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Abstract

Methylenetetrahydrofolate reductase (MTHFR) is a key regulatory enzyme in folate and homocysteine
(Hcy) metabolisms. Mutation of MTHFR gene leads to the increased levels of Hcy. Elevated blood Hcy level
may induce oxidative injury to vascular endothelial cells and impairs vascular function leading to atherosclerosis.
The aim of the present study was to investigate the relationships between MTHFR polymorphisms and total
homocysteine (tHcy) level in Thai patients with coronary artery disease (CAD). A case-control study was
performed in 352 subjects who were clinically suspected of having CAD and were undergoing coronary angiography
at Queen Sirikit Heart Center of the Northeast, Khon Kaen University. Based on angiographic results, 206
patients were categorized as CAD and 146 subjects were control. The polymorphisms of MTHFR C677T and
A1298C were genotyped in subjects with CAD and control groups, using PCR-RFLP and AS-PCR techniques,
respectively. Serum tHcy was determined using DiazymeHomocysteine Enzymatic Assay Kit (Diazyme, USA).
The results demonstrated that the genotype and allele frequencies of MTHFR C677T and A1298C polymor-
phisms were not significantly different between control and CAD groups. Significant elevation of the relative
frequency (%) of T carriers (CT, TT) of C677T polymorphism was observed in all subjects and in male alone
with higher level of tHcy as compared with lower level, either by using tHcy cut-off point at 15 Wmol/L or

by categorizing the tHcy concentration into 3 levels as <10, >10-15 and > 15 Wmol/L; a lower percentage
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of T carrier was always revealed in all subjects with lower level of tHcy. There was, however, no significant
difference when observed in female subjects. In addition, the mean serum tHcy levels in the T carriers (CT, TT)
of C677T were higher in all subjects as well as in male subjects alone (P<0.001) as compared with the CC
genotype; there was apparently no difference observed in female subjects. There were no significant association
between the A1298C polymorphism and serum tHcy, either by cut-off level or by mean level, as observed in
all subjects as well as separated male and female groups. This study indicated that polymorphism of MTHFR
C677T contributes to the risk of CAD by the effect on increase of blood tHcy concentration.

Keywords: Methylenetetrahydrofolate reductase (MTHFR), Polymorphisms, Total homocysteine (tHcy) level
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msnn 2 anuddlulniuazdadavesidu MTHFR (C677T uas A1298C) lunguainauuazngn CAD

MTHFR polymorphism Control group CAD group P - value
Cc677T

Genotype frequency (n = 347) (n = 145) (n = 202)

CC %, (n) 77.9 (113) 75.2 (152)

CT %, (n) 19.3 (28) 22.8 (46) 0.678
TT %, (n) 2.8 (4) 2.0 (4)

Allele frequency (n = 694) (n = 290) (n = 404)

C allele %, (n) 87.6 (254) 86.6 (350) 0.713
T allele %, (n) 12.4 (36) 13.4 (54)

A1298C

Genotype (n = 302) (n = 126) (n = 176)

AA %, (n) 50.8 (64) 50.6 (89)

AC %, (n) 38.1 (48) 40.3 (71) 0.820
CC %, (n) 11.1 (14) 9.1 (16)

Allele (n = 604) (n = 252) (n = 352)

A allele %,(n) 69.8 (176) 70.7(249) 0.812
C allele %,(n) 30.2 (76) 29.3(103)

mIanmANNdNIUTIZHININaNe SBNYes MTH-
FR wila C677T fuseau tHey sluﬂaq'uéhashqﬁy’mm
Tagldan cutoff 71 15 TulasTuadedns nuhamudida
Wisuifiey (relative frequency) vosd lulniesdia CC &
manadluvaisdl CT+TT fdnfinduiieszd tHey fien
gand 15 lulasluadedas laaianuuansdegaiie
ddgmeana (P = 0.002) uagmlmlulniluuy CT+TT
fienamuides 3.34 whilleouiu CC (OR = 3.34:
95% Cl= 1.53-7.26; P = 0.002) Builediansiuunm
manuNdnyazaNNdiusaInanuaassaulungy
@Y (OR = 3.54; 95% Cl= 1.32-9.49; P = 0.012)
ualinuiisddgmeaddlungudredramandga (OR
= 3.04; 95% CI= 0.85-10.87; P = 0.087) @ANN
duiusszrinInanesiBuues MTHER siia A1298C
fuszduves tHey Taoldan cutoff 4 15 lulaslua
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dodns Awudimnituvosanudslndaiin AA e
Tudiu AC+CC fisnanaaiiioszdiu tHey fengenth 15
TulasTuadeanslnaudaalififuichindnesuazvdan
adulinutsehdgmadan

iloulaYeaTdy tHey aanifluangiede <
10, > 10-15 uag > 15 lulasTuadodns (M 3) my
eanud (reative frequency) ¥99 MTHFR C677T 9
CT+TT fuwnlthuindvluvaizislulndstia CC fuwn
Tinanasegniifoddamaeaanilossiuves tHey tin
3u (P = 0.003) e‘féﬂﬁwa%’@mu"luﬂfjuéhasimwma (P
= 0.011) dwlunguiregumeamglinuanuuansig
athaiiifoddamaadn douanwunilulnilves A1298C
#in AA way AC+CC lifianuuananuegeiite
ddmaadserheia 3 $asvesszdy tHey welundu
Shoditmun nazmsufhumanenazmeanda



