13815 Mahidol R2R e-Journal T91 11 atudl 1 Uszsniieuunsiau-wwney 2567
Received: May 31, 2022, Revised: March 17, 2023, Accepted: March 22, 2023
http://doi.org/10.14456/jmu.

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

from laboratory service experience for 18 years at Siriraj hospital

noleyys Junsdm! Ysetdun Assusvnndaa’ uaziaug diygi

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

nosUfTAn1saruivlafinineuazeeslaladidalnuini1ansaaiasiey Thiopurine S-
methyltransferase (TPMT) variant 37uU 5 ‘Uﬁmg’wmﬂﬁﬂ Allele-specific polymerase chain reaction (AS-
PCR) Tun13m3193LAs189 TPMT*2 uazimaiin PCR-restriction fragment length polymorphism (PCR-RFLP)
TuN3ATIDTLATIZN TAMT*3A, *38, *3C uay *6 91nn13Iusnng 18 Uinuundaund w.m.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 wummﬁqmiuﬂizmnﬂmLLagqmdﬂuﬂizmﬂi
llukauede %’ﬁm’:tﬁLLWV]QW%U%@@MW&@Lmﬂsuaqﬁu TPMT Fadulsglovunanisinaununissne
sgﬂaEJVTWTJLL‘WMsj(aﬂmsaﬂ%"uamsumm&Jﬂﬁl,umsauﬁ’wgﬂwl,l,ﬁiaxmmﬁaiﬂ;l,ﬁmmaﬁgwLﬁw:awﬁqml,azﬂssau

Anudnsalunissnelanngediu

Ad1AsY : B Thiopurine methyltransferase; Eﬂﬂqlm Thiopurine; WAlA AS-PCR; wmAllA PCR-RFLP
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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"?ﬂﬁﬂ%ﬂ@ﬂﬁﬂmﬂﬂﬁéﬂﬁuamﬂammmﬁﬂ
(Szumlanski et al, 1996) T n150 18NOALU Y (Coulthard & Hogarth, 2005) U299 U'unu 118y
autosomal dominant 1iweulealudagenunsd TPMT fAuvaInva1enIeiugnssuaInni 30
unumlun1snsen uUfAsen Smethylation lu allele Tnganumarnvanevswusnssualvg
@15UT¥N0UNIN aromatic hag heterocyclic 1Wfun191ia single nucleotide polymorphism
sulphydryl compounds %&ﬁagﬂumﬂéu thiopurine (SNP) voadu TPMT aanasilvievleal TPMT i
\% 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
usSadadonviedeilndedassn (chronic olunga thiopurine %ﬁiamalﬁmwaﬂyﬂmﬁmqq
myeloid leukemia : CML) 1z 5 a1 aLd anuia ﬂiwéﬂaaﬁﬁizﬁmau%ﬁ TPMT Unéi wau19,fes
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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
LATNAT UL ﬁaifué”wiﬂwlmy%’umimmm
variant wesdi 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) Tun130$13 TPMT*2 uwazinatia
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

984 TPMT variant Tudsewnelng

Tnguszanluniside

WiefnwiAramnves TPMT variant 5 il
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

ad =
A9N13ANYN
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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 18991539 TPMT variant
59Un Ao TPMT*2, *3A, *3B, *3C way *6 1519
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)
WAz primer 7 SUNIZADNITATI variant W az
ST FILANIN15199 1 (Kham et al, 2002:
Otterness et al., 1997; Yates et al.,, 1997)

2.1 $uneUN1SATIEW TPMT*2 variant

n15n529 TPMT*2 Ly imada 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 v variant ‘ﬁ'
Filunuluusemealvedalud positive control wan
fin15n2IaNY variant 183 TPMT*2 AewnsIadeu
Taen15¥1 sequencing vt 88 USUNANITATIY
nsen

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°90 1 Lans specific primer, restriction enzyme kagwu1Av8d PCR product &

