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Investigation of Methylene Tetrahydrofolate
Reductase Gene Polymorphisms in
Coronary by-passed Patients Due to
Coronary Atherosclerosis Etiology

Koroner Ateroskleroz Etiyolojisi ile
Koroner Bypass Olan Olgularda
Metilen Tetrahidrofolat Rediiktaz
Gen Polimorfizmlerinin Arastirilmasi

ABSTRACT Objective: Methylene tetrahydrofolate reductase (MTHFR) enzyme plays a role in the
folate metabolism which is present in many bio-chemical pathways such as homocysteine methy-
lation and nucleotide bio-synthesis. MTHFR also provides the balance between DNA synthesis and
methylation reactions. Furthermore, this enzyme affects the plasma homocysteine level which is a
risk factor for cardiovascular diseases. In this study, it was aimed to investigate the relationship be-
tween coronary atherosclerosis and 677 C—T and 1298 A—C polymorphisms in the MTHFR gene.
Material and Methods: Study group consist of 60 coronary atherosclerosis patients (mean age=55.4
+1.20; 45 male, 15 female) and 60 healthy control group (mean age= 44.5 + 1.26; 34 male, 26 female).
DNA isolation was performed from blood samples of the subjects and polymorphism regions were
amplified by Polymerase Chain Reaction (PCR). The PCR products were cut by using Hinf I and Ita
I restriction enzymes and evaluated after Poly Acrylamide Gel Electrophoresis (PAGE) for the de-
termination of 677 (CC, C—T or TT) and the 1298 (AA, A—C or CC) genotypes. Results: The dif-
ferences of MTHFR 677 C—T and 1298 A—C polymorphisms were p=0.240 and p= 0.278 between
patients and controls, p= 0.961 and p= 0.980 between gender and p= 0.181 and p= 0.747 for the
number of obstructed vessels respectively and were not significant statistically. Conclusion: It was
suggested that, MTHFR 677 C—T and 1298 A—C polymorphisms has no effect on the develop-
ment of coronary artery disease and on the formation of clogged arteries.

Key Words: Atherosclerosis; coronary artery disease; homocysteine;
5,10-methylenetetrahydrofolate reductase (FADH2)

OZET Amag: Metilen tetrahidrofolat rediiktaz (MTHFR) enzimi; 5,10 metilen tetrahidrofolatin 5
metil tetrahidrofolata doniisiimiinii katalize eden, homosisteinin metilasyonu ve niikleotid biyosen-
tezi gibi pek ¢ok biyokimyasal yolda rol alan bir enzimdir. MTHFR, DNA sentezi ve metilasyon re-
aksiyonlar1 arasindaki dengeyi saglar. Ayrica bu enzim, kardiyovaskiiler hastaliklar i¢in bir risk
etmeni olan plazma homosistein seviyesini de etkilemektedir. Bu ¢aliymada, koroner ateroskleroz
hastaligi ve MTHFR geni 677 C—T ve 1298 A—C polimorfizmleri arasindaki iligkiyi aragtirmak he-
deflenmistir. Gereg ve Yontemler: Calisma grubu 60 koroner ateroskleroz hastasi (yas ortalamasi=
55.4 + 1.20; 45 erkek, 15 kadin) ve 60 saglikli kontrol grubu (yas ortalamasi= 44.5 + 1.26; 34 erkek,
26 kadin) icermektedir. Kisilerden alinan periferik kan érneklerinden DNA izolasyonu yapilarak po-
limorfizmlerin bulundugu bolgeler Polimeraz Zincir Reaksiyonu (PCR) ile amplifiye edilmistir. PCR
riinleri Hinf I ve Ita I restriksiyon enzimleri ile kesilmis, ve 677 CC, C—T veya TT ve 1298 AA,
A—C veya CC genotiplerinin belirlenmesi i¢in Poli Akrilamid Jel Elektroforezinde (PAGE) yiiriitii-
lerek degerlendirilmistir. Bulgular: MTHFR geninin 677 C—T ve 1298 A—C polimorfizmleri sirasiyla
hasta ve kontrol gruplar: arasinda p= 0.240 ve p= 0.278, cinsiyetler arasinda p= 0.961 ve p=0.980, tikal1
damar sayis1 agisindan ise p= 0.181 ve p= 0.747 olarak belirlenmis ve istatistiksel olarak anlamh bu-
lunmamgtir. Sonug: MTHFR 677 C—T ve 1298 A—C polimorfizmlerinin koroner arter hastalik-
larinin gelisiminde ve tikali damar olusumunda etkisinin olmadig: disiiniilmektedir.

