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BE BH: &5 S K445 B Pl (glutathione S—transferase pi, GSTP1) X B % A4 5 )L & & M #k & 28 it & 2 5% (acute
lymphoblastic leukemia, ALL) 4% ] K 7 & ¥ &3 % (high—dose methotrexate, HD-MTX) 57 & R B R 89 % £ . Fik: A E X
PCR (Nest PCR) | % P 4 JE %t Bz & 7k (denaturing gel gradient electrophoresis, DGGE) = DNA #4505~ 3 R 440 51 4] )L & ALL
GSTP1 Ak B 7 o 3545 K B o A 90 A, e % ) ) 30 AF S0 T 9 AL2 M A€ A7 (NCICTCAE ) 3 HD-MTX R R R # 47 4 it 2
Mo GER:JH 34 GSTP1 SNPs A% % B 151695 (A313G) .rs1138272(G439T) F= 154891 (T555C) » 1s1695/rs4891 % AP AL & 6L3%
3240 (62.7%) B £ AL (1641 (31.4%) Ze &R e 340 (5.9% ) 4647 151138272 % WAL AL ELAE 141 (2.0%) Z &R Aw 146 (2.0% ) 45
&AL, 3ASNPs A &4 45 K B 3R & 55 A 21.6%.2.9% A7 21.6%. GSTP1 1s1695/1s4891 % A& Mefs & 4 AG+GG/TC+CC A& W A 5 5
JA oo o 22 & R Y A % (OR=0.25,95%CI=0.06 ~ 1.00, P=0.049) , GSTP1 rs1695/rs4891 % & MA4% & F AG+GG/TC+CC AR A 5 3
Je 48 & IUE WA K A A % (OR=0.125,95%CI1=0.02 ~ 0.78,, P=0.026) . £5if : GSTP1 1s1695/1s4891 % A5 ALL L& HD-MTX
I JG S1 R dn e 215 & AR A BOP B ALL L R A B At A %
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Abstract Objective: To investigate the association between glutathione S-transferase pi (GSTP1) gene polymorphism and toxici-
ties related to high-dose methotrexate (HD-MTX) in children with acute lymphoblastic leukemia (ALL). Methods: GSTP! genotypes
and allelic frequencies in 51 children with ALL were determined by Nest PCR, denaturing gel gradient electrophoresis (DGGE), and
DNA sequencing. HD-MTX adverse reactions were analyzed using the National Cancer Institute Common Toxicity Criteria (NCICTC).
Results: We identified three SNPs of GSTPI, including rs1695 (A313G), rs1138272 (G439T), and rs4891 (T555C). The wild types, het-
erozygous types, and homozygous types of GSTPI rs1695/rs4891 polymorphisms were detected in 32 cases (62.7%), 16 cases (31.4%),
and 3 cases (5.9%), respectively. GSTPI rs1695/rs4891 polymorphisms included only one heterozygous type and one homozygous type.
The allele frequencies of the three SNPs were 21.6%, 2.9%, and 21.6%. The AG+GG/TC+CC genotype of GSTP1 rs1695/rs4891 was
associated with decrease in the odds of peripheral hemoglobin (OR=0.25, 95%CI=0.06-1.00, P=0.049). The AG+GG/TC+CC genotype
of GSTP1 rs1695/rs4891 in standard and intermediate-risk ALL children was significantly correlated with higher odds of gastrointesti-
nal toxicity (OR=0.125, 95%CI=0.02-0.78, P=0.026). Conclusion: GSTP1 rs1695 (A313G)/rs4891 (T555C) gene polymorphism is as-
sociated with the reduction of peripheral hemoglobin in ALL children and with the odds of gastrointestinal toxicity in standard and inter-
mediate-risk ALL children who receive high-dose methotrexate.
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K = H & M S (high-dose methotrexate,
HD-MTX) 75 JL 2 2P 3k U0 48 9 11 10099 (acute lym-
phoblastic leukemia, ALL) ¥ J5 Al 1 R R
B, UHORTE W M IR BE AN A e, 2 Ok L
HALLYAYY i oG . 5 b Rlat, ALL JL 2 v H
HD-MTX 7 HH B 25 BN R S AT & R BT v
B H LB R R 22— A RS 2 BH P 2084 (methotrex-
ate, MTX) FHOCAS B SN A9 A 52 Z2 Rl 245 A Qi il ik
LSRRI AR B X 22 F IR T R EE RS
fiff (serine hydroxymethyltransferase 1, SHMT1) " Jfg+f
R4 RS (thymidylate synthase, TS)"® IV H & Py &0
2 i JiL i (methylenetetrahydrofolate reductase, MTH-
FR)“AE2G W I R 2 S TR AR V. AE
FEEXT 5141 ALL JLEE (94 Bt H K A2 P1 (glutathi-
one S—transferase pi, GSTP1) J& [K U F1 56 {3 F [K 73 A
AR AT, IR 43 B GSTP1 2 254 5 ALL JL#
HD-MTX A R Z [AI O FR o
1 M5 hEE
1.1 BFFRXTS