AN 3 ANNANTUTIEH I AN NENVeRU MTHFR (C677T uas A1298C) wayseaulalugaindnusiu

MTHEFR polymorphism tHcy (Wmol/L) P - value®
<10 > 10-15 > 15

C677T genotype

All subjects (n = 285)

CC %, (n) 86.3 (44) 77.5 (158) 53.3 (16)

CT+ TT %, (n) 13.7 (7) 22.5 (46) 46.7 (14) 0.003

Male (n = 167)

CC %, (n) 91.3 (21) 77.6 (97) 52.6 (10)

CT+TT %, (n) 8.7 (2) 992.4 (28) 47.4 (9) 0.011

Female (n = 118)

CC %, (n) 82.1 (23) 77.2 (61) 54.5 (6)

CT+TT %, (n) 17.9 (b) 22.8 (18) 45.5 (b) 0.179

A1298C genotype

All subjects (n=251)

AA %, (n) 42.6 (20) 50.8 (91) 56.0 (14)

AC+CC %, (n) 57.4 (27) 49.2 (88) 44.0 (11) 0.485

Male (n=149)

AA %, (n) 35.0 (7) 52.2 (59) 56.3 (9)

AC+CC %, (n) 65.0 (13) 47.8 (54) 43.8 (7) 0.322

Female (n=102)

AA %, (n) 48.1 (18) 485 (32) 55.6 (5)

AC+CC %, (n) 51.9 (14) 51.5 (34) 44.4 (4) 0.919

* WEsuiisuserislaludamdusnlundagseivlagld Chi-square test

@15197 4 udAINaYI MTHFR Tnanesiduse

1 A o = o 1 .
ARAYRITEAY tHey 1WisuMeniuszning wild types
wag variants ¥odlwanesiENwiia C677T uay A1298C
Tungudredaning uagnsianziuenidungs
AmuANLazngn CAD wuhlungudiegananuani

o

Mulnilves C677T wwu CT+TT AARA8YDITLAU

[

tHey gannguiidlulnilfuuuy CC edwiinoddy

b

N9aad (P < 0.001) Fiamuuansasananidensnm
manuNTedmaymeadammzlunguieganane
uaziiiediansiusnifunguauauuazngu CAD Al
naaNuuanaNegiilsddgmeaaammzlumndme
Wuifefuiedesndn dwlwdnesigusiia A1298C
Tinuanuuansevesdnasveszdiy tHey 5w
ulnil AA waz AC+CC
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mswn 4 1WisuiisuandsvesszaulaluBaindusinsenin wild type uag variant type Y09 MTHER

ulnanesWBN (C677T uaz A1298C) Tunguéngnanaving ngualugu uazngu CAD

MTHFR Group Genotype tHcy levels; Wmol/L (Mean + SD)
polymorphism All subjects Male Female
All cc 11.8 £ 24 12.0 £ 24 115 £ 2.3
subjects CT+TT 13.2 £ 3.2 13.9 £ 3.3 122 £ 28
(n = 285) P - value® < 0.001 < 0.001 0.222
c677T Control cc 117 +£22 124 + 2.3 112 £ 20
(n =119) CT+TT 12.8 £ 3.1 145 * 3.5 11.8 £ 25
P - value® 0.059 0.032 0.292
CAD cc 11.9 £ 25 119 £ 24 12.0 £ 2.7
(n = 168) CT+TT 135 £ 3.3 13.8 £ 3.2 12.7 £ 3.3
P - value® 0.001 0.001 0.446
All AA 12.2 £ 2.7 12.8 £ 2.8 114 £ 2.3
subjects AC+CC 11.9 £ 2.6 12.1 £ 25 11.6 £ 2.6
(n =251) P - value’ 0.367 0.150 0.659
Control AA 11.9 £ 24 12.9 £ 2.7 11.2 £ 2.0
A1298C (n = 107) AC+CC 119 £ 23 12.8 £ 2.0 114 £ 2.3
P - value” 0.997 0.905 0.790
CAD AA 1256 £ 2.9 12.5 £ 2.9 11.7 £ 2.7
(n =146) AC+CC 11.9 £ 2.8 11.9 £ 2.6 12.0 £ 3.1
P - value” 0.259 0.128 0.756

