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The Relationship between the Methylenetefrahydrofolate
Reductase Genotypes and the Methylation Status of the CpG
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Background : Genetic polymorphism of methylenetetrahydrofolate reductase (MTHFR), in
association with the influence of MTHFR upon DNA methylation, may cause differences of
the methylation profile of cancer. Thus, we investigated the relationship between the methy-
lation status of prostate adenocarcinoma and the genetic polymorphism of MTHFR. Meth-
ods : We examined 179 cases of prostate adenocarcinoma for determining the genotypes of
MTHFR 677 and 1298, the methylation status of 16 CpG island loci and the methylation lev-
els of the LINE-1 and Alu repeats with using polymerase chain reaction/restriction fragment
length polymorphism, methylation-specific polymerase chain reaction and combined bisulphite
restriction analysis, respectively. Results : There was a higher proportion of the CT genotype
of MTHFR 677 in the prostate adenocarcinoma than that in the normal control. The TT geno-
type of MTHFR 677 showed the highest frequency of methylation in six out of nine major CpG
island loci, and these were which were frequently hypermethylated in prostate adenocarcino-
ma. The CT type showed the lowest methylation levels of LINE-1 and Alu among the MTHFR
677 genotypes. Interestingly, the CC type of MTHFR 1298 demonstrated favorable prognos-
tic factors. Conclusions : Our study is the first to examine the methylation profile of prostate
adenocarcinoma according to the MTHFR genotypes. The differences of the cancer risk, the
genomic hypomethylation and the prognosis between the MTHFR genotypes in prostate ade-
nocarcinoma should be further explored.

Key Words : Methylenetetrahydrofolate reductase; CpG islands; DNA methylation; Prostate;
Adenocarcinoma
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(forward primer) 2 5 -TGAAGGAGAAGGTGTCTGCGG-
GA-3', 813} A (reverse primer) & 5-AGGACGGTG-
CGGTGAGAGTG-3'Z o431 om, A1208C ¥4 e
A 5'-GCAAGTCCCCCAAGGAGG-3, 813F Al 5'-
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A 42 SPSS version 150 (SPSS Inc., Chicago, IL,
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o1}, MTHFR 677 CT&¢] u)
UERRE 2S BH0R B 5 9T 5
Uepllo] CTHS) ARaeh w7k o] ¥

MTHFR #7&XRE0 2 1670 CpG o Zf2| ISt 2

AARFEo] At ol e] Aol A 1794 9] Mg xgke] vis)
2271¢] CpG 4l ZHRASSFI1A, GSTPI, RARB, MDRI, APC,
TNFRSFI0C, CDHI3, ASC, BCL2, COX2, THBSI, RBPI,
TIGI, CD44, pl6, RUNX3 TNFRSF10D, NEUROGI, CDHI,
HLTF, pl4, HPPI)o| téle] MSPE o]&3le] DNA g
sk2 BA8199%13 ©] £ 670(CDHI3, CDHI, HLTF, pld,
HPPI, NEUROGI)E A3 167] CpG A &7} AL &
o]d<2l DNA W EslE HTh & 167 CpG A <] MT-
HFR 773l w2 WEst Wiss Table 26 sttt
g3} BEst 7P =4 Jepd AS RASSFIAR 1559 ol A4
gl o VEREOM(866%), 7PE e migst oA
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T2 Uehd A& RUNX3E & 299|01-7H(162%) wE3}
Atk

AGMd Sol&el Audss Yehd 167] CpG A ol o]
a4 zt MTHFR 3230l wE vgdsts CpG A 2] 4t
M2 vlws] B9k wl, MTHER 677 CCEolA 767, CTE
A 6770, TTHA 872 TTH AHALFTAM 7 =
AA T EA S O R F25HA] EAUTtHoneway ANOVA, p=
0.222)(Fig. 1A). MTHFR 129891A= AAEL 7270, ACH
= 7470, CCHE 337H0)%la, CCeA 71 e wEst Wl
EE UepIARE SAIH R fog Aol (UATHp=
0.131) (Fig. 2A).
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T
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Table 1. Distribution of MTHFR 677 and 1298 genotypes in prostate adenocarcinoma (n=179) and normal control (n=224) and asso-
ciation test for the MTHFR polymorphism with prostate adenocarcinoma risk

