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Case-Control Study for MTHFR and HFE
Polymorphisms in Colorectal Cancer

Ryung-Ah Lee, M.D., Ph.D.

Department of Surgery, College of Medicine, Ewha Womans Uni-
versity, Seoul, Korea

Purpose: A single nucleotide polymorphism is an impor-
tant genetic variation in various pathologic situations. We
examined MTHFR and HFE polymorphisms in a colorec-
tal cancer group compared to those in a normal, healthy
control group. Methods: Genomic DNA was isolated
from whole blood of 99 colorectal cancer patients and
146 normal control patients and was subjected to MTHFR
and HFE genotyping by using PCR-based restriction frag-
ment length polymorphism analyses for the MTHFR
C677T and A1298C sequences and for the HFE H63D and
C282G sequences. Statistical analysis was done using SPSS
11.0. Results: The total allele frequencies of MTHFR
C677T, Al298C, HFE H63D and C282Y were 0.398,
0.224, 0.014 and 0.022, respectively. The frequencies of
homozygous mutants of MTHFR C677T and Al298C
were 14.4% and 4.1% in the control group and 6.1%
and 1.0% in the case group. There were no homozy-
gous mutants of HFE in either group. Heterozygous
mutants of H63D and C282Y were 2.1% and 4.1% in
the control group and 4.0% and 5.1%, respectively in
the case group. The odds ratio of a MTHFR C677T ho-
mozygous mutant was 0.604 (95% Cl 0.375~0.973),
and that of a MTHFR A1298C heterozygous and homo-
zygous mutants were 0.513 (95% CI 0.298~0.883), but
the difference was not statistically significant. Conclu-
sions: A homozygous mutant of MTHFR C677T and a
homozygous and heterozygous mutant of Al298C show-
ed a protective tendency against colorectal cancer. The
HFE polymorphic mutant is quite rare in Korean po-
pulation, which restricts the application of this polymor-
phism in a cancer epidemiologic study. The MTHFR C677T

and A1298C variations should be useful predictive mar-
kers for colorectal cancer. ] Korean Soc Coloproctol
2005;21:225-232
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methylenetetrahydrofolate reductase (MTHFR)’Z} 4 2 =]
Ao 4 Bl 4242 hereditary hemochromatosis (HFE)®
o] th A RIS thet skabollA] ol o AE
=z vlaste] A7) FA2E vk Ag el ek Ay
JUES olZal waah X Q7S Al

M 2 fo ol e

Bisieh, zEe 2
YU G Ao}

SollA At A”E wFolA FASE A9 146

oA 5o tigt A2 Y2l RFLP (restric-

tion fragment length polymorphism) ¥ S AR-83} )

9 t}7} DNA extraction kit (Qiagen)S ©]-83}o] geno-
mic DNAE $%&3}%lth. MTHFRG-A A9 & 4%
g A B9jel Co77TLH A1298Cel| thEh A|kA|2} HFE
SR A2 H63D, C282Yl Wdt A|WEA|E Z+Z} Table
13} ZFo] AlAsle] 1pge] cDNAS o & 10X PCR
k5o 251, ANTP £3% 20E H7bste] Sdas
o= Alxste] i 5 SFAFH T PCR =4
S MTHFR2] 73-§- 94°CollA] 14, 60°CollA] 18, 72°C
ol A 1524 40 cycle A|2¥s}315L HFES] 73-3- 94°Cell A
30%, 55°CellA] 30, 72°Coll Al 124 35 cycle A3}
st $EFE ARES 27 oA FHE A
T AT AFELE 37°CoAl A 124 7H53F vHSA| A
o] AIES 1% agarose geloll A 7] Fs}o] ethidium
bromide = 3 s}qict. 37| A Gl whel AxkE F-9
E H=53to] of A (wild type), o] FH A o] (hete-
rozygous mutant), 5334 o] (mutant type)>F T
B2)o] H=3}girt. I MTHFR 6772 739 HinFIS. &
Ackst ¥ A7|dE5A vEls weo] Z7]of uwhel
158bp2] w7} glom oAy, 130bp, 28bpe] W= 53
A ol 2 53193 158bp, 130bp, 28bp2] w7k
Uele 455 oldATA WolE IAZEa,
MTHFR 12982] 719 MbollZ ZAwkslil 79bp, 37bp,
29bp7} 9l ol okAE, 108bp, 37bpe] w7} vpElLpH
A3 wol & 5313 108bp, 79bp, 37bp, 29bp
o] w7t vehs A oA HolE A5
9 th(Fig. 1). HFE 63 5429 73-$- Mbolo & Huls

