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6— i HEME I VR B LA P i R JLAS R ROBE
K5 TPMT N2 &ML FR

#e Emk TE HERY BHAZ HYY

(FLEFHEWEEINTILEERIVEFLH, 7 & EI 518026 )

[(FWZE] BH 5001 6- HiIEIERS (6-MP) 4ERFAYT 2P ELAHM A 195 ( ALL ) BULAS B SO I & AE IS T
PRITHUERS AL A5 (TPMT) JEHE 28N 6-MP SRIERNCR . ik 146 1] ALL B LE $E40 i E
RNA 56 5 cDNA L i FHASPERS FEBEIC IR ( DGGE ) 454 DNA T, X ALL B JL TPMT 1S i1 "3C LR &l
PEATHRI . R 2% B S S AR AR s 3 MR BRI e bl (NCI CTC 3.0 ) 172 #EPEsrgt, Zht TPMT 2
HZEMEE 6-MP AR RN AEEMKER, BR FERRRITIE, 22% (10/46 ) [BILE 6-MP IrEy™ SEA R Ly
152, AR EERBUEFEIE] . RS A IR . 2§ TPMT 3C 453 (AG+GG ) BILIH
PR FEAS KR, HeA 1Az 2E O L R 6-MP 751 A G 4 BB i RO 2R o TPMT 1S 45 £ K AL 5 6-MP
TR T R A SRR T A (P>0.05) o Z5iE TPMT3C Z7EMEF AES 6-MP Fr 8™ & A R
SN B Ko [ hEL/RILRIZE, 2014, 16 (5) : 499-503 ]
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Correlations between 6-mercaptopurine treatment-related adverse reactions in
children with acute lymphoblastic leukemia and polymorphisms of thiopurine
methyltransferase gene

XIE Cai, YUE Li-Jie, DING Hui, REN Yan-Fei, YANG Chun-Lan, ZHENG Miao-Miao. Institute of Pediatric Research,
Shenzhen Children's Hospital of Zunyi Medical College, Shenzhen, Guangdong 518026, China (Yue L-J, E-mail:
2376028869@qq.com)

Abstract: Objective  To explore 6-mercaptopurine (6-MP) treatment-related adverse reactions in children
with acute lymphoblastic leukemia (ALL), and to assess the association between the polymorphisms of thiopurine
methyltransferase (TPMT) gene and these 6-MP related toxicities. Methods  Total RNA was extracted from bone
marrow samples of 46 children with ALL and was then reversed to cDNA. TPMT 1S and ‘3C were screened by
denaturing gradient gel electrophoresis (DGGE) combining with DNA sequencing. Drug toxicities were classified
according to national cancer institute-common toxicity criteria version 3.0 (NCI CTC 3.0). The relationship between
TPMT gene polymorphisms and the adverse reactions of 6-MP treatment was analyzed. Results  During the
maintenance treatment period, 22% (10/46) of children discontinued 6-MP treatment because of serious adverse
reactions. Two children with TPMT 3C genotypes presented severe adverse reactions, including 1 child with
homozygotic mutation who had 6-MP dose-related myelosuppression and hepatotoxicity. The main side effects
of 6-MP were myelosuppression, hepatotoxicity and gastrointestinal reaction. And there were no significant
differences between TPMT 1S genotypes and severe myelosuppression or hepatotoxicity caused by 6-MP (P>0.05).
Conclusions TPMT 3C may correlate with severe adverse reactions caused by 6-MP.

[Chin J Contemp Pediatr, 2014, 16(5): 499-503]

Key words: 6-mercaptopurine; Adverse reaction; Thiopurine methyltransferase; Gene polymorphism; Acute
lymphoblastic leukemia; Child
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S Wk EL 40 B F I s (acute lymphoeytic
leukemia, ALL ) & JL 3 fe i WA g g, H
TRYT I OCHETE T 2% O e 200 L O 0 A8 L IR 2k T
IR, 6- HFEEENS ( 6-mercaptopurine, 6-MP )
VE N HEFE 6T B B £ 2 AIT 259, XF ALL YR
yy A OCH B, 5 IR e B AR 55 B2 B (thiopurine
methyltransferase, TPMT ) J& 6-MP 25 % B2 25 2454y
(0 B B A e, PR IR B 22851 (single
nucleotide polymorphisms, SNP ) 1] & fifi 1% Jif 1if 74
RRARR, 17 36 JICTS PR AR = ) 6- 1 2 R A 1 IR