2007 4 1 H #2013 4F 12 H 7EGYIT L BB 1
R I2 0 2RI L 40 AR 1 s L E 51 ) 5 Horh 53
3341, e 18 B, WIS AF A M 1 ~ 13 % R4S Ry 4.5
% . U35 B-ALL JL# 47 6], T-ALL JLEE 4 6] . IIfi K
G186 BE Ay WA 5 1 ALL23 491, i ALLI8 3], B 1
ALL10f, 21 B B Z B N LEE ALLIZIWRfE"
5141 ALL LA 43 14232 GZ-2002-ALLALYT
2, 8 157 GD-2008-ALLALIT )7 %, HY5E i 1 #
AL SR PR TT 5 58 o bR A e s L (BR
T-ALL L) H5Z 4% HD-MTX (2 ~ 3 g/m®) 1897, 5
& 8 L (A& T-ALL L) #:52 2 58 HD-MTX (5 g/m’)
1RIT . TEHEZ HD-MTX AT AR A L — RS A
oV 0 LR (IR N =0 T AT SN S T[N 5 s
EH AR T Re Tk o TR
HD-MTX A 57 [6] i}, % B 11 IR 6- % 1 B % (6-MP)
25 ~ 50 mg/m’ T i MKt ; 2545 505 36h 17 HH BE P =
IR 5 i kL (15 mg/m?) , 4 6h Bk B —Ik, 36 ~ 8
W, FHLAREIR MTX #RIVE . LAY Wl 5 H AT
0.1% B0 Z2 R WK T .0.05% F) PLit AL 3, T 19 B
1 286 5 R AT ) g e 5 g H RV 3k B0 IR T
TR AR R
1.2 FRACRAE

ZRURYI T ) L P Bt B 2 A0 P25 01 4 W A%l 0 R
BILE AR ZEIEE IS, T ALLJLEEARYT K i
HIMECL ~ 1.5 mLE 88 . FH QlAamp mRNA Blood-
Mini Kit(QIAGEN 23 H] , & [%] ) fil1$2 £ RNA Ji7 , Reverse
Transcriptase XL IR & (R 524 W) 24 w) ) Wi 5% 54k

5 ¢DNA , -20°C /2547
1.3 ik
1.3.1 ALLJL# GSTPI Z5bEMi#E 1) E X PCRY”
B4 . B Primer 5.0 81 A AT 350 [ L HE D 1E
GSTP1 (FE A FE# 55 . NM_000852) 4= i X 1 5| 4
FIEX PCR G ], FFAE T professional Std Gradient 96
144 (Biometra 28 &) , {82 [# ) 847 PCR ¥ 44 ; PCR
PHR RS W SCHRI6 ] 2) BB BRI H ik <
BV WY 6x L FELR P (TaKaRa A 7D IR A5
VEAT B RE W EE A FL VK , - 7E GDS800 BRI AL 1% 43 H7 5
G (UVP 2 Al 55 B A e s 3) A48 4 B 3 e i i Tk
(denaturing gradient gel electrophoresis, DGGE ) i £t &
DNA JUJF - 13 Hh BRI b B A9 4570 B RE AR iR 17
DGGE fifify , HAAR S50 A5 3 L SCHik [ 6 ], & 30 534 4%
R AR 2% 1 U B M BE N R AT Y . R
Chromas #AF5 BT 45
1.3.2 MTX AR WETHals A5 HD-MTX A
R I WL I 30 A 454 HD-MTX ALy 7 1) fa) 5l Ak 7 e
14 KN FEAFIPAL , HD-MTX A B 2 43 2 bk o 2 1R
3 [ ] S7 968 0 AF 5 9T 0 56 3 R 2 1 ) A A
(NCICTCAE, version 3.0) . i HD-MTX A~ & & Jif
AL 5B BEPD ) (A0 i b 20 21 8 L )
WA ) B R E (LT ALT (AST ULEF R ZE A
Tt HAGE RN CEG R B TS ) A
LR (I 2B R IR VIR AR ) O Ik RE
L LOEE GOIDRE O LR TR 5 ) 0T R A
it
1.4 Geitegotr

