deoxynucleoside triphosphates :

100 mM each of dATP, dCTP , dGTP, dTTP

c. Tag DNA polymerase

d. Mineral oil

6.3 Reagents for restriction enzyme digestion
a. Enzyme Hinf I
b. 10x buffer for enzyme Hinf I :
1,000 mM NacCl, 500 mM Tris-HC1 pH 7.5, 100 mM MgCl,,
10 mM Dithiothreitol
c. Enzyme Mbo Il
d. 10x buffer for enzyme Mbo I1 :
100 mM Tris-HCI pH 7.5, 100mM MgCl,, 10mM Dithiothreitol

6.4 Reagents for agarose gel electrophoresis
a. 0.7%, 2.0 % agarose gel :
Dissolved 0.7 g or 2 .0 g of agarose gel in 1xTBE buffer
b. Ethidium bromide :

Dissolved 1 g ethidium bromide in 100 ml of water.
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c. Gel loading buffer :
Dissolved 0.125 g each of bromophenol blue and xylene cyanol in 50 ml DDW

containing 15 ml of glycerol.

d. 10x Tris-borate buffer (TBE) :
Dissolved 108 g Trizma base, 55 g boric acid and 9.3 g EDTA (disodium salt)

in 1 L distilled water and autoclaved. This stock solution was diluted 10 times before

use.
e. DNA ladder marker 250 ng/pl :

Dissolved 5 p1of 1 pg/pul DNA molecular marker (100 or 25 bp ladder) in
15 pl of sterile distilled water.
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METHODS

1. Study subjects

The population was divided into 2 groups. All volunteers were recruited after
they provided informed consent. The first group was 98 normal healthy control
subjects (65 men in age 48.96+6.23, 26 women in age 41.20+5.68). The healthy
control subjects were from blood donor clinic at the Pramongkut hospital. The second
group was 199 coronary artery disease (CAD) patients (129 men in age 61.931£9.61, 70
women in age 63.91+£8.81). The CAD patients were recruited from Her Majestry’s
Cardiac Centre, Siriraj Hospital, Mahidol University. The prevalence of CAD was
determined by the presence of a pathological coronary angiogram. Severity of CAD
was classified according to the number of affected arteries, i.e. as single-vessel disease
(> 50% luminal diameter stenosis in one coronary artery or its major branches), two-
vessel coronary artery disease (= 50% stenoses in two coronary arteries, and three-

vessel disease (> 50% stenoses in three coronary arteries).

2. Determination of homocysteine, folate and vitamin B,

Fasting blood samples were collected into EDTA-containing tubes. The EDTA
tube for homocysteine analysis was immediately placed on ice and centrifuged within
one hour of the blood draw. The levels of plasma homocysteine concentrations were
measured by use of immunoassay method, fluorescence polarization immunoassay or
FPIA, by Tropical Laboratory Medicine, Faculty of tropical medicine, Mahidol
University (Kits were supplied by Abbott Laboratories LTD). The level of folate and
vitamin Bj, were analyzed using Chemiluminescence technique (Kits were supplied
by Boehringer Mannheim) by Clinical Chemistry Unit, Department of Clinical
Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University.

3. Determination of cholesterol, triglyceride and HDL-cholesterol
Fasting serum were determined the levels of cholesterol, triglyceride and HDL-
cholesterol using spectrophotometry technique (Kits were supplied by Human,

Germany).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 39

4. DNA extraction

Genomic DNA was extracted from peripheral leukocytes by Guanidine-HCl
method (UCLA, 1993). Five microliters of venous blood was collected from each
subject with informed consent into a 50 ml focal tube containing 200 pl of 5% EDTA
as a blood anticoagulant. Two volumes of working lysis buffer were added into the
tube. The solution was mixed by vortexing then let stand for 10 min at room
temperature. After centrifugation at 600 g for 10 minutes at 4°C (ALC 4237R, Italy),
the red supernatant was discarded and this step was repeated twice more. The 40 ul
enzyme Proteinase K solution was added into the white blood cell pellet and mixed
homogeneously. The solution was added with 800 pl sterile double distill water and
300 uL of 10% SDS, mixed gently to avoid the air-bubble and incubated overnight at
37°C. Following the addition of Guanidine-HCI, the mixture was incubated at
68-70 °C for 10 min. The solution was mixed again and incubated at 68-70°C for
another 5 min. The mixture was centrifuged at 9,800xg for 10 min. The supernatant
was gently mixed and incubated at 68-70°C for an additional of 5 min. The mixture
was centrifuged as described. DNA from the supernatant was then precipitated with
two volumes of cold absolute ethanol followed by washing once with 70% ethanol.
Genomic DNA was finally resuspended in TE buffer (10 mM Tris-HCI, ImM EDTA
pH 8.0) and stored at —20°C until use. Quality of the extracted gDNA was verified by

agarose gel electrophoresis.

5. DNA amplification by polymerase chain reaction (PCR)

5.1 Principle of PCR

The polymerase chain reaction (PCR) is a powerful and widely used technique
that allows specific DNA sequences to be copied or amplified over a million fold in a
simple enzyme reaction®”. PCR is a rapid and versatile in vitro method for selective
amplification of a specific target DNA sequences within a heterogeneous source of
DNA (e.g. total genomic DNA or a complex ¢cDNA)®®. To permit such selective
amplification, some prior DNA sequence information from the target sequences is
required (Figure 3-2). This information is used to design two oligonucleotide primers

(amplimers) which are specific for the target sequence and which are often about
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15-25 nucleotides long. After the primers are added to denature template DNA, they
bind specifically to complementary DNA sequences at the target site. In the presence
of a suitably heat stable DNA polymerase and DNA precursors (the four
deoxynucleoside triphosphates, dATP, dCTP, dGTP, dTTP), they initiate the synthesis
of new DNA strands which are complementary to the individual DNA strands of the
target DNA segments, and which overlap each other.

PCR allows the amplification of target DNA sequences through 20-40 repeated
cycles of DNA synthesis. Each cycle has three stages carried out at different
temperatures: (i) denaturation — the reaction is heated to above 90 °C (about 93 °C to
95 °C for human genomic DNA) to separate the strands of the double helix; (ii)
annealing — the reaction is cooled to allow the primers bind to the single- stranded
template DNA. Normally, annealing temperature is about 50 °C to 70 °C depending on
melting temperature (Tm) of the expected duplex (the annealing temperature is
typically about 5 °C below the calculated Tm; (iii) extension — the reaction is typically
about 70 °C to 75 °C where the DNA polymerase is most active for DNA synthesis and
the target DNA sequence is copied.
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Unamplified DNA

Denature and anneal primers

Primer extension

Denature and anneal primers

Primer extension

Denature and anneal primers

Primer extension

Cycles 4 - 25

'

At least 10%- fold increase in ONA

Figure 3-2 The schematic diagram of the principle polymerase chain reaction (PCR)
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5.2 Procedure of PCR

The C677T mutation in the MTHFR gene was analyzed by PCR of genomic
DNA using the method described by Frosst et al. The oligonucleotide primers, sense
strand : 5°-TGA AGG AGA AGG TGT CTG CGG GA-3’ and anti-sense strand :
5’-AGG ACG GTG CGG TGA GAG TG-3’, were used to amplify the exon 4 of
MTHFR gene. Nevertheless, the temperature profile was optimized in this study. A
25ul PCR reaction mixture consisted of 5 pl of genomic DNA, 10 mM Tris-HCI pH
8.8, 50 mM KCI, 1.5 mM MgCl,, 0.1% Triton X-100, 0.04mM of each nucleoside
triphosphate, 5 pmol of each primer and 0.5 unit of Taq DNA polymerase. The
reaction mixture was covered with a drop of mineral oil. PCR reaction was performed
in a 0.6 ml microcentrifuge tube and run in a Perkin-Elmer Cetus Thermal Cycler.
Thermocycling condition consisted of 40 cycles of denaturation at 95°C for one min,
annealing at 65°C for one min and extension at 72°C for one min, proceeded by an
initial denaturation step at 95°C for five min and followed by a terminal extension of
seven min at 72°C. The second A1298C mutation was also analyzed by PCR using the
method described by Van der Put NM et al. The sense strand primer : 5’-CTT TGG
GGA GCT GAA GGA CTA CTA C-3’ and anti-sense strand primer :5’-CAC TTT
GTG ACC ATT CCG GTT TG-3’ were used to amplify exon 7 of the MTHFR gene.
The 25ul PCR reaction mixture was the same as described for the amplification of
C677T mutation. The temperature profiles were : initial denaturation at 92°C for two
min, followed by 40 cycles of denaturation at 92°C for one min, annealing at 60°C for
one min, extension at 72°C for 30 sec and a final extension time of seven min at 72°C.
This amplification reaction resulted in synthesis of a 198 bp fragment for exon 4 and
163 bp fragment for exon 7. The PCR-amplified DNA products from subjects of CAD
patients and healthy control subjects were used in the next step of restriction enzyme

analysis (RFLP).

6. Restriction Fragment Length Polymorphism (RFLP)

6.1 Principle of RFLP

Restriction endonucleases are enzymes that cleave DNA molecule. These are

bacterial enzymes, believed to be part of the defence against viral infection. The
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enzymes recognize a specific sequence of bases in DNA, and cut the molecule where
this sequence occurs. This is known as enzyme digestion. The name of enzymes are
from the bacteria which they are isolated such as enzyme ECOR1 came from E. coli
strain R1 and it cuts wherever the sequence GAATTC is found in DNA. Other
enzymes cut at different sequence, 4 to 8 bases long. If two organisms differ in the
distance between sites of cleavage of a particular restriction endonuclease, the length
of the fragments produced will differ when the DNA is digested with an enzyme and
these different sized fragments are known as RFLP (restriction fragment length
polymorphisms). The detection of different sized fragments can be very important in
analyzing certain genetic disorders. Differences between individuals occur because
about 90% of human DNA is noncoding, that is, does not contain genes, and variations
in base sequence between individuals in this noncoding DNA can occur without
apparent harmful effect (except for noncoding regulatory sequences). Thus, different
individuals will show variations in the structure of their noncoding DNA, usually in
the form of single base changes. Sometimes these changes occur in an existing
recognition sequence for a restriction endonucleases and the site is then lost, or the
change can create a new recognition site for a restriction endonuclease. When the
DNA from an individual showing such a change is digested with the restriction
endonuclease that cuts at that site, there will be a change in the size of change in base
sequence. The DNA from the two individuals will therefore exhibit different fragment
lengths when digested with the relevant restriction enzyme. These differences are

RFLP.