( 6-thioguanine nucleotides, 6-TGNs ) ¥REF+Er, 24
PIFE RN, 2B 6-MP 254776 At 1) M A
25N SR 2 WS, ALL JBJLEH
6-MP A I TPMT K& K 20 m] BEA A1 79 5 2575
i, SEEAREIRYY, B R EOCT TPMT A& A
ZAMIR AR 6-MP i 521 v A2 L, AT
FEETERTE ALL BILAERHATT B BUIRAT 6-MP J5 )
AR AR AEEOL, PR FE DU AR 5 L Y
AZPEALE (TPMT3C, T1S) KR P 5 i )L
6-MP M s PERYSCER, LLiE—2D 4 ALL L 6-MP
IR
1 ZRERZE
1.1 HARWNEREFRT AR
I 2006 4F 1 H & 2012 4F 12 H 7638 B 1 i
FHIZ I ALL DU L 46 BRTFIE X4, Hh 5
30 i, 216 B, W24 5028 %, AR
eI A E MR 5 B BT ML IX L EE ALL 2002
T EMER 7% (IR ALLIC-BFM-2002 7% ) ¥
HAFIRITIFR B LN EOK: (1) wihEADA 3
WABmIRSE R (2) BILIES: Ok 6-MP —4>
HUL b 2 EPMEEIGST I AR 50 B Tl
LI 75 mg/m’ 7 5 15 R 6-MP, 43 JH LA 20 mg/m’ 5|
LA TS RS, DL EER 3 e K&
B+ HLZEKPA T 1R, B SR ZY =nsRiG
¥ KBS L B PG ST I 1k s 2R ALLIC-
BFM-2002 J5 8 BA : F5IELL 50 mg/m” 251
FIR 6-MP, 45 LA 20 mg/m® 5142 11 IR FH A MERS
MR LI ARG R B 43 A, DL BRIy 22 i
TR REATH N TEST 25 (RS | KR ) |
D 255 24530 i B UOBUA BT 22 5, AR T P AR 2~3 4R

1.2 WMERISFR AT R

KA E AT, BAERRRITS R . B A
VTS E o PEAIC SRR LA — Mook (144
PERI. A H L ALL IR R B4y AL ) Jedg
WABIRIT IR | I AR BUATE . 5250 %
R AT 255 . 6-MP 45% FH R BICRF) 1 3G el 55 100 S 4 R
AN R PPAG AR o BT A R LA R N v I
il f 2 A H R A A e S s AR R
I3 2R 52 [ ST IR RE W ST T 5 3 R R EE 14 H
FEFRE (NCICTC 3.0) : 0 H AR A R
Bi, 1~2 KRB, 3~4 YR B0, Xt e )
pillEe A VS G AR e =t st s g
1.3 TPMT cDNA #l#&

2 W KAV R, 0036 B i i 4 5
LB 85 W 1.5 mL, EDTA i % I % IR 14 77,
#% QIAamp® RNA Blood Mini Kit i# #| # ( &
QIAGEN 2\ w) ) U B 43 #8420 BR 42 U 5L RNA
30 uL, -80 °C vK 48 f& f£. HU 10 pL & RNA, 2K
H Reverse Transcriptase XL, Wi AN & (K%
TaKaRa 237 ) 3RHU cDNA, 436G G e
1.4 PCR¥ i

