o0 oodooood oo
methylenetetrahydrofolate reductase,
cystathionine beta synthase [
methionine synthase OO OO OO0
0000 OO homocysteine
Jooo odd

oot obtd
O O
O O



o0 oodooood oo
methylenetetrahydrofolate reductase,
cystathionine beta synthase [
methionine synthase OO OO OO0
0000 OO homocysteine
Jooo odd

Jgodoo o o o
O 0o oooooouo ood

20020 60 []

Joood ood
O 0O d
O 0O d



oo gotgdootd bt

oo [
Joog [
Joog [

oot ot

20020 60 []



god O

O 0ood oobd b oo gobb booo oo g
g oo odob oobb Ooob ooob ooodo oo
oo oot b oob bod, btodg gooboo oo o
oo, oot o0 ooob bbdo oo bodg oo
oo oot bodob obbod ob gbboo. oo oo
O oo oo obodoot oobooud, boobbodgo
oo ogbbdodo ob bbb ooo.



ooono
. OO
In. oo o oo
1. 0000
2. 0000 OO
3. 000 0DOoOo Ood
4. 00O0O0O OO0
. 00
1. 000000 00O, 0000 od
2. 0000 000000 DOOO OO0 oOooo oo
3. 000000 O0oO ooo oo
4, 000 OO0O0O OO homocysteine, folate, vitamin By, OO 0O
O 00o
5.0000 0000 DOO0ODOO0O OO0 oooo ooo
6. 0000 OO0 ODOODO ODOOO OoDoOooOOo oo od
homocysteine 00O
7. 00 folateO OO OO MTHFR 677 genotype 0 OO

homocysteine OO 0O OO0 O0O0

10

13

14

14

16

17

19

20

21

22



8. 000 OO0 DODOO OO homocysteine OO OO0 OO —

Iv. 0O

V. og

googd

googd

24

26

30

34

40



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Clinical and biochemical data of study population — 15
Biochemical data of patient group in disease severity — 16
Prevalence of MTHFR C677T, A1298C, MS A2756G,

CBS 844 ins68bp genotype in study population

Correlation of genetic polymorphism and serum homocysteine,
vitamin B,,, folate concentration

Genetic polymorphism according to severity of coronary

stenosis

Geometric mean and standard deviation of serum

homocysteine for each MTHFR, MS genotypes versus

coronary angiographic findings

18

19

20

21



0o o

Fig. 1. Influence of MTHFR 677 genotype on homocysteine

concentration in study population, divided into group

with low and high folate 23
Fig. 2. Genetic interaction analysis. Median homocysteine levels

in the combination of MTHFR 677 genotypes vs.

MTHFR 1298 genotypes, MTHFR 677 genotypes vs.

MS 2756 genotypes and MTHFR 1298 genotypes vs.

MS 2756 genotypes. 25




gooad

000 OOO0OO0OO0O0O00 OO0 methylenetetrahydrofolate
reductase, cystathionine beta synthase [0 methionine
synthase OO 00O OO0 OOO0O OO homocysteine

good Oooo

0000 hyperhomocysteinemiald 0000000 O0OO0O O00O0OO
00 00 000 00 OooobobO bDoooO DO, vitamin Be, vitamin Bio,
folateD OO 0O0O00O0 OO0OO DOODO homocysteine OO0 OO0
000 methylenetetrahydrofolate reductase(MTHFR), cystathionine beta
synthase(CBS), methionine synthase(MS)O0 O0O0O0O OO0 OO0O0O0O0O
OO0 activityd 00 00 0000 0O0O. OO O OoOO0OOO DOOOO
OO0 homocysteine OO0 OO0 OOO0O OO0 OOOO OO OOOO
ogod oud oud ouououono ouoouoo ouoo oooogo
000,000 0000 OoOoOoooO0o ooogo bod, 00O homocysteine
O000 D000 OO0 ooooob ooo.

g o0oobob ood gobbo oobboobdo ooobbodg gogob



good 0ood o oood oud oooood booo oo ogo
OO0 homocysteine, folate, vitamin B,, OO0 O0O0O0O0O. OO 0O0O0O
0000 0000 oOoOo oboboooOoOd DNAO OO0O O MTHFR 677
genotype, MTHFR 1298 genotype, MS 2756 genotype 0O 0O0O0OO
polymerase chain reaction—restriction fragment length polymorphism
(PCR-RFLP)O OO ODOOOO0O CBS 8440 68bp insertiond OO0
PCRO OOOOO.

oood oooo OO 4500 53000 OOO0ObOO OO0 e0.800
48.100 0DOO0ODOO OOOO OO homocysteine, folate OO0 OO0
gob0. 0oo0db oooo bog s50%00 000 ooo oo ooo o1
vessel, 2 vessel, 3 vessell O0O0O0O, O0O0O0O OO0 OOO 50%000
O00 minimald DO0O0O OO0 22%, 18%, 40%, 20%0 OO0 OO0
2 vessell 3 vessell OOO0O minimald 1 vessell ODOOOO OO
homocysteine 000 0O O0O0O0 OO0O0O OOO OOO. OO folate
OO0 2vessell 3vessell OO0 ODOOOODO O0OOO O OO0 OO
ggg.

gooood oobo bOoo oOd oo MTHFER e677CC, CT, TT

genotypell 00O OOOOOO OO 33.3%, 48.9%, 17.8%, DUOOOO



35.8%,41.5%,22.6%0 0O 000 OO0O OO0 OO0O.MTHFR 1298 AA,
AC, CC genotypell 00O 0O0OOOOO OO 62.2%, 37.8%, 0%,
dooodd 62.3%, 34.0%, 3.8%0 O OO0 OO0O OOO OOO. MS
2756 AA, AG, GG genotypell OO OO0 OO GG genotyped O0OOO

000 OOoooOono OO0 68.9%, 31.1%, 000000 84.9%, 15.1%0

O0000 AG genotypell O0O0O0O O OO0 O O OOO. 68bpd

insertiond OO0 CBS genotyped 00000 00000 0O0O0OO

gdog.