Anahtar Kelimeler: Ateroskleroz; koroner arter hastaligi; homosistein;

5,10 methilentetrahidrofolat rediiktaz
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ethylene tetrahydrofolate reductase
‘ \ / I (MTHFR) enzyme catalyzes the conver-
sion of 5,10-methylene tetrahydrofolate
(MTHF) into 5-methyl tetrahydrofolate (THF).!
The MTHFR enzyme is a key enzyme that has a
mission in the purin-pyrimidine synthesis, methy-
lation reactions and in the folate metabolism whe-
re homocysteine converted to methionine.?
Therefore, various metabolic problems may occur
when the activity of the MTHFR enzyme tends to
decrease. One of these problems is the intracellular
accumulation of homocysteine which may lead to
atherosclerosis.?

The MTHFR gene is localized on chromosome
1 p36.3 and consisted of 11 exons.*> The 2.2 kilo
base (kb) cDNA of the human MTHFR gene was
isolated at 1994.¢ The product of this gene is a 77
kilo Dalton (kD) protein with a catalytic activity
consisting of 656 amino acids.?

The 677 C—>T polymorphism is located in
exon 4 and causes Ala222Val substitution in the
amino terminal catalytic zone of the enzyme. The
binding zone of FAD which is a co-factor of
MTHFR is the amino acid determined by the 677"
base pair of the MTHFR gene. However, a problem
may occur at the mentioned binding site as a result
of a 677 C—T mutation. On the other hand, 1298
A—C polymorphism on the 7™ exon causing
Glu429Ala substitution in the carboxy terminal zo-
ne where is a critical point coding the S-adenosyl
methionine regulatory region of the enzyme. Con-
formational alterations at the S-adenosyl methio-
nine binding site inhibit the activity of the
enzyme.’

According to the statistical study of Turkish
Adult Risk Factor (TEKHARF), the prevalence of
atherosclerotic cardiac diseases in adults is approxi-
mately 3.8% (4.1% in males, and 3.5% in females) in
Turkey. It was determined that the moderately-
graded plasma homocysteine levels is a risk factor
in coronary cardiovascular disease, in myocardial
infarction, ischemic stroke and in venous thrombo-
sis.®!! Additionally, a few relationships were deter-
mined between MTHFR gene polymorphisms and
breast and colon carcinoma, leukemia, some types
of migraine, schizophrenia, vascular dementia, dep-
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ression and Alzheimer disease.>'? !> Furthermore,
the polymorphisms were shown as risk factors for
pregnancy complications such as pre-eclampsia,
placental rupture and spontaneous abortus and for
neural tube defects.'®!” Recent studies had been de-
monstrated that the mentioned polymorphisms ha-
ve roles on the formation of cleft palates, Down

syndrome and congenital cardiac defects.’®2

The objective of this study is to investigate the
MTHEFR gene 677 C—T and the 1298 A—C poly-
morphisms by means of PCR-Restriction Fragment
Length Polymorphism (PCR-RFLP) method on the
target sites of DNA samples of patient and control
groups.

I MATERIAL AND METHODS
PATIENT AND CONTROL GROUPS

This study was performed on 60 patients (mean
age=55.4 + 1.20; 45 male, 15 female) who did not
received a blood transfusion within the recent six
months and planned to undergo a coronary by-pass
surgery in our institute and 60 healthy controls
(mean age= 44.5 + 1.26; 34 male, 26 female) who
have no family history with coronary atheroscle-
rotic disease. Venous blood samples obtained from
the subjects were transferred to CBC tubes and sto-
red at 4°C.

GENOTYPE ASSESSMENT

DNA samples were extracted from whole blood
using salting-out procedure.”! For the 677 C—>T
polymorphism, 198 base pair (bp) PCR product of
the MTHFR gene was obtained by using mixture
containing 10 pmol from each primers (Forward:
5TGA AGG AGA AGG TGT C—»TG CGG GA3
and Reverse: 5’AGG A—CG GTG CGG TGA GAG
TG3’), 2mM MgCly, 0.2 mM dNTPs, 2.5 U Taq
polymerase and 100-500 ng of DNA sample for
each reaction. After initial denaturation of the re-
action mixture at 95°C for 3 min, amplification was
achieved by 30 cycles of 95°C for 30 sec, 62°C for 30
sec and 72°C for 30 sec, and final extension at 72°C
for 10 minutes. For the 1298 A—C polymorphism
of the MTHFR gene, 138 bp product was obtained
by using mixture containing 10 pmol from each
primers (Forward primer: 5’GGG AGG AGC TGA
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CCA GTG CAG3’, Reverse primer: 5’GGG GTC
AGG CCA GGG GCA G3), 2 mM MgCl,, 0.2 mM
dNTPs, 2.5 U Taq polymerase and 100-500 ng of
DNA sample for each reaction. After initial dena-
turation of the reaction mixture at 95°C for 3 min,
amplification was achieved by 30 cycles of 95°C for
30 sec, 66°C for 30 sec and 72°C for 30 sec, and fi-
nal extension at 72°C for 10 minutes.