6.2 Procedure of RFLP

Two mutations of MTHFR gene on C677T and A1298C in exon 4 and exon 7,
respectively, were analysed by PCR-RFLP. The PCR amplified DNA were cut with
restriction endonuclease enzymes.

C677T mutation : The C to T substitution at nucleotide 677 in the MTHFR gene
introduces a restriction site for the Hinf I enzyme. This enzyme was used to
distinguish the allele by cleaving the mutant fragment into 175 bp and 23 bp

fragments. For the digestion reaction, 5 units of Hinf I, 1.5 ul of 10x buffer
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recommended by manufacturer and 10 pl of PCR product were added to a final
volume of 15 pl. Samples were digested overnight at 37 °C.

A1298C mutation : This 1298AC mutation in the MTHFR gene abolishes an
Mbo II restriction site. After restriction enzyme analysis of the 163 bp PCR fragment
with Mbo 11, we expected and observed the following: the 1298CC genotype results in
4 fragments, namely 84, 31, 30 and 18 bp, whereas the 1298AA genotype gives 5
fragments. The 84 bp fragment is cut into a 56 and 28 bp fragments, and thus base pair
lengths of 56, 31, 30, 28, 18 can be observed. The reaction mixture (15ul) contained
10 ul of the PCR-amplified DNA, 1.5 ul of 10x buffer, 5 units of Mbo II and
additional volume of sterile double distilled water up to 15 pl. Sample were digested
overnight at 37 °C.

After digestion, the fragments were identified by 8% and 15% polyacrylamide
gel electrophoresis for C677T and A1298C mutations respectively. The gel was

stained with ethidium bromide and visualized on a UV transilluminator.

7. Agarose gel Electrophoresis

7.1 Principle of agarose gel electrophoresis

Agarose electrophoresis is a method used in molecular biology to separate DNA
strands by size, and to determine the size of the separated strands by comparison to
strands of known length. The technique of electrophoresis is based on the fact that
DNA molecules have a high negative charge due to its phosphate backbone. For this
reason, when DNA is placed on a field with an electric current, these negatively
charged DNA molecules migrate toward the positive end of the field. DNA molecule
migrated through an agarose gel. The agarose forms a porous lattice in the buffer
solution and the DNA must slip through the holes in the lattice in order to move
toward the positive pole. This slows the molecule down. The smaller molecules are
able to move faster than the larger one, so they make it further down the gel than the
larger molecules. The DNA is not normally visible during this process, so the marker
dye is added to the DNA to avoid the DNA being run entirely off the gel. The marker
dye has a low molecular weight, and migrates faster than the DNA, so as long as the

marker has not run past the end of the gel, the DNA will still be in the gel (Figure 3-3).
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7.2 Procedure of agarose gel electrophoresis

After PCR, the amplified DNA products were verified by agarose gel
electrophoresis. Prior to gel casting, dried agarose is dissolved in 1x TBE buffer by
heating. The warm gel solution is poured in to a mold which is fitted with a comb. The
percentage of agarose in the gel is varied. The 0.7% agarose gel is used to detect the
purified DNA from DNA extraction and 2% agarose is prepared to check the
amplified PCR product. The DNA ladder marker is loaded into each gel. Five pl of
DNA was mixed with 2 ul of loading dye marker. Agarose gel electrophoresis was run
in 1x TBE buffer pH 8.0 for 40 min at 100 volts, then the DNA fragments were

observed by staining with ethidium bromide and visualized on a UV transilluminator.
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Figure 3-3 The schematic diagram of agarose gel electrophoresis. DNA was
mixed with loading dye marker and loaded in each gel and run in TBE buffer

at 100 volts. The fragments of DNA migrated with molecular weight.
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8. Polyacrylamide gel electrophoresis

8.1 Principle of polyacrylamide gel electrophoresis

Polyacrylamide gel electrophoresis (PAGE) is often used for high resolution
separation of denatured proteins, native proteins and small DNA fragments (Figure
3-4). There are two basic types of polyacrylamide gels. The first is native gels, native
polyacrylamide gels contain bis and polyacrylamide (ammoniumpersulfate and
TEMED) only, and there are no special additives. Native gels are more convenient to
prepare, but have a signification limitation: they cannot be used to separate mixtures of
proteins based on their relative sizes. The second is denaturing gels; denaturing
polyacrylamide gels contain additives that maintain the molecules to be separated in a
denatured state. Proteins are denatured using the detergent SDS. SDS disrupts
interactions between side groups and disrupts all of the disulfide bonds that stabilize
the higher order structure of proteins. This means that all denatured proteins have
roughly the same shape. For this reason the separation in the gel is now purely
dependent on the molecular mass of the proteins.

Polyacrylamide forms gels with pores of a much more controlled and uniform
size than does agarose. Consequently, polyacrylamide gels can be used to separate
molecules that differ in size by as little as 2% of their molecular weight. The formation
of pores in polyacrylamide gels is a chemical process, resulting from the combined
action of polymerization and chemical cross-linking. The result is a very regular
matrix with a much more uniform pore size.

Polyacrylamide gels are composed of two chemicals, monoacrylamide and
N,N’ methylene bis acryamide. The size of the pores is controlled by varying the ratio
of bis to acrylamide (which determines the extent of the cross-linking) and the overall
pertage of acrylamide (which determines how tightly packed the polymer chains will

be in solution).

8.2 Procedure of polyacrylamide gel electrophoresis

Polymorphisms of MTHFR gene were detected by polyacrylamide gel
electrophoresis. The percentage of polyacrylamide depends on size of the DNA
fragments. To detect the C677T polymorphism, 8% polyacrylamide gel was used and
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15% polyacrylamide gel was used to detect the A1298C polymorphism. Fifteen
microliters of 8% polyacrylamide solution, containing 3 ml of 40% acrylamide
solution (19:1), 1.5 ml of 10x TBE buffer, 10.5 ml of distilled water, 80 pl of 20%
ammonium persulfate (to initiate free radicals which are important for chain reaction)
and 8 pl of TEMED were mixed together 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.

Fifteen microliters of 15% polyacrylamide solution composed of 5.6 ml of 40%
polyacrylamide solution (19.:1), 1.5 ml of 10x TBE buffer, 7.9 ml of distilled water,
80 pl of 20% ammonium persulfate and 8 pl of TEMED. The gel was left to
polymerize at room temperature for 40 minutes. After the polymerization was
completed, the gel mold was set to the electrophoresis apparatus. 1X TBE was used as
a running buffer. The solution of the DNA marker and /or DNA samples were mixed
with 2 pl of gel loading buffer and applied into each well and electrophoresed at 100
volts for 60 min to detect the C677T mutation or 150 min to detect the A1298C
mutation, respectively at room temperature. When the electrophoresis was finished,
the DNA fragments in the gel was stained with ethidium bromide solution then placed

on the short wavelength UV transilluminator for visualization.
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Figure 3-4 The schematic diagram of polyacrylamide gel electrophoresis
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9. Statistical analysis
Hardy-Weinberg equilibrium was determined for all of the genotypes using the
Chi-square (x°) test. Genotype distribution and allele frequencies between the study
groups were compared by Chi-square (y°) analysis. ANOVA and compared mean
t-test were carried out to test the difference of homocysteine concentrations. The
relative risk and 95% confidence interval (95% CI) were estimated using exposure
Odds ration. The nominal levels of statistical significance for all analyses were < 0.05.

All calculations were conducted by SPSS and MedCalC program.
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CHAPTER IV

RESULTS

1. Clinical characteristics of the study population

The subjects were divided into 2 groups. The first group was 98 normal healthy
control subjects recruited from blood donor clinic at the Phramongkut hospital. The
second group was 199 coronary artery disease (CAD) patients, which were divided
from Her Majesty’s cardiac centre, Siriraj Hospital, Mahidol University. Severity of
CAD was classified by the significant plaque burden in different level, as single vessel
disease, double vessels disease and triple vessels disease. The baseline data, clinical
and biochemistry characteristics of CAD patients were summarized in Table 4-1.
Baseline data and biochemistry characteristic of healthy control subjects were not

determined.
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Table 4-1 Clinical and biochemical characteristics of CAD patients and

healthy control subjects.