* nSguiieusewing CC uag CT+TT 1agld independent-sample t-test, *: 1W3ouifionsenin AA way AC+CC

laels independent-sample ¢-test

iilofn¥NANTENUTIN (combined effect) ¥o4
MTHFR Twanesiu C677T uaz A1298C sominay
voszaulalugamdusiy lagSouiouseninudas
combination aluﬂtjuéhashaﬁy’mmua:tﬁaummumﬂ
(mswﬁ 5) WUNHANUUANANDY NI AYNNEAR

J Med Tech Phy Ther e Vol 25 No 1 e January-April 2013

Tunguéinedmnmuauazmmzlhmanslasnuings
ulnilsin CCIAA fanndsvedsziu tHey mMgauay
ingarumuadulungs CC/AC+CC, CT+TT/AC+CC
naz CT+TT/AA AmnasvedsziutHey gaga lagly
= csll 1 o/ =) LU o/
msfnnilinvdnvagdlulnismiuuuy CT+TTICC
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AN 5 HanTTNUIIN (combined effect) Y99 MTHFR ulnanosian (C677T uaz A1298C) Ao@indsved

seaulalugamdusu Tunguiiegianaviuag

Hcy level; Wmol/L(Mean % SD)

Genotypes

All subjects Male Female
MTHFR C677T/A1298C
CC/AA (n=86) 11.6 £ 2.0 12.0 £ 1.9 11.1 £ 2.0
CC/AC+CC (n=108) 11.9 = 2.6™ 12.0 = 2.6™ 11.7 £ 2.7
CT+TT/AA (n=41) 13.6 £ 3.4 14.7 £ 3.5 12.1 + 2.5
CT+TT/AC+CC (n=15) 12.2 = 2.2% 12.8 = 1.4®% 114 = 2.9%
P - value® < 0.001 < 0.001 0.508

: uisumoulagls ANOVA, "% nfisuiisuszrinngulagls independent-sample t-test

b WSeuifeusgnine CC/AA Ay CC/AC+CC; P - value = 0.423", 0.905™, 0.258"

. 1WRyuINguTZHin CC/AC+CC AU CT+TT/AA; P — value = 0.001%, < 0.001, 0.585°°
4 WSeuifeusenin CT+TT/AA fu CT+TT/AC+CC ; P - value = 0.127%, 0.152%, 0.577%

a C4 =S
MMsalnazdasluansAan
thiemaiugnssuiuniiduilioddgyiina

1>

2.

v o d

asTnUdeMIiAn CAD lageranyiuanuduiusn
uanseenod e meluaBnyesnsounsy (familial
disease) Y39 uamaeanItuanYAZANNAIAANENa
#ugNIIN (polymorphism) vesdumgIfedlulszmnns
Ml BsanuraInanemaiugnIsn vse Induesisy
AINANNNITNUNHANNUAATINUILUGAALIBOMA (eth-
. =1 o/ ) d U =) da R
nic group) Tums@nmanuduiussenininane isy
Y89 MTHFR 31ia C677T waz A1298C AUIZAUYDN
tHey Tudiianivminsiaiiesis CAD assiisuilums
dneluaulng wuidlulnives C677T wuy CC #
anuasnange (3evaz 76.4) s09a3de CT (Fovay
21.3) uag TT Hanuamga (Gevas 2.3) lnsmsnszang
c!' =) d o/ 1 = 1 d'
aNNdvedd W indananianuuanmananmeauly

]
=

FNYPUUUAZINMVAININAUAN TV ANV ULNITNTZNY

3

2.

¥

2 o A a a A A
ﬂ’J’]Nﬂﬂa’]ﬂﬂaQﬂﬂﬂWUiusﬁ’lg DULNY %um‘ﬂ Uagy

19-23)

=\ o’( 1 I =Y v A 1y d'd
uaves pgalsnmuiinalndiaeanuninegany

Tuaulneneunthilegwilios 2 agu® * dmsuanud

ulnilves A1298C nmunnngade AA (Sevas 50.7)
50991170 AC (509ag 39.4) uaz CC (5ovay 9.9)
A q v = A v 2 o Aa X a
Fldnamsanenadrsadenuninsneaulusema

