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The Interaction of the 5, 10-methylenetetrahydrofolate Reductase (MTHFR)
Polymorphism with Folate and Vitamin B, Intakes and Serum Homocysteine
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ABSTRACT

Hyperhomocysteinemia, resulted from an interaction between the mutation of MTHFR gene and B vitamin deficiency, is
suggested as a possible cause for complications and adverse outcomes of pregnancy. The purpose of the present study was to
investigate the relationship between the intakes of B vitamins and serum homocysteine concentrations with the C677T mutation in
the MTHFR genotypes in 135 normal pregnant women of 24-28 weeks of gestation. Dietary intake of B vitamins did not differ
among the three genotypes, but the negative correlation between dietary folate intake and the serum homocysteine level was the
strongest in the T/T type (r = —0.249) than in other genotypes (C/T: r= -0.040, C/C: r=0.126, p < 0.05). Among the
subject with the T/T type, the pregnant women who consumed folate less than 50% of the RDA had higher serum homocysteine
levels than those who consumed folate greater than 125% of the RDA (104 £ 5.9 vs 7.0 & 1.5 pmol/L, p < 0.05). Serum
homocysteine levels were higher in the women with micronutrient supplements than those with no supplements in the T/T type,
but such relation was not present in the C/C or the C/T type. In conclusion, serum homocysteine concentrations were influenced
by the interrelationship between the MTHFR polymorphisms and dietary folate intake or micronutrient supplementation. (Korean
J Nutrition 35(10) : 1045~1052,2002)
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Table 1. Chromatographic conditions of homocysteine analysis

XTerra ™RP,; (Waters Co., MA, USA)
(4.6 X 250 mm, 5 pmy)

Waters 2690 (Waters Co., MA, USA)
Waters 474 (Waters Co., MA, USA)
Younglin Autochro-win ver 2.0

Column

HPLC pump
Fluorescence Detector
HPLC Integrator

Excitation wave length 385 nm
Emission wave length 515 nm
Solvent 0.1M NaHPO, - H,0O, pH 6.0

3. MTHFR #TAY 24

MTHFR #4A8& #4317] 943t Aquapure Ge-
nomic DNA blood kit (Biorad Pacific LTD., Kowloon,
Hong Kong)Z ©]&3ld #5A] 2433 A8 RNases}
proteinase K A2|§ @R AE AAHst DNAE F&3
o B4 A7 -20CAA Baslget. 48 DNAE



0.5 units®l Taq DNA polymerase (Takara Shuzo Co.,
Shiga, Japan)& AH&3}9 polymerase chain reaction
(PCR)& B3 $EAIZ) ¥ Frosst 59 wWie) i}
Hinfl (Takara Shuzo Co., Shiga, Japan) #A3E A= A
gale] 25% agarose gelold] 7G5S AAEA
677THA nucleotideol X C7F TE X¥d Z -9+ 198 bp
o #F=E band Aol 175 bpet 23 bpel T
band’} YERg o™ oo ulgt MTHFR #448S C/C,
C/T< T/T typel.2 -3l

4. HEN

BE A& v SPSS Z2 ¥ (ver 11.0)& o] &3l &
A A8t Jd + FFUAE Jepddch. MTHFR
AR W gAY TRALHQ FE ARE BAENS
Duncan®] multiple range testE AHsle] A} AZs}
Aok, MTHFR F4A 0] we JIBSA 5889 A}
°]& AF3l7] st Chi-square analysisE AHE3S
ok ZA} ddRte] QYR FA] Bgoii 2 A4S i) 8]
Elgl A3 v Eol] W& ¥H ZRAAHQ FE zlo]d
et fold A5 t-testE AHEsle] BASAT 24}
g A vl AT B SRAZEHR)] v 5
o} 28874+ Pearson’s correlation analysis® ©]-£3}
o 248 7Z3la, Analysis of covariance (ANCOVA)
NS o] g3std MTHFR #AAE7re] AaAde 2}
olg AZsIYct. dFIAEAE o) &3t Ak wlEl]
Bwt 83 SRAIAHRQ $F0l VA= &S B8
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FA A QAR URHAFEE2 Table 290 A8t
ZAL O Al R-e] B AR 30.6 £ 344190, ¢4l
A BMI= Ha 20.7 + 3.22A4 AE9ed &34t 9
GRFAE B8t e YA A 56.1% U2,
o= MTHFR #AAge) wi2} 22 ket A 4