Genotype No. of PCa (%) No. of NC (%) OR (95% ClI) p-value
MTHFR 677 cC 44(24.6) 82 (36.6) 1.00 (reference)
CT 104 (58.1) 100 (44.6) 1.94 (1.23-3.06) 0.005
i 31(17.3) 42(18.8) 1.38 (0.76-2.48) 0.290
MTHFR 1298 AA 117 (65.4) 153 (68.3) 1.00 (reference)
AC 58 (32.4) 61(27.2) 1.24(0.81-1.92) 0.324
cC 4(2.2) 10 (4.5) 0.52(0.16-1.71) 0.283

PCa, prostate adenocarcinoma; NC, normal control; OR, odds ratio; Cl, confidence interval.

Table 2. Methylation frequency of 16 CpG island loci according to genetic polymorphism of MTHFR 677 and 1298 in prostate ade-

nocarcinoma (n=179)

MTHFR 677 n (%) MTHFR 1298 n (%)
CpG island loci p-value p-value*
CC CT T AA AC cC
RASSF1A 37 (84.1) 91(87.5) 27 (87.1) 0.853 102 (87.2) 52(89.7) 1(25.0) 0.635
GSTP1 28 (63.6) 78 (75.0) 25(80.7) 0.212 91(77.8) 39(67.2) 1(25.0) 0.133
RARB 29 (65.9) 71(68.3) 23 (74.2) 0.739 81(69.2) 41(70.7) 1(25.0) 0.843
TNFRSF10C 30(68.2) 66 (63.5) 21(67.7) 0.820 77 (65.8) 39(67.2) 1(25.0) 0.851
APC 29 (65.9) 63 (60.6) 25(80.7) 0.119 79 (67.5) 37 (63.8) 1(25.0) 0.623
BCL2 26 (59.1) 48 (46.2) 19 (61.3) 0.184 59 (50.4) 34 (58.6) 0(0) 0.307
MDR1 23 (52.3) 52 (50.0) 16 (51.6) 0.964 58 (49.6) 31(53.4) 1(25.0) 0.707
ASC 20 (45.5) 43 (41.3) 15 (48.4) 0.754 48(41.0) 29 (50.0) 1(25.0) 0.260
TIG1 18 (40.9) 42 (40.4) 15 (48.4) 0.722 47 (40.2) 27 (46.6) 1(25.0) 0.421
RBP1 18 (40.9) 25 (24.0) 14 (45.2) 0.028 36 (30.8) 20 (34.5) 1(25.0) 0.620
coxz2 15(34.1) 29(27.9) 8(25.8) 0.681 32(27.4) 19(32.8) 1(25.0) 0.459
TNFRSF10D 13(29.5) 26 (25.0) 6(19.4) 0.605 29 (24.8) 16 (27.6) 0(0) 0.690
THBS1 14 (31.8) 22(21.2) 8(25.8) 0.382 28(23.9) 15(25.9) 1(25.0) 0.780
CD44 13 (29.5) 17 (16.3) 9(29.0) 0.116 26 (22.2) 12(20.7) 1(25.0) 0.817
p16 10 (22.7) 16 (15.4) 10 (32.3) 0.106 26 (22.2) 9(15.5) 1(25.0) 0.297
RUNX3 10(22.7) 12 (11.5) 7 (22.6) 0.137 21(17.9) 8(13.8) 0(0) 0.486

*In significance test of MTHFR 1298, CC type was excluded due to too small number of cases.
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Fig. 1. Comparison of methylation fre-
quency of 16 CpG islands, methylation
level of LINE-1 and Alu, and mean per-
centage of tumor volume and postoper-
ative follow-up PSA level between MTH-
FR 677 genotypes in prostate adenocar-
cinoma demonstrated slightly different
methylation profile and clinicopatholog-
ic features, but these results were not
statistically significant. (A) The TT geno-
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o 8f
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: s o
= %)
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=
> o
— ]
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cC
MTHFR 677 genotype
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T type showed the highest mean frequen-
cy of CpG islands methylation. (B) and
(C) The CT genotype showed the lowest

mean level of LINE-1 and Alu methylation. (D) and (E) The TT genotype showed the highest tumor volume and follow-up PSA level. (Error

bars show mean+ 1.0 standard error).

