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Methylenetetrahydrofolate Reductase C677T
and A1298C Polymorphisms in Colorectal
Cancer

Won Cheol Park, M.D., Jeong Kyun Lee, M.D.

Department of Surgery, College of Medicine, Wonkwang Univer-
sity, lksan, Korea

Purpose: Recently, the role of vitamins, folate in particular,
has been emphasized in the maintenance of health. Folate
deficiency is known to give rise to developmental delay,
pre-mature vascular disease, neural tube defects, acute
leukemia, atherosclerotic vascular disease, delivery defects,
breast cancers and gastrointestinal neoplasia. Methylenetet-
rahydrofolate reductase (MTHFR) is an essential enzyme in
folate metabolism, and influences DNA synthesis and DNA
methylation. Generally, a low folate level is known to be
associated with gastrointestinal neoplasms. Also, the amino-
acid-changing and enzyme-activity-reducing nucleotide poly-
morphism (677C—T/Ala222Val) has been described in the
MTHFR polymorphism and it brings about low enzyme
activity, which may reduce DNA methylation and uracil
misincorporation into DNA. These processes may be
critical for the oncogenic transformation of human cells.
Two common single nucleotide polymorphisms (SNPs) re-
sulting in amino-acid changes (677C T/Ala222Val and 1298A
C/Glu428Ala) have been described in MTHFR. We investi-
gated the relation between the MTHFR Cé677T and
A1298C polymorphisms derived from colorectal cancers
and from controls in the Korean population. Methods:
One hundred forty-eight (148) individuals with colorectal
cancer and 288 healthy persons were analyzed. Blood
sampling of each group was performed by using a PCR-
RFLP analysis, and MTHFR polymorphism genotypes of
677C/C, 677C/[T, 677T/T, 1298AA, 1298AC, and 1298CC
were obtained. Results: The genotype frequencies of
MTHFR C677T polymorphisms were 25.0% (CC), 48.0%

(CT), 27.0% (TT), and 75.0% (CT+TT), respectively, in
case patients and 39.2% (CC), 36.8% (CT), 24.0% (TT),
and 60.8% (CT+TT) in controls. The genotype
frequencies of MTHFR AI1298C polymorphisms were
56.1% (AA), 37.2% (AC), 6.8% (CC), and 43.9% (AC+
CC), respectively, in case patients and 55.6% (AA), 40.3%
(AC), 4.2% (CC), and 44.4% (AC+CC) in controls. The
677TT and the 677CT genotypes were associated with
significantly increased risks for colorectal cancer (adjusted
OR=1.77 and 95% CI=1.02~3.04 in TT; adjusted
OR=2.07 and 95% CI=1.28~3.35 in CT) than was the
677CC, genotype but the the 1298CC and 1298 AC geno-
types were not associated with significantly increased risks
for colorectal cancer (adjusted OR=1.75 and 95% Cl=
0.71 ~4.26 in CC; adjusted OR=0.95 and 95% CI=0.62~
[.45 in AC). Conclusions: The MTHFR C677T polymor-
phism may be influenced by colorectal cancer, but the role
of the MTHFR A1298C polymorphism needs careful inter-
pretation and confirmation in larger studies. ] Korean Soc
Coloproctol 2005;21:241-246

Key Words: MTHFR C677T, MTHFR A1298C, Polymorphism,
Colorectal cancer
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Fig. 1. MTHFR C677T genotyping RFLP result. The polymor-
phism affects Hinfl digestion of the MTHFR C677T. Lane M
= ladder; Lane C/C = homozygous wild type; Lane C/T = hete-
rozygotes; Lane T/T = homozygote mutant type. The amplified
alleles were analyzed on 3.5% agarose gel. HinfI digests the 198
bp DNA segment from C/C homozygous indivuduals into 175
and 23 bp fragments. DNA from C/T heterozygous individuals
shows the expected fragments at 198, 175, and 23 bp.

o g Zghk2- 1487 2] 2kztel Ankel 2887 o]
Z gAZ 334 PCR-RFLP W< 53Fo] MTHFR
C677T2} MTHFR A1298C F- A A v} A EA431
HzTS AZARE oy Yask Ax & it
o] 7}E9o] gl Ads o= 3gich kA2
F2} 839 (56.1%), A} 65 (43.9%)01 QL ¥ F o]
= 603AI k. tzroll A EAb 16978 (58.7%), 1A}
1199 (41.3%)°1 9 3 vho|= 528490} SAIA
o & F a7 Aol gl