-

=]

—_

o ¢

Table 1. Primer sequences for MTHFR and HFE polymorphisms

Gene Forward primer

Reverse primer

MTHFR* C677T
MTHFR* A1298C
HFE' H63D
HFE' (282Y

5’-CCTTGAACAGGTGGAGGCC-3’
5’-GCAAGTCCCCCAAGGAGG-3’
5’-ACATGGTTAAGGCCTGTTGC-3’
5’-TGGCAAGGGTAAACAGATCC-3

5’-CAAAGAAAAGCTGCGTGATGAT-3’
5’-GGTCCCCACTTCCAGCATC-3’
5’-GCCACATCTGGCTTGAAATT-3’
5’-CTCAGGCACTCCTCTCAACC-3’

*Methylenetetrahydrofolate reductase; ' Hereditary hemochromatosis.



o] 140bp2] w7} Ueht= Z1& oFA¥, 200bp2] w7}
vehd diE AT Wel2 d=3l3lew HFE
2829] 73-¢- Rsal>- & AAkslo] 248bp, 140bp7t LFERLE
"l o8¢, 248bp, 111bp2] w7} Uehb SH ¢4
Hol 2 53}l ch(Fig. 2). o8I SHAHAA Hol
o] w7t FAlll Yehe B5-5 olFARA Holz
A5t

500 bp

MTHFR C677T MTHFR A1298C

Fig. 1. Ethium bromide - stained 1% agarose gel showing PCR
products corresponding to a fragment of MTHFR after digestion
with HinFI or Mboll. (A) PCR products of MTHFR 677 se-
quence. Lane 1 showed 158bp band for wild type and lane 3
showed 130bp band for mutant type. Lane 2 is mixed type that
meant heterozygous type. 28bp band was not shown in this
picture. (B) PCR product of MTHFR 1298 fragment. Lane 4
showed 79bp band for wild type and lane 6 showed 108bp band
for mutant type. Lane 5 is mixed type that meant heterozygous
type. M, marker: MTHFR, methylenetetrahydrofolate.

A B
M 1 2 3 M 4 5 6
: a i a

HFE H63D HFE C282Y

Fig. 2. Ethium bromide - stained 1% agarose gel showing PCR
products corresponding to a fragment of HFE after digestion
with Mbol or Rsal. (A) PCR products for HFE 63 sequence.
Lane 1 showed 140bp band for wild type and lane 3 showed
200bp band for mutant type. Lane 2 is mixed type that meant
heterozygous type. (B) PCR product of HFE 282 fragment. Lane
4 showed 248bp, 140bp bands for wild type and lane 6 showed
248bp, 111bp band for mutant type. Lane 5 is mixed type that
meant heterozygous type. M, marker: HFE, hereditary hemo-
chromatosis.
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3) S

S Z 235 AL} logistic
A& A8 ok X (odds ratio, OR)2}F 95%

TNM EFH ol wel 1717} 59, 2717} 299, 37]7} 46
W, 47|17} 199 o] o A A|gkAke] 81.8% ) 8178 ]
WE9 7 A Aol et 1 9] AsiAAte] 114, 38
ZA7kqko] 26|, sl A o] 500 3=t