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

22 $UABUNITATIANT TPMT*3A
variant

Wi 839910 TPMT*34 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 ‘L%msmm TPMT*3B wag TPMT*3C 91

AR

81

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

1157599 TPMT*38, *3C waz*6 luwnaia
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 aitfu DNA 1193511
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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
A1 sequencing \WoBudunan1snsiainsiza
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
by 37°C overnight Tunsmsia TPMT*3C uag *6
ntiuth digested PCR product LENIUINAIETE

agarose gel electrophoresis & 84 A 178d19

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

ethidium bromide wazduiinnanieiAIeinesUaa

(gel documentation)

38555UN15IY
INNSAENYIE LA SUMSRINSANT3U555Y
n9deluayee MnangnsTuNfouaraiesTau
N13958 AMTUNNEAERS A5 I1INBIUA
NAINYINENTARD 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 fisunusves variant (254 bp)
Tugod MT %’Imﬂm"’aaéwﬂﬁﬂguau internal

control product (493 bp) uan43117108 197 2

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

NTC 'li B ]

WT MT| WT MT |WT MT

<«— 493bp

<« 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 f9end

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 HuRedesiinds allele
wu wild type (267 bp) wazdn allele 1du variant
283 TPMT*38 (304 bp) want iy heterozygous
TPMT*38 (TPMT*38/%1) wagn enzyme Mwol 6

- D S s B

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

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

vaslaiu fay lane 71 3 uag 4 Sauvanalodu
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), lane 3-4 = DNA §10814

nsutana TPMT*3C a1 enzyme Accl
## PCR product luasysal v1nve 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) wazd n allele LU U variant ¥9 4

83

TPMT*3C (207 bp) wanar iy heterozygous
TPMT*3C (TPMT*3C/*1) w01 enzyme ¢ 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

wJu positive control lane #1120 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.

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

$UT 3 N19097931A918% TPMT*3C msimalia PCR-RFLP Llsuifusunm 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 199 3 wamd uncut PCR
product) N3l enzyme SnaBl #n PCR product
lﬁyvl,niamyjiaimmmsuaa fragment Ailpaziluwg 230
wae 208 bp Wufedieesiinis allele 1y wild

type (208 bp) ward n allele 11U variant 84

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 ﬁ]’]ﬂg‘dﬁl dlane 7 1Ae negative
control §9e197l 2.4 uag 5 il PCR fragment AU
208 bp wﬁﬁwﬂjﬁmmﬂ PCR fragment 9um 22 bp
Sunnvilvedhuidivle dafuiesnd 2,4 uay 5

FJauanadu 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

IR (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

21 5u3MInTIn TPMT variant 984
ﬁaaﬂjﬁﬁmsmm%ﬂaﬁm%mm°1 21AIVINIUNT
AR lnusnansuntd w.e. 2547-2564 i
FregaulnefinnFuuinisdiam 1,087 feens
ieﬁyﬁmﬁam'gmwammiqﬁ]ﬁgﬂmmﬁmﬁmﬂémm
genotype uarAnLiusorazuesdsam AT

NTURUIUIY allele knazsialagA1ulIaIN

85

F1UU genotype ua A mdus esazvasunay
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 Ukl awiauny 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
aulvefivesufjsinislaiainern asanuiiies
2 genotype An TPMT*3A 372U 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)
AMNNSANEY TPMT variant Tudsgmnsuauteide
WUWA LR B TPMT*3C quﬂLL‘UU heterozygous
i loun 1w (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
Tuaulned 0 IULI9ENULA NI variant 989
TPMT*3C v 11 1 (Hongeng et al.,, 2000) 917
n5An®1ATad a81iua variant 989 TAMT*3C
v variant fiwvaanluaulnesaziduniswy
TPMT*3C figannsfineidu q ludszansily
Tulaueldy

dmTU TPMT*3A variant ﬁyamﬁﬂ’ﬁmi
lafininen asranuidusiousnlulssinalne
(Treesucon et al,, 2017) 9 TPMT*3A 1 u
combined variant 983 TPMT*3B wag TPMT*3C

