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Abstract

Hyperhomocysteinemia has been identified as a possible risk factor for coronary artery disease. The
association of the alanine/valine (A/V) polymorphism of 5, 10-methylenetetrahydrofolate reductase
(MTHFR), one of the key enzymes catalyzing re-methylation of homocysteine, with coronary artery dis-
ease was examined in 362 Japanese males with a diagnosis of coronary artery disease confirmed with
coronary angiography.

The A/V polymorphism was analyzed with PCR followed by Hinf I digestion. The screening of 778
male volunteer controls revealed that the frequency of V allele in Japanese was 0.33, comparable to that in
the French Canadian population. The VV genotype, which correlates with increased plasma homocysteine
levels due to reduced activity and increased thermolability of this enzyme, was significantly more fre-
quent in patients with coronary artery disease (15.7%, n=362) than in controls (10.2%, n=778;
p=0.0067). The association of the VV genotype with coronary artery disease was further increased in
patients with 299% stenotic lesion (p=0.0010). In these patients, the frequency of the VV genotype was
significantly higher in patients with triple-vessel disease (26%) than in patients with single- or double-
vessel disease (15% and 14%, respectively). The fasting plasma homocysteine levels in VV subjects
were higher than those in AV or AA subjects.

The VV genotype of MTHFR associated with increased plasma homocysteine levels may represent an
important genetic risk factor for coronary artery disease, especially with the occurrence of myocardial
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REVATA ZiE2F4+= v RGoTrEDL LT
ERENS —SHERZELT7I/VBETHAE. FEVAR
FURIEIRMAREIATA VEEBEEET AW
FYROELERGERTH D25, R, B, MEER
DHILHT, HEEICHRELYE, LeELHREE
BETAHIEIHEYMTH ALY, TNIFEVATA
CENRTEIL, MBEK L OBEESE 2 5 L CTHEKE
W,

ik, REVRATA UHOBRBECERE, eEk
HREOMIY L7 EREAFTH LI EPFHLL L 2o
T&3, 5 10-2F L7 bk FOERETEE
(5, 10-methylenetetrahydrofolate reductase : MTHFR)—
REVATA VOBFBAFMUICHEE T 5BE—DREE
b, MPREIATA VIRV EROBERE L 5.
1991 4\ EEBEMEART & B4R T & & 729 MTHFR
EEIBERRBELHBELET S I LAHE SN,
1995 4E |21 Frosst 59 1%, HEREE CT->TIZL 5
T I URENO N VIREAND BRI
MTHFR ¢ BRAH B L xR L. COERDOFE
BT, fICHTIERESATA VLRV EE
KBV, IS DHRIZZ OERESTEIREBORER
RFD—oDFEBTH AR EREL TS,

AEFFED TiE, TOZEED MTHFR BIZTFR 2 @#E
BARABHRICBWTHRE L. 2L CESIREEES
LREELOBEGTFEEELZLBL, 0O MTHFR&
ETFEEVEELEHREEDEBRAFTHHZ L 7
AL,

Mg EHE

L B

I 778 ADOREEE (FHEE 48110 %) & 362
ANOTEEREBEE (FHER 629 %) T, £ THH
EANBEHTHS. HREIIIAFEDEMIZOWTEH
L, AE*B-ELTRNIZIT- 7. EEREERRE

Risk factor,

Homocysteine, 5, 10-methylenetetra-

Selected abbreviations and acronyms

A=alanine

DNA =deoxyribonucleic acid

MTHFR =5, 10-methylenetetrahydrofolate reductase
PCR =polymerase chain reaction

V=valine

A T — T IVIRERICA R ES 18UT 50% %
BRI EEDZODDLLDE L. ZORBICALES
T, 202 AXSUEEE, 20 MIZEERRRERG
fE, €L T 140 NIZLREIRIETH o 7. BEEIRER
FrRICEYD, BE% 9% LEOREREZETS A
B (n=218, FHEHK 6119m%) LEHE LBV BEH n=
144, FHER 6219 5) L I2H T 7. LHEEORR
FERE E - L-BEITAHED 6%, BHEHETIZI10% T
Hol:. BOBOzBITEBIRKERBICL - T3H
250 7=,