)
2 (19, 20, 22

Bu9) " ugnaddimsaneluaulnelae Promthet

nazaaiznU m3nszneanuavesIulniyiia AC g
ﬁq@ (ovay 54.6) 509a9mA0 AA (508az 41.5) uag
CC (5o9a2 3.9)® 9910 ANNNANULANTTIYINS
Aaldennguimeglumsdnmn
msansimuhanuavesiulniuassadaves
MTHEFR Iwanesidu sila C677T uaz A1298C il
anuuaAndeiusEienguAIANLasngy CAD 39l
HasuAeIfuiumMsAne lungususenin® ¥
U%a* nazngurunumamievelszmasuing
UANMIANEIVBY Vijaya Lakshmi uazaaizlag@nmn
Tusndwdenuhlndnesisu siia C677T lae T allele
pninanudssteomsiia CAD 1¢ 1.61 wh (95%
CI: 1.04-2.50)® dhwisumamsanenluaaiinandliisi
IindAnesiFuves MTHFR wdsssiaiionhifiany
fuiuslaensanumsiia CAD useninadenIzsuiums
Aalsaiisamnlunszuumsidalsaiilhioidesini
nneildouasnmzidsedy tHey geluiden (hyperho-
mocysteinemia) AUNLMNIFIAGNIZ oxidative stress
e endothelial dysfunction GT;Q Wunszuaumslusees
UsAYBIMSILAA atherosclerosis YoviaoAldonlalsuni
FaniRseniRanniiedislumsanmiifianuuana
futesitioannnguinesumuauihunguiiidhiums
arnnmlulsmennadalszneudedilinaamsiy
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=) % td'd = =) o
Y991annlaaarnla uashimsiuvedviaaalasniinla
fosnniosas 50 UawanNIANMSIAA atherosclerosis
nduaiaNNguusiosnngn CAD duialilgngy
qumma

] I =S cstl v v 1

2819 1S AMUMIANENUUANIANNTNRUTTZI
MTHFR Iwanesilsusiia C677T Aussivves tHey
Tnonquénegraniia lulniiilu variant carrier (CT+TT)
= Y d' 1 1 o/ 1 d'dd J|
Nyzduvea tHey Nganilungudregnniinlulniuyy
wild type (CC) agnitlvddadelinaduduiuain
namengilaglEan cut-off ¥IBMIMUUATIVOY
52AU tHey TamnmimsiianziiSouiioulnonsessning
Aulniivseauves tHey samsiasuudasiiadlolng
an C Wil Thldmsasunlasvesveansnosi i

a Id =2 1 va % ¢ A ]
nn agatiullilundudanaliimsaiiaeulsdsialy
nuaNnNsou 7 Fainadomamauvedtou a1
ey tHey Twdengeau udlinuanuduiusaand
Tunguiedramangesuhaziiennilaisdug Niua

1 [ d'd = 4 1
AsENUABIZAY tHey lasnanimsanmlaun gosluu
walasulsgauiamiiu 4 6, U 12, uaglnian®’
d‘ a s a = A a
1119991ANTZUIUINUNVD ABNYDA LB INB AN DUNINAY
112 naglianiuihioson dniusziuves Hey uideada
d‘ 4 o U A a =\ ﬁ! a\ a o 1
1N8999AUIEAAMAUD 12 naglvianddimauainan
ansoanszaulalugamduluiaenadla® lumsanmn
asaillildsiinmsnsiataszaviannuaananlussuves
fogadne awmSulnanesidusia A1298C iy
anuduiusAUsEAUtHey IUESNIBURBINUMIANEIYBY
Friedman uazaaizgalinunilulnisia CC Anaso
52AUYe tHey Tumangan®

d' o a 4 1 .

IHOMMTAUATITUHNANTENVIIN (combined effect)
5911919 MTHFR Iwanesnan C677T way A1298C
WU AA homozygous U893 A1298C nafon1Liu
Yuvessziy tHey idoaludiiilu T carriers (CT+TT)
udlifinansznusedniiu CC homozygous ¥ C677T
natounanmMn T allele v09 C677T M lviims
@319 thermolabile form ¥99 MTHFR uagyml# activ-
ity anaa"” WesmAumsidlulniluuy 129844 fims
wasuuwasnsaezilunn agaumliilu ezariiui
MUyLa 429 ¥99 MTHFR wazinasiamMsmysninved
eulsi®oainaduasumldanuansaluamsmau
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Y99 thermolabile form ¥93 MTHFR anauinnd
WeuSeueuny native form @Wwnduvy 677CC)

1 Aaa

ioudnarunguididlulniluvy 677 CT+TT iy
1298 AC+CC
Tavaqnsinmadaiinhitaunsadudildidums
Anmasausnluaulnefifugihe CAD fanfinamsfinm
whhldanudiuslasassenin MTHFR Tndues

WENAD CAD UAWUANNENNUTAUANNIFIWDINT

v
a

iinduYesszay tHey Tideatuiluildoddgivhld
1na CAD

naAnssulsEmA

veveuguoranafasiidisanlassmsyariu
WwithitdsehguainladsatmansTueeniisanile
wminendeveuunuilianutiemielumsifuied
ieanazmiangiassiaiiluiben uasveveuam
anizimafiamsunng wnineFeveuuduiatiayy
apfaigUnsal wazamuiilumasufiunsive ms
Anmaaillsunuatuauumsitenanugamuialy
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