A JefES & F Ak ole} fAE Yo E Yeh e thE
CpG 4 2% RARB7} 9=H MTHFR 677 CCEo) 444
Z 294)(65.9%), CTY 1044 = 714)(68.3%), TTH 31 =
239(74.2%) oA WEslE o] CTYH TTHOZ Z4E ’“z]—
29l Wdst S7F Pdol dad AT + Utk APCY 7
MTHFR 677 CC¥ 44¢] % 299(659%), CTE 104¢] = 63
o (60.6%), TTE 31 & 2591(80.7%) 14 W EstE]o] JA]
TTEo|A Adoz E—ES sl RIEE YepdS & 5 itk
o9} 7ro] Hdl wE3} M=y} =2 CpG 4] FollA CCEol
vt CTEZ} TTH o %‘r W7l & A8 & v5 A
9o, MTHFR 677 ZF §3A80] wE wdsl WTe] zjo)
7} BAHLR o5 Uehuk= CpG A #+= RBPI Wl ¢l
S TH(Pearson chi-square test, p=0.028). RBP1¢] 7% CTd¥
oA 1044l F 254 7to] WEslE o AhHCE CCYHI TTH
of wsled 2499 k& wE3} ¥IEE Yeh%lT o= THBSI,
CD44, pl6, RUNX3%} 7o) AgAY Eo17 s g3} et
1670 CpG A & & AA AgaddelA el mEst nxrt 4
fACE e CpG 4 FEolA CTE st ¥
VeEhe 359 Aol Ade A AF/AY & F Ak
MTHFR 677 348 & TTRNA 7P =& Wdst ¥l

%7} U

T2 Yl CpG A #7} 871(GSTPIL, RARB, APC, ASC,
BCL2, RBPI, TIGI, pl6) %3l CCEoA 714 =& vjgs) 1l
TE vel CpG A #7} 770(MDRI, TNFRSFI0C, COX2,
THBSI, CD44, RUNX3, TNFRSFI10D), CT&dA 714 =&
ngst NsE veid CpG A #7F 17H(RASSFIA) itk ©]
el AZ BokS W MTHFR 677 TTEo)A =& mds} §l
EE UEM CpG A F7t 7P Bk, CTYH TTES ¢
T-Holg el vwoME mEst NeE 54 JeRd CpG A
e CCH T-HolgolA 2+ 77H, 97foldth A dHA
S 1799 ol A WEst WMIETt 40% oFoE A YERT 97)€]
F$ CpG A #H(RASSFIA, GSTPI, RARB, MDRI1, APC,
TNFRSF10C, ASC, BCL2, TIG1)E o= 39S =
TTEA WEst N7t 7P =4 verd CpG A 27t 670
(GSTP1, RARB, APC, ASC, BCL2, TIGI)& 7}4 ®skth
MTHFR 1298 A3 ¢] 7% ACHA 71 & vgst
WEE JeR CpG A &7} 11701(RASSFIA, RARB, MDRI,
TNFRSF10C, ASC, BCL2, COX2 THBSI, RBPI, TIGI,
TNFRSFI10D)Z 7V By, o8& AAFAN 71 52
Wes NeE el CpG A #7} 40(GSTPI, APC, CD44,
RUNX3), CCHellA 7H4 =2 WEs) BI=g Yehd CpG 4
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Fig. 2. Comparison of methylation fre-
quency of 16 CpG islands, methylation
level of LINE-1 and Alu, and mean per-
centage of tumor volume and postoper-
ative follow-up PSA level between MTH-
FR 1298 genotypes in prostate adeno-
carcinoma demonstrated variable methy-
lation profile and clinicopathologic fea-
tures. (A) The CC genotype showed the
lowest mean frequency of CpG islands

MTHFR 1298 genotype Q

1.,

MTHFR 1298 genotype G

methylation. (B) The AC genotype show-
ed the highest mean level of LINE-1 me-
thylation. (C) However, mean level of

Alu methylation in AC genotype was the lowest. (D) and (E) The CC genotype showed the lowest tumor volume and follow-up PSA level.
However, these differences (A-E) were not statistically significant. (Error bars show mean+1.0 standard error).