2) Genotyping (PCR-RFLP method)

717ke] ol AEollA FE3F DNAE 100 ngo & 74
F3tsted 2 pmol®] Zeto|m &}l 0.5 mMe] dNTPs, 1.5
mM2] MgCly, Tag DNA polymerase 1%+$]E 201 HHS-
Al gollol] Zro] 4 o] PCR (polymerase chain reaction)
< Als¥slsict

MTHFR C677T Zglolw 7] A AL Forward7}
5"-TGA AGG AGA AGG TGT CTG CGG GA-3’°| 1L,
Backward”} 5°-AGG ACG GTG CGG TGA GAG TG-3’
o]t}

MTHFR A1298C Zg}lo]w 37] A AL Forward7}
5’-AGG ACG GTG CGG TGA GAG TG-3’°] L, Back-
ward”} 5°-CAC TTT GTG ACC ATT CCG GTT TG-39|
Eel=g

PCR cycling condition< 95°CollA] 5& F<F 1 cycle

M AIC  C/C A/A

<+— 84 bp

<+— 56bp

<«— 31,30,28 bp

Fig. 2. MTHFR A1298C genotyping RFLP result. The polymor-
phism affects Mboll digestion of the MTHFR A1298C. Lane M
= ladder; Lane A/A = homozygous wild type; Lane A/C =
heterozygotes; Lane C/C = homozygote mutant type. The ampli-
fied alleles were analyzed on 3.5% agarose gel. The 1298AA
wild-type homozygote: 56, 31, 30, 28, and 18 bp, 1298AC
heterozygote: 84, 56, 31, 30, 28 and 18 bp and 1298CC mutant
homozygous: 84, 31, 30 and 18 bp.
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(predenaturation) ¥, 94°Col| 4] 30% 5<HDNA denatura-
tion), 62°CllA4] 30 E-Sk(annealing), 72°CellA] 30& %
Sk(extension) 35 cycle HH5 Fof] mlx|ulo & 72°Cei| 4]
105 59k 1 cycle (end filling)& X33}

PCR cycling 3ol PCR A& C677TS} A1298CE
ZF A& 549 Hinf1 3 Mboll 2 HF--A 9h3olS
o] 4io] 37°CellA] 5417+ B}t AE ¥ 35% obtE~
Aol A 7195 XA ethidium bromideZ 34 $ &9lgt
ZA3} C67TTAA Y C/C FAAE L 198 bp AHOoE
A skaL, TIT F4A 5175 bpet 23 bp ZH, C/T
A2 175, 23, 198 bp A o 2 VA Al = ch(Fig.
1). A1298Cell 4 2] AJA +7 2+ 2 56 bp, 31 bp, 30 bp,
28 bp 1|3l 18 bp A, A/C FHAF L 84 bp, 56
bp, 31 bp, 30 bp, 28 bp L&l 18 bp AA, C/C A2
32 84 bp, 31 bp, 30 bp L] 3L 18 bp AH o Z L} A|
= hFig. 2).
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TT 60.8%%3t}. MTHFR A1298C -4} v} A HI=+=
Aot kol Al AA 56.1%, AC 37.2%, CC 6.8%,
AC+CC 43.9%9.31, tHZTollA AA 55.6%, AC 40.3%,
CC 4.2%, AC+CC 44.4%%c}. 677TTZ 677CT 4 Ak
2 677CCE vl e uf FAIHOE folsiAl At
9] ¥hA) H]52.9]¥ X (adjusted OR=1.77, 95% confidence
interval 1.02~3.04 in TT, adjusted OR=2.07, 95% CI
1.28~3.35 in CT)7} Z7FsF)t}. 1298CCT}F 1298 ACE
1298AA%} vl d wff FAH S Z {FosAl A9t
uEA H) 32.9) ¥ % (adjusted OR=1.75, 95% CI 0.71~4.26
in CC, adjusted OR=0.95, 95% CI 0.62~1.45 in AC)7}
S7VslAl eEkch(Table 1).
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Mo [HE 2 HwREx 3 ChfHE
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MTHFR 1298¢]] w}& MTHFR 677 42 t}ad A 1l
= 9 ok A vl P R CCF AATL 14.9%
GRS B 18.1% (N=H)P AL, CC ACE 0.52, CC
9} CCE 1.18, CTE AAE 155, CT9F ACE 1.80, CT9}F
CCE 039, TT9 AAE 1.09, TT9F ACE 1.370]9t}.
o] F TAIFLE 99 A& -+ UANTHTable 2).
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Table 1. Genotype frequency of MTHFR 677 and 1298 polymorphism among colorectal cancer case and control and their