O00 000 O0OD0OO0O OO0 OO0 homocysteine OO0 MTHFR 677
genotypel 00 O0O0OO OOO O O OOOO CC genotypedd 10.2
pmol/L, CT genotyped O 9.6 umol/L, TT genotyped O 12.6 umol/LO TT
genotypel UOUOUOO OUOUOO O O 0OOO. OO0 OO0 OOOO
O000 OO0 OO0 OO0 OO0 homocysteine OO0 ODODOO0O0O DOO
oo bobob ooag.

OO0 folate OO 0O 25 percentiled O0O00O0O OO 4.3 ng/mLO OOOO
OO low, high folate group0 0 OO0 O low folate groupd OO0 MTHFR
677 genotypell OO0 OO homocysteine D000 OO0O0O0O0OO0 OO0

OO0 0000 high folate group0 00 OO0 OOO. O0O0O enzymeOd



OO0 OO0 DOODOD genetic interaction analysisD 000 OO 00O
O0000 OO0 homocysteine OO0 O0OOOO OO0 OOO.

0 00000 OO0 000000 OO0 OO0 Oooobo ooobo ogo
00000 000000 MTHFR 677, 1298 genotypell OO 00O
O000 0O0O00 O0ObO 0ObOo b0 O Oobob oboOo, MTHER 6770
OO0 0000 hyperhomocysteinemiall OO0O0O 00O 0O DODO.
O00 OO0 000 OO0 000D hyperhomocysteinemiadO O0O00
Oooob. OO0 OO0 folate OO0 OO0 OO0 MTHFR 6770 OO0
OO000 OO homocysteine OO0 OO0 OOO O OOOO OO O O

goo.

OO0 00O 0O: ODoObOoOod, OoOoobod, methylenetetrahydrofolate
reductase, methionine synthase, cystathionine beta synthase,

gog ooo



000 OOO0OO0OO0O0O00 OO0 methylenetetrahydrofolate
reductase, cystathionine beta synthase [0 methionine
synthase OO 00O OO0 OOO0O OO homocysteine OO

god

g oo god=

gooddg bbb oo

o o o

.00

HomocysteineD sulfur0 0 OO OO nonproteinogenic amino acidd O
methionineD OO0 0O0O0O0O OO 0O OO OO0O0OOO OO0O0O0. OO0,
remethylation pathway (OO activated methyl cycle pathway)O
5—methyltetrahydrofolate] [0 0 methyl groupll OO OO homocysteine
O methioninedO O OO OO OOOO, OO 5-—methyltetrahydrofolateld

5,10—methylenetetrahydrofolate] 0 O methylenetetrahydrofolate



reductase(MTHFR)O 000 000 0OO0OO0OO. OO, homocysteinel
cystathionine beta synthase(CBS)O OO serined O0O0O0O cystathionine
0O 0000 D000 OO transsulfuration pathwayO O O0O. 00O O
OO0 0000 0000 homocysteinyl-tRNAO OO00O0O O0O0OO OO
000 homocysteine thiolactonel O0O0O0O0O OD0O0O0 OO0 OO0 OO
O 00.% 00 homocysteine 000 000 000000 0000 00O
0000000 000 00000 0000 OO0, 00 000 00
(neural tube defects)®, 000 O OO (inflammatory bowel disease)®d O
0000 O(Alzheimer disease)’'00 0000 0000 OO.

OO0 homocysteine OO0 0O0O0O0O OO0O0O0O OO0OO homocysteine
000 00000 vwvitamin Biy, vitamin Bg, folate OO OO0 OO
ooooo oOobooo oOooo ooo O ooo, oooo ooo
O0000 D00 homocysteine OO0 0O0O0O0 0000 DOO0OO
O00 00000 OO0 activityd OO0 OO 0O0O. OO MTHFRO
thermolabile variant 0O0O0O0O 0OO0O OO0 MTHFR activityl
500000 0000 460000 thermostabilitydl 0000.°2 00O
thermolabile MTHFRO autosomal recessive traitd OO0O0O O0OO00O0O

5%0 0000 OO coronary artery diseasel] OO DOODOO 17%0



0000, coronary artery diseased OO OO 0O coronary artery
stenosisl] severityd ] 000000 OO0 OO0 OO0 OOoOOO.°
000 thermolabile MTHFRO OO0 OO0 MTHFR genell 67700
nucleotide cytosined O thymineOO 0O0O0O0O0 00O OO0 OO
22200 codond alanined valineOO 0O0O0OO thermolabile MTHFRO
0000 00 00 folated OO0 0000 homozygote OO0
mutationd OO OO hyperhomocysteinemial0 0000 OO 000
000 O0. Themolabile MTHFRO 0O0O0O0O 00,00 0OD0ODOOOO
0000 00 0000 000 0Oooo0 00 0000 0000 000
0000 00 0000 000 00 000 0 000 00 MTHFR
OO0 0OO0O00 129800 nucleotidedl adenined I  cytosined O
0000 OO000 OO0 homocysteine, folate, vitamin B, OO0O0O
0000 00 0000 00000000 0000 000 ooooo®
Transulfuration pathwayll O0O0O0 00000 OO0 DOO0 0O00OO
ooooo 0O 0O 00 OO0O0O0O CBS gened 833 nucleotided
thymined O cytosine0 00O O0O0O0O OO OO homocystinurial 0O 00O
000 000 CBS enzyme activityd 0O0O0O 000 0O0. 0O0OO