PCR ¥ 3% {8 I /% 51 9 ¥y F A 2R84 DA A
SEB BT T M 51 5 P, TPMT 8 A
Ak fr, % — % N PCR Y (PCR-1) . |
% 5-GAGAAGTGGCGGAGGTGGAA-3', | JiF
5'-GGAGGCTGAGGCAGGAGAATC-3', H K K
FE 1362 bp, 5 5 4 H X PCR ¥ 1 (PCR-
2) , 2By R R B iR 3 TPMT'LS, "3C %
AL, BEXT I TR 1 4% 5w A GC
fii F WinMelt T 2.0 K {4 17 % it il e 43 B DL 42
B 28 R A 4y FE R TPMT3C (A719G) : b
% 5'-TGTTCTTTCTTATGATCCAA-3', K ¥ 5'-GC
3¢ -ATTACATTTTCAGGCTTTAG-3', H B K JiF
308 bp; TPMT'1S: % 5'-GC & -AGGACAAATAT-
TGGCAAA-3', T {if 5-GGAACATAAAATGGTG-
GA-3', FrBCKJE 222 bp, PCR-1 12 4353 ] Ex
taq fl taq ( K3% TaKaRa A A ) , SO AAK ZR 108
PECE, PR PCR AL (F£[E Biometra A ] )
T,

1.5 DGGE & & DNA

K H DCodeTM AR N HL Kk 2 48 ( 52 [H Bio-

Rad 72 ) ) Xt 830 DNA F BeA 728 P ¥ e ek
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( denaturing gradient gel electrophoresis, DGGE )73,
AEMERE FETEIR 309%~60% . HEWR Dl #X PCR 74
TR ( WK FR+ IR iE , =R BBI A H] )
#25uL, B 1 x TAE, 60V HLE FHLIK 6 h
Je Y a4 BRI 70 Image Lab™ 3.0 214440 # K%
i e S8 B VK S5 FEAS % Invitrogen 23 AN o
1.6 SITZESR

K H SPSS 17.0 GE it X 52 96 K il ik 47 52
e b, BRI A R (%) R,
TPMT 1S 25 H L5 6-MP AN RSN R A 3R 5 M
TR R AG RS BE 53 U ) 3 A1 B R AT % 31
KR K, P<0.05 h2EFAGH R L,

2 #HR

21 IGKRBTIER
46 Bl JLH, 2012 4F 6 A Mgl ayrfife
J7 37 19 (80% ) , EL4EbrfE 20 4, Hifs 13 i,
FfE 4w, EkTH (15%) , ARG 2 6, W
f& 560 K26 (4%) , 5k AETEGERRGYT
(55 183 RIS 247 K. ALL EFFiRIT B B, F
Yy 8 )L 6-MP R HRITETE A 747.2 d (163 ~
985d) , H 104l (22% ) [N 6-MP Flf £ #Y ™ i
AR FL, SFEE B RECN 7.9 d (2~
22d) , BRENEZ53d(2~14d) 1774000 .
PR KRS0 Ja nT 4k S8 6-MP 1k .
22 6-MP FTEARRMEZ4EER

A3 B IL (7% ) XF 6-MP 5845 Ti 3%, 4% 43
BIEIL (93% ) HBLAAS By BALHE . - BE
GG R 228 v 11 1104 N7 Al | A s e =15
%) . R (e . HARBLL R A )
KB MmO (BEIESE / DR Kt ) o ZER A

PR A0 R0 (93% ) | ML 2R FAREAR (70% ) |
MRS (50% ) . 45 VR S i RN A R 2 it
B (4r50R 83% Fil 80% ) Je#5 J s WAYAS KL,
Hor, AR AR (619% ) FEHEEEA R H
20, RPILBREARRN NE, WE 1,
2.3 TPMT EFEKENIER

2 HAX PCR Y 1S J5 W ¢ = M DNA i Br &
DGGE HLUK S5 B DA 2] 8 45047, 25 BT 4
H, TPMT3C (A719G, Try240Cys ) 4% 3 K 14 78
ALL 2L A3 . AA B 44 4] (96% )
AG 1] (2% ) , GGHI 1] (2%) , G {2
D7 LRI E K 3%; TPMT 1S (T474C, Tlel58lle)
F IR AAE ALL JBILH 3 A 350% . TT #Y 37
%1 (80% ) , TCHL 741 (15% ), CCHI2 ] (4% ) ,
C 7SN LR R 12% (K 1~2) . Shrfed
HHEL, TPMT IS 453 A FE o | 5 fa 4 v i 4 A
2R TGI R (H5H F=1.317, 2.890,
P>0.05)
2.4 TPMTEREZEE 6-MP ARRNMELEMXF