contributions to the risk of colorectal cancer

Case (N=148) Control (N=288) % +

MTHFR genotype N (%) N (%) OR* (95% CI ) P-value
677C/C 37 (25.0) 113 (39.2)

677C/T 71 (48.0) 106 (36.8) 2.07 (1.28~3.35) 0.003
677T/T 40 (27.0) 69 (24.0) 1.77 (1.02~3.04) 0.041
677C/T+T/T 111 (75.0) 175 (60.8) 1.94 (1.25~3.01) 0.002
1298AA 83 (56.1) 160 (55.6)

1298AC 55 (37.2) 116 (40.3) 0.95 (0.62~1.45) 0.814
1298CC 10 (6.8) 12 4.2) 1.75 (0.71~4.26) 0.222
1298AC+CC 65 (43.9) 128 (44.9) 0.98 (0.66~1.46) 0.499

*OR = odds ratio; " CI = confidence interval. The data were analyzed by multivariate logistic regression analysis and X

test.
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Table 2. Risk of colorectal cancer associated with the MTHFR 677 genotype by 1298 genotypes

MTHFR 677  MTHFR 1298 Cas‘; (I(\;;)MS) CO““;I %‘288) OR* (95% CI') P-value
cc AA 22 (14.9) 52 (18.1)
cc AC 12 (8.1) 55 (19.1) 0.52 (0.23~1.15) 0.104
cC cC 3 (2.0) 6 (2.1) 1.18 (0.27~5.16) 0.824
CT AA 38 (25.7) 58 (20.1) 1.55 (0.81~2.95) 0.184
CT AC 32 (21.6) 42 (14.6) 1.80 (0.91~3.55) 0.089
CT cC 1 (0.7) 6 2.1) 0.39 (0.05~3.47) 0.401
TT AA 23 (15.5) 50 (17.4) 1.09 (0.54~2.19) 0.815
TT AC 11 (7.4) 19 (6.6) 1.37 (0.56~3.35) 0.492
TT cC 6 (4.1) 0

*OR = odds ratio; " CI = confidence interval. The data were analyzed by multivariate logistic regression analysis and X

test.

Table 3. Risk of colorectal cancer according to tumor location and MTHFR polymorphism

Proximal colon cancer

Distal colon cancer

Genotype
N (%) OR* (95% CI') P-value N (%) OR* (95% CI') P-value
C677T
c/C 5 (14.3) 1.00 32 (28.3) 1.00
C/T 19 (54.3) 3.73 (1.45~9.58) 0.006 52 (46.1) 1.77 (1.06~2.95) 0.030
T/T 11 (31.4) 327 (1.17~9.11) 0.023 29 (25.7) 1.48 (0.83~2.66) 0.186
C/T+T/T 30 (85.7) 3.55 (1.44~8.73) 0.006 81 (71.7) 1.66 (1.03~2.65) 0.037
A1298C
AJA 19 (54.3) 1.00 64 (56.6) 1.00
A/C 15 (42.9) 1.24 (0.63~2.45) 0.533 40 (35.4) 0.88 (0.56~ 1.40) 0.597
c/C 1 29 0.67 (0.08 ~5.40) 0.704 9 (8.0) 1.88 (0.75~4.67) 0.177
AJC+C/C 16 (45.7) 1.19 (0.61~2.32) 0.615 49 (43.4) 0.98 (0.63~1.51) 0915

*OR = odds ratio; " CI = confidence interval. The data were analyzed by multivariate logistic regression analysis and X°

test.
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