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N1SANEIANNRALNNYDIBU Thiopurine methyltransferase (TPMT)
nUszaunsalnsiusnismeiesdfuinislsswenuiadssy 18 U
The study of thiopurine methyltransferase (TPMT) variant

from laboratory service experience for 18 years at Siriraj hospital

nodeyys Junsdem! YSetun Assdsendaal wag 1wy Ty

Kochpinchon Chansing!, Preeyanun Siraprapapat! and Jassada Buaboonnam?”
UNANELD

Thiopurine S-methyltransferase (TPMT) Wfureuley sfaaaawmﬂa;m thiopurine laun 6
mercaptopurine (6-MP), 6-thioguanine (6-TG) & s ugniilyograunsnarelunissnulsauziadaidon
aenslsfinny %ﬂaaﬁﬁmmummmwm TPMT siilnszsiuievlesl TPVMT anas nawnaifiesvesnissnuaieen
mmmmmgm‘uaqmnajuﬁv‘iﬂﬁtﬁmﬁwﬂmmw‘hmwaﬂ‘umzaﬂ

nesUfTAnrsarninlafininewazeeslaladidnlunuinisnsaaiasizn Thiopurine S-
methyltransferase (TPMT) variant 37uu 5 SﬁﬁmﬁTwLwﬂﬁﬂ Allele-specific polymerase chain reaction (AS-
PCR) Tun15m5793LA5129 TPMT*2 wazmadla PCR-restriction fragment length polymorphism (PCR-RFLP)
TuN19MI9TIATIEN TPMT*3A, *3B, *3C uag *6 9nn5Musnis 18 TANuNRsund w.a.2547-2564 &
Fe819 8 0nAUlNg T d9n9193LATIEY TPMT variant 91avin 1,087 F10819 2INHANIIATIDILATIEANY
genotype 3 WUU A8 TPMT*1/*1, TPMT*3A/*1 wag TPMT*3C/*1 fisovay 93.84, 0.09 waz 6.07 AU
Fawu variant wies 2 vlln Ae TPMT*34 uay *3C detfusuay allele manuniinves allele fisouas 0.05
waz 3.04 sudduiiodlouiu allele Un (TPMT*1) fisawas 96.91

IINANTANBINUIINTATITNATIZABY TPMT*3C wummﬁqmiuﬂizmnﬂmLLazqmdﬂuﬂizmﬂi
llunauiede ?famiﬁLmeémmﬁzjyazgammﬁmLLwﬂmaQSu TPMT Fadulselevunanisanaununissng
r;gﬂaaﬁwiﬁuwmjmmsaﬁuammﬂmﬂlﬁwmzauﬁugﬂw,wiaziwEJLﬁaIﬂ;LﬁmmaszijLﬁmﬂjaaﬁqﬂLLax‘Uiza‘U

AnudsalunsSns laundaTu

AE1ATY : B Thiopurine methyltransferase; Enﬂqlu Thiopurine; WAlA AS-PCR; wmAllA PCR-RFLP

Manuivlafininewazeadlalal MATYINUITHRYANENT ANTUNNEAIANSATIIYNEIUIE UNTINeSENna
! Division of Hematology-Oncology, Department of Pediatrics, Faculty of Medicine Siriraj Hospital,
Mahidol University

* Corresponding Author: e-mail: onco008@yahoo.com


mailto:onco008@yahoo.com

15815 Mahidol R2R e-Journal 971 11 atfufl 1 UsesiiouunsiAu-wwieu 2567
Received: May 31, 2022, Revised: March 17, 2023, Accepted: March 22, 2023
http://doi.org/10.14456/jmu.2024.7

Abstract

Thiopurine S-methyltransferase (TPMT) is a cytosolic enzyme involving in degradation of thiopurine
agents including 6-mercaptopurine (6-MP), 6-thioguanine (6-TG). Both 6-MP and 6-TG are widely used for
treatment of several hematologic malignancies. However, Patients harboring polymorphism of TPMT
resulting in decreased enzyme activity may develop severe myelosuppression after being treated with
standard doses of such agents.