O000000 000 0ODOD D000 DO ODbOD0O 68bp insertion



(844ins68)0 O0OOO OOO OO OO0 homocysteine OO0 OO0
ogodg ooo oo ooo, oo ououoooog oooo oo
controlled studyd O00O0O0O OO OOOO. Methionine synthase (MS)
OO0 D000 000 OO0 homocysteine OO0 ODOO0O0OO0OOO0O
O000 OO0 OO0 ODOODO open reading framel 2756 nucleotide[
adeninedJ O guanined 00 0OO0O0O0O OO 919 codond aspartatel]
glycined O gooo oo. RN DD homozygote oo
hyperhomocysteinemial OO0 0O0O0O, vascular diseasell neural tube
defect0 0O 0DODOO0 ODooOO.™

ood MTHFR, CBS, MS genell 000 0O0OOO OO OOOO
ool ooo ouod oo, oo oooodo ooo oooo oogo
00 oooo. Odd oo oo MTHFER Ce77TO OOOOO O0OO
O00 D00 0OO0O0O0O OO0 OO0 homocysteine OOOO 0000
ogood oo oo, oo ooo ouo ouo ouoog oo
homocysteine OO OO0 OO0OO0O0O0 OO0OO0 OO0 OO0 OOO OOO
O000 000 0000 0000 homocysteine OOOO 0000
000 OO0 0O00. OO0 0O ODODOO0O0O DOODO OO0 homocysteine

goobo b0bobdg 0o0d 00 o0 oob bbodo bog ooooobo



0000 O000O OO0 OO0 OO0 homocysteine, folate, vitamin B,
0000 D000 OOo00o ooo. o000 ooo 0o oo MTHFER, CBS,
MS O0O0O 0000 OO 0OO0OO0OO0 OO0 oooo, o ooo oo
ogoouod oouood ouoo oo ouoo oo ooo oo oo

god bbb 0ooo b0 0o obbbb oooag.



1. 00O O OO0
1. 0000

ool oooood oooobooo ooodo booo ooogod
goboooono ood oo 4500 Uooog bodoo, ooo ooon
Oo00 50%00 000 OoOooo(@ooo oooboo, ooo booog, d
o000y OO0 Ooo0O0O. 0000 booooo ooooooo ood
000 OO0 O 0000 Oooo s300 dooog ooo.
2. 0000 OO0

gooo0o sgobod OO0 O bbo0o oobb boo oobo oo
g oo b0 oooobb, bbb bboboobob, bbb bbooboobob,bbbob,
O 00, OoOo, ooboo, O OO00O00 Hitachi 747 DO0O0O0O
(Hitachi Ltd., Tokyo, Japan)d O0O00O0O0O. —-7000 OO OOO O0OO
00 homocysteine, folate, vitamin Bj,0 oooooad 00
homocysteine oon fluorescence polarization immnoassay
(Automated IMX® immunoassay system; Abbott Laboratories, Abbott
Park, USA)D 0O0O0O0O OO0ODOOO OO folated vitamin B0
Access® Chemiluminescent Immunoassay System (Beckman Coulter,

Inc., Brea, USA)D DO0O0O DODOODO.
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3.000 OO0 oo

Genomic DNAO 000 (High Pure PCR Template Preparation Kit;
Roche Diagnostics GmbH, Mannheim, Germany)0 0 O00O0O0O O0O0ODO
EDTA 00000 DOOOOO. MTHFR C677T polymorphismO
PCR—-RFLPO OO OOO0ODOODO PCRO 100 ngd genomic DNA, Taq
DNA polymerase (Takara biomedical Inc., Kyoto, Japan) 1 U, 10 mM
Tris (pH 8.3), 1.5 mM MgCl,, 50 mM KCI, 0.2 mM dNTP OO 0O 0.2
g MO primer (forward, 5° —tga agg aga agg tgt ctg cgg ga—3’; reverse
5'—agg acg gtg cgg tga gtg tg—3)J OO O0O OOOO 250 ODOOO
OO0 0O 500 96000 predenaturation OO0, 93000 500,
55000 500, 72000 3000 0O 3500 OO0 OOoOoOoOo
72000 700 postextensiondO0O. OO PCR OO 1000 10X
restriction buffer 8.50 0 Hinfl(10unit/1, Takara biomedical Inc.,
Kyoto, Japan) 1500 000 0O 37000 overnight incubation
O00. HinflD OO0 198bpd PCR OO OO0 CC genotypell 00
000 OO0, TT genotypell 175bp0 23bp, CT genotypel 198bp,
175bp, 23bp0 OO DO 0.

MTHFR A1298C polymorphism PCR-RFLPOUODO OO0OO0OOO

11



PCRO 100 ngd genomic DNA, Tag DNA polymerase 1 U, 10 mM Tris
(pH 8.3), 1.5 mM MgCl,, 50 mM KCI, 0.2 mM dNTP OO0 0.2 p MO
primer (forward, 5° —ctt cta cct gaa gaa gag caa gtc—3' ; reverse,
5'—cat gtc cac agc atg gg—3")J OO0 OOO0O 250 O0OO0O OO
0 300 95000 predenaturation OO0, 95000 10, 55000
20, 72000 200 0O 3000 OO0 ODOoOooOoOO 72000 500
postextensiond 0. OO PCR OO 1000 10X restriction buffer
8.50 0 Mboll(10unit/OO, New England Biolabs, Inc., Beverly, USA)
i500 0OoOO O 37000 0Oood ooo bObO 100 0o
incubation O0O0O. MbollDd OO0 256bpld PCR OO O0OO AA
genotypell OO 176bp0 30, 28, 22bpd 00O OOOO OOOODO,
CC genotypell 204bp, 30bp, 22bpld OOOO.

