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

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  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.
MMaatteerriiaall  aanndd  MMeetthhooddss::  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. RReessuullttss::  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. CCoonncclluussiioonn:: 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.

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

ÖÖZZEETT    AAmmaaçç:: Metilen tetrahidrofolat redüktaz (MTHFR) enzimi; 5,10 metilen tetrahidrofolatın 5
metil tetrahidrofolata dönüşümünü katalize eden, homosisteinin metilasyonu ve nükleotid biyosen-
tezi gibi pek çok biyokimyasal yolda rol alan bir enzimdir. MTHFR, DNA sentezi ve metilasyon re-
aksiyonları arasındaki dengeyi sağlar. Ayrıca bu enzim, kardiyovasküler hastalıklar için bir risk
etmeni olan plazma homosistein seviyesini de etkilemektedir. Bu çalışmada, koroner ateroskleroz
hastalığı ve MTHFR geni 677 C→T ve 1298 A→C polimorfizmleri arasındaki ilişkiyi araştırmak he-
deflenmiştir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışma grubu 60 koroner ateroskleroz hastası (yaş ortalaması=
55.4 ± 1.20; 45 erkek, 15 kadın) ve 60 sağlıklı kontrol grubu (yaş ortalaması= 44.5 ± 1.26; 34 erkek,
26 kadın) içermektedir. Kişilerden alınan periferik kan örneklerinden DNA izolasyonu yapılarak po-
limorfizmlerin bulunduğu bölgeler Polimeraz Zincir Reaksiyonu (PCR) ile amplifiye edilmiştir. PCR
ürünleri Hinf I ve Ita I restriksiyon enzimleri ile kesilmiş, ve 677 CC, C→T veya TT ve 1298 AA,
A→C veya CC genotiplerinin belirlenmesi için Poli Akrilamid Jel Elektroforezinde (PAGE) yürütü-
lerek değerlendirilmiştir. BBuullgguullaarr::  MTHFR geninin 677 C→T ve 1298 A→C polimorfizmleri sırasıyla
hasta ve kontrol grupları arasında p= 0.240 ve p= 0.278, cinsiyetler arasında p= 0.961 ve p= 0.980, tıkalı
damar sayısı açısından ise p= 0.181 ve p= 0.747 olarak belirlenmiş ve istatistiksel olarak anlamlı bu-
lunmamıştır. SSoonnuuçç::  MTHFR 677 C→T ve 1298 A→C polimorfizmlerinin koroner arter hastalık-
larının gelişiminde ve tıkalı damar oluşumunda etkisinin olmadığı düşünülmektedir.

AAnnaahhttaarr  KKeelliimmeelleerr:: Ateroskleroz; koroner arter hastalığı; homosistein;
5,10 methilentetrahidrofolat redüktaz
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eth yle ne tet rahy dro fo la te re duc ta se
(MTHFR) enz yme ca taly zes the con ver -
si on of 5,10-meth yle ne tet rahy dro fo la te

(MTHF) in to 5-methyl tet rahy dro fo la te (THF).1

The MTHFR enz yme is a key enz yme that has a
mis si on in the pu rin-pyri mi di ne synthe sis, meth y-
la ti on re ac ti ons and in the fo la te me ta bo lism whe -
re ho mocy ste i ne con ver ted to met hi o ni ne.2

The re fo re, va ri o us me ta bo lic prob lems may oc cur
when the ac ti vity of the MTHFR enz yme tends to
dec re a se. One of the se prob lems is the in tra cel lu lar
ac cu mu la ti on of ho mocy ste i ne which may le ad to
at he rosc le ro sis.3

The MTHFR ge ne is lo ca li zed on chro mo so me
1 p36.3 and con sis ted of 11 exons.4,5 The 2.2 ki lo
ba se (kb) cDNA of the hu man MTHFR ge ne was
iso la ted at 1994.6 The pro duct of this ge ne is a 77
ki lo Dal ton (kD) pro te in with a ca taly tic ac ti vity
con sis ting of 656 ami no acids.2