Table 2. General characteristics of the pregnant women
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Hol 11.9%7 Gake, 7.4%7F ¥EH BpE THE 9%
BEAE E&3ta AU 28U FEEFAE F&3k=
A} A PAR F 38 (53.5%) 7] B-&3ln Qe F
FRFARE &3 Qo). 2A 2 E2 HE B, FiE
FYEFAY B8 olErt ¢ & A2 Algdd,
o] HEE ¥R AYREA] £8E8 MTHFR
AAG o wet FAH 2 & o7t YE Aoz ve
%ot MTHFR F3A3 O& 24 4 AR |4
A%, JAd BMI Z84x H d5Yges B ALg] A
FEolE el A zhel7h fisdeh

2. YN MTHFR FHA HPY A YF 2RAAFQ
5T

ZAb A ARl 155%7F MTHFR $37te 53
A3 2ddo] FEe T/T 3L, 48.9%7F C/T ¥4
&, 35.6%7} C/C 83L& 7INx Yt T/T, C/T %
C/C 84 /M JAR-S9] 84 3RA2HQ 5= Z
Z} 93+46 pmol/L, 83+29 mmol/L 2 74+26
mmol/LE, T/T 32& 717 il dF TRA2H<
FE7} C/C 8AE 71 QAR Hg) fodoz o =
Al vGEbst et (p <0.05).

3. QMR M N HET B,E HRO IYL HAT

ZAF O A AAE T 99s HHES Table
3o A|AlE vle} o] MTHFR 32 E el whe} &o]z}
YA, AL BF GAFY F F AR AR
2004.6 kcal2A ¢4l FRHEL Auix] AF oF 85%F
AFEI Qe A= velgd. HAE 8 Zed 29
AAFE 242 ARZS 64% 54%= A FuHF A%
Foll Bol & A& 20U, o|59] HE Holg 5
HIEY B, AHFE 1.3 £ 0.5 mgez JalFe dFF
1.6 mg (#5919} SFAEF 73 HEW 9 82.1%E A
ke Aoz veEpsion, viel B HAE T8 A%
224+ 1.0 mge 2 AT 124.9%5 At AUch

2ALE T8 A4t HIER B AFH B Table 390 Al
A8 vk o] MTHFR fraAtg el ot #9342 2t

MTHFR genotypes

Total (n = 135)
C/C (n = 48) C/T (n = 66) T/T (n=21)
Age (yn™ 308 + 3.2 305 + 3.7 305 + 29 306 + 34
Pregavid BMI (kg/m3)™® 208 + 35 207 + 33 202 + 25 207 + 3.2
Education (yrs)™® 148 + 3.1 152 + 22 155 £ 2.2 151 + 22
income (10,000 won/month)™ 231.0 + 76.5 2437 + 78.0 250.0 + 81.6 2403 + 777
Nutrient supplementation (%)™ 59.1 51.6 64.7 56.1

NS: Not significant
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Table 3. Nutrient intake of the pregnant women

MTHFR genotypes

Total (n = 135)
C/C (n = 48) C/T (0 = 66) /T (= 21)