MS A2756G polymorphismld PCR—-RFLPOODO O0O0OOO0O PCRO
100 ngd genomic DNA, Taq DNA polymerase 1 U, 10 mM Tris (pH
8.3), 1.5 mM MgCl,, 50 mM KCI, 0.2 mM dNTP OO0 0.2 p MO
primer (forward, 5° —tgt tcc cag ctg tta gat gaa aat c—3' ; reverse,
5'—gat cca aag cct ttt aca ctc ctc—-3)0 OUOOO OOOO 250

0000 od o 500 96000 predenaturation OO0, 96000

12



3000, 61000 300, 72000 3000 O 3000 OO ODOoOoooO
72000 50O postextensiond J0O. OO PCR OO 1000 10X
restriction buffer 8.50 [0 Haelll(10unit/1, Takara biomedical Inc.,
Kyoto, Japan) 1500 OO0 0O 37000 O0OO0O OO0O OO 200
00 incubationd O 0O. Haelll OO0 211bp0 PCR OO OO0 AA
genotypell OO 0O0OOO OOO, GG genotypel 131bpO 81bpUO
goog.

CBS genell 68bp insertion 000 PCRO OOOOOO 100 ngO
genomic DNA, Tag DNA polymerase 1 U, 10 mM Tris (pH 8.3), 1.5 mM
MgCl;, 50 mM KCI, 0.2 mM dNTP OO0 0.2 y MO primer (forward,
5" —ctg cct tga gcc ctg aag cc—3’' ; reverse, 5'—cgt cct gtc cag cac
cgt—3)0 0000 O00O0O0 260 ODDODO0O OO O 300 95000
predenaturation OO0, 92000 10, 52000 10, 72000 100
0 3500 000 0OoOooo 72000 700 postextensiond 0.
68bpl] insertiond OO OO 227bp00 PCR O0OO0O0O OO0 OO

OO0 00 15%0p0 ODOOOO OD0OO OO,

4. 0000 OO

0000 OO0 SPSS software (version 9.0 for Windows; SPSS Inc.,

13



Chicago, IL, USA)O 000000 ODOO0O 0000 OO O OoOoOooo,
goo ooooo, oo ooooog, booo, oo od, ood,
creatinine, 0 0000, homocysteinell [0, folate, vitamin B;,[1 000
two sample t—test, 0 OO genotypell O0OOO OOO chi—square
test ODOOOO. OO0 OOOO OO homocysteine OO0 OOO
00, 000 0ODO0O00d bood OO Oooo od OO0 homocysteine
ggd ggod gg, OO0 googd folated 00 O 0gd 0d
homocysteine OOO OO OO OO OOO one—way ANOVAL

gooog.
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. 00O
1. 000000 DOoO,00o00 oo

0ood O0boono Oobooo oo 48.100 60800 DOOOOO O
OO0 000 0000 O00oOoOood OO0 creatinine OO0 DOOO OO
0d 00 0odd Doooooo ooboo ooo. ob ooood oo
doodod oooo oooboobo ooo s50% 000 00O oo ooo o
0 O0obbob 0o oooo 300 oo b ooo oo booo
40%0 OO0OOO. OO homocysteinell folate OO0 OO0 O0OOO
000 00 0oooog obo oob obog, 0O vitamin By, 00

O 00000 ObobOo obooo obog (Table 1).
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Table 1. Clinical and biochemical data of study population

Characteristics Con(tnrilsgr)oup Paté(ra]r;t 4%r)oup

Age, years 481 + 11.7 60.8 + 9.6°
M/F, % 453/ 54.7 66.7 / 33.3
Total cholesterol, mg/dL 203.53 + 32.2 185.6 + 38.8
LDL—cholesterol, mg/dL 117.4 + 29.6 105.7 + 29.8
HDL —cholesterol, mg/dL 565 + 13.1 46.6 + 12.8
Triglycerides, mg/dL 1232 + 894 1319+ 764
Total protein, g/dL 7.5 + 0.47 6.8 + 0.48
Albumin, g/dL 44 + 0.26 41 + 0.35
Creatinine, mg/dL 0.85 + 0.18 1.06 + 0.29°%
Total homocysteine, u mol/L 103 £+ 2.93 10.6 + 4.19
Folate, ng/mL 59+ 24 6.1+ 2.7
Vitamin Bi,, pg/mL 496.1 + 152.8 726.4 + 351.8°
No. of stenosed coronary artery No. of patients (%)

minimal 9 (20%)

1 10 (22%)

2 8 (18%)

3 18 (40%)

Data are expressed as mean * standard deviation (SD); * p—value <0.05

by two sample t—test
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2. 0000 ODoobbb oooo bbb oooo oo

gooodooo obbbb oo ooobo oobh toooo ooo oo
0 50%0 000 minimal CAODD OO0 OO OO0O0O 10000 OO O
O 000 OO0 OO0 low gradeld, 20 OO0 O0O0OO0 OO0 OOO O
O highgraded O0O0O0O O0OOO OO folate OO0 high gradeC O OO
OO0 0000 (p—value 0.04) OO homocysteine 0 OO high gradel O
00 00 0000 ODobooob ooood odgd (p—value 0.095)

(Table 2).