Hematology and Oncology laboratory service evaluated the use of allele-specific polymerase
chain reaction (AS-PCR) for TPMT*2, and PCR-restriction fragment length polymorphism (PCR-RFLP) for
TPMT*3A, *3B,*3C, and *6 detections. There were 1,087 samples of Thai patients for 18 years of
laboratory service, from 2004 to 2021. The percentage of genotype TPMT*1/*1, TPMT*3A/*1 and
TPMT*3C/*1 were 93.84, 0.09 and 6.07 respectively. The percentage of TPMT*3A and *3C were 0.05
and 3.04 respectively, while the TPMT*1 allele was 96.91.

In this study, TPMT*3C is the most prevalent mutant allele in Thai populations and higher than
that has been reported in other Asian populations. Identification of individual TPMT genotype would
aid at optimizing an initial thiopurine dose for individuals to minimize risk of toxicities and succeed in

treatment.

Keywords: Thiopurine methyltransferase, Thiopurine, AS-PCR, PCR-RFLP

wé’ﬂmmazm@wa deunduriindedasen (acute myeloid leukemia

U Thiopurine S-methyltransferase (TPMT) :AML) uavugLs LTI ER (lymphoblastic
oguulasTulougi 6 Tudunus 6p223 finnmem lymphoma) @2y azathioprine (AZA) 1 ug e
Uszanas 34 Alawua Uszneume 10 exon 9 intron Qﬁf’?@ﬁﬂ%ﬂ@ﬂﬁﬂmﬂﬂﬁéﬂﬁuamﬂmmmﬁ%
(Szumlanski et al, 1996) Tn150 18NOALU Y (Coulthard & Hogarth, 2005) U299 U'un 118y
autosomal dominant 1 weulsaludagenunsd TPMT dlA1umaInmatenIeiugnIsuaInnai 30
unumlun1snszn uUfAsen Smethylation lu allele Tnganumarnvanevswusnssualvg
d15U5¥nNBUNIN aromatic kag heterocyclic 1Wfun13Li A single nucleotide polymorphism
sulphydryl compounds %&ﬁa@umﬂéu thiopurine (SNP) voadu TPMT aanavilieuleal TPMT 4
\% U 6-mercaptopurine (6-MP), 6-thioguanine (6-TG) mmmmiaiumﬁﬁwma?aq (Appell et al,
Fadueiladnulsnurdafindenvmidoundusiin 2010; Booth et al., 2011) Iu?&ﬂﬂﬂﬁﬁiﬁﬁm’@u&%ﬁ
dulwuana®in (acute lymphoblastic leukemia : ALL) TPMT siwdeluilias (TPMT deficiency) lelau
usiSadiadonvaiedewiladesasen (chronic olunga thiopurine %ﬁiamalﬁmwaﬁmﬁmqa
myeloid leukemia : CML) ugL5 a1faLd ona17 ﬂdwcgﬂwﬁﬁizﬁmaulanﬁ TPMT Unfi Hataides
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vosnquioa ULt wihlndsdinlasame
nsinfivnanisvieuvedlunsegn

T2 0uilnuidgsneauanuiaLan g
Wugnssu (variant) veedudivmunimruauns
asraeulenl TPMT Susedumsiauvesenles
TPMT 218 Aanudusius fu (Relling et al, 2011)
Lﬁuﬁmwﬁ’uﬁdw;\Iﬂwuéamwa%ﬁmsmauauaa
nevdaieaiulumilousunslununants3nw
LATHATIUAY 61”&1fu5ws£ﬂaal®y%’umimmm
variant vesd TPMT neunsluenasidulsslewu
pounnglumsTaukunislaeugauiugda
LLGllaSiWEJG]WNéJﬂHszNWUQﬂiim‘ua\‘iﬁ;ﬂ’m Wi
Jaﬂrﬁ”ul,l,asammmﬁquuﬁmﬁmmﬁwﬁuﬁwjﬂw
asmalnUszaumudiislunmsshelaundiu

nosUfuAnsarivlainineuay
gadlalad nlvuinsnsaadinse TPMT variant
5 %iin laun *2 (238G>C), *3A (460G>A, T19A>G),
*3B (460G>A), *3C (T19A>G) hag *6 (539A>T)
as9memailn Allele-specific polymerase chain
reaction (AS-PCR) Tun15a$13 TPMT*2 wazinata
PCR-restriction fragment length polymorphism
(PCR-RFLP) Tun13n 593 TPMT*34, *3B, *3C way
*6 §udalnusnisundaund w.m.2547 nsdnw
TPMT variant luuszmelnedslaunsvaneviinds
fvodiin mafnwadsdfadumaiugiureya