Restriction digestion of the PCR products we-
re performed by using HinfT which cuts at GANTC
and produces two fragments (175 and 23 bp), and
ItaI/FnU4HI which cuts at GCNGC and produces
two fragments (119 and 19 bp), restriction endo-
nucleases for the 677 C—T and 1298 A—C poly-
morphisms respectively.

Original PCR products and restriction digesti-
ons were loaded on 10% polyacrilamide gels and
electrophoresed at 100 V for 90 min, stained in
EtBr for 5 min, visualized by using UviTech Gel do-
cumentation system and then evaluated.

STATISTICAL ANALYSIS

The analysis of data was performed by a SPSS (11.5
version) program. Pearson Chi-Square test was
used to compare ratios and p< 0.05 was accepted as
statistically significant.

I RESULTS

Frequencies of 677 C—T and 1298 A—C polymor-
phisms at MTHEFR in patient (n= 60) and controls
(n= 60) are shown in Table 1 and 2. We could not
demonstrate any difference between the patients
and controls for 677 C—T and 1298 A—C poly-
morphisms (for 677 C—T polymorphism p= 0.240
p> 0.05; for 1298 A—C polymorphism p=0.278 p>
0.05).

TABLE 1: Distribution of 677 CT polymorphism

between patient and control groups.

677 CT polymorphism Patient Control

Genotype n % n % p

cC 32 533 39 65

cT 24 40 20 333 0.240,

TT 4 6.7 1 17 p>0.05

Total 60 100 60 100
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TABLE 2: Distribution of 1298 AC polymorphism
between patient and control groups.

1298 AC polymorphism Patient Control

Genotype n % n % p
AA 25 M7 21 35

AC 26 433 34 567 0.278,
cC 9 15 5 83 p>0.05
Total 60 100 60 100

TABLE 3: Distribution of 677 CT polymorphism
between male and female.

677 CT polymorphism Male Female
Genotype n % n % p
cC 47 595 24 585
cT 29 367 15 366 0.9,
TT 3 38 2 49  p>005
Total 79 100 41 100

When patients and controls were assessed to-
gether, it was found that the CC genotype of the
MTHEFR gene 677 C—T polymorphism was usually
present in both sexes, but that the mentioned fact
was not related with the gender of the individuals
(p=0.961, p> 0.05) (Table 3).

When we assess together patients and the con-
trols in 1298 A—C polymorphism, we determined
that the number of A—C genotyped individuals
(he-terozygote mutants) were higher in both sexes;
there was no differences regarding to gender sta-
tistically (p=0.980, p> 0.05) (Table 4).

The number of clogged arteries of patients
with coronary artery disease may display individu-
al differences. In our study, the patient group had
1-7 clogged arteries and the healthy control group
who did not carry any symptoms for coronary ar-
tery disease. We analyzed the relationship betwe-
en the number of clogged arteries and 677 C—T
and 1298 A—C polymorphisms. Accordingly, we
assume that the number of clogged arteries in C—T
and TT genotypes mutant patients would be hig-
her than CC genotypes patients regarding 677
C—T polymorphism. However, statistical evalua-
tion demonstrated no meaningful relationship be-
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TABLE 4: Distribution of 1298 AC polymorphism
between male and female.
1298 AC polymorphism
Genotype Male Female
n % n % p

AA 30 38 16 39

AC 40 50 20 488 0.980,
e 9 114 5 122 p> 0.05
Total 79 100 41100

tween the number of clogged arteries and polymor-
phisms (p= 0.181, p> 0.05 for 677 C—T and p=
0.747, p> 0.05 for 1298 A—C).

The cigarette smoking and alcohol consumpti-
on status of the patient and control groups were al-
so considered in the study. The number of cigarette
smokers were 35 (58.3%) in the patient and 32
(53.3%) in the control groups (p= 0.713; p> 0.05).
When the patient and control groups were asses-
sed in terms of alcohol consumption, there were 16
persons (26.7%) in the patient and 21 persons
(35%) in the control group (p= 0.429, p> 0.05).