Table 2. Biochemical data of patient group in disease severity

omge MU e
Total cholesterol, mg/dL 179.4 + 46.0 189.9 + 33.3 0.414
LDL—cholesterol, mg/dL 100.4 + 34.0 109.8 + 26.1 0.340
HDL —cholesterol, mg/dL 449 + 11.9 478 + 13.5 0.468
Total homocysteine, umol/L 944 + 3.01 114 + 474 0.095
Folate, ng/mL 6.31 + 2.16 595 + 2.99 0.040
Vitamin B12, pg/mL 608.7 £+ 249.2 812.3 + 393.5 0.645

Data are expressed as mean + standard deviation (SD);  p—value by two

sample t—test
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3. 000000 00O bbb oo

MTHFR 677 CC, CT, TT genotypell JOOOOO OO 33.3%, 49.9%,
17.8%0 OO0O0O 35.8%, 41.5%, 22.6%0 OO0 OO0 OO0 (p—value
0.733). MTHFR 1298 AA, AC, CC genotypell OO OO0ODOOO OO
62.2%, 37.8%. 0.0%0000 O00OO0O0OO 62.3%, 34.0%, 3.8%0 OO0
OO0 OO0 (p—value 0.407). MS genotypell GG genotypell OO0 O
00 0oooood 00O ooob oooogd AA, AG genotypell OO
68.9%0 31.1%000, dO0O0OO0O0O 84.9%0 151%0000 OO OO0
000 00 00 000 000 (p—value 0.049). CBS genotyped 00 00O

00000 00 68bpinsertiond OO0 OOO0OO OOO (Table 3).
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Table 3. Prevalence of MTHFR C677T, A1298C, MS A2756G, CBS 844

ins68bp genotype in study population.

Patient, n (%) Control, n (%) X 2
MTHFR 677
cc 15 (33.3) 19 (35.8)
CT 22 (48.9) 22 (41.5) 0.733
T 8 (17.8) 12 (22.6)
MTHFR 1298
AA 28 (62.2) 33 (62.3)
AC 17 (37.8) 18 (34.0) 0.407
CcC 0 (0.0) 2 (3.8)
MS 2756
AA 31 (68.9) 45 (84.9)
AG 14 (31.1) 8 (15.1) 0.049
GG 0 (0.0) 0 (0.0)
CBS 844
NN 2 45 (100.0) 53 (100.0)
NI 0 (0.0) 0 (0.0)
1 0 (0.0) 0 (0.0)

%N, normal sequence; I, insertion

18



4. 000 OO0OO OO homocysteine, folate, vitamin B;, 0000 OO0

OO0 000000 MTHFR, MS genotypell 00O OO0 OO0O0O0O0 OOO
00O homocysteine, vitamin B,,, folate 0000 0O0OO0O 0O0OO 0O

MTHFR 677 TT genotypell OO 0O0O OO homocysteine OO0 OOOO

OO0 00O OO0 O0O0O0 oo (Table 4).

Table 4. Correlation of genetic polymorphism and serum homocysteine,

vitamin B;,, folate concentration

Homocysteine Vitamin B> Folate
(umol/L) (pg/mL) (ng/mL)
MTHFR 677
CC (n=34) 10.2 + 4.0 623.2 + 2764 6.25+ 3.01
CT (n=44) 96 + 23 623.3 + 2716 6.10+ 2.25
TT (n=20) 126 + 4.3 5184 + 331.0 538+ 212
p value® 0.007 0.348 0.463
MTHFR 1298
AA (n=61) 10.8 + 3.3 5715+ 2827 576+ 261
AC (n=35) 9.95 + 4.0 650.8 + 297.2 6.30 + 2.32
CC (n=2) 83+ 04 671.0 + 479 6.85 + 3.75
p value® 0.401 0.405 0.520
MS 2756
AA (n=76) 10.3 + 3.0 5976 + 276.3 6.01 + 261
AG (n=22) 10.8 + 5.2 616.6 + 3251 587 + 2.18
p value® 0.542 0.785 0.817

% p value by one—way ANOVA



5 0000 bobd0 00 oob bbb boob oobo

goboo 0obbd bo bbb 0o 4000 00bob oo MTHFR,

MS OO0 0OUOdd bObod bbodo bo oob oo MTHER

677TT, MTHFR 1298AC, MS 2756AG OO0 genotypeld OO OOO O

o000 ODO0obOO0oObO OOb OOob bOo(Table 5).

Table 5. Genetic polymorphism according to severity of coronary stenosis.

minimal 1-VvD? 2-VD 3-VD P-value®
MTHFR 677 CC 3 (33.3%) 2 (20.0%) 3 (37.5%) 7 (38.9%)
CcT 5 (55.6%) 7 (70.0%) 3 (37.5%) 7 (38.9%)
TT 1(11.1%) 1 (10.0%) 2 (25.0%) 4 (22.2%) 0:936
Total 9 10 8 18
MTHFR 1298 AA 5 (55.6%) 5 (50.0%) 7 (87.5%) 11 (61.1%)
AC 4 (44.4%) 5 (50.0%) 1 (12.5%) 7 (38.9%) 0.564
Total 9 10 8 18
MS 2756 AA 7 (77.8%) 6 (60.0%) 7 (87.5%) 11 (61.1%)
AG 2 (22.2%) 4 (40.0%) 1 (12.5%) 7 (38.9%) 0.566
Total 9 10 8 18

VD, vessel disease; ” p value by chi square test
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6. UOUnon0n

homocysteine [ [J

udn

ggoo

ggoo

o

udn

o

o

ogoonb bobodd od doobob MTHFR, MS genotypeld OO OO

homocysteineD OO0 OO0 OO (Table 6). 000O0DO0 nOO OO OO0

ugdQo odd bbb 0oob oodoonb MTHFR 677 genotypeld OO

homocysteineD OO0 ODOOO O0O0OOO (p value 0.016).

Table 6. Geometric mean and standard deviation of serum homocysteine for each

MTHFR, MS genotypes versus coronary angiographic findings.