2) MTHFR {RAXIE

FAAE ] A HIEE Table 20 29Fslich
MTHFR 67791 §-AA= tiZ27-9] 73§ okA# <l CC

Table 2. Frequencies of polymorphisms of MTHFR and HFE

(N, %)
Varient Control group Case group
MTHFR* C677T
CcC 49 (33.6%) 28 (29.2%)
CT 77 (52.7%) 65 (65.7%)
TT 20 (13.7%) 6 (6%)
MTHFR* A1298C
AA 75 (51.4%) 67 (67.7%)
AC 65 (44.5%) 31 (31.3%)
CcC 6 (4.1%) 1 (1.0%)
HFE' H63D
CcC 143 (97.9%) 95 (96.0%)
CG 3 2.1%) 4 (4.0%)
GG 0 0
HFE' C282Y
GG 140 (95.9%) 94 (94.9%)
GA 6 (4.1%) 5 (5.1%)
AA 0 0

*Methylenetetrahydrofolate
mochromatosis.

reductase;

' Hereditary  he-
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Fig. 3. Polymorphic feature of MTHFR 677 sequence of control
and colorectal cancer group by percentage. TT mutant type was
more detected in control group.
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Fig. 4. Polymorphic feature of MTHFR 1298 sequence of con-
trol and colorectal cancer group by percentage. AA wild type
was more detected in case group but CC mutant type was fre-
quent in control group.

7} 49911(33.6%), CT 77991(52.7%), TT 201(13.7%). 3L
AT 79 CC 284(28.2%), CT 651(65.7%), TT
69(6%)S tH(Fig. 3). MTHFR 1298¥ §-4 2= =7
o] 79 okl AA7} 7590(51.4%), AC 65911(44.5%),
CC 6911(4.1%)A 3L A2l 75 AA 6791(67.7%), AC
31¢41(31.3%), CC 191(1.0%)& 55| chFig. 4).

3) HFE 7XXE

HFE % #F2] mutant+ hereditary hemochromatosis
AZrs fdsle WikiRte]m o] Wo] Zlsixw of
7} o7l vpolof] XA Q] 7H7]5 o] &7 Hol=
2 B T AA Aol FHAHTA Hele gls AL
oA A= 931 Al A3t HFE63Z HFE282 A9 B+ &5
AT Wol= W E A gkgkrh HFE63S =9

100 — —
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Fig. 5. Polymorphic feature of HFE 282 sequence of control and
colorectal cancer group by percentage. There were no differences
of genotype in both group. Homozygous mutant was not de-
tected in both groups.
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Fig. 6. Polymorphic feature of HFE 63 sequence of control and
colorectal cancer group by percentage. We found no homozy-
gous mutant type in both group.

739 ok el cCc o] 143491(97.9%)°] I CG3 o] 34|
2 21%%em A¥Te 73§ CcC¥ ol 954(96%), CG
o] 4ddl(4%) 5 el o] 77t Boldt o] H S

o] A ¢k9krh(Fig. 5). HFE282 A A= DHZ—TLoﬂx«].‘:_
oAl el GG7} 14041(95.9%), GA7} 691](4.1%)9. 2L A
Yo AE GG7) 94¢11(94.9%), GA7} 59(5.1%) 2
Al o 7 u|gle Ael& 8l Th(Fig. 6).

4) 2t FEX| CHEFHXL BIX (allele frequency)

@} WXHH|(odds ratio)

MTHFR A7) 79 C677T AR -84 2k
T tizFolA 04041, A T4 038890133
A1298C FRI#Fe] 735 wiztollA 02637, A
oA 0.1667¢]9t}. HFE 442} H63DS] W= 44



ZF Ml 27} izl 4] 0.0103, A& ol A= 0.02029]
AL C282Y9] 735 thELellA 0.0205, A3 Tl A
0.0252%1 t}(Table 3).