Parameter Healthy subjects CAD patients p-value
(n=98) (n=199)
Age (years) 48.21+5.19 (n=94) | 62.63+9.35 (n=190) | <0.0001
Male:Female 31 2:1 -

Blood pressure

systolic (mmHg) - 151.43+25.84 (n=165) -

diastolic (mmHg) - 80.37+17.30 (n=165) -
Cholesterol (mg/dl) 178.18+25.06 (n=33) | 186.52+46.58 (n=192) | 0.1055
Triglyride (mg/dl) 163.07+75.86 (n=33) | 141.93+83.73 (n=192) | 0.1760

HDL-cholesterol (mg/dl) | 47.45+3.69 (n=33) | 42.73+12.69 (n=191) | 0.0353

Homocysteine (umol/L) 9.26+1.90 (n=98) 13.5846.07 9 (n=88) | <0.0001

Folate (ng/ml) - 9.08+9.38 (n=81) -

B12 (pg/ml) - 772.42+416.26 (n=81) -
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2. DNA extraction

Genomic DNA was extracted from peripheral leukocytes of a healthy control
subjects and CAD patients by Guanidine HCI method (UCLA 1993). The quality of
the extracted DNA was determined by electrophoresis on 0.7% agarose gel. The
gDNA bands were visualized under the UV-transilluminator after ethidium bromide

staining.

bp M 1 2 3 4 5

23,13
6,557

2,322

Figure 4-1 Ethidium bromide staining pattern of extracted DNA from
peripheral blood leukocytes by Guanidine-HCI extraction. Lane M was HindllI

digested L DNA marker. Lanes 1-5 were gDNA from different individuals.
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3. Analysis of C677T mutation in exon 4 of the MTHFR gene

The C677T mutation was determined by PCR-RFLP. Exon 4 of the MTHFR
gene was amplified with specific primers. The generated fragment has a length of
198 bp. The optimal annealing temperature for exon 4 gene amplification was 65°C,
1 min (Figure 4-2). The cytosine to thymine substitution at nucleotide 677 creates a
Hinf | recognition site. In the presence of the mutation Hinf I-digested the 198 bp
fragment into a 175 bp and 23 bp fragments (Figure 4-3 and 4-4). The genotypes were
analysed by 8% polyacrylamide gel electrophoresis in TBE buffer. The Hinf | digested

exon 4 was shown in Figure 4-5
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bp 12 3 4 5 6 bp

500
200 198
100+

Figure 4-2 2% agarose gel electrophoretic patterns of PCR-amplified product

of C677T mutation. Lane M was 100 bp DNA molecular weight marker and lanes 1-4
were PCR-amplified product.
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Nucleotide 654

| Vi

| G AGTC

Nucleotide 852

Mutant 677T

[ 23 bp | 175 bp |

| 198 bp |

Normal 677C
Figure 4-3 For 677CT mutation analysis, genomic DNA was amplified from
nucleotide 654 to nucleotide 852 (198 bp size). In the PCR-amplified DNA which had
one restriction site cut for restriction enzyme Hinf | would digest the PCR-amplified
DNA into 2 fragments of 175 and 23 bp in the homozygous mutation (677T) of the
MTHFR gene, whereas the PCR-amplified DNA from the homozygous 677C remain
undigested.

U

677 C (Normal)

Intron 3 Exon 4 Intron 4
GAGCCGATTT

677 T (Mutant)

Intron 3 Exon 4 Intron 4

GAGTCGATTT

N
W

Figure 4-4 Diagrammatic presentation of the base substitution nucleotide 677
of the human MTHFR gene. A genomic DNA fragment on exon 4 of the MTHFR
gene was amplified by PCR which produced 198 bp product in the presence of the
base substitution (C to T) at nucleotide 677.
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20 |58
175 175
1 560
125

100

Figure 4-5 8% polyacrylamide gel electrophoretic pattern of the Hinf I-
digested C677T mutation on exon 4 of the MTHFR gene. Lane M was 25 bp DNA
molecular weight marker. Lane 1 was the undigested PCR-amplified DNA. Lanes 2-7
were Hinf I-digested DNA. Lanes 3 and 7 were wild type CC (198 bp). Lanes 2 and 6
were heterozygous CT (198, 175 and 23 bp) and lanes 4 and 5 were homozygous TT
(175 and 23 bp). The 23 bp was run out of gel.



Sireerat Laodheerasiri Results / 58

4. Analysis of A1298C mutation in exon 7 of MTHFR gene

Exon 7 of the MTHFR gene was amplified by PCR using the optimal
annealing temperature which was 60°C for 1 min. The amplified-DNA product was
163 bp (Figure 4-6). The A1298C mutation in exon 7 of MTHFR gene was determined
by Mbo 11 restriction enzyme digestion. This mutation abolished the Mbo 11 restriction
site. After restriction enzyme digested PCR-amplified DNA, the DNA fragments were
analyzed by 15% polyacrylamide gel electrophoresis. The mutation pattern in exon 7
of MTHFR gene and the Mbo Il restriction map were shown in Figures 4-7 and 4-8,
respectively. Following Mbo Il digestion of the homozygous wild type (AA)163 bp
fragment resulted in 5 fragments (56, 31, 30, 28 and 18 bp). The heterozygous
genotype (AC) resulted in 6 fragments (84, 56, 31, 30, 28 and 18 bp) and the
homozygous mutant genotype resulted in 4 fragments (84, 31, 30 and 18 bp). The

fragments were identified using 15% polyacrylamide gel electrophoresis (Figure 4-9).
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bp1 2 3 4 5 6 bp

-
—
—
=
500 —
-
300 — =
200 —£
100 —&2

Figure 4-6 2% agarose gel electrophoretic of PCR-amplified product of exon
7 on the MTHFR gene (A1298C). Lane M was 100bp DNA molecular weight marker
and lanes 1-4 were PCR-amplified product (163 bp).
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Nucleotide 1200

L 4 v v V

" GAAGAN, ‘

Nucleotide 1362

Normal 1298A

[ 18 bp | 31 bp | 30bp | 28 bp | 56 bp
L 18 bp | 31 bp | 30bp | 84 bp
Mutant 1298C

Figure 4-7 For A1298C mutation analysis, genomic DNA was amplified
from nucleotide 1200 to 1362 (163 bp size). The substitution of A to C at nucleotide
1298 on exon 7 of MTHFR gene abolished an Mbo Il restriction site, the 84 bp

fragment was not digested into 56 and 28 bp fragments.

th
o

1298 A (Normal)

Intron 6 Exon 7 Intron 7
GAAGAAAGTG

1298 C (Mutant)

Intron 6 Exon 7 Intron 7

GAAGCAAGTG

3

th

Figure 4-8 Diagrammatic of the A to C substitution at nucleotide 1298 on
exon 7 of the human MTHFR gene. The PCR-amplification produced a 163 bp

product.
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175
125 63
100
75 ba
- 56
31
30
25 28

Figure 4-9 15% polyacrylamide gel electrophoretic pattern of the Mbo I1-
digested A1298C mutation on exon 7 of the MTHFR gene. Lane M was 25 bp DNA
molecular weight marker. Lane 1 was the undigested PCR-amplified DNA. Lanes 2-7
were Mbo I1-digested DNA. Lanes 2 and 3 were wild type AA (56, 31, 30, 28 and 18
bp). Lanes 4 and 5 were heterozygous AC (84, 56, 31, 30, 28 and 18 bp). Lanes 6 and
7 were homozygous CC (84, 31, 30 and 18 bp). The 18 bp was run out of gel.
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5. The biochemical and clinical characteristics in the MTHFR gene variants

The biochemical and clinical characteristics of 199 CAD patients with CC, CT
and TT genotypes of C677T and AA, AC and CC genotypes of A1298C mutations

were compared and shown in Table 4-2 and Table 4-3, respectively.
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6. Analysis of the relationship between C677T and A1298C mutations with

plasma homocysteine concentrations.

The effect of C677T and A1298C mutations of the MTHFR gene on plasma
homocysteine concentrations were analyzed and compared between CAD patients and
healthy control subjects. The levels of homocysteine were classified by genotype
distribution (Table 4-4). Homocysteine concentration depends on age, so the ages of
all subjects were selected between 40-70 years. For C677T mutation, the homozygous
genotype (TT) was not found in healthy control subjects. The levels of homocysteine
concentration were significantly higher in CAD patients in both wild type (CC)
(p<0.0001) and heterozygous mutation (CT) (p=0.0011) than the healthy control
subjects. In healthy control subjects, homocysteine concentrations were compared
between heterozygous (CT) and wild type (CC). It was significantly different
(p=0.0204).0On the contrary, homocysteine between 677CC and 677CT in CAD
patients were not significantly different (p=0.3570). For A1298 mutation, there were
no significant differences in mean homocysteine concentrations in individuals who
were either heterozygous (AC) or homozygous (CC) compared with individuals
homozygous wild type (AA) (p>0.05). However, homocysteine concentrations in
CAD patients who were wild type (AA) and heterozygous (AC) were significantly
different when compared with healthy control subjects (p<0.0001).
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Table 4-4 Concentrations of homocysteine according to MTHFR C677T
and A1298C genotypes in healthy control subjects and CAD patients

Parameter | Hcy level in Healthy control | Hcy level in CAD patients | P-value
subjects(umol/L) (n=98)*? (umol/L) (n=82)"
677
cC 9.01+1.82 (75) 12.75+4.62 (51) <0.0001
CT 10.06+2.02 (23) 13.75+4.81 (30) 0.0011
1T - 50.00 (1) -
1298
AA 9.04+2.03 (47) 14.76+7.90 (38) <0.0001
AC 9.48+1.77 (49) 12.47+3.48 (35) <0.0001
cC 9.50+2.73 (2) 12.80+5.89 (9) 0.4723
677

CC*CT* p=0.0204 CC’.CT® p=0.3570

1298

AA?AC? p=0.2600  AA*CC? p=0.7570
AA° AC’ p=0.4892  AA°AC" p=0.1188

AC?CC?* p=0.9877
AC’ CC" p=0.8285
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7. Analysis of the relationship between combined mutation

(C677T/A1298C) and plasma homocysteine concentrations.

