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Distributions of MTHFR Gene Polymorph-
ism according to the Location of Colon
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Purpose: Colon carcinogenesis seems to vary according to
the original location of tumor, especially the right and the
left sides. Two common methylenetetrahydrofolate reduc-
tase (MTHFR) polymorphisms, 677C — T and 1298A —C,
are now known. Especially, the TT type of the 677C —
T mutation shows reduced catalytic activity at a rate 30%
that of wild type. The aim of this study is to investigate
the distributions of MTHFR polymorphisms of 677C — T
and 1298A — C according to the location of the colon
cancer. Methods: Blood samples were collected from 112
patients diagnosed in our hospital, as having colon cancer:
34 proximal and 78 distal cases to the splenic flexure and
448 healthy control subjects. In order to characterize
MTHFR polymorphisms, we applied the polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP). Results: The distributions of MTHFR 677C —T
polymorphisms as genotypes CC, CT, and TT were 32.4%,
53.1%, and 14.5% in the control group, and 34.8%,
58.0%, and 7.1% in the cancer group (P=0.056). In the
34 proximal cancers, the CC, CT, and TT distributions
were 44.1%, 55.9%, and 0% (P <0.05), respectively. In
the distal group, they were 30.8%, 59.0%, and 10.3%. The
distributions of the MTHFR 1298 A — C polymorphism by
genotypes, AA, AC, CC were 69.6%, 28.6%, and 1.8% in
the control group, and 58.9%, 38.4%, and 2.7% in the

cancer group. The proximal and the distal groups show
genotype distributions of 44.1%, 53.0%, and 2.9% and
65.4%, 32.0%, and 2.6%, respectively, but the differences
were not statistically significant. Conclusions: There are no
definite differences between control subjects and colon-
cancer patients in the two polymorphisms 677C — T and
1298 A— C. However, the TT genotype shows a lower
frequency in the cancer group than in the control group
with a marginal statistical value (P=0.056), which suggest
a reduced risk of cancer incidence for this type, compared
with a2 CC or a CT type. ] Korean Soc Coloproctol 2006;
22:69-74
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AAA E<FA A (chromosomal inastability, CIN path-
way) WAl FA 22178 4 (microsatellite instability,
MIN pathway)o] ¢## At G479 Wole} #4
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Fig. 1. Biochemical pathways of folate and methionine
metabolism.
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Z 2 A (promoter)2] ¥ & S} (hyper methylation)©ll <
Sk AR g A silencing)S 2 TIE AR
A Ak HIole oled f3 9 71& CIMP
(CpG island methylation phenotype) pathwayZ} &}="tl|
hMLH1 9ol % pl6 59 TYIA A= TdL
AoMe FFHH g 2 oF 20~30%<= ©]
T3 BHo] e Aoz IHA U’

tageke] g Qx| o whet et 7]1- ] A Z}ol
7h de Aem A = AHEste] o FA
At e ade FE AN oA go] HFHY, o
Al MIN 3 9] SFo] @Wo| X3t} vide] 95
e titks A CIN f39] do] F= B E35}
™ | & 3} (hypo methylation)} ## o] A= A
g3 A Ak
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stz d2lA 3=t DNA v = 2t
A7V S QA Beldte Ao ® Wt g4t vt
o] o= Weste o] ds s Wkl 7] stA
AP Aatdiab B F49l

drofolate reductase (MTHFR)+ 5,10-methylenetetrahy-
drofolateS- 5-methyltetrahydrofolate 2 7 $-A] A ™ E] &
gl #odstar, o]o] FAJE = S-adenosyl methio-
nine> DNA W g@3te] F3 A& 3tA Erh(Fig. 1).
a9 o] 49 AP dofl ofstal, a4
A &) FolAo] ZAHEE A DNA wEstel] o]

& Zpon

methylenetetrahy-

A F7kA &7 MTHFRE] T30 F 7}X] W o]
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677C > T ol TTolE 2 E4AZ XA 7]5°] 30%
A=Z oY, 29 dEged 47 DNAW S
7F 3A gasHA "ok 28y 1298A — CH ol E <
TAHA AFF ool ofF v A glA| drhlor
welA B AFo A= MTHFRS] F 71| ¥o]Ql 677C
— T} 1298A — Co] {22 thE o] tgete] W ¢
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(1) MTHFR REXIE S| 24: MTHFRS] #4& ¢
st 4 DNAE o= sttt & A4