2] F7 5 913k logistic 3|74 Al A
(Table 4) MTHFR 677-+412}2] 7Z3-$- CCe} CT, TTE v]
28-S vl OR 1.168, 95% CI 0.661 ~2.064 (P= 0.593)°]
QI CC,CTY TTE v]Z3d)S u] OR 0.604, 95% CI
0.375~0.973 (P=0.038)% F HEA wHolel 73 of
2Jgd ot o] F YA HolHl P =T} ou| A &
of thaeke] A =Tt U2 AR FAE
MTHFR 1298 F-73#}9] 7= AAS} AC,CCE H| 3l
Hul OR 0.513, 95% CI 0.298~0.883 (P=0.016)°] 3L
AA, ACS} CCE H| 23 uf] OR 0.434, 95% CI 0.145~
1.301 (P=0.136)2.2 AA oy o] o] HgA wolrL}
FHALA wolel v uff diggtell Wit f13lo]
A2 Aog FA4E A

HFE 639] 73-%- oA o o334 wole] ORel
2.054, 95% CI 0.439~9.607 (P=0.361)°]% 3. HFE2822]
73-%- OR 1.027, 95% CI 0.299~3.530 (P=0.967)% F+ 7}
A §A A 2+ heterozygous polymorphism®] o F-7}
el Ay QT HHe] gl AoE EFAE

Table 3. Allele frequency of each polymorphisms

Genes Control group Case group Total
MTHFR* C677T 0.4041 0.3889 0.398
MTHFR* A1298C 0.2637 0.1667 0.224
HFE' H63D 0.0103 0.0202 0.014
HFE' C282Y 0.0205 0.0252 0.022

*Methylenetetrahydrofolate ' Hereditary  he-

mochromatosis.

reductase;
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ule} Zto] MTHFRE| F-A A= 34 42] 1p36.3 locus
o] #1x]sla 2™ 5, 10 methylenetetrahydrofolate &
5-methyltetrahydrofolate 2 AZLA 7| = EALZA] o] I}
ol A "=l = vel7]7} homocysteineol] ] EE] o]
methionineS A sFEF dhr}. o] T 4ol gt F-A1#}
o] 7h &3k Wol 6779 FAAe C7 TE X3k
o] alanine®] valine 2.2 HM3l= Zo|m 1 9] 1282 4
Z2] A7} CE X]|3kE|o] glutamine©] alanine 2 & 3}
S BAE vl Eap aslo] gek’ oldd
Q3714908 W3k §0A AES 40505714 4
3}A]7] 3L o] & 213}l homocysteine®] ol &4 =31
methionine®] 4] o] Aslx]o] ofE] Fo ¢t AR
A, 994 A3 55 st ZeE 43A Ak

S04 hRAge) wEE E5, A ezt
Y Belel Yenw sl BALS LAY
W £57, FAH Aol E wefebolol ekt e
A% Aol A 2] N-actyltransferase 24} thymidylate
synthase 529 FAA vb&gAlol o3 g uv Q)
o} b2 A qre] Kool osbs] YubE o & MTHER 677
o] P FAA HIEE 029~043 Aol A&HA 9l

S e MRS WAl 54 f44

=
EE oujslr ol FAAF dgtollA EA FAA W
ol9] HIEE YehlE AZE A-&Ech

19999 tjAHQtol 4] MTHFRY} MTR (methionine syn-

Table 4. Odds ratio and 95% confidence interval for genetic polymorphism and colon cancer

95% CI'
Genes S.E* P}r OR*

Lower Upper
MTHFR' C677T CC/CT,TT 0.290 0.593 1.168 0.661 2.064
MTHFR' C677T CC,CT/TT 0.243 0.038 0.604 0.375 0.973
MTHFR' A1298C AA/AC,CC 0.277 0.016 0.513 0.298 0.883
MTHFR' A1298C AA,AC/CC 0.560 0.136 0.434 0.145 1.301
HFE' H63D 0.787 0.361 2.054 0.439 9.607
HFE' C282Y 0.630 0.967 1.027 0.299 3.530

*Standard error; "p value; ¥ 0dds ratio; SConfidence interval, HMethylenetetrahydrofolate reductase; ﬂHereditary hemo-

chromatosis.
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