The 677 C→T poly morp hism is lo ca ted in
exon 4 and ca u ses Ala222Val subs ti tu ti on in the
ami no ter mi nal ca taly tic zo ne of the enz yme. The
bin ding zo ne of FAD which is a co-fac tor of
MTHFR is the ami no acid de ter mi ned by the 677th

ba se pa ir of the MTHFR ge ne. Ho we ver, a prob lem
may oc cur at the men ti o ned bin ding si te as a re sult
of a 677 C→T mu ta ti on. On the ot her hand, 1298
A→C poly morp hism on the 7th exon ca u sing
Glu429Ala subs ti tu ti on in the car boxy ter mi nal zo -
ne whe re is a cri ti cal po int co ding the S-ade nosyl
met hi o ni ne re gu la tory re gi on of the enz yme. Con-
for ma ti o nal al te ra ti ons at the S-ade nosyl met hi o -
ni ne bin ding si te in hi bit the ac ti vity of the
enz yme.7

Ac cor ding to the sta tis ti cal study of Tur kish
Adult Risk Fac tor (TEK HARF), the pre va len ce of
at he rosc le ro tic car di ac di se a ses in adults is ap pro xi -
ma tely 3.8% (4.1% in ma les, and 3.5% in fe ma les) in
Tur key. It was de ter mi ned that the mo de ra tely-
gra ded plas ma ho mocy ste i ne le vels is a risk fac tor
in co ro nary car di o vas cu lar di se a se, in myo car di al
in farc ti on, isc he mic stro ke and in ve no us throm bo -
sis.8-11 Ad di ti o nally, a few re la ti ons hips we re de ter -
mi ned bet we en MTHFR ge ne poly morp hisms and
bre ast and co lon car ci no ma, le u ke mi a, so me types
of mig ra i ne, schi zop hre ni a, vas cu lar de men ti a, dep-

res si on and Alz he i mer di se a se.2,12-15 Furt her mo re,
the poly morp hisms we re shown as risk fac tors for
preg nancy comp li ca ti ons such as pre-ec lamp si a,
pla cen tal rup tu re and spon ta ne o us abor tus and for
ne u ral tu be de fects.16,17 Re cent stu di es had be en de -
mons tra ted that the men ti o ned poly morp hisms ha -
ve ro les on the for ma ti on of cleft pa la tes, Down
syndro me and con ge ni tal car di ac de fects.18-20

The ob jec ti ve of this study is to in ves ti ga te the
MTHFR ge ne 677 C→T and the 1298 A→C poly-
morp hisms by me ans of PCR-Res tric ti on Frag ment
Length Poly morp hism (PCR-RFLP) met hod on the
tar get si tes of DNA samp les of pa ti ent and con trol
gro ups. 

MA TE RI AL AND MET HODS

PA TIENT AND CON TROL GRO UPS

This study was per for med on 60 pa ti ents (me an
age= 55.4 ± 1.20; 45 ma le, 15 fe ma le) who did not
re ce i ved a blo od trans fu si on wit hin the re cent six
months and plan ned to un der go a co ro nary by-pass
sur gery in our ins ti tu te and 60 he althy con trols
(me an age= 44.5 ± 1.26; 34 ma le, 26 fe ma le) who
ha ve no fa mily his tory with co ro nary at he rosc le -
ro tic di se a se. Ve no us blo od samp les ob ta i ned from
the sub jects we re trans fer red to CBC tu bes and sto -
red at 4°C.

GE NOTY PE AS SESS MENT

DNA samp les we re ex trac ted from who le blo od
using sal ting-out pro ce du re.21 For the 677 C→T
poly morp hism, 198 ba se pa ir (bp) PCR pro duct of
the MTHFR ge ne was ob ta i ned by using mix tu re
con ta i ning 10 pmol from each pri mers (For ward:
5’TGA AGG AGA AGG TGT C→TG CGG GA3’
and Re ver se: 5’AGG A→CG GTG CGG TGA GAG
TG3’), 2mM MgCl2, 0.2 mM dNTPs, 2.5 U Taq
poly me ra se and 100-500 ng of DNA samp le for
each re ac ti on. Af ter ini ti al de na tu ra ti on of the re-
ac ti on mix tu re at 95oC for 3 min, amp li fi ca ti on was
ac hi e ved by 30 cycles of 95oC for 30 sec, 62oC for 30
sec and 72oC for 30 sec, and fi nal ex ten si on at 72oC
for 10 mi nu tes. For the 1298 A→C poly morp hism
of the MTHFR ge ne, 138 bp pro duct was ob ta i ned
by using mix tu re con ta i ning 10 pmol from each
pri mers (For ward pri mer: 5’GGG AGG AGC TGA



CCA GTG CAG3’, Re ver se pri mer: 5’GGG GTC
AGG CCA GGG GCA G3’), 2 mM MgCl2, 0.2 mM
dNTPs, 2.5 U Taq poly me ra se and 100-500 ng of
DNA samp le for each re ac ti on. Af ter ini ti al de na -
tu ra ti on of the re ac ti on mix tu re at 95oC for 3 min,
amp li fi ca ti on was ac hi e ved by 30 cycles of 95oC for
30 sec, 66oC for 30 sec and 72oC for 30 sec, and fi -
nal ex ten si on at 72oC for 10 mi nu tes. 