2 AT BF TR g gxFE A3 sk DNA
£ #3949t MTHER 677 328 EFE Gene-
Amp PCR machine (Perkin Elmer 2400)2 ©] &3} 1t}
Human genomic DNA 200 ng 1.5 mM MgCl, 0.2 M,
deoxynucleotide triphosphate, 1 unit Taq polymerase (Ta
KaRa, USA)9} &4 WA €4 100 = 3t Al5A
(primer) ZtZ} 100 pmol S ¥ 3 FZAZt} ou) AL-&
3l forward primer= 5-GCA CTT GAA GAG AAG
GTG TC-3°, reverse primer 5’AGG ACG GTG CGG
TGA GAG TG-3’°|t}. PCR] %72 denaturation-
94°Col| A 58-7F A171 3, 94°Col| A 30%, 51°Coll A 30
Z 283 72°Col A 3022 Aste] 353 €iE ZE A
Zoh 2R 9] A (terminal elongation) 72°Col A 5
B7ro 2 sttt 8 a4 dHHHS(PCR)Y AHELS



4% 9 59

ethanol 2 A A 7|3 Hinf 1S 2 digestd}<] 4% agarose
gelol A W79 F A2tk HolE 24L& Frosst 5 °9
el whskoh

H o] o) 52 A (variant allele)= 714 E 67700 A
cytosine©] thymine . 2 u}¥ =4, &3 H &4 (homozy-
gote)?] TTH-S 173 bps} 30 bpe] F AHS HolxL,
] & 7 A (heterozygote) CTEH-2 203 bp, 173 bp} 30
bpE E ot} FA CCEE 203 bp 32 bandS X
SA=

MTHFR A1298C 7} 482 Skibola 59 WH
< %8313 th DNA SZ | ©]8&% A5 A (primer)<
forward primer= 5’-CTT TGG GGA GCT GAA GGA
CTA CTA C-3’%} reverse primerZ 5-CAC TTT GTG
ACC ATT CCG GIT TG-3'E o| &3ttt 5% 2 %
FoAHNHS-2] 27L& MTHFR C677T¢} U3tk H
o] HFAAE F71-E 129894 adenine®] cytosine
o7 Ao 2N FAEEH Mboll F-HE HAT
o} A3 AAE 56, 31, 30, 28 2 18 bp2] 57] band=
Heloh whi o] S HTY EARAQ] CCE 2 84,
31, 30 2 18 bp2] 47} bandZE H At} A3}e] A&
ethidium bromideE % 7}3F 4% agarose geloll A Z 7]
ToZ EA3AH

3) SAEM

o] RludEE S48 A A T2
odd¥] ZX(odds ratio (OR)Z} 95% A& F7HO5 percent
confidence intervals, 95% CI)= A}£3}%th. MTHFR &
28] Grte] & Ael7t fle CCBF CTHS st
o Z Ao, TT Wold+# o] SAEE 48}
7] #1814 logistic regression @S X835} Hch 18]
3 ojE] AFEP P M9} o] B Ao = MTHFR
c677Tell tisfiA= CcCe CTE ¢ 1HFO = TTw 3 H

C ke 9] ulE 5,10-Methylenetetrahydrofolate Reductase (MTHFR) # A #}3 HIE o] zto] 71

W31, MTHFR A1298Col A= AASH ACE 3 7o =2
A cc vk BA HI)IAZE SPSS for
Windows, version 9.0 (SPSS Inc., Chicago, Illinois, USA)
< AHgsTh

4 ot

1) MTHFR C677T SMAIE E4

2 448419 FAAE EX Ay CCE 1459
(32.4%), CTE 238(53.1%), TTE 65%|(14.5%) = CTH
o] 7¢ wokth HA Ao EEE CCE 394
(34.8%), CTE 654(58%), TTE 8l(7.1%)Z EXE7
CT¥o] Bol = v=goy TT EAH |3 9
NEE 2 145%0) Blel S 71% 2 oha 2%
TH(Table 1). I FAA2] Rl (allele frequencies)=
Nz ek T 47 58.9%, 41.1% AT A
63.8%, 36.2% AT}

ko] 9X|o] ©E MTHFR 677C > T F3A8 &
SOl A 9t Qo] Bkatt 344 Foll A TT o)
He 3 o= glolar, vkl LR g Sk 78

Table 1. Distribution of MTHFR* 677C — T polymorphism,
among control & cancer group according to tumor location

677 MTHFR genotype

CC (%) CT (%) TT (%)
Control (448)" 145 (32.4) 238 (53.1) 65 (14.5)
Cancer (112) 39 (34.8) 65 (58.0) 8 (7.1)
Proximal (34) 15 (44.1) 19 (559) 0 (0.0)
Distal (78) 24 (30.8) 46 (59.0) 8 (10.3)

*MTHFR = methylenetetrahydrofolate reductase; " Parenthe-
sis denote the number of cases.