Energy (kcal)™® 2139.2 + 633.0 1916.1 + 461.4 19754 + 416.3 20046 + 529.3
%RDA 910 + 269 815 + 196 841 + 177 853 + 225
Carbohydrate (g 3300 + 1069 2994 + 993 2881 + 842 3086 + 100.6
Protein (g 800 + 268 739 + 268 823 + 284 774 + 236
%RDA 1143 + 383 1055 + 27.0 1175 + 406 1105 + 33.8
Fat (g™ 55.2 + 245 . . 546 + 263 509 + 207
Calcium (mg)™® 6727 + 335.8 6299 + 303.1 5986 + 263.7 6402 + 308.6
%RDA 67.3 + 336 630 + 303 599 + 264 640 + 309
Iron (mg)® 136 + 50 122 + 45 136 + 32 129 + 46
%RDA 565 + 210 509 + 18.8 565 + 132 537 + 190
Vitamin A (ugRE)™ 760.5 + 4206 7659 + 678.0 10710 +1106.7 8114 + 6931
%RDA 951 + 526 957 + 848 1339 + 1383 1014 + 866
Vitamin E (mgor-TE)™ 128 + 63 16 + 62 135 + 57 123 + 62
%RDA 1065 + 525 9%.5 + 517 1124 + 476 1025 + 514
Vitamin C (mg)" 2028 + 166.0° 1311 + 988 1778 + 133.2° 1638 + 1347
%RDA 2386 + 195.3 1542 + 116.2 209.2 + 156.8 2097 + 1585
Vitamin By (mg)® 14 £ 07 13 £ 07 15 + 07 14 + 07
%RDA 101.8 + 484 963 + 49.1 1069 + 533 99.9 + 493
Niacin (mgNE™ 162 + 65 160 + 7.1 191 + 88 166 + 72
%RDA 1080 + 430 1001 + 473 1275 + 584 1104 + 479
Vitamin By(mg)™® 127+ 052 131+ 054 142+ 047 131+ 052
%RDA 795 + 326 820 + 335 886 + 300 821 + 325
Vitamin By(mg)™ 255+ 130 225+ 081 238 + 081 237+ 101
%RDA 1340 + 683 1183 + 429 1251 + 409 1249 + 532
Folate (ug)® 4192 + 1823 3768 + 186.0 4169 + 232.8 3981 ¥ 1923
%RDA 839 + 365 754 + 372 834 + 466 796 + 385
Vitamin By, (1) 191 + 347 170 = 153 178 = 191 178 + 243

NS: Not significant, #: RDA, not established, 1 :Significantly different at p < 0.05
abc: different superscript letter indicates the comparison with significant differences (p < 0.05).

ol7} eiith. FAtel AAtE T3 HHFL 398.1 + 192.3
pgo 2 AFHFE 79.6%% ARSI, ik BFEe 5%
ugko 2 AFslh= ul8o) MA YR 496% %29, of
5 WY 50%M e HHske HlE R 2T4%E 39
FE AX YTt HlER B AALE 58 HFE AR
1.8 + 2.4 pge] %]},

4. A, Y82 By, HF BE FY IZNLHY £ F

dilF-e HAE T8 A4t HlER] B, AHE 83
BZRAZHS FE Alole] ZAAAE AWE A A
PAFNA Y TRAZHY FEE S T G
HIEH B, AATES TAH 2 o3 FBBAV} A=
Ao2 JEt. MTHFR #3213 ©E alfe] 4
AHE B A AR 8 3EAAE] Bk AR
FBEA TN 23, T/T FoAA EF TRA2HQ] F=9%

HALE U G HAFY 29 BA fHoR o 2
A Vbt (T/T: r=-0.249, C/T: r=-0.040, C/C:
r=0.126, p <0.05) (Fig. 1).

YR AR FE At vEk) B, 4] YA
EEAZHY FEe SYHOR BAE JFE 4n7)
98 AN 23t AAE B HE B, 4AF
o fro@ MHWEE Uehgor, C/CHAA HED B,
NAZol FHA5E Y ERALA 57} gasia,
/T8 3% ek B, 48] 371848 94 32
AzER) w0} FohsHe B8 R E9 o)F Hg
W9l 4 FE HAF| BY BRALH £2) R
AELE T/THAA 40.8%=, C/CHY 12.7%} C/T8
] 1.0%°1 vl3} A WYebtth (Table 4).