ALL 4k #5356 97 W16, 2 4] (100% ) TPMT 3C
RAFFERI (AG+GG ) BILFEALST i FE 4 & A4
Ao e 40 B v 2 3 ) TR R A, e
i 2 & A8 0 B B AR s, &2 b il
fRI7 5 I #E 6-MP H i =R 1/3, dERefbyr,
FITAAS B B R B o X i R BTN F Ak
183, JCTPMT'3C AR B ILH, 4 3F 27 6
(61% ) F115 % (34% ) B B -H 5640 6l AT
MEREPE, HAS BN R GEREG 7 W a4 mT & A4
55 6-MP ffi TG AR SCHE, BEAh, TPMT 1S 453
R 5 6-MP TS50 H BB R0 i B 244 TG B
WADCHE (¥ P>0.05) (F2) . HIE BB
) LI > B AR EE , BORAEZHT -

F1 466 ALL BILER 6-MP AR KM ARIER  [n=46, il (%) ]
AR 1% 2% R (12 9% ) 3% 49 W (3~4 %) &t

dEgEInl|

rhepR 2 s 3(7) 12(26) 15(33) 16(35) 12(26) 28(61) 43(93)

METFE R 18(39) 10(22) 28(61) 2(4) 2(4) 4(9) 32(70)

I Ry 15(33) 5(11) 20(43) 2(4) 12) 3(7) 23(50)
SR

BN AT 14(30) 8(17) 22(48) 16(35) 0(0) 16(35) 38(83)

A B S T} 21(46) 7(15) 28(61) 9(20) 0(0) 9(20) 37(80)

HEERaEA 12) 2(4) 3(7) 2(4) 0(0) 2(4) 5(11)
F it S

Rl 1 F 5% 12) 3(7) 409) 1(2) 0(0) 12) 5(11)

NX L 12) 2(4) 3(7) 0(0) (0) 0(0) 3(7)
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TPMT*3C ( A719G )

E1 TPMT*3C (A719G ) 5 TPMT*1S ( T474C ) DGGE HkE
4~5. AG EEP. 0~10. 13~14. 16: TT EPE, 11. TCEFEE, 12, 15: CC HPE,

350 100

o
oo anl [afha fi lﬁ 1 N
bt

TPMT*3C(A719G) TPMT*1S(T474C)

B 2 TPMT#*3C (A719G) 5 TPMT*1S ( T474C)
MEFELERE RN ERI TR . AA LR AG FERR
GG I A, AR LH R : TTIEFE A TC FH A
CC ERAL, TR R AR R A HE A

F£2 ALLEJLTPMTHS EFEE 6-MP I AR R M
HIXEZR =46, ] (%) ]

B BEH

JHFRERE P

bl Be =3 <3 % =3%
TT 37 16@3)  21(57) 23(62) 14(38)
CT 7 2(29) 5(71) 5(71) 2(29)
cC 2 0(0) 2(100) 2(100) 0(0)
P! 1.876 1.338
P 0.391 0.521
3 iTig

6-MP 2 H T HU I iy T I RERS A% 25
Y, )z T ILE ALL 76 N &R IR BmRi6 T
ZARIT R RAE, QYT IRE AP BE VR BRI, Xt
B M A BRI RE T e ss, DR A By R A R
JLBANTN A2 LG o ABIFSE IR 53 B T 46 151 ALL
BOLAERRIT W R R R R A TS, 4558 5
N, BR2 6 ALL BILR VIS, S8 4a 7 REAbTY &

TPMT*1S( T474C )

1~2, 6~8: AAJEAL; 3. GG AL,

SR F BN 37 BIFL 7 4], 6-MP FIFSUA KB
FERIM A EREIIE] . AR L I S A iE RO,
A 353 5L 7% % 6-MP 52 4T 5% [ AMGE ,
ALL 4EERG 7 110 85% HULE /AW 4k A — Ui
WEREYE, X AT AR —8