2. BTN

7 LTFF ) KEER  (deoxyribonucleic  acid :
DNA) Hiti 7 7 &A12 & ) #ARIMLA> & DNA it 217\,
AR1) X T —¥E$H KIS (polymerase chain reaction : PCR)
BT X Y 198bp DEY % KR, %D PCREY % C'—
T OEH % DT HHIEEER Hinf [ 12X o TR LE
ZFROHNZIT o729, 2D CT">T DEHRIZ
MTHFR D7 7 = Y 5&EN 6N VRENOEBEHRL &
723DT, 2200R% 57 L I)V% A (alanine), V (va-
line) LFFATZ. AT LIVH61% 5 7z 198bp D PCR &
WIEHInfLIC & o TYIE S MR WAs, VT L Ve LE
Lh/-F LR SO PCREWIX, HinflIZX D 175bp &
23bp DUTH IZYIRF &5, Hinf I LE S 7z PCR &
Wx96% RIVT7Z7IVNVTIFrVTERKEL, &
EF BB % 4T o 72 (Fig. 1).

3. MPFRESXFA LN
TEIREBRBEEN S b, 198 AZBWTEERER
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Fig. 1 Representative photograph of gel electrophoresis for three MTHFR genotypes
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198bp
175bp

AV

The 198 and 175bp fragments correspond to the A and V alleles, respectively. M indicates molecular size markers

(9X174/Hae III digest).

Table 1 Distribution of MTHFR genotypes in normal subjects and patients with coronary artery disease

Normal Japanese subjects

Japanese patients with CAD Unselected
i s
MTHEFR genotype All Age: 26-47yr  Age : 48-86yr (n=362) French Ca.na?an
(n=778) (n=405) (n=373) EopaLon
AA, n (%) 338 (43.4) 178 (44.0) 160 (42.9) 117 (32.3) (37)
AV, n (%) 361 (46.4) 187 (46.2) 174 (46.6) 188 (51.9) (51)
VV,n (%) 79 (10.2) 40(9.9) 39 (10.5) 57 (15.7) (12)
ANV 0.67/0.33 0.67/0.33 0.66/0.34 0.58/0.42 0.62/0.38
CAD=coronary artery disease; A/V =allele frequencies.
BRICMAERES AT A4 Y LAV RHIE L. YA " =
=}

O RENZERERE ICHARIRML, MERES AT 4 Vi
Rk 0~ + 7 5 7 4 — (high-performance liquid
chromatography : HPLC) i£% AW, #AREI AT A ~
B & L CEFli L 729,

4. FRETEEAR

EHYT— & I3 R (SD) I TERRLL, 20
fEHTIZ1E Mann-Whitney HE %, F7-EHT— ¥ O
W2 g x 7z, AEKEER p<0.05 & L7,
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1. BEAARABEMICH TS MTHFR EEFEA%H

AN HARANBPEIZB ) 5 MTHFR & {ZFEIcoWn
THRET L7z, Frosst O HE L72L 912, 7=V
P HoN) VERIEADIERIZET B 3 D0 MTHFR &
RF2 (AA, AV, VV) %%, 198bp PCR £ ® Hinf 1 JLER
I DRI E Nz, 778 NDREEHANBMEZ TS
&, 3 DODBIZTHIGAIT AA434%, AV 46.4%, VV
102%, V7 LIVOMEEL 033 TH o7 (Tablel). =
D4347 13 Hardy-Weinberg 120D - & 5 T 72, 4§51
£ % MTHFR BIZFHIGAA DR Y 2 <2 72012, 4
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Table 2 Patient characteristics

MTHEFR genotypes

AA (n=117) AV (n=188) VV (n=57)

Age (yr) 62.6+8.4 61.8+94 59.4%8.0
BMI (kg/m?) 23.7%£3.0 23.9+2.7 23.6%1.8
T-chol (mg/d/) 196.61+34.7 194.1+29.8 199.5+32.6
HDL-chol (mg/dl) 4651145 463%139 454%12.6
ApoAl (mg/d]) 122.3+19.8 120.7+24.1 1259+21.8
ApoB (mg/dl) 122.8+25.0 1204+21.7 125.7%23.6
Smokers, 1 (%) 85 (73) 143 (76) 38 (67)
Diabetes mellitus, n (%) 35 (30) 66 (35) 17 (30)
Hypertension, n (%) 52 (44) 95 (51) 28 (49)
Hyperuricemia, n (%) 21 (18) 39 (21) 10 (18)

No statistically significant difference was detected between the
MTHEFR genotypes.

BMI=body mass index; T-chol=total cholesterol; HDL-chol=
high-density lipoprotein cholesterol.