The effect of the combined mutation between the C677T and A1298C
genotypes on homocysteine concentrations was analyzed in the healthy control
subjects and CAD patients (Table 4-5). CAD patients with the 677TT/1298AA
genotype showed the highest level of homocysteine (50 umol/L). In addition, the
homocysteine concentrations in CAD patients with 677CC/1298AA, 677CC/1298AC,
677CT/1298AA and 677CT/1298AC genotypes were statistical significantly highest
than healthy control subjects (p<0.0001, p<0.0001, p=0.0253 and p=0.0029,
respectively). Furthermore, healthy subjects with combined heterozygosity for the two
MTHFR variants (677CT/1298AC genotype) had significantly higher homocysteine
concentrations than subjects with the 677CC/1298AA genotypes (p=0.0156) and
677CC/1298AC genotypes (p=0.0051). In CAD patients, homocysteine concentrations
were significantly higher in individuals with 677CT/1298AC genotypes compared
with individuals with 677CC/1298AC genotype (p=0.0064).
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Table 4-5 Concentration of homocysteine according to combined MTHFR
C677T/A1298C mutations in healthy control subjects and CAD patients

Parameter Hcy level in Normal Hcy level in CAD p-value
subjects (umol/L) patients (umol/L)
(n=98) (n=81)°

677CC/1298AA 8.95+2.10 (36) 13.84+5.39 (21) <0.0001
677CC/1298AC 9.09+1.50 (37) 11.42+3.02 (24) <0.0001
677CC/1298CC 9.15+2.73 (2) 14.24+6.25 (6) 0.3256
677CT/1298AA 9.36+1.80 (11) 13.76+5.49 (16) 0.0253
677CT/1298AC 10.70+2.07(12) 14.77+3.46 (11) 0.0029
677CT/1298CC - 12.35+3.18 (2) -
677TT/1298AA - 50.00 (1) -
677/1298
CC/AA® CC/AC? p=0.7435 CC/AA® CcC/CC? p=0.8974 CCIAA® CT/AA? p=0.5620
CC/AA? CT/AC? p=0.0156 cc/ac? ccicc? p=0.9577 CC/IAC? CT/IAA? p=0.6189
CC/AC® CT/AC? p=0.0051 cc/cc? cT/AAY p=0.8885 CC/CC® CT/AC? p=0.3601
CT/AA% CT/AC? p=0.1139
ccian® ceiac? p=0.0657 cc/aaP cerec® p=0.8780 cc/AA® cT/iAA® p=0.9649
cc/aA® cTIAC® p=0.6158 cciaa® cTicc® p=0.7081 cc/ac® ceice® p=0.1155
CCIAC®,CTIAAD p=0.0004 cciac®,cTIACY p=0.0064 cc/AC® cTicc® p=0.6800
ccicc? cTIAA® p=0.8619 ccrec? cT/Ac® p=0.8228 ccrec? cTiec® p=0.7016

CT/AA® CTIAC® p=0.5945 cT/aA® cTiec® p=0.7311 cT/ac®,cTicc® p=0.3791
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8. Analysis of the relationship between homocysteine concentrations and

MTHFR gene mutations in different severity groups of CAD patients

It was observed that, mean homocysteine concentrations were significantly
increased with severity of CAD (single, double and triple vessels disease) (p<0.0001)
(Table 4-6). For C677T mutation, the levels of homocysteine concentrations were
significantly different in healthy control subjects and double-vesseled disease
(p=0.0204 and p=0.0193, respectively) when compared with the heterozygous mutant
(CT) and wild type (CC). However, A1298C mutation showed no effect on increasing

the level of homocysteine in all subjects (p>0.05).
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9. Analysis of the relationship of homocysteine concentrations in different

severity groups of CAD patients and combined MTHFR genotype mutations

The combined double heterozygous genotype (677CT/1298AC) was
significantly correlated with increase level of homocysteine when compared with
combined homozygous wild type (677CC/1298AA) in healthy control subjects
(p=0.0156). Furthermore, the levels of homocysteine were significantly higher when
compared between 677CT/1298AC and 677CC/1298AC in healthy control subjects
(p=0.0051) and double-vesseled disease (p=0.0065) (Table 4-7).
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10. Study on the genotype frequencies of C677T and A1298C mutations of
the MTHFR gene

10.1 C677T and A1298 C genotype frequencies

Genotype frequencies of the C677T and A1298C polymorphisms were
analyzed in the 98 healthy control subjects and 199 CAD patients (Table 4-8).
Frequencies of CC, CT and TT genotypes of the C677T were 76.53, 23.47 and 0% in
healthy control subjects and 68.84, 29.65 and 1.51% in CAD patients, respectively.
Frequencies of AA, AC and CC genotypes of the A1298C were 47.96, 50.00 and
2.04% in healthy control subjects and 49.25, 40.20 and 10.55% in CAD patients,
respectively. Results from a Chi-squares analysis indicated that genotype distributions
in both healthy control subjects and CAD patients were not differentially significant
for C677T polymorphism (p=0.23). On the contrary, they were differentially
significant for A1298C polymorphism (p=0.02). In addition, 1298CC genotype
showed a significantly increase in Odds Ratio (OR=5.663; 95%CI=1.300-24.666;
P=0.019).
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Table 4-8 Distribution of C677T and A1298C mutations allelic frequencies in
healthy control subjects and CAD patient

Parameter | Healthy control | CAD patients OR 95% ClI P-value
(n=98) (n=199)

677

CcC 75 (76.53%) 137 (68.84%) | 0.7059 | 0.404-1.232 0.2753
CT 23 (23.47%) 59 (29.65%) | 1.3742 | 0.787-2.400 0.3261
TT 0 3 (1.51%) - - -
1298

AA 47 (47.96%) 98 (49.25%) | 1.0529 | 0.649-1.708 |0.9321
AC 49 (50.00%) 80 (40.20%) | 0.6723 | 0.413-1.094 | 0.1396
CcC 2 (2.04%) 21 (10.55%) | 5.6629 | 1.300- 24.666 | 0.0188
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10.2 C677T and A1298C allelic frequencies

Allelic frequencies of the C677T and A1298C mutations were calculated
and shown in Table 4-9. The allelic frequencies of the C677T mutation in healthy
control subjects (12%) were less than CAD patients (16%). The allelic frequencies of
A1298C in healthy control subjects and CAD patients were 27% and 31%,
respectively. The allelic frequencies of 677T between CAD patients and healthy
control subjects was not statistically significance (p=0.17). The allelic frequencies of
1298C between CAD patients and healthy control subjects was not statistically
significance (p=0.42).
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Table 4-9 Distribution of C677T and A1298C mutations genotype in CAD

patients with atherosclerotic plaque in single, double and triple vessels disease

Parameter | Healthy subjects CAD patients OR 95% ClI P-value
(n=98) (n=199)
677
C 0.88 0.84 0.6811 | 0.409-1.134 | 0.1738
T 0.12 0.16
1298
A 0.73 0.69 0.8385 | 0.573-1.227 | 0.4166
C 0.27 0.31
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11. Study on the relationship between genotype frequencies and severity of
CAD

11.1 Genotype frequencies and severity

This study analyzed the correlation between mutant genotypes (677TT and
1298CC) and severity of CAD. Table 4-10 showed the genetic distributions in healthy
control subjects and CAD patients with single-, double- and triple- vesseled disease.
The C677T genotype distributions were not statistically significance (p=0.09). The
frequencies of the 677TT genotypes were found in only triple-vesseled disease. In
addition, the A1298C genotype distributions were statistically significance (p=0.05).
The frequencies of 1298CC genotype showed significantly different in double-
vesseled disease compared to normal healthy subjects (p=0.02) or triple-vesseled

disease compared to normal healthy subjects (p=0.01).
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Table 4-10 Distribution of C677T and A1298C mutations genotype in CAD

patients with atherosclerotic plaque in single, double and triple vessels disease

Parameter Healthy lvessel 2 vessels 3 vessels p-value
subjects CAD CAD CAD
(n=98)° (n=53)° (n=69)° (n=77)"
677
CcC 75 (76.53%) | 39 (73.58%) | 49 (71.01%) | 49 (63.64%)
0.0896
CT 23 (23.47%) | 14 (26.42%) | 20 (28.98%) | 25 (32.47%)
TT 0 0 0 3 (3.90%)
1298
AA 47 (47.96%) | 32(60.38%) | 32 (46.38%) | 34 (44.16%)
0.0524
AC 49 (50.00%) | 18(33.96%) | 29 (42.03%) | 33 (42.86%)
CC 2 (2.04%) 3 (5.66%) 8 (11.59%) | 10 (12.99%)
677 CC*VSCC® ;p=0.8388 CT*VSCT® ;p=0.8388
CC*VSCC® ;p=0.5333 CT®*VSCT® ;p=0.5333
cctvscct ; p=0.0899 CT*VSCT! ; p=0.2486
CC’ VS CC* : p=0.91223 CT°VSCT® ; p=0.9123
cchvscc! ;p=0.3168 CT°VSCT? ; p=0.5856
ccevs el p=0.4407 CT°VSCT! ; p=0.7830
1298 AA*VS AA® ; p=0.1979 AC*VS AC® ;p=0.0851 CC*VS CC® ;p=0.4772
AA*VS AA® ; p=0.9647 AC*VS AC® ;p=0.3903 CC*VSCC® ;p=0.0257
AAVS AAY :p=0.7277 AC*VS AC! ;p=0.4311 cctvscet ;p=0.0110
AA"VS AA® ;p=0.1764 ACPVS AC® ;p=0.4716 CC° VS CC® ; p=0.4148
AAVS AAY ; p=0.1011 ACPVS AC® ;p=0.4021 ccPvsccl ;p=0.2842
AA°VS AAY :p=0.9182 AC°VS ACY ; p=0.9469 ccevsce! ; p=0.7903
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11.2 Study on the allelic frequencies and severity of CAD

The allelic frequencies of the C677T and A1298C mutations in single-,
double- and triple-vesseled diseases subjects were shown in Table 4-11. The 677T
allelic frequencies were 12, 13, 14 and 16% in normal subjects, single-, double- and
triple-vessels diseases, respectively. The 677T allelic distributions were analyzed by
Chi-squared analysis (Table 4-11-1). It was shown that the 677T allelic distribution for
triple-vesseled disease and normal subjects were differentially significant (p=0.04). In
addition, the 1298C allelic distributions showed statistically different in triple-vesseled

disease compared to single vessel disease (p=0.05).
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Parameter | Normal subjects | 1V CAD 2V CAD 3V CAD P value
(n=98) (n=53)"° (n=69) (n=77)¢
677
C 0.88 0.87 0.86 0.80 0.3741
T 0.12 0.13 0.14 0.20
1298
A 0.73 0.77 0.67 0.66 0.1446
C 0.27 0.23 0.33 0.34
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Table 4-11-1 Statistical analysis in allelic frequencies from Table 4-11