Coronary angiographic findings

minimal 1-VD 2-VD 3-VD Total
MTHFR genotype
677CC 8.93 + 1.67 8.77 + 2.06 9.43 + 2.52 13.48 + 7.24 11.13 + 541
()] @ 3 ) (15)
677CT 8.38 + 0.84 8.43 + 1.19 13.42 + 4.53 9.56 + 1.98 9.46 + 2.54
(6)) ) ()] ) (22)
677TT 14.39 + 0.00 1981 + 0.00 11.74 + 7.42 1098 + 3.53 12.70 + 4.77*
(€) (€) &) @ ()
1298AA 9.23 + 2.90 10.96 + 5.08 11.87 + 457 10.98 + 2.25 10.89 + 3.51
()] (6)) ) 11 (28)
1298AC 9.24 + 1.32 8.31 + 1.35 8.95 + 0.00 12.06 + 7.90 10.11 + 5.21
@ (6] (€) ) an
MS genotype
2756AA 9.42 + 2.45 8.63 + 141 1141 + 470 1033 + 1.73 10.04 + 2.81
) O] ) 11) (EXD)
2756AG 8.58 + 1.38 11.14 + 586 12.16 + 0.00 13.08 + 7.83 10.11 + 5.21
(&) @ (€5) ) (14)

The number of subjects given is in parentheses;' p value 0.016 by one—way

ANOVA
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7. OO folateOU OO OO MTHFR 677 genotypell O[O homocysteine
oogd ooo oo
OO0 folateD OO ODOOOOO 25 percentiled 4.3 ng/mLO OO0
O OO low folate groupd high folate groupU 0 OOO0O OO0O O
OO0 OO0 MTHFR 677 genotypell OO OO homocysteined O
OO0 OO0O0O0ODO. Low folate groupd O O CT, TT genotypell OO
OO0 CCgenotypel 1 ODOOOODO OODOO OO homocysteined [
O 00O (p value 0.022). O0OUO high folate groupd OO MTHFR
677 genotypell 0O0O0O0O 0OOO 0OOO OOOOO (p value

0.298)(Fig. 1).
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Fig. 1. Influence of MTHFR 677 genotype on homocysteine concentration in

study population, divided into group with low and high folate concentration.
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8. 000 ODOD DODOO OO homocysteineDDO O OOO OO

MTHFR 677 genotype, 1298 genotype, MS 2756 genotypell 0O 00O
0O 000 OO0 OO0 homocysteineDDO OO0 OO0OO0OO0O0O DOOO
MTHFR 677 genotype 0O OO0 OO homocysteineODO O O00O0O0OOO O
0000 000 2000 0OOO OOOO O0OODOO OO0 OO0 OO0

homocysteineD 00O 00000 0O0O0O(Fig. 2).
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Fig. 2.

Genetic interaction analysis.
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Iv. OO

ogooooud ouoo ooo ooooo ouoo oooo oogo
ool oooo oo oud oo ooouoo oo oooo oo
ogood ouo oo ooo ooo o oo. ouoo oogo
ooooooag ooon oo aooo hyperhomocysteinemiall
O00000 00 OO0 DOoD0OO DOO, neural tube defect, Alzheimer
O 00 OO0 O0. Homocysteinel O0OO0O0OO0 OO OO O0O0O0O OO
O homocysteineO 00O OO O OO00OO0O0O OOODOO OO0 OO OOO
0000 00 0000 00000 000 0O 000 0000 OO0
O00O00.2  European concerted action  program®°Q 0oag
hyperhomocysteinemiall 12 umol/L O00O0O 000000 Framingham
Heart StudyO 00O ogooooon 0o gogd 11.4 umol/L
O00000 00000 bDOoDO OO homocysteinel 10 umol/L OO0
0000 00 000000 0002 0000 hyperhomocysteinemiall
00 homocysteined 00 15-30 umol/L O 000 0000 00O
0000 hyperhomocysteinemiad 0000 0O0O0O0O 0O0OO CBS,
MTHFR, MSO enzyme O0O0OO enzyme activityd OO, vitamin B6,

vitamin B12, folate OO0 OD0O0O0O0O OO OO0 OO0 ODOO O OO.0O
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00000 0000 OO0O0O0 OO0 OO0 homocysteinedO O O0O0O
gooooo oo oo ood booono oobod obooooogo
0000 00000 OO0 homocysteineOOO O0OO0O0 OO0 O0O0O.
0o oooouoo oo oo ood oo oo oo o oooogo

oo oo ooood oooo.

Homocysteine OO0 O0O0O0O OO0O0O OOOO0O OOOOO OOOO
0ol 00 0o oooobd 00 0o obdd ooooodg MTHER
0000 67700 codond cytosinel O thymineO OO OOOO OOO0O
OO0 00 37000 MTHFR activityd 0O 50% 0000 OO 0O00O0O
hyperhomocysteinemial 000 0O0O. O OO0OO0O MTHFR C677T
genotype (CC, CT, TT)O 0OO0O0O0O OOOODOO OO 33.3%, 48.9%,
17.8%, 0O0O0OOO 35.8%, 41.5%, 22.6%0 0O 0O0O0O OO0O 0OOO
gogod. b0 oooo oo oobobb ooo oooob. od boo
genotypel OO OO homocysteined OO OOO 10.2, 9.6, 12.6
umol/LO CC genotypel 000 000000 DOO0O0O OO O0OO
O0000. 0000 MTHFR C677T genotypell hyperhomocysteinemia
g o0oobb oo ooob ooo oo Obb oooodg bbb ooo