989 TPMT variant Tudsewnelng

Tnguszanluniside

WlefnwiAranves TPMT variant 5 e
Ao TPMT*2, *3A, *3B, *3C uay *6 lusesufids
mmmmﬁ/ﬁyaqﬂﬁﬂ’ﬁmsmﬁnﬁﬁmiaﬁm?m&mLLas
vaslalad dound wa. 2547 - T we. 2564 1

a1 18 4

ASn1sAnE

80
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1. faededednsa
Fregrsiirnwdufiesnadenvesaulne
Auluansiudenudwiln EDTA awnsaonsund
WAL, 25472564 S1au 1,087 518 thiheenadenatin
DNA 5@8’3%‘Phenol—chloroform (Green & Sambrook,

2012) #3876 Salting out (Miller et al., 1988)

2. /MIATI

1168819 DNA 18991529 TPMT variant
59da Ao TPMT*2, *3A, *3B, *3C way *6 #1313
paomada ASPCRIUAISASID TAMT2 uay
wafla PCR-RFLP Tun1smsaa TPMT*3A, *3B, *3C
wag *6 NTEUIUNITIIUNTeN PCR Usznoumt
1X PCRBIO reaction buffer, 1 unit PCRBIO HS
Taqg DNA polymerase (PCR Biosystems, England)
WAy primer 51MN2ABN15ATIA variant wnazin
FLanIm15197 1 (Kham et al, 2002; Otterness
et al.,, 1997; Yates et al., 1997)

2.1 $unauUN15ATIIV TPMT*2 variant

n135m599 TPMT*2 Ly inada AS-PCR
W3 primer FI51WNZABNSATIA TPMT*2 BRI
primer ity internal control &4 primer wuaduy
wild type primer (WT) g mutant primer (MT)
Tun1sns9a TAMT*2 19 negative control 7l 11y
11991 sequencing ba Wy variant ¥89 TPMT*2
(Treesucon et al., 2017) TPMT*2 vJu variant ﬁ‘l
Falunuluusymealvedalud positive control wan
fin15n2aNY variant 189 TPMT*2 AewnsIadeu
TA8N159M sequencing L7t 8 UEUNANITATIT
ipsen

WS BNEIUNALLAZYNL LA 8T Thermal
cycle Lileviizen PCR mutunouil
1) Yumou Pre denaturation ﬁlqmﬁqﬁ

95°C 1 Jutan 2 wi
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a

2) Tumau Denaturation Nigaungil 95°C

Y]

wwaan 15 Jud

3) Junau Annealing figamail 56°C 1u

a

1381 15 U

€
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5) 9 uneu Final extension 1 8 a1 3
72°C wuan 7 wndl
9nUud PCR product Mlannsiaasu

NanI835 agarose gel electrophoresis &9UA2Y

v

4) YUNDU

LA 1w

o

Extension figaungfl 72°C 1Ju

a

Y

ﬁﬂﬂ‘gﬂLﬁ]a (gel documentation)

@15 ethidium bromide kagUuUNNNANIULAS B

A19°9%0 1 Lans specific primer, restriction enzyme kagwu1nved PCR product #&svin

agarose gel electrophoresis

UYUIN YUIN
TPMT restriction
Primer Primer segence 5’ to 3’ wild type variant
variant enzyme
allele (bp) allele (bp)
P2W GTA TGA TTT TAT GCA GGT TTG 254
TPMT*2 P2C TAA ATA GGA ACC ATC GGA CAC -
P2M GTA TGA TTT TAT GCA GGT TTC 254
Internal C-F CAA CTT GCT CAA GCA TAC ACT C
control
493 493
For DR AAT AAT AGG CAT AGT GAC AAG TGC