Res tric ti on di ges ti on of the PCR pro ducts we -
re per for med by using Hinf I which cuts at GANTC
and pro du ces two frag ments  (175 and 23 bp), and
Ita I/FnU4HI  which cuts at GCNGC and pro du ces
two frag ments (119 and 19 bp), res tric ti on en do -
nuc le a ses for the 677 C→T and 1298 A→C poly-
morp hisms res pec ti vely. 

Ori gi nal PCR pro ducts and res tric ti on di ges ti -
ons we re lo a ded on 10% pol yac ri la mi de gels and
elec trop ho re sed at 100 V for 90 min, sta i ned in
EtBr for 5 min, vi su a li zed by using Uvi Tech Gel do -
cu men ta ti on system and then eva lu a ted.

STA TIS TI CAL ANALY SIS 

The analy sis of da ta was per for med by a SPSS (11.5
ver si on) prog ram. Pe ar son Chi-Squ a re test was
used to com pa re ra ti os and p< 0.05 was ac cep ted as
sta tis ti cally sig ni fi cant.

RE SULTS
Fre qu en ci es of 677 C→T and 1298 A→C poly mor-
p hisms at MTHFR in pa ti ent (n= 60) and con trols
(n= 60) are shown in Tab le 1 and 2. We co uld not
de mons tra te any dif fe ren ce bet we en the pa ti ents
and con trols for 677 C→T and 1298 A→C poly-
morp hisms (for 677 C→T poly morp hism p= 0.240
p> 0.05; for 1298 A→C poly morp hism p= 0.278 p>
0.05).

When pa ti ents and con trols we re as ses sed to-
get her, it was fo und that the CC ge noty pe of the
MTHFR ge ne 677 C→T poly morp hism was usu ally
pre sent in both se xes, but that the men ti o ned fact
was not re la ted with the gen der of the in di vi du als
(p= 0.961, p> 0.05) (Tab le 3).

When we as sess to get her pa ti ents and the con-
trols in 1298 A→C poly morp hism, we de ter mi ned
that the num ber of A→C ge noty ped in di vi du als
(he -te rozy go te mu tants) we re hig her in both se xes;
the re was no dif fe ren ces re gar ding to gen der sta-
tis ti cally (p= 0.980, p> 0.05) (Tab le 4). 

The num ber of clog ged ar te ri es of pa ti ents
with co ro nary ar tery di se a se may disp lay in di vi du -
al dif fe ren ces. In our study, the pa ti ent gro up had
1-7 clog ged ar te ri es and the he althy con trol gro up
who did not carry any symptoms for co ro nary ar-
tery di se a se. We analy zed the re la ti ons hip bet we -
en the num ber of clog ged ar te ri es and 677 C→T
and 1298 A→C poly morp hisms. Ac cor dingly, we
as su me that the num ber of clog ged ar te ri es in C→T
and TT ge noty pes mu tant pa ti ents wo uld be hig -
her than CC ge noty pes pa ti ents re gar ding 677
C→T poly morp hism. Ho we ver, sta tis ti cal eva lu a -
ti on de mons tra ted no me a ning ful re la ti ons hip be-
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677 CT polymorphism           Patient              Control

Genotype n   % n  % p

CC 32 53.3 39 65

CT 24 40 20 33.3 0.240, 

TT 4  6.7 1 1.7 p> 0.05

Total 60 100 60 100

TABLE 1: Distribution of 677 CT polymorphism 
between patient and control groups.