ooo0 OoO0. O O MTHFR OO0 129800 condon adenineld
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cytosineJ 0 OO0O0O OOOO MTHFR enzyme activityll 50-60% 0[O
00000 OoOoOoooo, eBs OO0 8440000 68bpd insertiond O
MS 0000 275600 codond adenined guaninedd 0000
0000 hyperhomocysteinemiad 0 O0O0O0O0 0O0O0O 0OO0O0 0O0O. O
00000 MTHFR A1298C genotype (AA, AC, CC)O 00 000000
00 62.2%, 37.8%, 0%, 000000 62.3%, 34.0%, 3.8%0 0O 000
000 000 0000 OoOoOo ood bOoOo cC genotypeldl OOO0O
OO0 000 COOO0OO0O0O. OO0 MTHFR A1298C genotypel OO OO
homocystineO OO OO0 OO0 O0O0O.MS A2756G genotype (AA, AG,
GG)O 0O OO0 OO GG genotypel OOOO OO0 ODODOOOD OO
68.9%, 31.1%, 000000 84.9%, 15.1%0 OOOOO AG genotypel
O000 O OO0 0O 0O ODOO0O. D000 MS A2756G genotypell OO
OO0 homocysteineD OO OO0 OO0 OO0O. CBS 844 codond 00O
68bpl insertiond OOO0O OOOO OO MS 2756 GG genotypel OO
OO0 00 OO0OO0O0 00 0000 OO0 ogoob boooboo o o
ood. MTHFR Ce77T 0O0OO 00 oood oooo o0
homocysteineD 000 OOOO O0OOO O0O0OO OOO OO0 OOO.

000 hyperhomocysteinemiad OO O0O0O0O folated vitamin Be,
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vitamin B;, 00 OO 0000 (enzyme cofactor)d OO0 0O OO0OO0O
folatedl vitamin B,,00 O0O0O0O0O0O0 OOO. OO OO folateOODO 25
percentiled D000 OO0 43 ng/mLO OOOO O low folate group O
MTHFR C677T genotypeld OO OO homocysteineDD 0O O0O0O0ODO0O
000 OO0 0000 OO0 eBs, MsOO OOOO oOoo. g, 00O
folateD OO OO O0OO0O0O0 MTHFR 677 TT genotypeld OO0 OO
OO0 genotypell OO0 OO homocysteinel OO O 00O DOO0ODOD
OO0 0OoOoO0oOo. OO folate deficiencydl 5—methyltetrahydrofolate
(65-MTHF)O 000 0O0O00O00O0 homocysteinedOd  methionined OO
remethylation O0O0O0O transsulfuration pathwayd OOOO0O OO
5—-MTHFO O0O0O0O transsulfuration pathwayd S—adenosylmethionine

(SAM)O demethylationd O0O0O0O OO SAMO OO DOO 0OOODO
OO0 OO homocysteinel 0D DO0O0O O OO DOOO DOO O OO,
OO0 vitamin By, deficiency 0000 000 0OO0000O0 0OO00O0O
OO000 OO0 0000 ODO0O00 000 Ooodo0 vitamin B0 ODOOO0O0O
oooo 0O 0O0OoO0 OO0 @ vitamin B, OO O homocysteined
remethylationdd OO OO OO OO homocysteineDOO OOO0O OOO

o0 0O0O0 oOooogo 5-MTHFO OO0 transsulfuration  pathwayO
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activation 0 vitamin B, deficiencyll OO folate deficiencyd OO0
hyperhomocysteinemiall OO0 000 OO0 O O0O.

000 00000 OO0 OO0 0OO0ObO OO0 boo oboo ood
homocysteineD OO0 0000 O0OO0ODOO O OO0OOOO homocysteine
000 0000 OO0 OO0 MTHFR, CBS, MSO OO 0O 0OOO
O000 OO0 OO homocysteineDDOD O0O0OO ODDOO. D000 DOOO
O0000 OO homocysteineD 00O OO0 OO0 OO0 OO0 OO O
oob. 00 0ooOob 0o Oooboo obo boob bo oo booo

ugb gobooda o bodg ogooo.
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V. OO

goooooo aoon googo aoon RN aoon
hyperhomocysteinemiall homocysteine 00O OO0 OO0 MTHFR,
CBS,MSO OO0 O0OO, folate, vitamin B;,O0 ODOO00OO0 OO0OO OO0
ool ouououd ouooood oo oooo ooo o od
homocysteine, folate, vitamin B;,00 O0O0O0O0 PCRO PCR—RFLP OO0
o000 MTHFR C677T, MTHFR A1298C, MS A2756G, CBS 844 ins68

g obb oodgg boooo.

1. 0000 0000 OO0 4500 53000 OO homocysteine OO
000 106 £ 4.19,10.3 £+ 293 umol/LO OO0 O0OO.

2. 0000 50%0J00 OO0 OO0 ODOoOooOoOo OO OOod
minimal, 1 vessel, 2 vessel,3vesselll 0000 OO0 20%, 22%,
18%,40%0 OO0 OO0 2vessel,3vessell O00OOO minimal,
1vessell O0O0OOO OO homocysteine 00 (11.4 =+ 4.47 vs.
944 + 3.01)0 0O 0OOODO DOODODO DOOO DOODOO,
00 folate 0O (5.95 £+ 299 vs. 6.31 £+ 2.16)0 OO0 OO0

goo.
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oooodog ooo ooo oo OO MTHRER 677 CC, CT, TT
genotypell OO O0O0O0OOO OO 33.3%, 48.9%, 17.8%,
Ooooodd 35.8%, 41.5%, 22.6%0 0O OO0 OO0O OOO.
MTHFR 1298 AA, AC, CC genotypell OO O0OOOOO OO
62.2%, 37.8%,0%, 000000 62.3%, 34.0%,3.8%0 0O OOO
000 OoOO. MS 2756 AA, AG, GG genotypell O OOO OO
GG genotypell OO0 OOO AA,AGgenotypel]l OODODOOO
OO0 68.9%,31.1%, JO0OOOO 84.9%,15.1%0 O00O0OOO AG
genotypel O OO 0O0O0O0OO  (p—value 0.049). CBS
genotyped 00O 68bp0O insertiond OO0 O0O0O0O OOO.
OO0 OO0 O000 OO0 Od homocysteine 00O MTHFR
Ceé7/TUUD DOUOO bDOO O O OOOO CC genotyped U
10.2 umol/L, CT genotype O 9.6 umol/L, TT genotyped 0 12.6
umol/LO TT genotyped O 0000 O0OO0O O O 0O0O0O.
OO0 folate, vitamin B,, OO0 OO0 0000 OO DOO
goo.