Fig 25 448 59 23% bl 94 4ol 50%
mgel glase] 3 ERA2HY SES AAE B8 Y
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Fig. 1. Correlation between serum homocysteine concentrations
and folate intake by the MTHFR genotype. The slope of the re-
gression line for the T/T genotype was significantly different from
that of the C/C or C/T genotype (T/T: Y = -0.25X+9.90, C/C: Y = 0.
13X+6.72, C/T: Y= -0.04X 4 8.36, p < 0.05). Pearson's corre-
lation coefficients for the C/C, C/T and T/T genotypes were 0.126,
-0.040, and -0.249 respectively. There was no significant re-
lation between serum homocysteine concentrations and folate in-
takes for each genotypes.
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Fig. 2. Serum homocysteine concentrations by folate intake levels.
abc: different superscript letter indicates the comparison with sig-
nificant differences by the MTHFR genotypes when dietary folate in-
take were below the 50% of RDA (p < 0.05). NS: not significant
by the MTHFR genotypes when dietary folate intake were above
the 125% of RDA.
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o] A tid] 125%0]44% it 84 3=
A2z=H%l FE=& MTHFR #4218 2 Jehd Aeju},
C/C E& C/T 83L& 714 dilie 84 SEA|2HQ
FEE AAE B 94 A F gt olFd zlo)r) @l
Ao}, T/T 2L 71 Jalie] 4$-, AALE 53 gat
AFFo] AFFY 125% o3 AR HF TRAX
B9l $E2 A 50%v WS s dAlFd bF)
oF 33% A% o] @Yt (7.0 £ 1.5 vs 10.4 = 5.9 pmol/
L, p<0.05). GAFe AFF] 50%vtto 2 AAE Z3
HHdeE AR 5 T/T 82 & 710 9489 84 38
AlzEQl F27} C/T, C/C ¥RA & 71 gAIRd) vis) zt
7+ 21%9} 46% (p <0.05)7F 2 v, GAke A8
125%014 02 AAE B A3k T/T € 7k 4l
He] A9 8% 3RA2HQ FEE MTHFR #4434
whe} F-9221 o7}k giglem 23] C/T, C/C Fell v
3 20%%} 13% T =gk},

5. YTLTH 5817 GE B TRNAHQ +F

ZAF i a1 GYRFA BojFet MTHFR
AAFe me gy sRA2 A £EL Fig. 3o AA8
Atk Y TRARHA £EL FYEFAE B8 o
AR-9] B S FEEFAE BESHA] B Galwol vls) v
ki (p <0.01), ol2¥ ZFS ZE MTHFR A3
oA Yehkow, 53] T/T 382 71 AT 9%
HEAE B8k galne] 83 suA 2 vE7HC/
Ty C/CEe] Jalsol Hlsh 73] o w3ttt (p <0.01).
FRHFAE F43A o= T/T 32 7Hd Jaire) 84
IRAZEHR] FRE C/C B C/T §2S 71 9o
3 ZRALHQ Fo] vlE 2o (p <0.05) ¥
HEAE B&5ta 3 T/T dAFeAE o3 2ozt
e A st

ni &

B dFoAe Jdalre] gat 2 HlEl B9 A3 skl
MTHFR #F4A18d] ma}l EF TRA|2HRQI 50 o

Table 4. Coefficients from multiple regression analysis between folate and vitamin B, intake and serum homocysteine concentrations in sub-

jects according to their MTHFR genotype

Independent variables < o Ll
b + SE(b) t b + SE(b) t b + SE(b) t
Folate intake 0.869 + 0.002 0421 ~0.055 £ 0.002 -0.295 —-0.045 + 0.003 -1.450
Vitamin B,, intake -0.257 + 0.109 -2.370 -0.154 x 0.222 -0.703* 1.150 + 0.376 3.058**
R? of model 127 1.0 40.8

b: multiple regression coefficient. R* of model: the percentage of variation in serum homocysteine explained by dietary folate and vitamin B

12 intakes. *: p < 0.05, #+: p < 0.01
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Fig. 3. Serum homocysteine concentrations by nutritional supplement
use. abc: different superscript letter indicates the comparison with
significant differences by the MTHFR genotypes with nutrient sup-
plementation (p < 0.05). NS: not significant by the MTHFR geno-
types without nutrient supplementation.

