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P<0.05) ; MTHFR 1298A>C R E A (AC A= AA) . WA, F#b. BT EE5-M 5-FU A ehMLF3ER LB H £
B, 8 A% 5-FU G5 el LiE g 8%+, MTHFR 677C>T % u‘riiu%i%ﬂizmmaaé&sﬂ R W R A R

AR B T B8 A A TR AR AT 25 M K A NG R R B R R &, AR 45 A 16 R IFE3E 0908 T 7 BB R S 0h 13
a

KEER: 5- FURMERE; WH IEPUSMIRIAIAEE (MTHFR ) 5 JERZAM; AR
hE45ZES: R735; R73043 CiftriRAE: A XEHS: 1671-7414 (2020) 03-001-06
doi:10.3969/j.issn.1671-7414.2020.03.001

Relationship between MTHFR Gene Polymorphisms and Adverse Events
by 5-FU in Gastrointestinal Cancer
ZHOU Yan', WANG Bei-li"?, ZHANG Chun-yan"’, PAN Bai-shen'"?, GUO Wei'”

(1. Department of Laboratory Medicine, Zhongshan Hospital of Fudan University, Shanghai 200032, China;
2. Department of Laboratory Medicine, Xiamen Branch, Zhongshan Hospital of Fudan University, Fujian Xiamen. 361015, China )

Abstract: Objective To investigate the relationship of MTHFR 677C>T and MTHFR 1298A>C gene polymorphisms
in 5-fluorouracil (5-FU)-based chemotherapy in gastrointestinal cancer. Methods From February 2016 to June 2016, 123
gastrointestinal cancer patients were admitted to Zhongshan Hospital of Fudan University. Genomic DNA in peripheral blood
was extracted, and MTHFR 1298A>C, MTHFR677C>T gene polymorphisms were detected by Sanger sequencing. A total of
98 patients treated with 5-FU were chosen to observe the adverse events during chemotherapy, and the differences between the
adverse event and grades in patients with different genotypes was analyzed. Results Of the 123 patients, MTHFR 1298A>C
wild type AA was 76 (61.79%), heterozygous AC was 40 (32.52%) and homozygous CC was 7 (5.69%). MTHFR 677C>T wild
type CC was 50 cases (40.65%), heterozygous type CT was 61 cases (49.59%) and homozygous type TT 12 was cases (9.76%).
In the 98 gastrointestinal Cancer cases, the incidence of total the incidence of adverse events in the patients carrying the MTHFR
677C>T (CT+TT) genotype was higher than in the WT genotype (CC) (£<0.05). The MTHFR 1298A>C genotype, sex, age
and chemotherapy strategy were not associated with the adverse events inducing by 5-FU. Conclusion The MTHFR 677C>T
polymorphism significantly increases the risk of chemotherapy-related adverse reactions in gastrointestinal cancer patients
treated with 5-FU.The applying of MTHFR polymorphism may be used as a risk factor for predicting clinical adverse events in

fluorouracil-based chemotherapy and assist the individualized treatment in gastrointestinal cancer.
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“ 4 p i, DUSCHINSKY 45 9 W HRiE &
J% 5- SR M g ( Fluorouracil, 5-FU, ‘BEAFE & f w5
WEASHT IR 25 W i DS  flA i aok E— 2D AR
AL R TR =, 0] RNA F DNA Gk, &
FEBUMRAEF "2, 5-FU % S HYb R4, #0254
SPUMRELIER AR, IR IS IE SRR an
sl E g . B R T R B