JH SPSS 13.0 # A ik AT B s g it o e o F A
FTFEOE S8 ALL JL 3 GSTP1 22 245 M o7 15 1% 55 A Y
A A B R 43 A5 A3 2% 5 T % K5 3% ( Chi-square Test)
) 58 1% 2o 25 1 Sk DR AR 0 A A7 B R R A
Hardy—Weinberg it {47 ; ] Logistic [7]15 53 #7 JL %
ALL GSTP1 £ &% 5 HD-MTX A KL 52 b [8] B 6 2 .
P<0.05 hESAGITE L.
2 #R
2.1 HD-MTXAHIA R M 539

Z: M NCICTCAE, version 3.0, A< H#F5¢ 1 51 44 ALL
JLEE RS2 HD-MTX ALY7 5 H B0 A4 35 R ) N K
GAE LI 1. AT I ALL JLEE 3 K BLAE T
I ol
2.2 ALLJLE GSTP1 Z At 45 5

22 B PCRY 1S . DGGE i & Fl DNA I 4T 51 451
ALLJLEE GSTP1 24 X 2P s, IR B3 A~
SNPs o7 5 Bl 151695 (A313G) . 151138272 (G439T) F
154891 (T555C) o 3122 A AN At 10 35 R 78 A 4 v 3
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R AR IS -E Hardy— W einberg 8% P-4 (P>0.05) .,
151695 Fl 1s4891 P > 22 285 1 (37 o5 i) 35 PR 780 I 45 o7
BE TR o A A R AR [R) 6 4 B AR 8 32 461] (62.7% ) 2%
A R16 4 (31.4% ) F4li & 59 3 41 (5.9% ) , GIC Z5Aii
B R 2K 21.6% o 151138272 (G439T) o7 5 AN
A1 GT 28 A Y (2.0% ) F 1 ] TT 4fi & &
(2.0% ) , HAx ¥ R GG W A= AU | HL T 45 {3 56 R 3R
F2.9% . T rs1138272 22 25 1 o7 o5, 5 7% 45i) B3 e
AL 2 B, BOAS XA 2 S AT R KRR
S3HT . 3 SNPs 37 15 DGGE & Fl DNA ] 5 45 5 I,
1 2,

Fz1 51BIALLBJLHD-MTXATTRRIARRRM (%)
Table 1 Toxicities in 51 ALL children treated with HD-MTX  n%

Toxicity Gradel  Grade2 Grade3  Grade 4
Bone marrow suppression
Neutropenia 9(17.6)  8(15.7) 18(353) 16(31.4)
Hemoglobin 6(11.8) 23(45.1) 10(19.6) 7(13.7)
Thrombocytopenia 4(7.8) 6(11.8) 7(13.7)  1(2.0)
Hepatotoxicity 14(27.5)  6(11.8) 3(5.9) 0(0)
Gastrointestinal toxicity 21(41.2)  3(5.9) 1(2.0) 0(0)
Oral mucositis 10(19.6)  3(5.9)  0(0) 0(0)

T555C (rs4891)

A313G (rs1695)
1. Wild type; 2. Heterozygous mutation ; 3. Homozygous mutation

El1 GSTPI rs1695 154986949 .1s4891 £ 451 DGGE [

Figure 1 DGGE diagram of rs1695, rs4986949, and rs4891 polymor-
phisms of GSTP1

G439T (rs4986949)

23 GSTP1 Z&M: 5 HD-MTX A B v 1 56 £
AHIFFERE B HD-MTX A A B A0 45 B
Jf (A im0 A | i 21 A R R D)
(=247 JHALIEF (=297 D EE R (=
2GR IEFEYE (=1 967) 5 GSTP1 1s1695/rs4891
ZSVE B M, & T GSTPI rs1695/rs4891 22 254k
D75 H AG+GG/TC+CC LR Y 5 41 & ifi 1 21 85 FH I
/LA % (OR=0.25,95%C1=0.06 ~ 1.00,P=0.049) , 4%
UL 25 IR 2 A1, 1s1695/rs4891 4% 5 [K Y 5 ALL JL
HHD-MTX HAAS B (145 0 i PR 4 ik
WD RS R RE P L M BE I A R

405 , AR AN B0 48 B i 21 2 kD RAAR AN B
FNE ) [RIASAFEAEAR A (P>0.05) o

b 6 5 )L GSTP 1s1695/rs4891 22 25 A s v
AG+GG/TC+CC i R A FEF A= AU K A I 7 M 0 45
R0 20.0% 1 66.7% , Wi 18] 2% Stk B AT Gi it
B (P=0.018) . FFH.,#E7 rs1695/rs4891 Z A5 M Aif
AU AG/TC H& R U FT AG+GG/TC+CC F R R it ALL
JLE & A I 3 09 0] BE M2 B AR LAY 0.143 1%
(OR=0.143,95% C1=0.02 ~ 0.91, P=0.039) F1 0.125 {%
(OR=0.125,95%C1=0.02 ~ 0.78, P=0.026) . TifrfE
A fa 2 HoAth RS KW -5 GSTPT rs1695/rs4891
AR RITCAH M (R 3,4) .