TPMT*2
TPMT*3A TPMT*3B+*3C

F ATA ACA GAG TGG GGA GGC TGC
TPMT*3B ATG TAA TAC GAC TCA CTA TAA CCT GGA Mwol 267+37 304

R

TTA ATG GCA AC

F CAG GCT TTA GCA TAA TTT TCA ATT CCT C
TPMT*3C Accl 293 207+86

R TGT TGG GAT TAC AGG TGT GAG CCA C

F CCC TCC TGG GAA AGA AGT TTA CGT
TPMT*6 SnaBl 208+22 230

R TCC AAA CTG GAA TTA TCT CCA TGT A

2.2 %’sumaumimqaw\ TPMT*3A
variant

Wi 93970 TPMT*34 1 u combined
variant 499 TPMT*3B ag TPMT*3C 1501501929
GTQEJ conventional PCR luaunsauen genotype
TPMT*1/%3A wae TPMT*38/%3C l flatiun1snsaa
TPMT*3A 161??175915?% TPMT*3B wag TPMT*3C

AR

81

2.3 $UABUNISATIANT TPMT*3B, *3C
WaL*6 variant

A13M578 TPMT*38, *3C waz’6 lunaila
PCR-RFLP 175 81 primer wavd 3unauly

aaa

N32UUNSYIMULATET PCR U1a1UNauY A3 B
Thermal cycle TURDULULDUNITATID TPMT*2
11 PCR product 7 laaas19d8utuIaLiisuiu

100 bp Plus DNA Ladder 4 atfu DNA 11935711
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YUIA PCR product 484 TPMT*3B, *3C uay *6
A138auIA 304, 293 uay 230 bp MIUAIAU N5
R399 TPMT*38 uaw *3C 1 positive way negative
control 7iH1UN1591 sequencing 1 LUTBULBY
573078 (Treesucon et al,, 2017) TPMT*6 vJu
variant 7 lufn1sasranvludsenalneelu d
positive control ﬁjﬂi‘?uﬁ]ziﬁg uncut PCR product
W3 uiisuyunn PCR fragment S2umaemniinas
AIIANU variant vo1 TAMT'6 aensiadeulag
N15%1 sequencing et udunan1snsvlnsen
24 %umauﬂ'liﬁ'l PCR product digestion
U1 PCR product # o a8 restriction
enzyme Mwol, Accl waz SnaBl fauaninisneil 1
AIUNANTDY mixture UTEnaUA a8 CutSmart
buffer, restriction enzyme (New England,
Biolabs), PCR product uazund ulasnid o
incubate 71 60°C overnight lun1sns23 TPMT*3B
ey 37°C overnight Tun15ms39 TPMT*3C Uaz *6
ntiuth digested PCR product LENIUINAIETE

agarose gel electrophoresis & 84 A 18d13
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ethidium bromide wazduiinnanieiAIeinesUaa

(gel documentation)

38555UN15IY
INNSAENYIE LA SUMSRINSANT3U555Y
n9deluayee MnangnsTuNfouaraiesTau
N13958 AMTUNNEAERS A5 I1INBIUA
UINYINENTARS S9ElATINT 1050/2563(1RB1)

asiuf 24 uns1AN W.A.2565

nanaznsuUaNanIsAnen

n1swlana TPMT*2 wlanased wild
type allele (WT) AU variant allele (MT) ﬁ]’m‘gﬂﬁ 1
409t 1 10U negative control wasit 2 waz 3 1u
DNA #2887 Us1nguau PCR product fifuvus
983 wild type (254 bp) Tuges WT mridulany
WOy PCR product fisunuaves variant (254 bp)
Tugod MT GZ?IQVLﬂG]V’J?JEJINUiWﬂQLLﬂU internal

control product (493 bp) u@n43118208 197 2

wag 3lud varant ves TPMT*2 ulanaifu
TPMT*1/*1 (wild type)

