199

Original article
Prevalence of NUDT15c.415C>T and ITPAc.94C>A among Thai
pediatric patients with acute lymphoblastic leukemia using
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Abstract:
Introduction: Nucleoside diphosphate-linked moiety X-type motif 15 ¢.415C>T (NUDT15¢.415C>T) and inosine
triphosphate pyrophosphatase ¢.94C>A (ITPAc.94C>A) are associated with a decreased degradation of 6-mer-
captopurine (6-MP) among patients with acute lymphoblastic leukemia (ALL), resulting in a risk of bone marrow
cytotoxicity (myelotoxicity). Objective: The study aimed to investigate the prevalence of NUDT15¢.415C>T and
ITPAc.94C>A genes among pediatric patients with ALL at Siriraj Hospital for surveillance of 6-MP-related side
effects. Material and Methods: Sample specimens were collected from 222 pediatric patients and analyzed
using a multiplex ARMS PCR method that was developed to detect the polymorphism of NUDT15c.415C>T and
ITPAc.94C>A in a single detection. Results: The proportions of homozygous NUDT15c.415C>T and ITPAc.94C>A
were 0.90 and 4.50%, respectively, while the proportions of heterozygous NUDT15¢.415C>T and ITPAc.94C>A were
13.10 and 29.70%, respectively. The proportions of those harboring both the NUDT15¢.415C>T and ITPAc.94C>A
alleles were 5.40, and 0.90% of all patients harboring the heterozygous genetic pattern of one gene and homozygous
for another gene. The proportion of those with wild-type genotypes of both genes was 45.50%. Co-occurrence
of the homozygous genotype in both genes was not found in this cohort. In addition, the allele frequencies of
NUDT15¢.415C>T and ITPAc.94C>A were 10.81, and 22.70% respectively. Conclusion: The genetic polymorphism
of ITPAc.94C>A appeared to be more prevalent than that of NUDT15¢.415C>T among Thai pediatric patients with
ALL. Interestingly, in this case, the heterozygous genetic pattern of one gene was related to the homozygous of
another gene. Further studies are warranted to elucidate the clinical significance of ITPAc.94C>A on myelotox-
icity among Thai pediatric patients treated with thiopurine. Furthermore, this method offers time-efficient and
economic advantages as it can evaluate both polymorphism in a single procedure.
Keywords : @ [TPAc.94C>A @ NUDT15c.415C>T @ Acute lymphoblastic leukemia @ 6-mercaptopurine

® Multiplex ARMS PCR
J Hematol Transfus Med. 2023;33:199-206.

Received 26 April 2023 Corrected 17 August 2023 Accepted 23 August 2023
Correspondence should be addressed to Waraporn Glomglao, Division of Hematology and Oncology, Department of Pediatrics, Faculty of

Medicine Siriraj Hospital, Mahidol University, Bangkok 10700

a a € a a ! v A (Y
'31‘5%1’]'5131&@]'3‘”8’]LLaZL’J‘ﬂﬁTﬁ@Ii&J‘iﬂTﬂa'ﬂﬂ ﬁﬁ 33 %‘]_Jllﬁ 3 NINYON-NUEN 2566



200 Waraporn Glomglao, et al.

Anusauay

N5ANMIANYN2BIEY NUDT15¢.415C>T Uazdis ITPAC.94C>A

Gt A (] G © A a (Y a a a
wiiheiin nelsanzifadadanuniieuwsusfiods luastn
A2eLALA multiplex ARMS PCR

€ a € a A v € A v € Ly o Aa
mnsal naanat’ Aumsel Bunmsgana’ PRl Assstmdted e thygeh' uay ndualy ssmial
‘saninlafiainenuazeadlalad MEANNININTENENS ADANNEIFMERIFRTENELNG TINENatNAng

UNAnED
un1 8% Nucleoside diphosphate-linked moiety X-type motif 15 %9 ¢.415C>T (NUDT15¢.415C>T) uaséis Inosine
triphosphate pyrophosphatase %49 ¢.94C>A (ITPAc.94C>A) JdanuanissomsaaeszasseaLEen 6-mercaptopurine
(6-MP) lugfihelsansiSaudaidonnudeumaiainanInuaadin (Acute lymphoblastic leukemia; ALL) SodonaliAn
mmﬁéwiammﬁuﬁw’aL%ﬂiﬁmﬁa@7u1ﬂn§g@ﬂ (myelotoxicity) lungefilesinar a"mgu/s:mﬂ‘aﬁéﬁnmmmzm
9998 NUDT15¢.415C>T Uz ITPAC.94C>A Tuglihendnlan ALL TulssmenunadBay vibiAummihey fmathodies
nen 6-MP Saquaziins sausasuasnmsinamanyaadusinam lungneheehagiheidnlsn ALL T 222 710
shemailn multiplex ARMS PCR Sadhisinanaionsaariaesiianiaari aamsfin SN UULLHENTIN
visaslu Iniflungeieensdinarn wullu NUDT16c.415C>T uasiu ITPAC.94C>A fathinmivpnssalslylarawhmy
Soea 0.90 uas 4.50 MNEIRL sthmiupnssaemalslarairusaeay 1310 uay 29.70 MNAIEY  uLLENTIN
e ! e iiuriaeeiiniens 540 wasmthiwunignasiamalsloiavesduladunitisn el loria
vosBnfunimusoeas 0.90 skumignTndarranysoeny 45.50 lurnu lmustuurivgnaaalallarasani
‘53%3’705%%%5@0%&@Zuﬂ@mm"’vasho muinassaRafnLnGasdu NUDT15c.415C>T uay ITPAC.94CSA @maan3ae)
AY 10.814a% 22.70 uawL a1l Genetic polymorphism 28984 ITPAc.94C>A wul@ijoend1iu NUDT15¢.415C>T
Iugihensinlnean ALL uasvianlalunsdinugtuuomignassisme s liavesdiuladunitssanrilsl loiaeesdniunits
SsenmimanmisiGaiiagauaiTInAingasiu ITPAC.94C>A Tiaadana ifanmades ummian sy
sloasidiaidonlulansgnyihefilasuena thiopurine wenamisismsfildasnsoysmennarmaniomdie uaze
R e T T I T T
AE1Ag : @ Gy [TPAC94C>A @ fu NUDT15c.415C>T @ LanziSaudmbannaudsunduninaumuaiadn