e e i 1 A 2 v, (0 PR e A S S
BlIE 97 7 B B AR IT SR E R 22%, AR TR)
R T 2 U 22 AR, T
TRIT RO . Bl X NS SE AL R IR A T fif,
BN R 2N S 2 2 2 W ast A% o
1) £ BEF 5T 5-FU AH G 245 9 3 G Ab 97 058 FnAS
KL A sZ e B AR SO B R 9 I 3 0O AR
it R ('5,10-methylenetetrahydrofolate reductase,
MTHFR ) 3 PR3P W00 9 A Sk, A ARARiA
FrAR LR
1 #R57HE
1.1 AR % 2016 4 2~6 H, & HRK¥%“MHEF
I BESEZ Y 123 BT AL e e s, Hor,
BYE 67 B, otk 56 iy AL 32~83 &, HARENS
61 % o MARE AR S P2 L 2 DNA HFA
MTHFR 1298A>C Fl MTHFR677C>T KK £ 751,
it 98 BliRIT R 5-FU M E, UL Y
AL R 22 1) R AR AN R SR 2 AR JBE A 22 57
98 il i F $5:57 5-FU BRG BYDFEfbr e, R
PER T AU 250500 & . BEDTIR] R & A= B A
THACIEARRE | 15 D) e RS AU SR
1.2 A% #9X 7  Applided Biosystems 7500 Fast
Realtime PCR System[ FE#k Ci/RBHEE (hE) A
FRZAHE] 15 AB 3130 B4 FPAY (S2E ABI AH])
Lab-Aid 820 #% 2 il 42 Midi it 77 ( )& 7] 8 3% 4=
Y BB B A BR A F] ) 5 Permix Taq@Hot Start
Version[ A T (Ki%) ABRAF 13 DF5
[ Bk G /RBHE (FhED) ARAF ],
1.3 7%
1.3.1  FRACRAE K DNA $EHC: e B3R )7 0
i EDTA-K, $T E Il 2ml, ffi H Lab-Aid 820 #% /g
AR Midi S, A R B DG I A5 R e 4 3 R A
DNA, JHRIFT -20°CEHZRKM .
132 51 % & it J A #i: MTHFR 1298A>C I
MTHFR 677C>T %t [ i) =2, >R H Oligo7 #X
& if PCR 5] #J: MTHFR (1298A>C) F:
AGCTGAAGGACTACTACCTCT; MTHFR (1298A>C)
R: CCCACTCCAGCATCACTCAC; MTHER (677C>T)
F: CCTATTGGCAGGTTACCCCA; MTHEFR (677C>T)

R: CATGCCTTCACAAAGCGGAA.

1.3.3 PCR ¥ #4: ¥4 Premix Tag@Hot Start Version
RN TET /R BIRE K, R 1IRIR
JIA 0.2 ml PCR SR A, PCR BB EAF 20
pl, BGRB8

*1 PCR # iBE REER
A4y AR ()
ddH20 4
DNA Template 4
Premix Taq@Hot Start Version 10
Primer F/IR 111
Total 20

IS5 94°C , 5min; 45 RIEFR( 94°C 30s;
61°C 30s; 72°C, 30s); 72°C 5min; 4°C, 14,
PCR ¥ Hi =W 4lifk 5 78 AB13730 I 773 1 BUAH
WM, {f ] Chromas 44434 i 75 45 5
14 %itsF o
141 BEWsE. &4 Fh—byr R, 22
2 ~ 6 WALYY, dEaT Y, A5G R E RIS
FEEERVPAGAS B AR
1.4.2  Z9Wsp eV BRI . KR SE [ [ ST e pF T
flF ( National Cancer Institute, NCI) $&H A% LA
B W AR FRifE ( CTCAE Version 4.0 ) X5 %
TEAS KRN R GEAS R S HEA T RN 4321
FEAFE AN . VS . X R A A
143 BFRZ S HIRBAR T FEASFHN
5-FU FHOCHYAN R F 4. ffH SPSS19.0 #4748 1 14
Wi, R 7 Kosok Fisher's Kl Ru:, Ll P<0.05
REERA G FE L
2 HR
2.1 MTHFR A1298C #= C677T LB % Aotk
JU 123 15117 b 38 iR AR 3 ) MTHFR A1298C Fil
C677T SR Z /A W 2, Hivp, 252 5-FU
RS2 A0IT 1Y 98 191 8 3 45 B AL A3 A B L 5 A
BRSO, W3 3 (P>0.05)

Fz2 123 Bl iERhYE BE MTHFR A1298C #n
C677T EESHMENIER

MTHFR [ %) n A (%)
MTHFR A1298C AA 76 61.79
AC 40 3252
o 7 5.69
MTHFR (C677T cC 50 40.65
CT 61 49.59
T 12 9.76
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22 123 #)i5 AL T A 8 B 5 MTHFR 3 B 69 5
1% 3 B 97 % 4= Hardy-Weinberg T #7463 75 AZ
F by BT T MTHFR A1298C Fil C677T 25 {v KL R 55
R, 455 W, MTHFR A1298C J:[A AU
W, AR C A SE RS 51 78.05% FT 21.95%
(P=0.87) ; MTHFR C677T 3L #rh, C 1 T 4
7 BL P A3 501 K 65.45% Hl 34.55% (P=0.29) .
HEEAEAST & Hardy-Weinberg i g A, HATHEA
R