WIcLoT2BICHT, BEFRESAEZREL .
Table1 278 L7: & 912, MTHFR EIZFRIGA 132 B
FITIZIZE LT, & b 2 Hardy-Weinberg BIZD o & o
Tz, A%< &b 40 BARIER T, %% D MTHFR &
EFRICELTOES P REKIELZVE) THo 7.
CDTISNDREET NV — TERxREEL L.

2. MTHFR O VV &{=FE! & BEIRZEE & DAERS
TR BB E DO MTHFR EETRISA & 72
362 AD 9 b, AABIZTFENZ323%, AVEEFEIE
51.9%, VVEEFEUL15.7%, V7 LIVOEREIL042
Td o7z (Tablel). VVBIEFRIZREZEICLLTHE
HEICBHEE TH o7 (p=0.0067). Table 2 |2 362 AD
BEOIOOBGTHROBMEIR LA, &M
MERBOON o7z, VV BZTFE L EERE SR
EDHBEIZOWVWT, RECEEREVBLAD,L bIRETL
7z. Table3|ZRL7-& 8D, A#E99% LLEDIRENR
ERAETH) ICBVTIE VV BEFE L EERES &
DOHBEIZ L V&L 25 (p=0.0010)—F5 T, BE (99%
KBORERELXETH) IZBWTIE VV BIEFRE
BERER L OFELHBERROONE»r o7, BIC
A, B BT VV Bz T L EEREERR OB © A
Nz, ABT VYV BETFRHOEEIEI—K, K =&
WEBET, ThEN 15%, 14%,26% THol:. =
BIREBRE BT VVBETROEEIX, —Kd5
WIRTHREICH L THEEICE D272 (p=0.031). B
BT VvV BETR L BRI & (B 20

Lholz.

3. MTHFR BFEEMPFRES XTI LA
& DIERE
362 AOBEIREBERED S b, 198 AlZBW T
BWAREVATA VLV xflIEL. VV BETFEO
BEIIAA - AVEBEFEOBE AR ICMERE
VATFA Y UVNVDEP 072 (164162 pmol/l, n=29
vs 14.5£3.6 umol/l, n=169; p=0.021).

4. BROIMOEREBEMBRAES XTI LN
EEREBEE 198 AOMBFEREL AT M LNV
133 14.8+4.1 umol/l, % D53Ai 1% 6.8-38.8 umol/l T
Hotz. 198 AH 50 A (25.3%) ASEHEME (~16.9
umol/l) % & L CT\7z. xFHREETIE 34 AT & M3
REVATA VUL NVERIE LD, EO5HIX 8.5-
16.9 umol/l L EF&#HEICH Y, FHid 12.6+2.1
pmol/l T, BEBICH L THEEIC (p=0.002) &KET
Hol:.

% ES

Frosst 59 |2 & o THits /2 MTHFR DZEED,
HEATH L ALNBZ L, BIZZOEENFEEIC
BEREELAHB L TWAZ LA E o7 4
I OEROEE IIREREDERELE (99% LL LDk
ROFE) BLUEHRKERBEHEEDHY, 20
LR L BHIRREOEERE R LHEERIE & OFHE L
BEATRIBEND.

HARAN (EvT0A F) ZBITAZDERETLIV (V
T UIWERAT)HEEIZ033THY, Frosst 5O & -
THRESNLET I VARIFIANE AT T )IB
T AHEEE (0.38) LIFIFHELL, TLZ0HESMHD
Hardy-Weinberg fiZD o L o TWnb. ZOEERPANE
PBATEL AONBEZ L, NEORVEELZEBRT
BBk E ki, NTUADENTSE R RS> TS
TEEPREoT VD,

AFETIEZDEEDFEREEZFE (VV BIZFE)
EEBIREE L OHBER L. ZOBRETE L EE
MRIEEDERERE L IIEITHVHBZRT. '

“Conventional coronary risk factor” |3 & &5 RIBE
TERYRHT, VV BETFE L EEIREER & DM
BIOEREFEMILTVWAE LI THAS. MAT
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Table 3 Distribution of MTHFR genotypes in patients with or without 299% stenosis
and different numbers of stenotic coronary arteries

Group A (n=218)

Group B (n=144)

MTHFR Control

genotype (n=T78) All 1-vD 2-VD 3.vD All 1-VD 2-VD 3-VD
AA, n (%) 338 (43) 62(28) 25(29) 17(29) 20(28) 55(38)  26(36) 1747  12(34)
AV, n (%) 361 (46) 116(53)  49(56)  34(58) 33(46)  72(50)  40(55)  13(36)  19(54)
VV, n (%) 79 (10) 40(18) 13 (15) 8(14) 1926) 17(12) 7(10) 6(17) 4(11)

Groups A and B include patients with and without 299% stenosis, respectively.