[IEPE S8BT & IR, ALL 4EE3697 Wy B 244
B Il 6-MP ZEIHARYTHTE] 747.2d (163~985d)
BEI B A B R L L, {4 22% H& L B 6-MP
fb¥7 . EAMRIE ALL 4ER-1LY7 10 A LNA 24.2%
BILH W 6-MP fby7, HA5 25 K] (24.5d) B
BRTABIE R (7.9d) "%, 43HrEmxfh s &
Al RE B AT T 58 B AR JB R E AN (7] 1 365 i
[Fi] BB, I PR FH 24 20 15045 56 . NCI CTC 3.0 7E R4k
PN BN T PR AR vE, T2 TR IR
i IRa 25 06T I 2 Ak ) O AREF g, ik
BN (61% ) ITEREEAN RN N F, 1hE
HHZE W EA R R, SO0 A i) B 7 ek
Jolb, W0 DAEE B I T R A 2 A (R, B
FHATT 2= TR

PRI R 2 80k 5 25 & PR TR0 %,
PR FTIH 2R 53 ALL A7 259 3 R E ] 5 2
N 2 5 PE 0 6 R AT R RS T — 2 iR
TPMT AMUEHES 25 PG OC s, t2e
W A N 2 B R BRI e 2 —, H
BEPR A R A S PUTUR A A R i . B
HIE B 24 1) TPMT 2878 5L R AL 30 Z2Ff (TPMT
1S ~34) P AR AE T T R R B DU
JLEE TPMT 3 H 45 15 X AX A7 7E TPMT 3C H1 1S
A~ SNPs,  HAEfdE R L3 v 1 8537 58 R 43 hy
1.4% (3/222) f122.5% (50/222) P, W58 % #H,
SIS 22 B G PEAC IS =) 6-TGNs A& H &

FERITEREEN R, Wl fERsiRGY AR
N 0 1 3T R W R B R U TPMT
SNPs S AT S R 24 245 W) i 52 A8 P88 2 S e ) st
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fL3eht, 5 6-TGNs VKA &, AIRERCAHAIST %2k
YNBSS

BWFFTRG L, TPMT fIRTE P 3 IR o B i
() 6-MP J&, AR & AR 3G bW el se T
fep L S —SERFST I Ry, TPMT B4 RUR B
R R RN R KA M TR, BN RSN A R
Frh, AU DI AEAE TPMT K 2878 M1, Bt
WA HRE T, 6-MP AN 3215 TPMT 4 [K 7Y ol /il
TEPERTRETC G . X PR L AT BE 5 A A IR L |
Ivi] BN IR FH 22 245 40 B JHF B ) R 2 5 55 i 245 ) 4K
W HERA X, B ESREHL SR PR T LR A
RFThEE . 40 B bR 40 i 3 B 46 45 5 K
PR 6-MP fi4 FH 24 7

AHIFFE EL 0 A 1 2 6] TPMT 3C JE R A L
B oA RO, Hod 1 A Fn g AR L
BRI Y 6-MP SR A SCHEARTH 52, % 8513t A
RIS, ARWFSE 5 [ e 5 I oT A AR T
HJFEH A RE 5 AN KR OULEE s S8 A 6,
F TPMT 3C S {7 FEFUURIAL (3% ) , MTEEY"
KEEA R FE— L WF5T, TPMT'1S M [a] X 2878, it
AR i X P 14 ) S8 A48 ] S B 5 T R
BCRMCR s 8 RS, R BT —E i
o X SRR Mk, I AT AR
it , 185 6-MP B2 o, AWFoE 4%
AR BIR TPMT 1S % FEH ALY 6-MP AN R &4
BAIE, (HYT SNP X254 4 85 1 5% i Al B [
B 58 BE R )RR F A C, A IR IE R BIXT
BRNERS 2 I E IR A it 2B ISR UE S

6-MP 251831 J) 2% K 2530 8N T 2 AEAEA 1R 2=
5, REVE 24097 5 R 5 R EEAR 4 A6 R i
WBC %% M2 70 258 8 6-MP F &, (HiX R A2
W 25 RAE . BETS TPMT K £
ASPEAE SC I IR 25 900697 AR 5T — B2 3
R BE G, AR FH 24 R A N IR A T S DR R s
TEPERRIA A L. Rl gE & B, 6-MP %5
BRI AT PI AR A FE A 2%, TPMT B7 4=
LR LR 6-MP J5 B AR KL A] AR A2
MRS 2 2 A B R A QA R v i 2 G
fitgszm ) i TPMT R 28505 ALL L 6-MP
i 32 1 19 56 R A A R 2 L B E R G, K 6-MP
AR PRA AL 25 3 4L AT 5 9 S AR -