86

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

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
ﬁmuazmsmﬂuaaﬁgﬂwLﬁaﬁwmmnm TPMT*3B
Waz TPMT*3C & auan15n 52900 Lazu15A1989
;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 ensaany
TPMT*3A a130 539 nucleotide change s
G292T Wi LA 08 usy variant insany Ao
TPMT*34 'lailas TPMT*30 waeladevih sequencing
Wi 98U variant ve98U TPMT*34 i n5339NU
(Treesucon et al., 2017) 1NNSANWIUTTVINTG
ABLALTEY 199 578 WU TPMT variant 10.1% lag
WU TPMT*3A 31ndiga Sewu variant ves8u TPMT
a2uuinly 3ULUU heterozygous TPMT*3A,
TPMT*2 (0.05%) wway TPMT*3B (0.3%) (Collie-
Duguid et al., 1999) ﬁmiﬁﬂwﬂunaﬁﬂsmﬂma
mL%ul,l,aﬂugyﬂwlﬁﬂmn,%‘qLﬁml,ﬁamﬂm’mﬁm
\BUUNSU 282 578 WU variant 908U TPMT 1Ju
TPMT*3A (3.2%), TPMT*2 (0.2%) wag TPMT*3B
(0.2%) (Hon et al.,1999) uanstdiuailudszans
roLAduanlngazwy TPMT*3A snilgn aiu
TPMT*3C aswulausesnnlulszansrewnidou
NNIATIVNAMURAUNAVEU TPMT U9
nsAnuasailull positive control Tun1snsIaM

TPMT*2 waz TPMT*6 Fudureininuainisdne
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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
\fiesanita TPMT*2 way TPMT*6 1w variant 7
geludnrsasranuludszmelne dadulunis
A5 TPMT*2 @slamailn AS-PCR MAnuLaU
PCR product FFurusres WT,MT (254 bp) uay
Usanguau internal control product (493 bp)
Lana9 1288 198 variant ¥89 TAMT™2 0 89
ns29aeulaEnIsY sequencing Liieudunanis
A37971AT1eY wagmnluUsinguau internal
control product & ufi sunuses WT wie MT
LEnTMIATITeTEliEnsadetoln duau
internal control product myaﬂ‘tli’mgnﬂﬂiguﬁ"a
gu ”ummgﬂGTaQ1usi?umauﬂwsmiaa3Lﬂiwﬁmi
A5IM TPMT*6 aaewnain PCR-RFLP 1y uncut
PCR product (230 bp) Tun1siu3eutiisuvuin
PCR fragment n1sutanaludunou RFLP m1n
USu1ad PCR product waztoule faTrnied
dndaui lumuzaudy euleddasinay
UsgAvBammsvinuiianawioidennmninnis
#n PCR product o1aluawysn wiodnlulaae 3
JrdIHANBN13ATIVI AT LAYV uanaly
Qﬂcﬁuaw%aﬂa’mLﬂé“aumﬂmwmﬁm%alﬁy Farfa
USuas PCR product waztoulsddngunizaasd
dndaaud muizaudy toulod daTiniezd
Uszansamluvuneny wnfin15nsIany variant
v99 TPMT*6 98 89n329d@0UNalagn1 v
sequencing HiaBuSuNANTATITATIEV YUY
wazluaunanAasm positive control wnlalunns

AFIIATIERRanTURUlUN1SYN sequencing

nsaguRanazysElavunlaannisfine
Qﬂjaﬁlﬁﬂu homozygous variant Y8381

TPMT aznulauszunad 1:300 LLasrzgdﬂasJﬁ'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
guasandaiussudisuiuauund (wild type)
(Relling et al,, 1999) N15M359a TPMT variant 393
arwsidunenisinuguasiinedlasuelungu
thiopurine ﬁqfuﬂﬂiﬁLwasjmwszangaiwcgﬂasJﬁ
variant 908U TPMT Sadudsslemimensnaumuns
%ﬂ’uw;ﬂw ynlnunne danunsauiuauinenln
wangantugUisunareuiodenlyeifadud
INTELNT B99¥aRDINNSTBINSLTIANATINAYS
wavUszaunnudnialunisdnvilauind iy
\fieannsfine) TPMT variant luuszwmealned
Tuunsvanesiivdedivesin msanwadsiizadu