27 10 (pl6) Ak, A AHAY T WEst NE7t 40% ©l
/\}oi 1271] L],E].L]— PL CpG A z]. 97HE' q.]}\}oi o]_oi S EH
T ACHAAM 71 & vdst ies YeRd CpG A 77
7M(RASSFIA, RARB, MDRI, TNFRSF10C, ASC, BCL2,
TIGD) 2 AAY 270(GSTP1, APC)d| Hate] Y538 Bor)
MTHFR SMXF0| LZ LINE-1 & Alu| HIE S kAt

ojdel oMM AGAY HAl 1794 F 17390 th3}od
COBRAE o]&3}e] LINE-1 2 Alu® WgslE ZARIAL
PG4 LINE-1 WEst F5S Ht 35.7% 5% 2M, Alu
mgs £ d4 197% S YT

LINE-1 #€3}¢] MTHFR 677 4248 w2 zo)&
™ CC¥L LINE-1 WE3} 70| B 366%, CTHE 35.2%,
TTEE 358%rHFig. 1B). CTEAA 74 & LINE-1
Hests JedS ¢ F Jou fog Aolg RHolAle 9%
THoneway ANOVA, p=0551). MTHFR 677 §-d#8d] w
2 Alu W23} S W CCHollM Alu W23} o] s
202%, CT3 192% 2 TT¥ 20.0%°]cHFig. 1C). LINE-
19] Ao} fARHAl 9A CTHAA 7 22 Alu HEstE

RO} foI8 Aol o At(p=0.426).

MTHFR 1298 +4#gd] w2 LINE-1 HE3} +FS 4]
W EH, AAYA Hd 352%, ACY 368%, CCH 34.1%
2 UERStHFig. 2B). ACEAA 714 & LINE-1 Wdsts
R CCROIN b e WEsE dehiow BE §9
2 Aol oISk (p=0375). Alu WY} L AAT) %
I 19.7%, AC¥ 193%, CCY 229%Z(Fig. 2C), ACEIA
7V e wgslsh deRt cogelN JHa e vEsl v
Bhtort 94 BE EAOR fo54 2aerHp=0353).

MTHFR
ZHA

SERIHL HEMee] AEaIE STl

Ao 2 YA Qe e EACEN T8 o549
X}O 4% A PSA 4%, 23284 Gleason A4, AJCC H7|

—‘jrﬁJ(tumor volume) 2 A o= OlX}iH—J I & F

’

= 140 ng/mLO] M_Eq MTHFR
= CC¥o|A 158 ng/mL, CT
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Table 3. Distribution of Gleason score according to MTHFR genotypes in prostate adenocarcinoma (n=179)

MTHFR 677 n (%)

MTHFR 1298 n (%)

Gleason score p-value p-value
CcC CT T AA AC cC
<7 35(79.5) 80(76.9) 23(74.2) 0.861 88(75.2) 46 (79.3) 4(100) 0.453
8< 9(20.5) 24(23.1) 8(25.8) 29 (24.8) 12(20.7) 0(0)
Table 4. Distribution of AJCC stages according to MTHFR genotypes in prostate adenocarcinoma (n=179)
MTHFR 677 n (%) MTHFR 1298 n (%)
AJCC stage p-value p-value
CC CT T AA AC CcC
[ 22 (50) 52 (50) 17 (54.8) 0.988 61(52.1) 26 (44.8) 4(100) 0.196
I 19 (43.2) 43(41.3) 10(32.3) 43(36.8) 29 (50) 0(0)
\Y 3(6.8) 9(8.7) 4(129) 13(11.1) 3(5.2) 0(0)