A313G (rs1695)

1*AA 2AG 3GG
390 400 400
aastacEr e aAratacEr c AxatTrc[ErcT

eI, oA coA

G439T (rs4986949)
1#GG 2%#GT 3#TT
520 510 520

I*TT 2TC 3CC
630 640 630
T clec c ¢

| : Base mutation; 1. Wild type; 2. Heterozygous mutation; 3. Homozy-
gous mutation

2 GSTPI 131695 154986949 .rs4891 Z 751 DNA /7 ]

Figure 2 DNA sequencing diagram of rs1695, rs4986949, and rs4891
polymorphisms of GSTP1

#2 51fJALL B )LGSTP1 rs1695/rs4891 5 HD-MTX 5| &2 Y
MaOERBLPEIXRE  Hil(%)

Table 2 Association between GSTPI rs1695/rs4891 genotype and
HD-MTX-related hemoglobin in 51 children with ALL.  n%

rs1695/rs4891 Hemoglobin
OR(95%CI1) P
<Grade2 =Grade 2
AA/TT 4(36.4)  28(70.0) 1 —
AG/TC 6(54.5)  10(25.0) 0.27(0.06-1.21)  0.087
GG/CC 1(9.1) 2(5.0)  0.29(0.02-3.92)  0.349

AG+GG/TC+CC  7(63.6)  12(30.0) 0.25(0.06-1.00)  0.049
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%3 GSTP1 rs1695/rs4891 38 2 £ (A A 5 HD-MTX RN R ) [
EIPSER

Table 3 Association between GSTP1 rs1695/rs4891 mutation genotype
and HD-MTX-related toxicity

Tapes of toxicity SR P MR+HR P
Mutation Wild Mutation Wild
type type type type

Neutropenia

<Grade 2 2 3 1.000 2 2 0.601
=Grade 2 7 11 8 16
Total 9 14 — 10 18 —

Hemoglobin

<Grade 2 3 2 0343 4 2 0.147
=Grade 2 6 12 6 16
Total 9 14 — 10 18 —

Thrombocytopenia

<Grade 2 8 9 0.340 7 13 1.000
=Grade 2 1 5 3 5
Total 9 14 — 10 18 —

Hepatotoxicity

Grade 0 7 8  0.400 5 8 1.000
=Grade 1 2 6 5 10
Total 9 14 — 10 18 —
Gastrointestinal
toxicity
<Grade 2 5 7 1 8 6 0.018
= Grade 2 4 7 2 12
Total 9 14 — 10 18 —

Oral mucositis

<Grade 2 5 12 0.162 9 12 0.364
=Grade 2 4 2 1 6
Total 9 14 — 10 18 —

SR, standard-risk; MR, intermediate-risk; HR, high-risk

*4 THEEALLEJLGSTP1 rs1695/rs4891 5 HD-MTX 5| 42

HMBBEEXFE  0(%)

Table 4 Association between GSTP1 rs1695/rs4891 genotype and
HD-MTX-related gastrointestinal toxicity in intermediate-risk and high—-risk
children with ALL  n%

rs1695/rs4891 Gastrointestinal toxicity
Grade 0 =Grade 1 OR(95%CI) P
AA/TT 6(33.3)  12(66.7) 1 —
AG/TC 7(77.8) 2(22.2)  0.14(0.02~0.91)  0.039
GG/CC 1(100.0)  0(0) — —
AG+GG/TC+CC  8(80.0) 2(20.0)  0.13(0.02~0.78)  0.026
3 itie