Comparison X2 P-value Odd ratio 95% ClI
between
a*b, 677 0.036 0.8503 0.8737 0.4291-1.7786
1298 0.488 0.4846 1.2663 0.7281-0.2023
a*c, 677 0.331 0.5652 0.7844 0.4122-1.4925
1298 0.957 0.3270 0.7660 0.4761-1.2322
a*d, 677 4.037 0.0445 0.5275 0.2933-0.9486
1298 1.886 0.1697 0.7063 0.4467-1.1167
b*c, 677 0.010 0.9196 - -
1298 2.466 0.1164
b*d, 677 1.646 0.1995 - -
1298 3.630 0.0568
c*d, 677 1.237 0.2660 - -
1298 0.041 0.8397
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11.3 Distribution of combined common mutations

The joint effect of the two polymorphisms (C677T in exon 4 and
A1298C in exon 7 on MTHFR gene) were also studied (Table 4-12). It was found that
677CC/1298CC individuals were 4.197-fold increased risk for CAD (OR=4.197;
95%CI1=0.945-18.633; p=0.07). Other combined genotypes were not statistically

significance.
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Table 4-12 Distribution of the combination of 677CT and 1298AC mutations

Parameter Normal CAD patients OR 95% ClI P-value
subjects (n=98) (n=199)
677CC/1298AA | 36 (36.73%) | 62(31.16%) | 0.779 | 0.469-1.296 0.40
677CC/1298AC | 39 (39.80%) | 59 (29.65%) | 0.638 | 0.384-1.058 0.11
677CC/1298CC 2 (2.04%) 16 (8.04%) 4.197 | 0.945-18.633 0.07
677CT/1298AA | 11 (11.22%) | 34(17.08%) | 1.630 | 0.787-3.374 0.25
677CT/1298AC | 10 (10.20%) | 20 (10.05%) | 1.067 | 0.478-2.379 0.87
677CT/1298CC - 5 (2.51%) - - -
677TT/1298AA - 3 (1.51%) - - -
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11.4 Distribution of combined two common mutation on severity of CAD

Only seven of nine combined genotypes of C677T and A1298C
mutations were ascertained (Table 4-13). It was found that 677CC/1298CC was
significantly different in triple-vesseled disease compared with the normal subjects
(p=0.04).
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Table 4-13 Distribution of the combination of 677CT and 1298AC mutations in

different severity of CAD patients

Parameter Normal subjects | 1 vessel CAD | 2 vessels CAD | 3 vessels CAD
(n=98) (n=53)" (n=69)° (n=77)¢

677CC/1298AA | 36 (36.73%) 21 (39.62%) 20 (28.98%) 21 (27.27%)
677CC/1298AC 39(39.80%) 16 (30.19%) 23 (33.33%) 20 (25.77%)
677CC/1298CC 2 (2.04%) 2 (3.77%) 6 (8.70%) 8 (10.39%)
677CT/1298AA |  11(11.22%) 12 (22.64%) | 12(17.39%) | 10 (12.99%)
677CT/1298AC 10 (10.20%) 1(1.89%) 6 (8.70%) 13 (16.88%)
677CT/1298CC 0 1(1.89%) 2 (2.90%) 2 (2.60%)
677TT/1298AA 0 0 0 3 (3.90%)
677CC/1298AA a*b;p=0.8622 ,a*c;p=0.3799 ,a*d;p=0.2447

677CC/1298AC a*b;p=0.3203 ,a*c;p=0.4911 ,a*d ; p=0.0786

677CC/1298CC a*b;p=0.9188 ,a*c;p=0.1063 ,a*d;p=0.0420

677CT/1298AA a*b;p=0.1039 ,a*c;p=0.3625 ,a*d;p=0.9030

677CT/1298AC a*b;p=0.1214 ,a*c;p=0.9528 ,a*d;p=0.2834
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12. Hardy-Weinberg equilibrium

Genotype frequencies of MTHFR polymorphisms (C677T and A1298C)
were used to calculated the Chi-square values to test the deviation of each genotype
frequencies of MTHFR polymorphisms in 297 Thai population ( 199 CAD patients
and 98 normal healthy control subjects) from the criteria of Hardy-Weinberg
equilibrium (Table 4-14). From 2 method, it was shown that the distribution of each
genotype from the two these polymorphisms (677CC/677CT/677TT and
1298AA/1298AC/1298CC) was in Hardy-Weinberg equilibrium (x?=1.349; p=0.509;
df=2 and y?=0.357; p=0.836; df=2, respectively).
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Table 4-14 The genotype frequencies distribution of MTHFR C677T and A1298C

polymorphisms.

MTHFR C677T polymorphism

Genotype 677CC 677CT 677TT
Observation 212 82 3
Hardy-Weinberg expectation 216 75 6

x? = 1.349; p = 0.509; df = 2

MTHFR A1298C polymorphism

Genotype 1298AA 1298AC 1298CC
Observation 145 129 23
Hardy-Weinberg expectation 148 123 26

v?=0.357; p = 0.836; df = 2
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13. Linkage disequilibrium

Genotype association of MTHFR C677T and A1298C are presented in Table
4-15. Chi-square test was used to determine linkage disequilibrium that indicates the
association among these two polymorphisms in this study. No disequilibrium between
MTHFR C677T and MTHFR A1298C (% = 5.71; p = 0.22; df = 4).
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Table 4-15 Genotype association of MTHFR C677T and A1298C in Thai population

MTHFR C677T polymorphism

Genotype 677CC 677CT 677TT All v
1298AA 98 45 3 146
1298AC 98 30 0 128 5.710
1298CC 18 5 0 23 (p=0.2219)
All 204 80 3 297 df=4
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CHAPTER V
DISCUSSION

Coronary artery disease or CAD may develop from many factors such as
lipoprotein (a), cholesterol, platelet/fibrinogen, high density lipoprotein (HDL), blood
sugar and hyperhomocysteinemia. Homocysteine is an amino acid produces as a
normal by product of the breakdown of methionine which is an essential amino acid
acquired mostly from eating meat. High homocysteine levels have been linked to
damage of the arteries which may increase the risk of heart attack, stroke or other
cardiovascular problems. A moderate increase of plasma homocysteine has been
recognized as an independent predictor of CAD“%%1%0) \whether high levels of
homocysteine are a causal risk factor for CAD is not yet clear. Multiple factors and
conditions lead to increases in the plasma concentrations of homocysteine!*1%*%%_|n
1969, McCully® found that children who died from homocystinuria showed signs of
premature arteriosclerosis. The methylation of homocysteine to methionine, in the
remethylation pathway, is catalyzed by the enzyme methylenetetrahydrofolate
reductase (MTHFR). Genetic polymorphisms of MTHFR are one cause leading to
increased homocysteine levels. MTHFR gene C677T and A1298C polymorphisms are
common. In the present study, we analyzed the two common MTHFR polymorphisms,
C677T and A1298C in 199 Thai CAD patients with coronary angiography compared
to 98 healthy control subjects. Furthermore, we investigated the link between MTHFR

C677T and A1298C genotypes on plasma homocysteine levels.

MTHFR C677T polymorphism

The MTHFR C677T, thymine in place of cytosine at nucleotide 677 position in
exon 4 of the MTHFR gene, replacing alanine (A) by valine (V) in the N-terminal
catalytic domain of MTHFR“%). This thermolabile variant has been consistently
associated with elevations in homocysteine concentrations™. Previous studies“®%)

investigested the relationship between MTHFR C677T genotype and homocysteine
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concentrations. Kolling K et al.*® Hanson NQ et al.*®” and Rothenbacher D
et al.®® reported that there was a graded increase in the plasma homocysteine
concentrations from CC to TT genotypes in both healthy control subjects and CAD

patients.

(106-108) (106)

Homocysteine concentrations depend on age Kolling K et al.
Hanson NQ et al."°” and Rothenbacher D et al.!® suspected that impaired kidney
function may contribute to the higher levels in older people. Hence, healthy control
subjects and CAD patients were selected between 40-70 years between genotypes and
homocysteine concentrations (Table 4-4). From regression analysis, indicated that no
correlation between age and homocysteine concentrations in our subjects. The present
study showed that the C677T mutation was significantly associated with elevated
homocysteine concentrations in all subjects (p<0.005) (Table 4-2).

In this study, plasma homocysteine levels in CAD patients were not
significantly increased by the C677T. However, there was a trend to show higher
homocysteine levels in homozygous 677TT individuals. The homozygous (TT) was
strongly associated to increased homocysteine concentration up to 50 pumol/L in CAD
patients (Table 4-4). Our results confirmed the previous study®® that TT
homozygosity was associated with reduced activity of enzyme MTHFR and leading to
the defect of stabilization of plasma homocysteine level by reversing homocysteine to
methionine in the remethylation pathway.

The heterozygous (CT) elevated the levels of homocysteine in both healthy
control subjects and CAD patients. The mean difference increasing of plasma
homocysteine concentrations between CT and CC genotype were 11.65% in healthy
control subject and 4.87% in CAD patients. However, these concentrations were not
statistically different in CAD patients. On the contrary, the mean plasma homocysteine
concentrations in healthy control subjects were significant different (p=0.02). This
results were correlated with previous studies™ %9 that the heterozygous (CT)
mutation affected to increase the level of homocysteine concentration but
nonsignificant may be due to: heterozygous (CT) genotype has only one allele mutant,
which may lead to mild hyperhomocysteinemia.