304 136 ng/mL, TTE 127 ng/mLCE CC3olX CT3,
TTﬁi oz 7EV~E 140].;(]‘; ﬁz‘fk& y_oﬂ 014. Eﬁ]@gi %g]g}
A= 9ttHoneway ANOVA, p=0587). MTHFR 1298
A9 749 AAY 132 ng/mL, ACH 160 ng/mL, CCH
74 ng/mLe HFAE Yerfol, AAF vlgte] ACHA
FoA AL CCYAA dA8] I FAE BAFIoH 9 F

AX SR Fofgh Aoz ofUATHp=0.268).
AHA s 24T FHoE T8 oA &
U= Gleason A9 X E 7} MTHFR §4480] whet A
28t Ax}= Table 33 72t} MTHFR 677 S4218 B304
Gleason 4 73] 7V @& WEE YERAAL T2 93
o] Folglom Aukxom 74 ofsle] L7} 8% o)) Bk ¥
S8 wokou FAXCE o= FAdrHp=0861). ol
A AHAY 179¢)9] Gleason A TES AT B35
ZF AR E Gleason H5 WA frolgh Aol & et
WA ¥atgithoneway ANOVA, p=0903). MTHFR 1298
S48 o ] AAﬁJqL ACHoIAM 749 Wlrt 7P B9k
ollom 74 olgte] Fx7F 84 o)} Ert
S8 FAE FUTHp=0453). 51 3
T 73 olstellgt Exate] JfHoRE e

o

=
o £A50
2 ccyel A% B
50

ArE Yepiou o 4q] gol] BA] oo} FoAS Hosly)
e
T e 20 4% ]_o AJCC H7|9] ¥ = Table 49 7+

t}. MTHFR 6779 A% ZF S-4A8 o] w2 W7)o] HE7}F &
AsE okako 2 77} 7P B V|2 2408 £xRor =
olEem FAAY 7o) Aol FAHLE felahA ¥
(oneway ANOVA, p=0988). MTHFR 1298 AAE <] A%
MTHFR 6773} AV 117171 71 B3 V72 242 &
T FolRou ACEHME 719 7P NEst #%3 CC
= B et Satso] Qs 53¢ Halth 28y CCY
4o el HA) gk FelS Fela] ogy FAHOR
S AR 729 Aol frolatA &ttp=0196).

3
o]
I

o

A ALY E B3l S T F99] HHFE MT-
HFR 677 CC¥olA 231%, CTE 238%, TTY 283%% CC
HoN TTHOE LT A% Z7kehe P HAou folst

AE &AUtHFig. 1D) (oneway ANOVA, p=0593). MTHFR
12989] 744 AAE 249%, ACY 244%= +ASFE L CCEol
M 83%E AACE we W W F¢ FIE BioY
oA BAALE %94’3}%]5 %‘E}G(Fig 2D) (p=0.320).

nREe g o § A oFE Vet AR A B
Aol g% PSA H#X+= MTHFR 677 CCHolA 061 ng/
mL, CT¥ 124 ng/mLo]¢le™, TTA 508 ng/mLE
TA3] Tkl e Ao o8 bl o iTk(Fig.
1E) (oneway ANOVA, p=0144). MTHFR 1298 AA&ol|A
T Wit PSA A7} 220 ng/mLE A YERAL ACH A
092 ng/mL, CCYNA 041 ng/mLE FAHOE Solx=
FFE BATHFig. 2E). J2 o8t 2ol BAHSE f
o3IA = FatAtHp=0.722).

k=l

&

MTHFRS 42402 4 thake] 7)ol dofah 41
A EREA QA A 'rrxdg}@(genetic) 2 9]% 84
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Moz = MTHFRY 7] ]O] ] 5,10~ methylenetetrahy—
drofolate”} $-2}o] Elojnjgdato @ Asty= AL A0 7
A A 9] Aetolu Aot dojuks As WA =,
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tetrahydrofolate7} ©d BtA IE& ZFate] TRAAHOS
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o7 AstEo] DNA WEsE 93 eh ZoAREA e gt
A ") o] 7= §AR9 S| £& Ea G5
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MTHFR 1298¢] 7% LINE-19]41= CCo] 7174 w2 o
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