Bt H IR 2 P1 (glutathione s—transferases pi,
GSTP1) 75 2 Fib Jifr g 240 i e il v R ik, )2 2 5 L3
ALLARS7 259 MTX AR — S E A T AR A2 L

fif 38 3 A A S FE T 25 (A0 MTX) 5 43 Bk H K
(GSH) &5 SR /K PRI W45 6, BE AR GSH & & Wyt fi
RYEFRTEVE . HD=MTX X 42b TR 451 2 1A 11 41 g
A Ve R, o T AR R JCHE ), X7 B3R i g
A7 8 A 154 A 240 A [ AR EAT AV E R BCZE IR R L
TR — FRFUAS R, AL B BEm ] i '%‘&EJHZJ
B L 10 M IS R o 2 e R M e m
AHF5E 4 DGGE Fl DNA B 210 7y 5 k3 7;2% 2

AR X 2275 151695 (A313G) \rs1138272(G439T) Fil
14N 1A] X 5878 154891 (T555C) , H B E N i ok a4

Ko rs1138272 Fll rs4891 Z A5 o i AU iE o 3% 34>
SNPs 17 15, rs1695 . rs1138272 Fll rs4891 25 o7 P 7E JL
#ALL H 1Y 3 A7 355 53 3] R 21.6% . 2.9% F11 21.6% o
Huang 55 "' % GSTP1 Z2 45 E7E JL & ALL H i) 53 A 1
17 Meta 4387 , 4 B rs 1695 2 37 3 [R] 58 A5 S 4 78 W ]
LR 23.8% , FE AR R ILT R 27.8% , AT 45
SRAHIT , 156 GSTP1 rs1695 %5 v %5 K 8143 A5 T W] ik
Pl 22 524 (P>0.05) o F3 o0, ARWFIE 245 3 R 11695
55 14891 [y K& PR Y K 56 A7 3k R AR I ML TR) , & %
Timofeeva 55 " X} JF [7] X 28 4% rs1695 Hil [f] X %€ 7
154891 Z A B BFFEAE 18, HED rs4891 1 rs1695 A] RE
Ry v B A AN ST N AT AR A e RRE A S [
Mt — e .

H a7 N AME K GSTP1 23815 JLE#E H
L9 & 9 AT SO G R g H A G
GSTP1 2545 )L ALLALITAS B SO AR M B 4
T A A2 L, Horb GSTP1 22854 5 JL % ALL ALY
S BB BEII I OC ZR AT i AR DL OCHRE . AR
F 9% 3 2 4F % GSTP1 3 4> 5 [H £ & 1 rs1695 .,
rs1138272 %n rs4891 '? ALL JLEE HD-MTX fLJ7 A B

JE [A]AH DA AT RIS 234 o

I I“L”i‘*ﬂﬁfﬂ—?ﬁﬂm HD-MTX L7 J5 A B i o
B A P E A — R, R BN R A | i 21 2
AL/ NAR D . A SE & B GSTP1 151695/rs4891
LA S HT AG+GG/TC+CC PR RN A J& 1 ifi 21
FEAEAYVER, A BCALL L & A 3 LA B
W) AT fEYE (OR=0.25, 95% C1=0.06 ~ 1.00, P=0.049) ;
11 HD-MTX HAAH A R 5 GSTP1 453 R A |
ANEARAE(P>0.05) . 7340, AR fad B L
HEHF GSTP1 1s1695/rs4891 AG+GG/TC+CC J K 1 3%
R E W v A0 M R R W A A GSTPT 19 0.125 %
(OR=0.125,95%CI=0.02 ~ 0.78,P=0.026) . X T+ 15
f& H LT 5, GSTPI rs1695/rs4891 G/C JE K A] /5 Ky —
W W rE A R P MR R . BRI Ah H
il ALL &R 2321 (9 A7 AS B SO A ALL JLEE ()
i HD-MTX A K Jsz b7 4n - | 5 2 4 R 1T s 2 s 4
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i ¥4 5 GSTP1 2 7 2 26 1 JC ¢ (P>0.05) . H Al

Horinouchi %" H AR 2% F £ X 24 44 ALL Bk EL BF 24

Mg 98 (lymphoblastic lymphoma, LBL) JL #& GSTP1

rs1695 Z M5 T 7 IR R A TIFIT , A BRAENTT

TR AN JC T RE AR 20 W) JC S B P 22 57, AT 4

AR

L5 LTIk, GSTPI rs1695/rs4891 Z 25145 ALL JL

HHD-MTX AL 75 SM A LI 417 55 R L S i

HALLILER T kA k. (A, % KT

HD-MTX A RS R ] E3% 22 i 25 1 Al 1) 3L ) 52

Wi S JL2E ALL AN AREAS AR A0 2 22 05 T N 3R 5

Wi, ACBE 5T H GSTPL BB R 22 A5 5 ALL L3

HD-MTX A5 75 AN KON e A K P ) 9 R AT

PE— PR o
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