Our study showed that CAD patients had higher levels of homocysteine than
the healthy control subjects. Although, CAD patients were a significantly higher than
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healthy control subjects but it was accepted that CAD patients had a high
concentrations of homocysteine than healthy control. Moreover, plasma homocysteine
levels progressively increased with more severe coronary atherosclerosis (Table 4-6)
(p<0.0001). Barrett S et al.** found a linear relationship between homocysteine
levels and severity of the coronary blockage. For every 10% elevation of
homocysteine, there was nearly the same rise in the risk of developing severe coronary
heart disease™*”. This results confirmed the observation of Kolling et al.%®

The frequency of subjects homozygous for the 677TT genotype was 1.51% in
CAD patients. The TT genotype was not found in healthy control subjects. The
prevalence of homozygosity for the C677T mutation in this study was much lower
than other observations (Table 5-1). It is well established that the proportion of an
allele varies considerably from place to place, but usually there is little difference
between neighboring populations so that the greatest variation is observed at large
distances. We found that the distribution of C677T genotype in healthy control
subjects and CAD patients were not significant (Table 4-8) (p=0.2312). Many of the
previous studies demonstrated that homozygous (TT) genotype was not associated
with the presence of CAD(%1%113-115) " On the other hand, some other studies have
shown an association of homozygous (TT) genotype with CAD®*81:111-112)

The frequency of 677T allele was not significant in patients with CAD
compared with the healthy control subjects (0.16 and 0.12, respectively, p=0.1738).
Our results were confirmed with Abu-Amero et al.* who found that there was no
significant difference in T allele frequency between CAD patients (0.20) and healthy
control subjects (0.15) in Arabs. In addition, Angeline et al.**” found that there was
no significant of T allele frequency in CAD patients (0.12) and healthy control
subjects (0.08).
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Table 5-1 Genotype prevalence of the MTHFR C677T polymorphism in different

populations
Study area Total No. Genotype prevalence (%) | P value | References
CAD Healthy CAD Healthy
Thailand 199 98 151 0 - Present
Thailand 401 108 3 0.9 0.04 121
Arabs 545 625 3.7 2 0.86 115
Japan 362 778 16 10 0.0067 81
Japan 230 199 17 11 <0.05 111
Netherlands 60 111 15 5 0.05 12
Israel 169 313 28 14 0.0002 80
Canada 152 121 15 11 >0.05 99
India 52 20 1.92 0 - 122
America 772 329 10.9 125 >0.05 107
UK 739 - 9.74 - - 15
Germany 312 479 9.9 104 0.295 108
Germany 2121 - 11.9 - - 106
Italy 302 168 15.23 17.86 0.542 118
France - 66 - 18 - 110
Poland 161 211 10.56 8.53 >0.05 83
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Table 5-2 Allelic frequencies of the MTHFR C677T polymorphism in different

populations
Study area Total No. Allelic frequencies Pvalue | References
CAD Healthy CAD Healthy
Thailand 199 98 0.16 0.12 0.17 Present
Thailand 401 108 0.16 0.10 0.03 121
Arabs 545 625 0.20 0.15 >0.05 115
Japan 362 778 0.42 0.33 <0.0001 81
Japan - 199 - 0.34 - 111
European - 735 - 0.32 - 123
India 52 20 0.115 0.075 - 122
Italy 302 168 0.25 0.45 0.3189 118
France - 66 - 0.37 - 110
Poland 161 211 0.23 0.26 >0.05 83
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MTHFR A1298C polymorphism

The substitution of alanine (A) to cytosine (C) at nucleotide 1298 produces a
glutamate to alanine (E429A). The A1298C mutation affects the C-terminal regulatory
domain of the enzyme MTHFR which is the binding site of S-adenosylmethionine
(SAM), an allosteric inhibitor.

van der Put et al.*” and Weisberg et al."" indicated that the A1298C mutation
was associated with decrease enzyme activity which was more pronounced in the
homozygous than heterozygous state. In this study, the results indicated that the
heterozygous (1298AC) and homozygous (1298CC) mutations of the MTHFR gene
did not affect the homocysteine concentrations. This study was not correlated with van
der Put™” and Weisherg"”. However, many studies reported similar results®>8310-
108118-119) " There was no additional effect of A1298C on plasma homocysteine.
Agreement with our results, Yamada et al.**® found that purified homozygous
1298CC showed no difference from wild type (1298AA) either in its Kinetic or
stabilizing properties. Sometimes, the absence of a biochemical phenotype in vitro
does not necessarily rule out the possible importance of the A1298C polymorphism in
Vivo.

The frequency of the 1298CC homozygote was 7.41% in Thai population and
the 1298CC genotype prevalence in our study was statistically significant between
CAD patients (10.55%) and healthy control subjects (2.04%) (p=0.0188). This was
correlated with the study of Szczeklik et al.®® who suggested that the relationship of
homozygous 1298CC genotype with CAD and found that they were statistically
associated (p=0.0103). Furthermore, the Odds ratio showed the 5.663-fold increased
risk in CAD patients.

In these studies, the 1298C allelic frequency was 0.31 in CAD patients which
was lower than other studies. This frequency showed no statistically with healthy
control subjects (p=0.4166). Similarly, Abu-Amero et al.**® also found that there was
no significant difference in 1298C allelic frequency between CAD patients and

healthy control subjects in Arabs (p=0.65). However, Szczeklik et al.®® indicated that
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the frequency of allele 1298C was significantly higher in CAD than healthy control
subjects (p=0.001).

Table 5-3 Genotype prevalence of the MTHFR A1298C polymorphism in different

populations
Study area Total No. Genotype prevalence (%) | P value | References
CAD Healthy CAD Healthy
Thailand 199 98 10.55 2.04 0.02 Present
Arabs 540 625 7.4 9.1 0.21 115
India 52 20 17.30 2.0 - 122
America 772 329 11.7 7.9 >0.05 107
UK 739 - 7.44 - - 15
Germany 312 479 9.7 13.8 0.346 108
Milan & - 180 - 6.1 - 119
Naples
Germany 2121 - 11.4 - - 106
Italy 302 168 9.3 7.1 0.5352 118
France - 66 - 125 - 110
Poland 161 211 11.18 3.79 0.003 83
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Table 5-4 Allelic frequencies of the MTHFR A1298C polymorphism in different

populations
Study area Total No. Allelic frequencies P value | References
CAD Healthy CAD Healthy
Thailand 199 98 0.31 0.27 0.42 Present
India 52 20 0.404 0.350 - 122
Italy 302 168 0.33 0.33 0.9615 118
France - 66 - 0.32 - 110
Poland 161 211 0.30 0.20 0.001 83
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CombinedC677T and A1298C of MTHFR polymorphisms

It is interesting that to date, various researchers reported that the combined
C677T and A1298C variants was associated with reduced MTHFR specific activity
and higher homocysteine concentrations™’ 3", Chango et al. studies the MTHFR
activity in combined variants of the MTHFR genotype in 66 normal healthy French
subjects™?. The enzyme activity of 677CC/1298AC, 677CC/1298CC variants were
60%, 52% and 36%, respectively when compared with the MTHFR activity of
677CC/1298AA. Only compound heterozygote for both polymorphisms had higher
homocysteine concentrations"87"),

In the present study, the distribution of these C677T and A1298C MTHFR
variants followed the Hardy-Weinberg equilibrium. In addition, we found that only
seven of nine possible combined genotypes of C677T and A1298C polymorphisms
were present in our population.

The combined heterozygote of both polymorphisms (677CT/1298AC) showed
higher significantly homocysteine concentrations when compared with wild type
(677CC/1298AA), in healthy control subjects (p=0.0156). On the contrary, such
polymorphisms were not significantly in CAD patients (p=0.6158). The level of
homocysteine concentrations in 677CT/1298AC MTHFR variant were significantly
higher than 677CC/1298AC in healthy control subjects and CAD patients (p=0.0051
and p=0.0064, respectively). It was reported by van der Put et al.” that combined
heterozygosity for the C677T and A1298C MTHFR variants predisposes individuals
to increased homocysteine concentrations. Our study showed similar results that there
was a tendency to increase homocysteine concentrations in individuals with the
677CT/1298AC genotype compared with individuals with the 677CC/1298AA
genotype.
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CHAPTER VI
CONCLUSIONS

1. In this investigation, the prevalence of homozygous 677TT genotype of
MTHFR gene is 1.51% in Thai CAD patients, whereas, in healthy control subjects is
not observed. The 677T allele frequency is 0.16 in Thai CAD patients that no

significant difference from healthy control subjects (0.12).

2. The prevalence of homozygous 1298CC genotype is 10.55% in Thai
CAD patients and 2.04% in healthy control subjects (p=0.02). The allele frequency of
1298C is 0.31 in Thai CAD patients and 0.27 in healthy control subjects.

3. The 677T allele has a trend to increased the homocysteine

concentration, whereas, the 1298C allele does not effected.

4. The combined heterozygous mutation C677T and A1298C of the

MTHFR gene are correlated with elevation the level of homocysteine (p=0.0156).