NsLiiNgIUveYares TPMT variant luuseindlneg

JaLAUDLULAINNITIY
gUiifennsrafeminnsiaiue 6P
Faduenlunqu thiopurine usnanfiavgain
n1awsesieulssl TPMT waadaflanmmainnisun
vouledlunfaidenwns inosine triphosphate
pyrophosphatase ([TPase) taz Nudix hydrolasel15
(NUDT15) fiflarudusitusfunisiinfivreseingu
thiopurine lagamnziivnanisviauvedlunsegn
wudeatueulss TPMT Hadinsrgluvszns
wauteLfedn1swu /TPA uaz NUDTIS ganan
TPMT variant %qﬂﬂﬁﬁuwwqﬁaaﬂﬁﬁaﬂ”ﬁmsuﬁm
Tafining 1 lawauuazidalnuinisnsan 1TPA
waz NUDTI5 4 umn sy nsuuananisnsas
TPMT, ITPA wag NUDT15 1Uws ouruagvilu



15815 Mahidol R2R e-Journal 971 11 atfufl 1 UsesiiouunsiAu-wwieu 2567
Received: May 31, 2022, Revised: March 17, 2023, Accepted: March 22, 2023

wnngatusadndulavsuvuineluy Uaeln
VAN AT 998an1N15Y 19 A gakazUSy AU

Anudsalunssns launtu

ARRNIINUIZNA

v
o

Eﬁ‘\]EJSUEJ‘U@UﬂmL%ﬂMJ’lﬁﬁgmﬂﬁﬁami“’l
waze1a1sounmeavlafinineuazesdalad
1/1ﬂm'wuﬁ'ﬂaaaﬂ’uﬂuuuaxwé’ﬂﬁ‘i’ﬂﬂ;ﬁ’wu’mu
Uszdesnaiiie VBVDUNTEAUNIATIYINUITHIY
ANERT AMTLWNNEAENS ASSITNEIUIA T LY
an1uil gunsal w3esile uagdruasauazaanly

o a v 29{ v o < ' ¥ a
nsvimMAdeilludisagailuaied

LONAI5D1984

Appell, M. L., Wennerstrand, P., Peterson, C,
Hertervig, E., & Martensson, L.-G. (2010).
Characterization of a novel sequence
variant, TPMT*28, in the human
thiopurine methyltransferase gene.
Pharmacogenetics and Genomics, 20(11),
700-707.
https://doi.org/10.1097/FPC.0b013e32834
02eed

Booth, R. A, Ansari, M. T., Loit, E., Tricco, A. C,,
Weeks, L., Doucette, S., Skidmore, B.,
Sears, M., Sy, R., & Karsh, J. (2011).
Assessment of thiopurine S-
methyltransferase activity in patients
prescribed thiopurines: a systematic
review. Annals of Internal
Mediicine, 154(12), 814-823, W-295-298.
https://doi.org/10.7326/0003-4819-154-12-
201106210-00009

88

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

Chang, J-G, Lee, L.-S., Chen, C.-M,, Shih, M.-C,,
Wu, M.-C,, Tsai, F.-J., & Liang, D.-C.
(2002). Molecular  analysis of thiopurine
S-methyltransferase alleles in South- east
Asian populations. Pharmacogenetics,
12(3), 191-195.
https://doi.org/10.1097/00008571-
200204000-00003

Collie-Duguid, E. S., Pritchard, S. C., Powrie, R. H.,
Sludden, J., Collier, D. A, Li, T., & McLeod,
H. L. (1999). The frequency and
distribution of thiopurine
methyltransferase alleles in Caucasian
and Asian populations. Pharmacogenetics,
A1), 37-42.
https://doi.org/10.1097/00008571-
199902000-00006