good ooono ooooo oud ooooono ooodgd

god, O0ogo goodg gggd goon g g
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homocysteine 000 000000 OO0 OO0 OO0O OOO.
OO0 folateOOO 25 percentiled 0000 OO 4.3 ng/mLO
O000 OO0 low, high folate groupO0 O OO0 O low folate
group 00O MTHFR C677T 000 O0OOO OO0 OO
homocysteine 000 O00O0O0O0 OO0 OO0OO ODOOO high
folate group0 00 OO0 OOO.

Oo00o0oo0od OO0 OO0 [DOO0O000  genetic interaction
analysisl 000 OO OO0 OOOOO OO homocysteine

gbob 0boboob gbbo oogob bbo ooa.

O 0Doboob obooobdg MTHFR Ce77T, Al298Ch OO DOOO

gooo

oo o0ooo oo boobo gooboodg MS A2756G, CBS

644ins680] O0OUO0O OO OO O O OOOO, MTHFR Ce77TO OO0

gooo

hyperhomocysteinemiall OO0 OO0O0O OOO O OOO0O O

gbob oob o0 bog bod bood boodg oo bobo booda.

00O hyperhomocysteinemiall O OO0 OO OO0O0O0O OO OO0 OOO

gooo

gob oodgbb o0 0o 0b bodo 0oobbo ooobb ooo

00000 O 0O0O0.00 OO0 folate OO0 OO ODOO MTHFRC677T
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O00 0OD0OO0O0 OO homocysteine OO0 OO0 OO0 O 0OO0OO
OO0 0O 0 000 OO0 MTHFR 677 TT genotypell folate OO0 OO0
00 000000000 0000 O 00000 OO0 Oooob ooogo
00 000 0OD0OO0O0 000O00OO0O0boOO0 Oooo oboo ooboo o oo

gdd 0000 00 U0 bodd oob ooo boo.
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Abstract

Genetic variation of the methylenetetrahydrofolate reductase,
cystathionine beta synthase and methionine synthase gene in Korean
patients with coronary artery obstructive disease and its correlation to

homocysteine level

Sinyoung Kim
Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Oh Hun Kwon)

Homocysteine has been recognized as a independent cardiovascular risk

factor. Moderate hyperhomocysteinemia with homocysteine levels within

the range of 15 to 30 umol/L may result from a variety of causes including

genetic factors, nutritional factors (e.g. folate, vitamin Bg and B;») and
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renal insufficiency. Genetic factors that contribute to the etiology of
hyperhomocysteinemia include common polymorphisms of key enzymes
involved in homocysteine metabolism such as methylenetetrahydrofolate
reductase (MTHFR) C677T, A1298C, cystathionine beta synthase (CBS)
844 ins 68, methionine synthase (MS) A2756G.

To assess the influence of these polymorphisms on the homocysteine
level, we determined the biochemical marker, such as total cholesterol,
creatinine, homocysteine, folate, vitamin B, and the prevalence of MTHFR
C677T, A1298C, CBS 844 ins 68, MS A2756G, in 45 patients with
angiographically documented coronary artery disease and compared it to
that in 53 healthy controls. The results were as follows.

1. There were no significant difference in homocysteine, folate and
other biochemical marker between patients and controls. But
vitamin Bj» and creatinine level was significantly higher in
patients.

2. Homocysteine level of patients with high grade coronary stenosis
(i.e. 2 vessel or 3 vessel) were slightly higher compared to that of

low grade coronary stenosis (i.e. minimal or 1 vessel).

42



3. There were no significant differences in the prevalence of the
different genotypes between patients and controls. Of the
controls 35.8% were homozygous for the MTHFR 677C allele,
41.5% were heterozygous, and 22.6% were homozygous for the
677T allele. And 62.3% were homozygous for the MTHFR 1298A
allele, 34.0% were heterozygous, and 3.8% were homozygous for
the 1298T allele. In MS 2756G allele, 84.9% were homozygous
for the 2756A allele, 15.1% were heterozygous form. No
homozygous for the 2756G allele was found. In CBS 844, 68bp
inserted form was not found.

4. The mean homocysteine level was significantly higher in
individuals who were homozygous for the MTHFR 677T allele
compared with individuals homozygous for MTHFR 677C allele or
heterozygous form (P = 0.007). But there were no significant
differences in other polymorphisms.

5. We could confirm that the MTHFR 677 mutation contributes to a
futher increase of homocysteine level in individuals with low

folate (<25 percentiles).
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6. Genetic interaction analysis was carried out to determine the
genotype effects on homocysteine levels become more distinct
with gene—gene interaction. But every combination of gene was

not significantly increase homocysteine levels.

The prevalence of MTHFR C677T, A1298C polymorphism in Korean
was similar to that of population reported to date. But the prevalence of
CBS 644ins68, MS A2756G polymorphism is lower. We could confirm that
among the studied polymorphism, the MTHFR C677T mutation is the only
major genetic determinant of the plasma homocysteine level. And its effect

was more intensified in combination with low folate levels.

Key Words: Coronary artery occlusive disease, Homocysteine,
Methylenetetrahydrofolate reductase, Methionine synthase,

Cystathionine beta synthase, Genetic polymorphism
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