5. MTHFR C677T and A1298C genotypes, alone or combined, are not

major effect in developing CAD.
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L€T 6 20T 96T 29 zeT 8'g 285 6'ST AT vV 12 9 N Y
68 95 60T 19T 99 65T AT v 20 9 N or
8T 8z 85¢ 81¢ 6. 85T NE vV 11 69 N 6
18T 62 zZIe 8.2 88 6ET Z9 625 '8l NE vV 20 €5 4 L€
€17 2 602 16T g6 Gyl AT vV 20 G/ N ve
88 0S 85T 86 €9 vST L€ 6vS Vi1 NE vV 20 29 N z€
NE vV 20 e
95T 9 zee ZST 00T €61 NE ov 12 €l N 3
veT 1T 18T 871 8y GTe €9z NE vV 20 65 N 62
GsT 9 112 66 88 002 AT vV 20 19 N vz
X4 €z Z61 zee 1L 91T g1 TGE z'8T NE ov 12 65 N €z
veT 12 08T 08 8L 0ST AE 20 20 19 N Fa7
ST i 102 81T AT vV 20 65 4 0z
zee 8z 50T T/ 8¢ 199 12T NE v 20 05 N LT
98 a5 85T 8 €8 €6V €6'L AT vV 20 85 N o1
ezl Ly 16T LET 0ctT 08T 70T 181 vl NE vV 20 Ly N 1
vl T 602 70T 63 8rT 89 080T 67T NE v 20 9 N 1
TL 9z 8¢ 50T G LTT NE oV 20 €8 N 01
GeT 15 €02 €8 LT NE vV 20 19 4 6
91T 6 8T €1l 06 65T NE vV 20 9, N 8
z8 ze veT 66 €l 43 L2 NE vV 12 0L N 9
(1p/Bw) (1p/Bw) (1p/Bw) (p/Bw) | (BHww) [ (BHwWw) (1w/Bu) (1w/Bd) (710wr) adfravo 08621V 179D 8by | xas ‘ON
1dn 1aH B (%o} °dg 'dg a1e(04 Tg UlWeNA AoH

syuaned asessip Alaie A1euol0d JO e1ep [ealuljd pue [ealsydolg
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LT g9 0.1 92 18 z81 v'6 626 ran AT v 20 zs 4 Y4
Y43 6 90T G8T 68 9T zL 2es 80T AE vV 12 0S W ¥4
86 0 8 Gyl 65 12T L' /T 0C AT oV 20 19 N zetT
06 6 vIT 29T 8. 99T AT vV 12 L 4 0zT
16 o %44 LT 50T 4 L9 95 70T NE 20 12 95 4 Z1T
€91 e 95 102 9 18T AT vV 20 9L N 60T
LTT ve 08 zZ1ie €6 8/T NE 20 12 €9 N 10T
€aT € 99T 612 88 6ET NE 20 20 1S N v0T
veT T 10T G8T o€ 98T 9T AT 20 12 19 N 20T
06 9z Y22 102 NE vV 20 18 4 G6
Z8T € 08 T0C 69 Y43 AT vV 20 9 N 88
g9 ve Ll v1T 88 TvT NE vV 20 €9 N 8
69T vy 89T LT 6 8/T G'S 61T v'0T AT vV 20 €9 E 8
06 8¢ GeT GST z8 ST AT vV 12 19 N 08
90¢ 15 68 G/T €8 1787 NE oV 20 69 N 6.
091 Ly v [Y¥4 6 19T 01 76 L0T AE oV 20 95 4 8/
12T vy z8T z0C 01T 06T 1T €1e Vel AT vV 20 S 4 Ll
871 0g g9z 112 0L G8T 86 052T 6.1 NE vV 20 €9 N 89
arT Ty 6 v0Z AT oV 12 99 4 19
91T 05 61T 06T 9 €91 NE vV 20 L N 9
6 G§ GTT 69T 08 29T AE vV 11 0L 4 9
vl 1€ Gee 0ce 96 ST €5 G/S G'9T AT vV 20 S N €9
19T 1€ 50T 612 0L vrT 9¢ 50§ 612 AT oV 20 8/ N 29
002 ey vIT 99z 9 81T AT v 20 65 4 09
9. 8¢ 99 12T 8y €T AT oV 20 €8 N 65
66T 62 €6T 192 NE 20 20 19 N G5
0T L€ €0T 88T NE oV 20 88 4 67

(Ip/Bw) | (1p/Bw) (1p/Bw) (1p/Bw) (BHww) | (BHww) (1w/Bu) (1w/Bd) (n1owr) adfravd 8621V 179D 8by | xas "ON

1dn 1aH Bl [0yd °dg 'dg a1e(04 Tg UIWeNA AoH
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8 65 viT 8.1 6. €T AT vV 20 T. W T6T
ol g g6 961 €9 0cT Vel 65 166 N v 20 6 N 68T
6. 65 Ll €GT 9. veT gL €86 168 AT vV 12 0S5 N 18T
69 Ly 65T Ll vl v'9 88 05 NE vV 11 G5 N G8T
6T 2 8z vz 00T 95T v'S ¥S. TvT NE v 12 vy N v8T
90T or LTT 69T NE 20 20 or 4 18T
69T vy 0cT L2 18 ort AT vV 20 G§ N 6.1
GTT 1z 9T 69T 70T T6T NE vV 20 9 N 9,7
Ll S 7T 65T G'g LY 7'ST AT 20 20 9 N VA3
90T vy 6 89T 16 S0T AT oV 20 9 N viT
12T 8z 18 997 G/ 0T AT vV 12 65 N 89T
6. v 86 vl 18 veT G/ G507 €8, AT 20 20 Y N 997
70T a5 10T LT €9 0T AT oV 20 G5 N 79T
89T g 98T orz €L 2T NE oV 20 TL N 1GT
Vel €e 06 T €8 vST L'l YITT 69T AT vV 20 9 N ZsT
AT vV 20 ey N 0ST
80T oy 89 291 19 4 g9 T02T z0T AT oV 20 29 N 8rT
6T g 18T 012 NE vV 19 1S W ea’
€T 25 ITT 902 06 orT NE v 20 89 N evT
LT 12 90T 68T z'S v9. 6'€T AT oV 20 19 N vl
1GT Ge €97 (Y44 99 806 V1T AT oV 20 67 N LT
ST oy ¥9T Gez Ll 0€T Y 68. 8Tl AT oV 20 29 4 9T
98T ey oTT Z5¢ 69 YT AT vV 12 69 N zeT
GTT 73 98 v9T G/ 99T NE v 20 69 N TET
veT €€ 0T €8T 69 veT 7’9 80T v'0T NE vV 20 8y N 0T
0zT 9z arT VA3 98 89T AT oV 20 87T
26 e 82T 79T z8 8T AT vV 12 N 97T
(Ip/Bw) | (1p/Bw) (1p/Bw) (1p/Bw) (BHww) | (BHww) (1w/Bu) (1w/Bd) (n1owr) adfravd 8621V 179D 8by | xas "ON
1dn 1aH Bl [0yd °dg 'dg a1e(04 Tg UIWeNA AoH
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v0T 79 8 €81 8 zeT A 0 LZT AT vV 19 8y W 6vC
9T or 9T €1e eTT €97 67°G G/¢ 8T NE v 19 19 4 Ghg
Y43 9. €6 0ce 18 86T NE 20 20 0L 4 vz
802 59 orT T0€E 08 S0T NE 20 20 19 N orz
00T 9 19 9/T NE oV 12 8y N 8€z
19T 6. 0T 192 09 T.T NE v 20 0L 4 12
11T €5 er 6.1 19 95T 01 0S€E 95'8 AT vV 20 85 4 9eZ
LL 12 €8 qTT G/ zat NE oV 20 99 4 zee
96 Ge 18T 89T a§ LTT vSy 8GeT g1l AT oV 20 19 N TEC
Gee Ly Y43 L0€ 06 98T NE v 20 LL 4 02
18 v 9 62T 06 ¥ST L0T 2.8 95, NE oV 20 18 N vee
LT ey v0T 702 8 19T 900T g0T AT oV 20 09 4 44
veT S AN 002 08 291 NE 20 20 vl N T2
181 ve veT 8rz 88 06T 1’9 1S/ o€l AT oV i) vy N 612
60T Y 19T €8T 99 ST L0T 8. 8'6 AT vV 12 0S N 112
€1l 0 TGy 62¢ 0L zeT L'l 226 99'8 AT vV I) 67 4 viz
AT oV 20 €12
0T ze 60T v8T €l 621 9G 8L €9'6 AT v 20 Ly W Z1e
v0T oy 8T 012 €Tl TEE G597 NE oV 12 0L 4 v0Z
66 8y 9/2 z0Z 06 002 NE vV i) 19 N €0z
YT 18 60T v1z 8 veT AT vV 12 99 N z02
¥ST 8. 19 e AT vV 20 69 N 102
19 v L€2 9sT 88 vST 6'9 1107 vl AT 20 20 N 16T
ST 8. 19 e AT vV 20 vl N 96T
0L 1C 052 vl AT oV 20 9 N G6T
82T 15 99 G6T ¥4 %44 79 T.L €Tl NE vV 20 85 N 6T
1T 6< 66T 06T 18 Y43 z9T NE oV 12 0L 4 Z6T
(1p/Bw) (p/Bw) | (p/Bw) (1p/Bw) (BHww) | (BHww) (1w/Bu) (1w/Bd) (n1owr) adfravd 8621V 179D 8by | xas "ON
1d1 1dH B [oyo °dg Tdg are|o4 Tg UIWeNA AoH
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80T z€ 95T T.T 70T T6T AE v 20 79 4 60€
69 v9 ZL LT 69 LT AT v 20 €l 4 50€
AT vV 20 zZ0¢
T 69 G/T zL LT 69'6 AT vV 12 Ly N 66¢
60T 7 T viT 6 012 0z 996 506 NE v 20 0L N 862
Y43 73 ¥4 002 01T 002 AT vV 20 vl N 16¢
66 25 99 ¥9T 09 veT NE oV 20 05 N 062
€9 2 70T Y43 68 orT AT oV 20 G/ N 68¢
6 €5 85T 6.1 8 veT AT oV 12 69 4 8z
€8 15 9 LT AT vV 12 0L N 08z
68 Y4 80¢C 95T AT v 20 €9 N [
8eT 9 29 vie €07 95T 96 z€9 99T AE 20 20 ZS N vz
€6 €5 6 GoT €L 61T 0z 0€S L'€T NE vV 12 0L E 2l
0T 1S 6 161 a5 0zT AT oV 20 G9 N 0.2
12T 7 LT G6T €6 €0¢C 0z G99 e AT 20 20 0S N 692
89T g 88T 8re 0L 01T NE oV 12 Ly N 897
69 ey 9T orT 15 76T Y4 GTe 68T NE vV 12 29 4 192
10T 1T 86 vST 06 18T NE vV 19 S W 592
veT 9z S0T 18T LL Z1T AT v 20 G§ N v9Z
Z8 9 56 LET 06 09T 'S €19 ZT1 AT 20 20 1L N €92
eeT 6 66 202 Gl LTT e 8¢/l v'el NE vV 12 vy N 092
Z1T z€ 112 98T ZL GGT AT 20 20 0L N 65¢C
9T or 65T 8cz 69 Y43 NE vV 20 19 N 162
viT 18 96 viz €L 09T 0z 18871 38T AT v 12 85 4 95z
91T oL 1 012 6. 8T AT vV 12 19 4 Sz
e 1€ viT 11T 70T Z6T AT oV 20 6. N €52
€T e 0T 152 86 6.1 NE oV 20 19 N 0SZ
(1p/Bw) (p/Bw) | (p/Bw) (1p/Bw) (BHww) | (BHww) (1w/Bu) (1w/Bd) (n1owr) adfravd 8621V 179D 8by | xas "ON
a7 1dH B [0y °dg 'dg are(0- Tg UIWeNA AoH
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AT vV 20 z8¢
GeT 6 88 802 26 4 AT vV 12 29 N LIE
vl Ly 59 veT 19 65T AT vV 20 9 N viE
19 25 05T 8eT €6 G6T T'61 6EET 162 AE v 12 09 4 €€
zeT 05 61T 202 16 ¥9T 80T Gzl G6'8 AT vV 20 67 4 0L€
GTT e €6 9/T 18 79T L9 606 Zr's AT 20 12 or N L9€
09 6 68 oTT 0L zal 9Tl 5 €/ AT 20 20 8y N 99¢
9zT 6 €12 6T 89 Z8T AT vV 20 99 N Gog