Coulthard, S., & Hogarth, L. (2005). The
thiopurines: an update. Investigational
New Drugs, 23(6), 523-532.
https://doi.org/10.1007/510637-005-4020-8

Evans, W. E., Hon, Y. Y., Bomgaars, L., Coutre, S.,
Holdsworth, M., Janco, R., Kalwinsky, D.,
Keller, F., Khatib, Z., Margolin, J., Murray,
J., Quinn, J,, Ravindranath, Y., Ritchey, K.,
Roberts, W., Rogers, Z. R., Schiff, D.,
Steuber, C.,, Tucdi, F., ... Relling, M. V.
(2001). Preponderance of thiopurine S-
methyltransferase deficiency and
heterozygosity among patients intolerant
to mercaptopurine
Joumal of Clinical Oncology, 198), 2293
2301.
https://doi.org/10.1200/JC0.2001.19.8.2293



Green,

Hiratsuka, M., Inoue, T., Omori, F., Agatsuma, Y., &

15815 Mahidol R2R e-Journal 971 11 atfufl 1 UsesiiouunsiAu-wwieu 2567
Received: May 31, 2022, Revised: March 17, 2023, Accepted: March 22, 2023

M. R., & Sambrook, J. (2012). Molecular
cloning: A laboratory manual (4th ed.).

Cold Spring Harbor Laboratory Press.

Mizugaki, M. (2000). Genetic analysis of
thiopurine methyltransferase
polymorphism in a Japanese
population. Mutation Research, 448(1),
91-95. https://doi.org/10.1016/s0027-
5107(00)00004-x

Hon, Y. Y., Fessing, M. Y., Pui, C. H., Relling, M. V.,

Krynetski, E. Y., & Evans, W. E. (1999).
Polymorphism of the thiopurine S-
methyltransferase gene in African-
Americans. Human Molecular
Genetics, 8(2), 371-376.
https://doi.org/10.1093/hmg/8.2.371

Hongeng, S., Sasanakul, W., Chuansumrit, A.,

Kham,

Pakakasama, S., Chattananon, A, &
Hathirat, P. (2000). Frequency of
thiopurine S-methyltransferase genetic
variation in Thai children with acute
leukemia. Medical and Pediatric
Oncology, 35(4), 410-414.
https://doi.org/10.1002/1096-
911x(20001001)35:4<410:aid-
mpo3>3.0.co;2-r

S.KY, Tan, P. L, Tay, A. H. N., Heng, C.
K, Yeoh, A. E. J., & Quah,n a multiracial
asian population and children with acute
lymphoblastic leukemia. Journal of
Pediatric Hematology/Oncology, 24(5),
353-359.
https://doi.org/10.1097/00043426-
200206000-00006

89

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

Kim, S., Lee, H. W., Lee, W., Chun, S., & Min, W.-K.

(2013). Validation of new allele-specific
real-time PCR system for thiopurine
methyltransferase genotyping in Korean
population. BioMed Research
International, 2013, 1-4.
https://doi.org/10.1155/2013/305704

Kubota, T., & Chiba, K. (2001). Frequencies of

thiopurine S-methyltransferase mutant
alleles (TPMT*2, *3A, *3B and *3C) in 151
healthy Japanese subjects and the
inheritance of TPMT*3C in the family of a
propositus. British Journal of Clinical
Pharmacology, 51(5), 475-477.
https://doi.ore/10.1046/}.1365-
2125.2001.01371.x

Miller, S. A,, Dykes, D. D., & Polesky, H. F. (1988).