NTC 'li B ]

WT MT| WT MT |WT MT

<« 493 bp

<«— 254 bp

U 1 MIATITAATIEN TPMT*2 meimaiia AS-PCR (figufunuin DNA 51@5g1 : M = 100 bp Plus DNA

Ladder, NTC = no template control, WT = wild type, MT = variant, lane 1 = negative control (TPMT*1/*1),

lane 2-3 = DNA #9814

82
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Asudana TPMT*38 an enzyme Mwol
i PCR productlu'augsfﬁ YUIAD fragment
Azilvwn 304 bp wanssegnaiina 2 allele vu
variant 989 TPMT*3B (homozygous TPMT*3B,;
TPMT*3B/*3B) nsal enzyme Mwol ¢ PCR
product launluanysnl wu1nves fragment awdl
YA 304 waw 267 bp HuRedesiinis allele
wu wild type (267 bp) wazdn allele 1du variant
283 TPMT*38 (304 bp) wantvdu heterozygous
TPMT*38 (TPMT*38/*1) wagn enzyme Mwol 6

- D S s B

http://doi.org/10.14456/jmu.2024.7

o

laasysal PCR product #ifuunn 304 bp azgndin

U

o
o

ganudu 2 vua Ao 267 wav 37 bp Wudedlia 2
allele 1u wild type (TPMT*1/*1) 91n3U7 2 lane
7i 140y positive control lane 7i 2 1y negative
control k@ lane 7 3 uaz 4 vfu DNA #2087
enzyme Mwol @u1506im PCR product g 2 v
AD 267 bp Way 37 bp ALY fragment v

267 bp W1 ULTEBIINTUIR 37 bp dunInvinlu

vosluiu fay lane 71 3 uae 4 Sauvanaladu
wild type (TPMT*1/%1)

<«— 304bp

267 bp

Ul 2 M3nT9AATIEN TPMT*38 pewAfia PCR-RFLP Liigufuvu1n DNA 11ASg1 : M = 100 bp Plus DNA

Ladder, NTC = no template control, lane 1 = positive control (TPMT*3B/%1), lane 2 = negative control

(TPMT*1/%1), \ane 3-6 = DNA #1879

nsutana TPMT*3C a1 enzyme Accl
#n PCR product luasysal vu1nves fragment
azilvwn 293 bp wanendiesediii 2 allele 1u
wild type n3gl enzyme Accl fin PCR product VLY;
Lm'"LaJaugiaiﬁuumsuaq fragment azdluunn 293
way 207 bp tufediey1sinis allele 1u wild

type (293 bp) uard n allele LU U variant ¥9 4

83

TPMT*3C (207 bp) wanar iy heterozygous
TPMT*3C (TPMT*3C/*1) w81 enzyme s a'la

(%

auysal PCR product 1iluna 293 bp 9zgndn
genudu 2 vua fie 207 uay 86 bp TuRediis 2
allele 1Ju variant ves TPMT*3C (homozygous
TPMT*3C; TPMT*3C/*3C) 913U 3 lane 71 1

\Ju positive control lane #1240 negative control
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lane 71 3-6 1u DNA #0819 T lane 71 34 uay 6
enzyme Accl @11150in PCR product ‘lﬁﬁ,@jﬁmyiﬂj
wUTNHUAU PCR fragment fivnm 293 bp ity
wane ey wild type 71 2 allele wlanaln

u TPMT*1/%1 (wild type) a3u lane 71 5 Us1ng)

NTC

1

.