AT oV 20 9G¢e

6T e eeT €52 6 GGT TL'S 01¢ 9'6T NE vV 20 85 N vGe
66 € 8eT Gyl 19 62T NE oV 12 9/ N €6
VA3 3 G/T 06T 9. 09T AT oV 20 €9 N zae
Y4 0 8ee 88T €L 871 AT vV 20 19 N TGE
6 i YT 05T vl 95T AT oV 20 €l 4 8ve
12T g 61 861 6. 1787 g'qT NE oV 20 19 4 ore
71T 8 9T e 0L 0ST AT oV 12 9 4 TvE
98 €5 €9 ST 66 TLT NE v 12 9 E 9g¢
90T v zee z1e z8 Gyl Z8 €10T G6'6 NE vV 20 99 4 33
Ll v ecT Gyl €6 6T AT vV 12 99 4 3
viT Ge 682 102 Yl 0002 ZL'6 AT vV 12 9 4 12€
8rT 85 06T vz 60T zZ1e AT 20 20 9 N B3
€6 Ge 4 €61 Gl z02 229 19 ST AT vV 20 G/ N 61E
6 Ly veT 69T Gl GGT z'S e 70T AT v 20 19 4 L€
€1l ve 12 8T 1T elT 0z 8 9'/T AT vV 12 8y N GTe
zal 3 602 66T 8. orT AT vV 20 N €1e
00T e 28T G/T 0z 208 €8'8 NE oV 20 G9 4 TIE

(1p/Bw) (p/Bw) | (p/Bw) (1p/Bw) (BHww) | (BHww) (1w/Bu) (1w/Bd) (n1owr) adfravd 8621V 179D 8by | xas "ON

a7 1dH B [0y °dg 'dg are(0- Tg UIWeNA AoH
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00T oy veT 88T 8 €T AT vV 20 29 N v0S
65T €S ZeT [\[4 6L 85T €6 661 8’8 AT v 20 09 4 06v
€6 or GyT Z8T €9 veT 167 vE0T €61 AT 20 12 1L 4 18Y
0zT Ly 8z eve AT v 20 L 4 €8y
g9 € 90€ 291 z8 65T vy 8L an AT v 20 9 4 9Ly
43 6 /8 06T 1L ST AT vV 20 19 N 697
8L e LT T 90T Vi1 AT vV 20 29 N LGy
291 €5 €6 eez 1S 16T Z0T €T G658 AT vV 12 vl N 2
16 6 96 8rT 19 orT 3 6EE TTT AT vV 12 TL N Z5h
20T 9 S0T ST €L zeT 'S 0gs 69T AT v 20 S 4 05V
g6 I3 6.T 89T 66 G8T vl 885 8'GT NE vV 20 e 4 6y
621 65 0L 112 €8 zeT AT oV 20 G§ N Gey
6. v L erT 08 85T ¥9°9 AT vV 12 19 E 8Ty
g6 ae 81T 091 09 €57 €Tl AT oV 20 9 4 LTV
LT 0S 69T e €9 GTT 9] AT vV 20 9 4 9Ty
LTT vy €L z81 1L 76T AT vV 20 8 4 eIy
61T 85 54 66T 6. YT L'ST 0002 vy AT vV 20 8y 4 A2
16 6 6ST LT €9 orT 7L /18 70T N v 20 G/ 4 TTY
10T 9 88 68T Gl YT G/ a8 an AT v 12 09 4 607
9T a§ S0T L AT vV 20 85 N 0V
6 L€ orT 28T g9 ol AT v 20 9 N 86¢
20T 8y Ly 65T oy 90T NE vV 20 €l N 16€
29T v Z8 112 16 YT NE vV 20 18 N 96€
GeT 7 61T 002 €8 Y43 AE v 12 85 N €6€
10T or veT 9/T 99 6T v29 vee 99T AT oV 12 0L 4 68€
81T 3 zeT 8/T 08 vrT AT vV 20 29 N 8¢
6 9 8z1 05T 09 0zT L0T Z.8 ZT1 NE oV 12 89 4 a8
(1p/Bw) (p/Bw) | (p/Bw) (1p/Bw) (BHww) | (BHww) (1w/Bu) (1w/Bd) (n1owr) adfravd 8621V 179D 8by | xas "ON
a7 1dH B [0y °dg 'dg are(0- Tg UIWeNA AoH

(panunuod) syusned asessip A1s1ae A1eU0.109 JO BIep [edIUl]D pUR [ealwaydolg




Appendix / 122

Sireerat Laodheerasiri

veT A 12T 8T 95 ¥ST AT vV 12 9 4 85
€9 65 08 8T TL 621 60T Gee el AT vV 20 69 4 8.5
€97 ag 0ST 6.2 88 68T AT vv 20 €9 E €95
6 or G6 G/T 08 €91 NE vV 12 L N 0SS
ozT 85 86 z€e 50T 68T AT vV 20 0S5 4 92
99 ve vee 28T z8 GGT AT vV 12 69 4 ves
08 vy 18 €T ZL 9T AT vV 20 9 N zes
89 €€ 08 erT 18 0T AT vV 20 9 N o1S
€IT or 9 99z €L veT AT vV 20 09 N v1S
7T a5 16 e AT vV 20 G§ 4 €1
orT 7 0.T 6T 85 70T AT oV 20 G§ N Z1S
60T e Ll LT ZL 61T AT oV 20 €l N 605

(1p/Bw) (p/Bw) | (p/Bw) (1p/Bw) (BHww) | (BHww) (1w/Bu) (1w/Bd) (n1owr) adfravd 8621V 179D 8by | xas "ON

a7 1dH B [0y °dg 'dg are(0- Tg UIWeNA AoH

(panunuod) syusned asessip A1s1ae A1eU0.109 JO BIep [edIUl]D pUR [ealwaydolg
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Classifications of clinical and biochemical data according to severity of CAD patients

Genotype Biochemical 1V CAD 2V CAD 3V CAD P value
Age (years) 60.11 6.7 59.17+ 7.1 59.82+ 7.8 0.867
Hey (umol/L) 11.90+ 3.9 11.66 +4.5 14.25+5.1 0.190
B1, (pg/ml) 615 +305.4 849.5 +417.5 759.61 £261.9 0.214
Folate (ng/ml) 7.06 £2.8 8.35+4.9 8.27 +4.8 0.722
677CC " Bp, (mmHg) | 136.94%24.7 150.28+ 26.4 160.03+ 27.4 0.015
BP, (mmHg) 74.61 +15.1 77.77 £14.0 86.00 +15.3 0.018
Chol (mg/ml) 183.85+ 45.5 191.19 +40.9 186.84 £56.6 0.833
Trig (mg/ml) 1415 61.1 131.30+59.3 143.13 +67.2 0.688
HDL (mg/ml) 45.81+12.6 41134101 42.45 +13.0 0.303
LDL (mg/ml) 110.84 +43.0 124.19+32.7 135.08 +38.6 0.046
Age (years) 57.23+10.0 62.44 +7.5 59.32 +8.5 0.267
Hey (umol/L) 10.19 4.0 16.37 £5.26 14.72 3.9 0.017
B1, (pg/ml) 996.29 +464.2 1188.57+ 694.59 568.00 £324.0 0.030
Folate (ng/ml) 10.36 +5.2 8.59 +5.7 14,50 +21.7 0.701
677CT BP; (mmHg) 149.00 £19.0 148.78+ 15.0 152.53 £32.3 0.888
BP, (mmHg) 81.00 £13.0 76.00 8.7 89.32 £31.0 0.225
Chol (mg/ml) 183.69 £26.3 192.88 £32.64 184.32 £56.0 0.788
Trig (mg/ml) 149.08 +117.2 130.33 +66.47 174.04 +151.2 0.329
HDL (mg/ml) 4423+11.9 4524 +19.8 40.19 +11.7 0.551
LDL (mg/ml) 106.75 +20.4 121.18+33.1 113.05 +28.8 0.404
Age (years) - - 64.67 £8.4 -
Hcy (umol/L) - - 50 N
Bi, (pg/ml) - - 884 -
Folate (ng/ml) - - 6.4 -
— BP, (mmHg) - - 154.00 £10.6 -
BP, (mmHg) - - 78.76 £1.5 -
Chol (mg/ml) - - 175.33 £39.9 -
Trig (mg/ml) - - 140.00 £107.7 -
HDL (mg/ml) - - 50.67 +20.8 -
LDL (mg/ml) - 1145+32.2 -
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