A simple salting out procedure for
extracting DNA from human nucleated
cells. Nucleic Acids Research, 16(3), 1215.
https://doi.org/10.1093/nar/16.3.1215

Murugesan, R., Vahab, S. A, Patra, S., Rao, R,

Rao, J., Rai, P., Gopinath, P. M., &
Satyamoorthy, K. (2010). Thiopurine S-
methyltransferase alleles, TPMT (¥)2, (*)3B
and (*)3C, and genotype frequencies in an
Indian population. Experimental and
Therapeutic Medicine, 1(1), 121-127.
https://doi.org/10.3892/etm 00000021

Otterness, D., Szumlanski, C., Lennard, L.,

Klemetsdal, B., Aarbakke, J., Park-Hah, J.
0., Iven, H., Schmiegelow, K., Branum, E.,
O’Brien, J., & Weinshilboum, R. (1997).
Human thiopurine methyltransferase

pharmacogenetics: gene sequence



15815 Mahidol R2R e-Journal 971 11 atfufl 1 UsesiiouunsiAu-wwieu 2567
Received: May 31, 2022, Revised: March 17, 2023, Accepted: March 22, 2023

polymorphisms. Clinical Pharmacology
and Therapeutics, 62(1), 60-73.
https://doi.org/10.1016/S0009-
9236(97)90152-1

Relling, M. V., Gardner, E. E., Sandborn, W. J.,

Schmiegelow, K., Pui, C-H., Yee, S. W.,,
Stein, C. M., Carrillo, M., Evans, W. E.,
Klein, T. E., & Clinical Pharmacogenetics
Implementation Consortium. (2011).
Clinical Pharmacogenetics
Implementation Consortium guidelines
for thiopurine methyltransferase
genotype and thiopurine dosing. Clinical
Pharmacology and Therapeutics, 89(3),
387-391.
https://doi.org/10.1038/clpt.2010.320

Relling, M. V., Hancock, M. L., Rivera, G. K,,

Sandlund, J. T., Ribeiro, R. C., Krynetski, E.
Y., Pui, C. H., & Evans, W. E. (1999).
Mercaptopurine therapy intolerance and
heterozygosity at the thiopurine S-
methyltransferase gene locus. Journal of
the National Cancer Institute, 91(23),
2001-2008.
https://doi.org/10.1093/jnci/91.23.2001

Srimartpirom, S., Tassaneeyakul, W.,

Kukongviriyapan, V., & Tassaneeyakul, W.
(2004). Thiopurine S-methyltransferase
genetic polymorphism in the Thai
population. British Journal of Clinical
Pharmacology, 58(1), 66-70.
https://doi.org/10.1111/}.1365-
2125.2004.02112.x

90

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

Szumlanski, C., Otterness, D., Her, C., Lee, D.,

Brandriff, B., Kelsell, D., Spurr, N., Lennard,
L., Wieben, E., & Weinshilboum, R. (1996).
Thiopurine methyltransferase
pharmacogenetics: human gene cloning
and characterization of a common
polymorphism. DNA and Cell

Biology, 15(1), 17-30.
https://doi.org/10.1089/dna.1996.15.17

Treesucon, A., Sripattanatadasakul, P.,

Siraprapapat, P., Vathana, N., Pongtanakul,
B., Sanpakit, K., & Narkbunnam, N.

(2017). Prevalence of thiopurine s-
methyltransferase (TPMT) gene variants in
Thai patients suffering toxicity from
thioguanine-containing childhood
leukemia protocols: First report of
TPMT*3A in Thais. The Southeast Asian
Journal of Tropical Medicine and Public
Health, 48(2), 173-182.
https://www.tm.mahidol.ac.th/seameo/20
17-48-suppl-2/2017-48-supp2-173.pdf

Yates, C. R, Krynetski, E. Y., Loennechen, T.,

Fessing, M. Y., Tai, H. L., Pui, C. H., Relling,
M. V., & Evans, W. E. (1997). Molecular
diagnosis of thiopurine S-
methyltransferase deficiency: genetic
basis for azathioprine and
mercaptopurine intolerance. Annals of
Internal Medicine, 126(8), 608-614.
https://doi.org/10.7326/0003-4819-126-8-
199704150-00003