SR LE

2

K)

http://doi.org/10.14456/jmu.2024.7

WOU PCR fragment 2 waufiuun 293 wag 207 bp
wanaadl allele 1w wild type (293 bp) wazdn
allele 1 u TPMT*3C (207 bp) wlawale 1 u
heterozygous TPMT*3C (TPMT*3C/*1)

4 5 6

PO «—— 293 bp
<«—— 207 bp

SUT 3 N19097931A918% TPMT*3C mesimalia PCR-RFLP Lluifutunm DNA 1nAsg1u : M = 100 bp Plus DNA

Ladder, NTC = no template control, lane 1 = positive control (TPMT*3C/*1), lane 2 = negative control

(TPMT*1/*1), lane 3-6 = DNA §19814

nsudana TPMT6 a1 enzyme SnaBl
#a PCR product lalavurnves fragment 934l
U1 230 bp waneIfaeseina 2 allele 1u
variant ¥ ® ¥ TPMT*6 (homozygous TPMT?6;
TPMT*6/%6) (#7198 147 3 wamd uncut PCR
product) n3al enzyme SnaBl fin PCR product
lﬁiﬁauyjiaimmmaa fragment Alpaziluwa 230
way 208 bp Wufesieesinis allele 1y wild

type (208 bp) wazd n allele LU U variant ¥9 4

84

TPMT*6 (230 bp) wane3 140U heterozygous
TPMT?6 (TPMT*6/*1) w@ 81 enzyme SnaBl finla
auy38) PCR product 7l 9110 230 bp azgnda
ooniu 2 aum Ao 208 way 22 bp Tl 2 allele
vJu wild type mﬂzﬂﬁ' dlane 7i 1f0 negative
control §ape197i 2,4 waz 5 & PCR fragment wA
208 bp LﬁﬂﬁuLﬁaqawﬂ PCR fragment 9um 22 bp
Fuannvilaesludiule fadufesnsit 24 uag 5

FJaulanardu wild type (TPMT*1/%1)
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230 bp
<€<—— 208 bp

SUT 4 mansaaiinsien TPMT6 mewafia PCR-RFLP (isuifuruin DNA 3msgii - M = 100 bp Plus DNA

Ladder, NTC = no template control, lane 1 = negative control (TPMT*1/*1), lane 2,4-5 = DNA (fhasm,

lane 3 = uncut PCR product

A1519% 2 Lansseazued genotype uag allele Ainsranuluaulnediuiu 1,087 Mg

YUAVDY genotype

FUIUA20819 (n = 1,087)

Lovazveg genotype

*1/%1
*3A/*1
*3C/*1

1,020
1
66

93.84
0.09

6.07

JUnUas allele

¥iavadg allele (n = 2,174)

$auazval allele

*1
*2
*3A
*3B
*3C

*6

2,107
0

1
0

66

96.91
0

0.05

3.04

91nM3USMIATI8 TPMT variant ves
ﬁaqﬂﬁﬁﬁmimsuﬁﬁmiaﬁm%mm°1 AAIVINNIT
YAEns M uSnsAund w.e. 2547-2564 4
Freeeaulnediunsuusnissiuau 1,087 faeeng
ieﬁyﬁmﬁam'gmwammiqﬁ]ﬁgﬂmmﬁmﬁmﬂémm
genotype uaiAniTusoEaz DA ERTIVN LA

NTURUIUIU allele knazslalagAIUIRIN

85

F1UU genotype ua A mdus esazvesunay
allele 91nN19ANYINY genotype 3 WUU A
TPMT*1/*1, TPMT*3A/*1 uay TPMT*3C/*1 71
se8aY 93.84, 0.09 LAY 6.07 AUGINY T INU
variant Wies 2 ¥8in fia TPMT*3A waz *3C Wletu
$1u71 allele Wanuanuviiaves allele fisvay

0.05 wag 32.04 aua1n ULl awauny allele Un@
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(TPMT*1) i s 0way 96.91 sananlunisiedi 2
allele Un@ (TPMT*1) 989n15ANWIASIH NU18D
f9EN9TingIa TPMT*2,%3A *38, *3C uay *6 4l