503~

(1]

(2]

(3]

[4]

[5]

[6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

(& % x W]

Hedeland RL, Hvidt K, Nersting J, et al. DNA incorporation of
6-thioguanine nucleotides during maintenance therapy of childhood
acute lymphoblastic leukaemia and non-Hodgkin lymphoma[J].
Cancer Chemother Pharmacol, 2010, 66(3): 485-491.

WHR, IS, MR/NSC, 5 DUB TPMT B 428 1 4 fd X
SNP Kz 54387 [J]. IR RAG S 44 |, 2013, 31(9): 683-686.
rAe R E o LR 2 MR, A LB b gt = 2y . L
FAVEMR AR T2y L (5 =BT (). e
JLRME | 2006, 44(5): 392-395.

Luo X0, Ke ZY, Guan XQ, et al. The comparison of outcome
and cost of three protocols for childhood non-high risk acute
lymphoblastic leukemiain China[J]. Pediatr Blood Cancer, 2008,
51(2): 204-209.

Dorababu P, Nagesh N, Linga VG, et al. Epistatic interactions
between thiopurine methyltransferase(TPMT) and inosine
triphosphate pyrophosphatase (ITPA)[J]. Eur J Clin Pharmacol,
2012, 68(4): 379-387.

Adam de Beaumais T, Fakhoury M, Medard Y, et al. Determinants
of mercaptopurine toxicity in paediatric acute lymphoblastic
leukemia maintenance therapy[J]. Br J Clin Pharmacol, 2011,
71(4): 575-584.

FHH . LIS . BR/NC, SF L kK T A0 1 s L
MTHFR 2 [ 22 25515 ) ek FP S 0 2 1) 52 1oz 199 G 3% (0]
A E RS LRH4E | 2013, 15(3): 201-206.

Umamaheswaran G, Krishna Kumar D, Kayathiri D, et al. Inter
and intra-ethnic differences in the distribution of the molecular
variants of TPMT, UGT1A1 and MDR1 genes in the South Indian
population[J]. Mol Biol Rep, 2012, 39(5): 6343-6351.

Appell ML, Berg J, Duley J, et al. Nomenclature for alleles of the
thiopurine methyltransferase gene[J]. Pharmacogenet Genomics,
2013, 23(4): 242-248.

Hanai H, lida T, Takeuchi K, et al. Thiopurine maintenance
therapy for ulcerative colitis: the clinical significance of
monitoring 6-thioguanine nucleotide[J]. Inflamm Bowel Dis, 2010,
16(8): 1376-1381.

Chisick L, Oleschuk C, Bernstein CN. The utility of thiopurine
methyltransferase enzyme testing in inflammatory bowel
disease[J]. Can J Gastroenterol, 2013, 27(1): 39-43.

Takatsu N, Matsui T, Murakami Y, et al. Adverse reactions to
azathioprine cannot be predicted by thiopurine S-methyliransferase
genotype in Japanese patients with inflammatory bowel disease[J].
J Gastroenterol Hepatol, 2009, 24(7): 1258-1264.

W, BRI, J8AE, L BEMIRT LE SR A H
I ARG B2 AR F R LS TPMT JE [ 2 451 56 R M BFFT (1.
T RERIRSE4 L 2011, 36(7): 777-781.

THIGEHT , ZEfhat , RS, A5 L PRI RS2 SIS 1 Sk
AL 95 8 L TPMT &K P81 34T (1. o el S i v 2
&, 2012, 20(4): 876-880.

Dorababu P, Naushad SM, Linga VG, et al. Genetic variants
of thiopurine and folate metabolic pathways determine
6-MP-mediated hematological toxicity in childhood ALL[J].
Pharmacogenomics, 2012, 13(9): 1001-1008.

(A3 JTHt)