X MTHFR A1298C Z & EHEATI0 )y, 4558 0L
K 1. %F MTHFR C677T £ Mt4TIT, 4550

Bl 2,
F3 98 Bl 5-FU iAfr &% MTHFR A1298C #0
C67IT BEE SN HIER

MTHFR # A% n Ao (%)
MTHFR A1298C AA 65 66.33
AC 31 31.63

cc 2 2.04

MTHFR C677T cc 35 35.71
() 53 5408

T 10 10.20

A. MTHFR A1298C /1 1 AA

B. MTHFR A1298C 2441 AC

C. MTHFR A1298C 4ii4 CC

1 MTHFR A1298C =FhEEZR AA, AC, CC Y Sanger MFZERE

A § 1§ ¢t & i B

A. MTHFR C677T 2% CC

23 HALHE AT E EESFE. B LR KR
MTHFR A B A 5 RR R m# % Z  WEK 4, BiE
FR R KA M 5 B, 5-FU MR B
N K ARG ER . M. fkyr %, MTHFR
A1298C Z M2 R B EM K (P>0.05) , HY
MTHFR C677T ZAMAFTEA M (P<0.001)

2.4 HALEME B &P MTHFR AR B f b4 R R
R LAAR . WA 5. 98 (il TH ALE e f s
35 f§i) MTHFR C666T $74:7#Y (CC) &+ &4 3~
4 POEALTEN RN O 655 3~4 o 24 ffd sk />
151, 7€ 63 il MTHFR C666T 575 %1 ( CT+TT ) 3,
K11 5] 3~4 GOEAE A RO 5 3 ] 3~4 ik
BN/ DAE . 65 /i) MTHER A1298C BF4E 71 ( AA )
B, K2 B 3~4 FUHIE RN RN ; 3~4
67 40 Lk 2 E 0 5], 33 5] MTHFR A1298C %872%
IO ACHCC )R, KB 4191 3~4 M LTEAS B

B. MTHFR C677T 2441 CT
& 2. MTHFR C677T =FEEZE! CC, CT, TT HJ Sanger NIFF &R E

C. MTHFR C677T 44+ TT

3~4 Gg R4 i g 2 5E 1], MTHFR C677T %
ARFERAD (CT+TT ) ATLAME N 3 GG DL AN B0 A
THALIE AN RS2 A8 & A XU, A8 im w200 ik
DE R XU . MTHFR A1298C SLPRI BRI i % 3
GLA N B B e XU o
3 iFig

5-FU 38 2k 900 1] g e s g A2 1 1R 5 A I 410 1)
DNA &, J&—2BA ) i e /e - o e
Y. BRI A R A R SR R 1R YT
JrZE . 5-FU BYARUETT o 30 2 AR 40 8 R 2 i AR
VIR mIAS, (R SE BRI PRI ol A ) A v
TG Y £ 2T ORISR SR e A R P A A
25, HE R A YA U AN E EBOE A R R
RS YRS, AN 2 S METE I E 25
AR AR o 25 FE A, 1) 0 A e I S
( dihydropymidine dehydrogenase , DPD ) . fif I}
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W5 WE A% 1 BR & WA ( thymidylate synthase, TS ) .

R4 IGREHES MTHFR EEBAXHA R R MIELHX R

ey Ji % W W R AL B ( thymidine phosphorylase, TP ) I RERAE EL/ENEY A e P
A MTHFR 46 3L R 2 250k, fEA SO, FRATHF R (%) L
5% 38 1 MR AR 8 i 45, i MTHFR & [ C677T Al <60 % 1 k)
A1298C ZAHET R I 25 A RIAE I, DB PRk > 60 % 5 g 00 08
PEE ST 259, e MR ey O FES
AWF5EH MTHFR C677T Fl A1298C %5y 5 [ P , ”
BIRIRAG AT P>0.05, UAAHIMEEREAR R T— 1 4b & 19 35 0.24 074
FREMLUS - HPRZS A0 ROHBEA,, FF W& R P
%\g* . N S-FU+ il 14 36
FAT09WF5E R, DU ARE MTHFR C677T 28748 T e N ; 0010 0919
LA (CTHTT) % (59.3%) & T MTHFR MTH‘FR C677T7< )
A1298C Z7AFFEPI ( ACHCC) FIHA (38.2% ) .
WM UL, Hoh, MTHFR C677T 3 P 78 K U 45 EWRREE  CC CRdT
HOBFAER CC 50 4] (40.65%) , ZerF CT 61 1l 60 3 a2 a0
(49.59% ) FI4EAF TT 12 6] (9.76%) . 5 ik G1-64 : 2
A (BT 48.6%, ety IR 45.8%, 4lifr o MTHFR A1298C
AR 5.6% ) B A1298C 3L [H £ A5 M R A HIEARRIL AL AGHCC
Pubmed & 5| {45 B I AR —F (B AR 59.0%, 42 GO 49 2 0363 0547
BRA 34.9%, AERAR 6.1% ) ", G1-G4 16 10
x5 MTHFR EFEBNAR KNSR BHXER
RRR MTHFR C677T MTHFR A1298C
PR R
CT+TT ce Ve P AC+CC AA e P
Bk G0-G2 48 34 60 31
5.778 0.016 0.014 0.905
G3-G4 15 1 5 2
HEARREN G0-G2 33 20
4.409 0.035
G3-G4 11 0
R AR GO-G2 15 14
0.773 0.116
G3-G4 3 1