HuUsmDs TPMT variant stnagu 9

n1seAUTIINANTISANYD

91nN15MUIN3ASI8 TPMT variant lu
aulvefinesfofinislafiainers asranuiiies
2 genotype Ain TPMT*3A 971U2uU 1 518 (0.09%)
Lay TPMT*3C $1UIU 66 518 (6.07%) lu Wy
TPMT*2, *3B wae *6 a1nn1sAnwIALel elud
18U IaTIINUlulTETINILAULLTYRE TuDDN-
Boda uanu TPMT*2 was*38 ludszannsuay
oldy 1w Budle nmsinelulssrnsduie
326 518 WU TPMT*2 uag TPMT*38 Tugduuu
heterozygous (0.61%) wagwu TPMT*3C Tuguiuuy
heterozygous (1.53%) (Murugesan et al., 2010)
ANNSANEY TPMT variant Tudsgmnsuauteide
WU LT ES TPMT*3C qu‘dLL‘UU heterozygous
i loun v (2.05%) Giju (08%) lomiu (0.6%)
wazd U (0.3%) (Chang et al,, 2002; Hiratsuka et al,,
2000; Kabuta & Chiba, 2001; Kim et al,, 2013) &
n1sAneluaulng 200 518 wuLRes TPMT*3C
(9.5%) TagnuuinlugUuuu heterozygous
TPMT*3C (Srimartpirom et al., 2004) 9318970
Tuaulnef N 1ULIIENULANY variant Vo
TPMT*3C v 11 u (Hongeng et al., 2000) 311
NsAnEIATaT a81iuaT variant 989 TAMT*3C
W variant 7 wuannluaulvewazidunisny
TPMT*3C figaninmsdnendu q ludszansily
Tulaueldy

dmTU TPMT*3A variant ﬁyamﬁﬂ’ﬁmi
lafininen asranuidusiousnlulssinalne
(Treesucon et al,, 2017) 9 TPMT*3A 1 u
combined variant 989 TPMT*3B wag TPMT*3C

86
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MNATIANY TPMT*38 waz TPMT*3C Tuginae
Fenfunesnafuduita 2 variant aguy allele
vaieatuisagulannguaed 7PmTA luly
compound heterozygote TPMT*3B8/ *3C v '
TPMT*38 U TPMT*3C agauay allele 35a599
@y’JEJ conventional PCR VL@JI?HmimLEJﬂ genotype
TPMT*3A/%1 way TPMT*38/%3C sonaniule
e fuinisladininers lnvediesaion
ﬁmuazmwwawjﬂwLﬁaﬁﬂmmmm TPMT*3B
Laz TPMT*3C & 9uan1595290Aazu15A1989
;gﬂwwui']ﬁml,ﬂu heterozygote TPMT*38 uay
homozygous TPMT*3C @anansand allele fiund
Wa 2 919 waviiioannn TPMT*34 & nucleotide
change 2 #uWus Ao GA60A waz A719G @7y
TPMT*3D § nucleotide change 3 S1WiU 4 A @
G292T, GA60A WAy A719G Aetl uid ansaany
TPMT*3A a130 539 nucleotide change s
G292T Wit LA o8 usy variant insaany Ao
TPMT*34 'lailas TPMT*30 waeladevin sequencing
Wi 98U variant ¥e98U TPMT*34 i n539NU
(Treesucon et al., 2017) 1NNSANWIUTTVINTG
ABLALTEY 199 578 WU TPMT variant 10.1% lag
WU TPMT*3A 31ndiga Sy variant ves8u TPMT
a2uuinly 3ULUU heterozygous TPMT*3A,
TPMT*2 (0.05%) wway TPMT*3B (0.3%) (Collie-
Duguid et al., 1999) ﬁmaﬁnwﬂunﬁmﬂsmmﬂa
LﬂL%EJNLL&%IU@TU"JEJL&MJSL%QLﬁmadaﬂ‘m’a‘ljﬁm
\BUUNSU 282 578 WU variant Y08 TPMT 1Ju
TPMT*3A (3.2%), TPMT*2 (0.2%) wag TPMT*3B
(0.2%) (Hon et al,,1999) uanslmifualulseans
roLAduanlngazwy TPMT*3A snilgn aiu
TPMT*3C aswulausesnnlulszansrewnidou
NNIATIVNAMURAUNAVEU TPMT U9
nsAnuasailull positive control Tun1snsIaM