1-VD=single-vessel disease; 2-VD=double-vessel disease;

VV BEFEICBWTIIMERE AT A LAV
AA HHWIE AV BETFRICHK L CARICEELET
5. FOERIINEVY, EROFETH A FA =
BROBMEOMBFPBREL AT A Y LA, ZOER
DHEBEYBRITAILIIRENTVEY, ZOHKRE
& MTHFR O VV BZFEAS, MiERESRT74 L
NIVEELEEL T, EEIREROMY L RIZN %
fEETF720 D 2 HREEEEREL TS, BRI
VV BEFETHoTH, MPEHFEI AT A VHEE
HWHERNICHEIDBEZVL, BEILCESZRVINLS
V. VVELZEFETRMLOREER (K ¥ I v, ¥EEHE
Wil 0XBEZTR T 2B LV) TRREETE X

b, BEZOHREDALNL.

Wilcken 5 DEE® T4+ —A 5 ) 7HEEDPAA
Z 3B MTHFR D A/V 8 LGB IRE B & OFERIC
DVTHBORE 21T o7 TAFELMBIEI 2 H -
elfERAT o TS, HADKRETIZERABK
DHEEFRIZLTEY, \EOEISKRERE L7
DIZLTWwBEdbEZOLNE, T/, 2L FLXHT
R BICMEREL AT 4 VIBENERTA L
PHONTBY, BROSEEREIFMBTHo/2LD
BikizH Db DD, HREAMZEOLEL DHRIZEDT
HWLTBY, WL bTEEER5ZTVLE
W TTREMEH B, AT, RERER COREER
DHER Z MUK 5 susceptibility DAHEASEIZETF S
BILIRRRIE L DBRICHEEERIZLTWE EEZDS
N, ThHICELTRESBROELZRFAIVLETH A
).
BFEMEICMR T, EBRF— 512, -Th, Mm%
REVATA Y UNVEESBIRTE( LY, meMRE
DERELBIEDIITREINTWS, Harker H'MiTk b
NDEFEVATAVEAILY, SWHICIZNERE
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3-VD=triple-vessel disease.

DEELLER, BRI TFEHAEREICED N
JEFAEARI Y, THISHIIL/MEEIC X Y EEFians
CEEHELTVS. AEVAT A UHBRBEILE X
2T AAZ X LIV E LA SN TR WA, invitro
MRIZLY, BODPDOTWREEITRINTVE, FEY
AT A ZIIREEANRARICN L CEEESEET 575

COERIEA YT —FiIzkhmFl S h s, iR,
Tsai 55O IIREV AT A YDA MMBEHEEIZ 5
—hT, cyclinDl BLU A OEBH* AL, MBEF
MR A R T A L2 MG L. 72, K%
Y AT A YId Factor V {4 % 5™, thrombomodulin
RERBELIH™®, 7074~ CiFzE, Hik
75237 =7 EHILRTFEE 215, AET
DYLEEE heparan TEEER IR 2 #0H] 35, —F, FEY
AT A ZIZM/MIT thromboxane A2 (TXA2) AR % 1
WY AED, ZODLIIKFEVATA Vi, MM
FEE & iR T OBREEEIREIC L D, BRI,
MmeEDOREICEETLLEEILNS.

BT, BOLORICLY, mMAPERE, &I
B6, B12 L NUVASMMEREL XA 54 » LV & B
E¥ETH LN T B IS QBRI FER
REBEOMPERELATA VLAV EHSEEE S
EBMPFRENT VS, MPEFEIRATL L%
¥ IVEBIZE o TTIF5 Z LOBEIRERDRER
% PORBEBRRTADICOWTIE, WEPHY SR
HRPBOLN TRV, ZOERBEOENEIEETFR
MBS 2DDTHB LT HLR0IE, BROETIEE
DERZITIRIC, ZOBEGEFEEZIIKRVICERY
5bDEERLNL. SEFK 4 HIHRE L 72 MTHFR &
EFEE B ERE L DBEDS, SH%OBRMN AR
RO—Bhe b Z L HFEINS.
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