3 G n|H=XE Al S 1 A, JAF A3
7 83 IRAZEHR F& Atole] 29 #AlE= MTHFR
TR COTTT THAFZA HoldA T/THA 73 2
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FE 7 JalRe) ¥ SRA2HQ FE7 C/TEolv
C/CHe FAAHEE 7IA Yaly v} 74z} 21% 9 46%
O =%, AAE B3 GAF el & A% T/TH
= }74 YARe] FH sRAXHRI FE7F C/TY C/CH
A Ko 8l3] Zkzt 20%9F 13%7F B @3t} Silaste
% 7% 719) QN A FAt HHH HF IRAS
g2l ¢F39) #A47} MTHFR 42189 uidl 2o o
Baustged], QA A S SV E i 8% 3 RA A
H<¢l =71 C/CEoA 11%. C/T8NA 15%71 wold
d) vla] T/TEolM 18% = Fopx Wileko] 713 Zlon,
A Aol Y SRAI2HQIY AolE FEE 5 Atz
Busidch gAate] A& MTHFR +4x8# g%
IRAIZHY FFEE 478 E g2 dFYNE A3
WS A Aol2REY A AHFE =AY BE
Ag B3l dits BE3E S 8 SEA2HR FeE
2}z 14%, 16%7}F ZA8rem, T/THY diidztellA] &
o] B HEAE B3 A AFBE SyHE Y ¥F
3 BAIZHSQ 77 7P @AEHA ZAse Aol #Ey
At B A7 A3 o)y 9 A AnE AeHs:
A02 MTHFR F343 23S 7131 Q213 QlojA 9l
F QA AF T oS RISk Aolal & 4 it
Y3 TRAI2HQ] FE S vHE it /}jﬂi‘] TE
S AN A3, AA YA Ha gAF A 398.1
+192.3 pgo & AZF oF 80% FFoldoeH, T/TH

o{n .L

MTHFR #FAAEE 7H A% 5 47.6%9 44 A4
ol At AAeFe 75% viwto 2 Uelyit} ol YAy
o) Ak A FS 2AR YA A7 AR P dA)sh= A
o2 Aggel dalRst Aol 2RE FAF AAFE T
714 B3ta doiar sh3ck 94l S it A e 9
o) Gt Jdeiol FFE w2 Fat JFIE) 2
P& 85 IEA2ER] 59 A5 Ay, gebs o
A Aol A3 A ilF-Eo] 0|2 QI 15
Al2HQ "F9 98-S 7T glom, TERAAHR d
Z9] f38le oAXE=E MTHFR #3xte] A2%S 71
2 QAR AA] ik A o] ol ZAIZ A HE 4 it

B AToA AA 4A13<] HER B, 43 FE 1.8 g
o= eyt AR A AH F 2.6 pg HLE
9 70%°l AFEAE. ol At v HA AENER
& o] &3l YJAalFe] vlEl] B, S 2ARE ¢ 59
AT AP njs) Y& AoZ ol Ho|H ulo]2g 3}
o]} Ao] ZA} W Ate] alol2 A 4 ql} ol A
7#E EYE £ o 98 vt dAF B 571 B HE
9 2ol HH o] AFHFE FIAIVIA Betar gle
o, 53] SEAIZHQ tirteh dRE gibs v]Re e}
9 B AH ol 531t shAlg. £ A A3 ek
B A#H S C/CHAMT Y TRAIAHS & 9
Al &9 AEHE 7N, T/T oM 238 4o A
B38e 7= Ao Jelgth Guttormsen 572 C/C
& o] MTHFR 32+ 711 AlgtellAnt &5 wlelql B,
FFo] @2 Alghe] g3 FRAAHS 7o) 525 B
s9om, vgl Bo,E 233U E o C/CHolM EF
IRAI2HQ T2t ZAaE T 390 Nakamura 57
& olg|g o]f-E C/CHdll vl C/TH T/TE9) MTHFR
FAAEE 71 Algre] 49 MTHFR &4:9] AHE<l 5-
methyltetrahydrofolate?] 34 ZA2 s A Hit
FFo] ¥ & 5-methyltetrahydrofolated] FE+&
HIEY] B, SRAI2H 2] #AIE s 4 dohx
skt

B Aol Al 24~28F AR ES] JUARZAE B
$&& 55.9% AR Fg5rt Aol dat A Fe] ALH
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