TPMT*2 waz TPMT*6 Faduveininveinisdne
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At el diieq negative control 71 M 1UN15¥
sequencing LU WU variant 993 TPMT*2 way
TPMT*6 Wit vis 2 variant Lo positive control
\feaanite TPMT*2 way TPMT*6 1T variant 71
geludnrsasranuludszmelne dadulunis
AsI9M1 TPMT2 @slamaila AS-PCR wnnukay
PCR product FFurusres WT,MT (254 bp) uay
Usanguau internal control product (493 bp)
Lan9 1288 198 variant v89 TAMT™2 0 03
nsa9aeulaensv sequencing Liieudunanis
A39971A51EY wagnnluusInguau internal
control product & ufi sunuses WT wie MT
wanIMInTITiTeilausadedeln dwau
internal control product myaﬂ‘tli’mgnﬂﬂiguﬁ"a
u ”ummgﬂGTaQ1usi?umauﬂwsmiaa3Lﬂiwﬁmi
A5IM TPMT*6 aaewnain PCR-RFLP 1y uncut
PCR product (230 bp) Tun1siu3eutiisuvuin
PCR fragment nrsuvanaludunou RFLP w1n
U5u1as PCR product waziouley dasinied
dndaui lumuzaudy euleddasinay
UsgAvBammsvinuiianawioidennmninnis
#n PCR product o1aluawysn wiodnlulaae 3
JrdIHANBN13ATIVI AT LAYV uanaly
Qﬂgaw?aﬂammé“aumﬂmwmﬁm%alﬁy Farfa
USuas PCR product waztoulsddngunizaasd
dadaud imurzaudy toulod daTinizd
Usgansamluvuaeny winfin15neIany variant
v93 TPMT*6 98 89n329d@0UNalasn1TVn
sequencing ki aBuSUNANITATITTATIEV YUY
wazluaunanAasw positive control unlalunns

AFIIATIERRanTURUlUN1SYN sequencing

nsaguRanazysElavunlaannisfine
Qﬂjaﬁlﬁﬂu homozygous variant Y8381

TPMT azwulauszunas 1:300 LLazrzgﬂwﬁ'Lﬁu
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heterozygous variant wulpUszuassvas 10
r:gﬂwﬁ'ﬁ homozygous TPMT 9£LA AN ¥NANIS
vhauwedlunszgniuuswazilomadedingaile
asueluriaunsg gurenquinedlaiunis
anvunelungy thiopurine auvdesesay 10-15
V9vUInE1UNR (Evans et al., 2001) a"suzj”ﬂwﬁ'ﬁ
heterozysous variant i wualuud avla Suenly
guasandaiuTsufisuiuauund (wild type)
(Relling et al,, 1999) N15M59a TPMT variant 393
arusidunenisinuguasiinedlasuelungu
thiopurine ﬁqfumiﬁLwasjmwsdya:gaiwgﬂwﬁ
variant 908U TPMT Sadudsslemimensnaumuns
%ﬂ’uw;ﬂw ynlnunne danunsauiuauinenln
wangantugUisunareuiodenlyeifadud
INTELNT B99¥aRDINNSTBINSLTIANATINAYS
wazdszauaugnialunisinwlauind sy
\fieannsfine) TPMT variant luuszwmealned
Tuunsvanesilvdedivesin msanwadsiizadu

NsLiiNgIUveYares TPMT variant luuseindlneg

FoLEUBLUZAINNITITY
gUiifennsrafeminnsiaiue 6P
Faduenlunqu thiopurine usnanfiavgain
nsnsosaules TPMT waadedianvnainnisen
vouledlunfaidenwns inosine triphosphate
pyrophosphatase ([TPase) ez Nudix hydrolasel15
(NUDT15) fiflarudusitusfunisiinfivreseingu
thiopurine lagannziivnanisvitauvedlunsegn
wuisatuieled TPMT weilimseludszens
Loutelfedn1swu /TPA uaz NUDTIS ganan
TPMT variant %qﬂﬂﬁﬁuwwqﬁaaﬂﬁﬁaﬂ”ﬁmsuﬁm
Tandnes lnwauuazdalnuinisnsis ITPA
way NUDTI5 §uyn fadu n1sudanan1snsan
TPMT, ITPA warg NUDT15 luns oufuazyinlv
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