1298 AC polymorphism        Patient               Control

Genotype n % n % p

AA 25 41.7 21 35

AC 26 43.3 34 56.7 0.278, 

CC 9 15 5  8.3 p> 0.05

Total 60 100 60 100

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

677 CT polymorphism Male Female

Genotype n % n % p 

CC 47 59.5 24 58.5

CT 29 36.7 15 36.6 0.961, 

TT 3   3.8 2 4.9 p> 0.05

Total 79 100 41  100

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



t we en the num ber of clog ged ar te ri es and poly mor-
p hisms (p= 0.181, p> 0.05 for 677 C→T and p=
0.747, p> 0.05 for 1298 A→C).

The ci ga ret te smo king and al co hol con sump ti -
on sta tus of the pa ti ent and con trol gro ups we re al -
so con si de red in the study. The num ber of ci ga ret te
smo kers we re 35 (58.3%) in the pa ti ent and 32
(53.3%) in the con trol gro ups (p= 0.713; p> 0.05).
When the pa ti ent and con trol gro ups we re as ses -
sed in terms of al co hol con sump ti on, the re we re 16
per sons (26.7%) in the pa ti ent and 21 per sons
(35%) in the con trol gro up (p= 0.429, p> 0.05).

DIS CUS SI ON 
The MTHFR enz yme re du ces 5,10 MTHF to
MTHF, the ma jor car bon do nor in the re meth yla -
ti on of ho mocy ste i ne to met hi o ni ne.5 Lots of mis-
cel la ne o us non sen se and mis sen se mu ta ti ons had
be en de mons tra ted in the MTHFR ge ne. So me of
the se mu ta ti ons are ef fects the ac ti vity of the enz -
yme at dif fe rent forms.4,5 The MTHFR ge ne 677
C→T poly morp hism is ef fec ti ve on the enz yme ac-
ti vity and le ad to a dec re a se at a ra ti o of 55-65%
whi le 1298 A→C poly morp hism le ad to a dec re a se
at a ra ti o of 40%. Hyper ho mocy ste i ne mi a may oc -
cur du e to the dec re a se in the enz yme ac ti vity and
as a con se qu en ce va ri o us cli ni cal prob lems may ari -
se.3 Co ro nary at he rosc le ro sis that oc curs as a re sult
of hyper ho mocy ste i ne mi a is known to be res pon -
sib le of de ath events in Eu ro pe at a ra ti o of 46%.
The re fo re, nu me ro us stu di es we re per for med on
MTHFR ge ne co don 677 C→T and 1298 A→C
poly morp hisms. Hyper ho mocy ste i ne mi a and many
ot her fac tors such as fo la te de fi ci ency, Vi ta min B6
ina de qu acy, ad van ced age, gen der, ci ga ret te smo k-

ing, cho les te rol, se den tary li fe style, di a be tes, hy-
per ten si on and obe sity may ca u se the di se a se.22,23

In the pre sent study, we ha ve de ter mi ned the
MTHFR ge ne 677 CC and 1298 A→C poly morp -
hisms. For the 677 C→T poly morp hism, per cent
ra ti o of CC, C→T and TT ge noty pes in the pa ti ents
(53.3%, 40%, 6.7% res pec ti vely) and con trol gro up
(65%, 33.3%, 1.7%; res pec ti vely) we re not so dif fe -
rent but C→T and TT ge noty pe ra ti os we re ten ded
to be hig her in the pa ti ent gro up when com pa red
with the con trol gro up. Si mi lar re sults we re ob ta i -
ned in a re cent study per for med on 79 co ro nary ar-
tery pa ti ents and 93 con trol gro up.24 This study al so
in di ca tes that co ro nary ar tery di se a se is not re la ted
with the poly morp hisms of the MTHFR ge ne alo -
ne. Ac cor ding to stu di es per for med on dif fe rent ra -
ces and com mu ni ti es, the MTHFR ge ne 677 C→T
poly morp hism disp la yed no sta tis ti cal dif fe ren ces
bet we en the pa ti ent and con trol gro ups and this re-
sult is com pa tib le with our fin dings. The ra ti os of
MTHFR ge ne 677 CC, C→T and TT ge noty pe fre-
qu en ci es may dif fer in every co untry whe re as in
pa ti ents with a co ro nary ar tery di se a se the TT ge -
noty pe fre qu ency may in cre a se. 