I DISCUSSION

The MTHFR enzyme reduces 5,10 MTHF to
MTHEF, the major carbon donor in the remethyla-
tion of homocysteine to methionine.> Lots of mis-
cellaneous nonsense and missense mutations had
been demonstrated in the MTHFR gene. Some of
these mutations are effects the activity of the enz-
yme at different forms.*> The MTHFR gene 677
C—T polymorphism is effective on the enzyme ac-
tivity and lead to a decrease at a ratio of 55-65%
while 1298 A—C polymorphism lead to a decrease
at a ratio of 40%. Hyperhomocysteinemia may oc-
cur due to the decrease in the enzyme activity and
as a consequence various clinical problems may ari-
se.? Coronary atherosclerosis that occurs as a result
of hyperhomocysteinemia is known to be respon-
sible of death events in Europe at a ratio of 46%.
Therefore, numerous studies were performed on
MTHFR gene codon 677 C—T and 1298 A—C
polymorphisms. Hyperhomocysteinemia and many
other factors such as folate deficiency, Vitamin Bg
inadequacy, advanced age, gender, cigarette smok-
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ing, cholesterol, sedentary life style, diabetes, hy-

pertension and obesity may cause the disease.?>?

In the present study, we have determined the
MTHEFR gene 677 CC and 1298 A—C polymorp-
hisms. For the 677 C—T polymorphism, percent
ratio of CC, C—T and TT genotypes in the patients
(53.3%, 40%, 6.7% respectively) and control group
(65%, 33.3%, 1.7%; respectively) were not so diffe-
rent but C—T and TT genotype ratios were tended
to be higher in the patient group when compared
with the control group. Similar results were obtai-
ned in a recent study performed on 79 coronary ar-
tery patients and 93 control group.* This study also
indicates that coronary artery disease is not related
with the polymorphisms of the MTHFR gene alo-
ne. According to studies performed on different ra-
ces and communities, the MTHFR gene 677 C—T
polymorphism displayed no statistical differences
between the patient and control groups and this re-
sult is compatible with our findings. The ratios of
MTHEFR gene 677 CC, C—T and TT genotype fre-
quencies may differ in every country where as in
patients with a coronary artery disease the TT ge-
notype frequency may increase.

Regarding the MTHFR gene codon 677 C—T
polymorphism, contrary to our findings, a relati-
onship with coronary artery disease was found in
Japan. In the study, the CC, C—T and TT genotypes
(34.6%, 45.6%, 19.8%; respectively) were different
from the control group (42.6%, 46.4%, 11%; res-
pectively) and was also related with coronary cardi-
ac disease. Consequently, it was proven that the
MTHEFR gene codon 677 C—T polymorphism was a
risk factor for the Japanese population.”® The reason
of different genotype frequencies may originate
from the differences of the selected patient and con-
trol groups. Nevertheless, according to other studi-
es performed, it was suggested that the mentioned
polymorphisms were not a risk factor alone for the
Poland, Spanish, Dutch, Pakistani, American, Ara-

bian and Turkish populations.?*2¢3!

In our study, if the MTHFR gene codon 677
C—T polymorphism of the patient and control gro-
ups are studied, we can notice that the reason of
the undifferentiated frequencies of AA, A—C, CC

Turkiye Klinikleri ] Cardiovasc Sci 2009;21(3)
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genotypes was not a risk factor alone for coronary
artery diseases. In studies which were carried out
using this type of polymorphisms, it was reported
that the reason of finding no differences between
patient and control groups, in different populati-
ons, where the mentioned ratio may differ in diffe-
rent ethnic groups.’' The compatibility with our
study, demonstrates that MTHFR gene 1298 A—C
polymorphism was not related with coronary he-
arth diseases alone.

Cigarette smoking alone is the most important
risk factor for coronary artery disease. In a study
carried out in Japan, it was reported that 53.2% of
ischemic cardiac patients and 24.5% of patients en-
rolled in the control group were cigarette smokers
whereas cigarette smoking was one of the main fac-
tors that increased the risk of coronary artery dise-
ase,* this difference may be involved in the effect
of mentioned gene polymorphism distinction in
this population. The cigarette smoker ratio in our
study was not different (58.3%) when compared to
the controls (53.3%).

In our study, alcohol consumption ratio was
found 26.7% in the patient group and 35% in the
control group. In a recent study which assessed the
Japanese population revealed a ratio of 55.8% alco-

Miizeyyen IZMIRLI et al

hol consumption in the patient group and 50.2% in
the control group.** Both in the present and the Ja-
panese population studies, no meaningful relati-
onship was found between alcohol consumption
and coronary atherosclerosis. Recent studies repor-
ted that increased homocysteine levels may eleva-
te the risk for coronary artery diseases. Clarke et al
reported that when compared with controls, hig-
her homocysteine levels were present in patients
with a coronary artery disease.*® Some studies re-
ported that when compared with the C—T and CC
genotype, TT genotype of 677 C—T polymorphism
increased the total plasma homocysteine level.*
However, in our study the mentioned issue that co-
ronary artery disease may elevate homocysteine le-
vel was not considered as this fact was already
recognized.

Consequently, a relationship between coro-
nary atherosclerosis and MTHFR gene polymorp-
hisms had been indicated in some studies but
according to our findings the results were not sta-
tistically significant.
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