Table 2. Comparison of MTHFR 677TT minor genotype with CC+CT major genotype among control & cancer group

677 MTHFR genotype

Fischer’s

+
OR (95% CI) exact test P

CC+CT (%) TT (%)
Control (448)* 383 (85.5) 65 (14.5) 1.0 -
Cancer (112) 104 (92.9) 8 (7.1) 0.42 (0.19~0.92) 0.056
Proximal (34) 34 (100) 0 (0.0) N/A 0.014
Distal (78) 70 (89.7) 8 (10.3) 0.63 (0.29~ 1.40) >0.05

*parenthesis denote the number of cases; odds ratio and corresponding 95% were estimated from logistic regression model;

N/A = no assessment.
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o F 84dlE 103%<] HIEZE HTHTable 1).
ot Bl Aol TTHY T4 A==
OR 0.42, P-value= 0.0562. 2  7d 4k (marginal value)S-
BAok T4 A wal, 295 gl As TT
ol g case® |1 O™ P=0.0149] ov] U= AHAE
Btk wbde] ejiolA el TTEL 22k OR 0.63,
P>0.052 FASAH 7t gl th(Table 2).

2) MTHFR A1298C SMAIE 24

2T 4484 9] 31218 EX A7} 1298 AAY 312
ol (69.6%), ACE 128](28.6%), CCEH 8|(1.8%)F AA
ol 71 Bk A A EEE AAY 669
(58.9%), ACE 439(38.4%), CCH 34 2.7%)= NFET
I BRI HEgom JA] AAF o] M BtTh o
H fF-Axe] WX (allele frequencies)= WZTolA A
9} C ZV7} 83.9%, 16.1% FArN A 78.1%, 21.9% F .
ko] 9X| o) wE Wo] MTHFR 1298CCH 9] HIT &=
TAH 349 F 14(2.9%), LHAF 784 T 2(2.6%)
2 x}o]7} gl tH(Table 3). &= MTHFR 67794 21 2
AAS} ACE S 3 1202 Wo|go ccyy vl
< o, AA B FEFY Ao 2 LﬁT,
L F o= ORI} P-valuedl 2197} gidth

Table 3. Distribution of MTHFR A1298C polymorphism,
among control and cancer group according to tumor location

1298 MTHFR genotype

AA (%) AC (%) CC (%)
Control (448) 312 (69.6) 128 (28.6) 8 (1.8)
Cancer (112) 66 (58.9) 43 384) 3 (2.7)
Proximal (34) 15 (44.1) 18 (529) 1 (2.9)
Distal (78) 51 (65.4) 25 32.0) 2 (2.6)

(Table 4).
E Ao 4] MTHFR C677TS} A1298CS] A3
H % = Hardy-Weinberg equilibriumol] & x| a1t} >%

w2k

o

dukz o 7 ak(folic acid)®] ZHoly JANAL F
o = otk 91 Ix}t = 3ueld o]= DNA H E 3o
g el GAF tiALY }4040}71 W7o 2 I Utk
FANALY Fells AR AREAA A Hgsiy
2 21 A} (promoter) o J%Uﬂ%i‘ra dog 4 lon o]
Ha A4 oy T/ dellM FE5Ho=z #EH
th.? = o-5-9-f A A (oncogene) 3 FdA A

3

H= A3

A} (tumor suppression gene)2] ™| E 3} A%
HEg ol AAol] dezo= #oqd 4 Uk 28t
St o] fAA Ao g Wt o] Ethal AW 5]
EFwsteg vdste] AeHwst 5 ArF
(epigenetic) ¥ 3} 3 UH3I| AAsI= HAOoZ HA
%_11:]’.2648
MTHFR2  @AteiAbell A S4 2] 985 8
DNA 343 &7 9 DNA vigdle] T23 93&
Stt}. MTHFR-2 5,10-methylenetetrahydrofolate (Methy-
lene THF)< 5-methyl- tetrahydrofolate (5-methyl THF)
29 o] Fuj FAES ok Aq7)A wEoR
5-methyl THF= §4He] F9 <8 FEHE S EA|2H
o] Migedo g Aqudse = gihdxtey 3o
AzAs G Do
MTHFR A= A 1p36.40] $1x]35ka o™
27118t A ] FRA el e A1 E
677 91212 C7} T (C — T; alanine—valine) 2 X| 8%+
el 2} 12982 A7} C (A — C: glutamate — alanine) &
A&E = FdEi7E Aok "ol ke el WA =
doll efstal BAREA Y FolAo] FAaFER HA

fr r

Table 4. Comparison of MTHFR 1298CC minor genotype with AA+AC major genotype among control and cancer group

1298 MTHFR Genotype

Fischer’s

OR (95% CI)T exact test P

CC+CT (%) TT (%)
Control (448)* 440 (98.2) 8 (1.8) 1.0 -
Cancer (112) 109 (97.3) 3 2.7 1.51 (0.43~5.36) >0.05
Proximal (34) 33 (97.1) 1 29 1.67 (0.27~10.70) >0.05
Distal (78) 76 (97.4) 2 (2.6) 1.45 (0.34~6.17) >0.05

*parenthesis denote the number of cases;

" odds ratio and corresponding 95% were estimated from logistic regression model.
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0.11~027)AIZ1 Tk B
Aok webA ol AR ol A Aol A el
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o+ A= AL 5,10-methylene-tetrahydrofolate (MTHF)
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