5-FU M A B2 Ry 22 700 o BR il 157, [ et
AR B AR E =, SE—2E e T A AR ]
BIIFRLE SR . 98 BIRH 5-FU BEA ALY R
BE /N 44h S T 45 25 7 K
HERR ) 2 S0 BRI FH 3B ) 520

AR 2 K45 5, 5-FU MG BV Y &k 2B
AR M. fkyT %8 . MTHFR A1298C £ 4%
P W E MM (P>0.05) . #&1fi, ‘E5 MTHFR
C677T FEH ZBYEFAEME (P<0.05) , X5 3CHk
RE—g ",

5-FU 1ER )% i SR b g Ay 254, Af it
TR WA AS BN — BLAZ B A i e, F2 2L
A5 E W iE R, JCHIEBOEYE B RS . 7R
JEEREN T, EREIEI L SR TR, A
UM, AR K SRR IR AR UYL Ak,

KR A W5 48 T 5-FU AHE A B R . 2000 4F
Ji, AT 25 W FE PR 41 2 ff R A 9T ik
ANE RN &R E R . MTHFR &R 2
(SRR, PR R R R AR O 5- FE L U A
B2 (5-MTHF ) , fof— 1% M S A% 0 9 IR W W A% 1

(fluorodeoxyuridylate, FAUMP ) . TS Flif JF #1nf:
R4 R 5 A kb, IATATIR 555 S-FU %) i Jgg 10 o1
PER ™.

B R WLAY MTHFR 3t K 2 85258 677 [ %1
TR T 3 C %75, SOHN 25 PO 75 4% iz 9 410 i
WFFE & B, $ AR SR e A1 i MTHER 5 P
15, AN 3EFE S B IR, AHX 5-FU RSBt
MTHER 3 K U X} 40 i A e B R o3 A AT 520
T T A2 T 240 2 K S R 24 ) U

AHFZE A, MTHFR C677T J:H %725 HI( CT+TT )
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B, WRARR RN 21 4], Hrh 3~4 g™ &

A IEAS RN 11, 3~4 2 b PR 20 it sk 20> 3

. MTHFR C677T 588 R EIEMN T 3 ~ 4 90K

BRIV Y 2 A2 3R 3~4 25 B I AN RSO A EE R XL

K (P<0.05) , SXFIENAMIFSESE & —2 'O

MTHFR HE [A 22 25V 060 Wl 5 1A W e s ey, 4%

MTHFR 677C>T S5 R i B 7EAby Tl b & A=

LRGN R GEA BN R 7 80h Geit

R AHGEE MTHFR 677C>T E[F 58 A8 7Y

(CT+TT) M8, 7EMEH MTX J5 A& A8 TE i X

Wom TEAEIEE, ERAGIHEE L
A SCHkARAE MTHFR C677T 225k 218 hin i

RYA R AR, B4 AR | v

WA BV sk, FATRIRFSEH MTHFR C677T £

SPEANBE N rh A 2 Ll B i A XU o 3 AT RE

1T (DR ML (R) FIAR DG SCERAR B AT 2257 . Sl T sk

PALST I KA YL SFfE B I RAE , AWFRAEALS T 4S

WO 14 KA A (A0 UGN, R S i V7 A e

EWMITIES 7T Ko QAAREABIEAR ., F2E,

TN PR — 2 KA P T 20T
i b Tk, AR W 5T 45 2R K B MTHFR

C677T Z A Ml ¥4 i 5-FU AH XA KB Y & A=

A, JUHUE 3 ~ 4 9E 1 OB KR ; MTHFR

A1298C 3, 4RI TERIFILI Y745 5-FU AH

RIA RFLFICRZAMENE #50 MTHFR K2

SR AT Bl Rt e A A7 7 58, T A

DTN RO I R o
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