Re gar ding the MTHFR ge ne co don 677 C→T
poly morp hism, con trary to our fin dings, a re la ti -
ons hip with co ro nary ar tery di se a se was fo und in
Ja pan. In the study, the CC, C→T and TT ge noty pes
(34.6%, 45.6%, 19.8%; res pec ti vely) we re dif fe rent
from the con trol gro up (42.6%, 46.4%, 11%; res -
pec ti vely) and was al so re la ted with co ro nary car di -
ac di se a se. Con se qu ently, it was pro ven that the
MTHFR ge ne co don 677 C→T poly morp hism was a
risk fac tor for the Ja pa ne se po pu la ti on.25 The re a son
of dif fe rent ge noty pe fre qu en ci es may ori gi na te
from the dif fe ren ces of the se lec ted pa ti ent and con-
trol gro ups. Ne vert he less, ac cor ding to ot her stu di -
es per for med, it was sug ges ted that the men ti o ned
poly morp hisms we re not a risk fac tor alo ne for the
Po land, Spa nish, Dutch, Pa kis ta ni, Ame ri can, Ara-
bi an and Tur kish po pu la ti ons.23,26-31

In our study, if the MTHFR ge ne co don 677
C→T poly morp hism of the pa ti ent and con trol gro -
ups are stu di ed, we can no ti ce that the re a son of
the un dif fe ren ti a ted fre qu en ci es of AA, A→C, CC
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1298 AC polymorphism 

Genotype Male Female

n       % n         % p

AA 30       38 16      39

AC 40      50 20     48.8 0.980, 

CC 9      11.4 5     12.2 p> 0.05

Total 79     100 41     100

TABLE 4: Distribution of 1298 AC polymorphism 
between male and female.
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ge noty pes was not a risk fac tor alo ne for co ro nary
ar tery di se a ses. In stu di es which we re car ri ed out
using this type of poly morp hisms, it was re por ted
that the re a son of fin ding no dif fe ren ces bet we en
pa ti ent and con trol gro ups, in dif fe rent po pu la ti -
ons, whe re the men ti o ned ra ti o may dif fer in dif fe -
rent eth nic gro ups.31-33 The com pa ti bi lity with our
study, de mons tra tes that MTHFR ge ne 1298 A→C
poly morp hism was not re la ted with co ro nary he -
arth di se a ses alo ne.

Ci ga ret te smo king alo ne is the most im por tant
risk fac tor for co ro nary ar tery di se a se. In a study
car ri ed out in Ja pan, it was re por ted that 53.2% of
isc he mic car di ac pa ti ents and 24.5% of pa ti ents en-
rol led in the con trol gro up we re ci ga ret te smo kers
whe re as ci ga ret te smo king was one of the ma in fac-
tors that in cre a sed the risk of co ro nary ar tery di se -
a se,34 this dif fe ren ce may be in vol ved in the ef fect
of men ti o ned ge ne poly morp hism dis tinc ti on in
this po pu la ti on.. The ci ga ret te smo ker ra ti o in our
study was not dif fe rent (58.3%) when com pa red to
the con trols (53.3%).

In our study, al co hol con sump ti on ra ti o was
fo und 26.7% in the pa ti ent gro up and 35% in the
con trol gro up. In a re cent study which as ses sed the
Ja pa ne se po pu la ti on re ve a led a ra ti o of 55.8% al co -

hol con sump ti on in the pa ti ent gro up and 50.2% in
the con trol gro up.34 Both in the pre sent and the Ja -
pa ne se po pu la ti on stu di es, no me a ning ful re la ti -
ons hip was fo und bet we en al co hol con sump ti on
and co ro nary at he rosc le ro sis. Re cent stu di es re por -
ted that in cre a sed ho mocy ste i ne le vels may ele va -
te the risk for co ro nary ar tery di se a ses. Clar ke et al
re por ted that when com pa red with con trols, hig -
her ho mocy ste i ne le vels we re pre sent in pa ti ents
with a co ro nary ar tery di se a se.35 So me stu di es re-
por ted that when com pa red with the C→T and CC
ge noty pe, TT ge noty pe of 677 C→T poly morp hism
in cre a sed the to tal plas ma ho mocy ste i ne le vel.36

Ho we ver, in our study the men ti o ned is su e that co -
ro nary ar tery di se a se may ele va te ho mocy ste i ne le -
vel was not con si de red as this fact was al re ady
re cog ni zed.

Con se qu ently, a re la ti ons hip bet we en co ro -
nary at he rosc le ro sis and MTHFR ge ne poly morp -
hisms had be en in di ca ted in so me stu di es but
ac cor ding to our fin dings the re sults we re not sta-
tis ti cally sig ni fi cant. 
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