® 6-mercaptopurine @ Multiplex ARMS PCR
asanslaiiainguassazenansusnislaiia. 2566,33:199-206.

J Hematol Transfus Med Vol 33 No. 3 July-September 2023



Prevalence of NUDT15¢.415C>T and ITPAc.94C>A in Thai pediatric patients 201

Introduction

Acute lymphoblastic leukemia (ALL) represents the
most common type of pediatric leukemia, accounting
for approximately 80% of all cases'. The interval of
treatment lasts approximately three years, and during
the maintenance phase, 6-mercaptopurine (6-MP) and
methotrexate (MTX) are the mainstay therapy. How-
ever, some patients may experience severe toxicity
such as myelotoxicity and hepatotoxicity’, which may
result in treatment interruption and ultimately increase
the risk of disease relapse. Polymorphism of the genes
involved in thiopurine metabolism including thiopurine
methyltransferase (TPMT), nucleoside diphosphate-linked
moiety X-type motif 15 (NUDT15) and inosine triphos-
phatase (ITPA) can lead to variable degradation of the
toxic metabolites of thiopurine. Such polymorphism can
vary among ethnicitiess, for instance, TPMT is preva-
lent among Caucasians’, whereas ITPA and NUDT15
are prevalent among Asians®. In addition, NUDT15
polymorphism is uncommon in European populations
except for the Spanish population, and is even rarer in
African populations’®. Regarding clinical implications,
the prevailing guidelines advocate reducing the dosage
of thiopurine based on the presence of TPMT and NUDT
15 polymorphisms, while a unanimous consensus is
yet to be reached concerning the ITPA polymorphism’.

Several methods including polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP),
allele-specific polymerase chain reaction (AS-PCR),
pyrosequencing and multiplex high-resolution melting
analysis (HRMA) and multiplex amplification refractory
mutation system polymerase chain reaction (multiplex
ARMS PCR), have been used to detect the ITPA and
NUDT15 polymorphisms'®*. The objective of the pres-
ent research was to study the genetic frequencies of
NUDT15¢.415C>T and ITPAc.94C>A among Thai pediatric
patients with ALL using a multiplex ARMS PCR method
to detect the polymorphism of NUDT15¢.415C>T and
ITPACc.94C>A in a single detection, which could offer

time and cost savings.

Subjects and methods

In total, 222 leftover blood specimens from Thai
pediatric patients receiving a diagnosis with ALL were
obtained from the Hematology and Oncology Division,
Department of Pediatrics, Siriraj Hospital, Mahidol
University from January 2015 to December 2021. This
study was approved by the Siriraj Institutional Review
Board, reference number: COA No. Si 787/2021. Al
the specimens were used for genomic DNA (gDNA)
extraction using the salting-out method'. Genotypes
of NUDT15¢.415C>T and ITPAc.94C>A were detected
from gDNA samples (200-300 ng) by specific primers
(Table 1)**°, for which type-different concentrations of
specific primers were simultaneously used to detect the
wild-type (WT) and mutant (MT) alleles in PCR buffer
containing 1.5 mM MgClZ, 200 uM dNTPs, 1x Q-solu-
tion and 1.25 U HotStar Taqg DNA polymerase (Qiagen,
Hilder, Germany). The PCR reaction started from the
predenaturation at 95°C for 15 min followed by 30-cycle
amplification including denaturation at 94°C for 1 min,
annealing at 65°C for 45 sec and then extension at 72°C
for 1 min. The last step was the final extension at 72°C
for 10 min. Both PCR products of the WT and MT
alleles were parallel loaded and compared with a 100 bp
marker, as shown in Figure 1, using 1.5% agarose gel
electrophoresis with a constant 100 V for 35 min followed

by ethidium bromide staining and UV visualization.

Results

The 222 pediatric subjects comprised 126 males
(56.80%) and 96 females (43.20%), and the median age
at diagnosis was five years (range 3 months to 18 years).
Among the included patients, 194 (87.4%) received a
diagnosis as pre-B ALL, while 28 (12.60%) received a
diagnosis as T-cell ALL. The prevalences of genetic
polymorphisms of NUDT15¢.415C>T and ITPAc.94C>A
reported as homozygous NUDT15¢.415C>T and ITPAc.94C>A
were 0.90 and 4.50% respectively. whereas the values
for heterozygous NUDT15¢.415C>T and ITPAc.94C>A
were 13.10 and 29.70% respectively. The proportion of
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Table 1 Designed specific primers for [ITPAc.94C>A and NUDT15c.415C>T used in the multiplex ARMS PCR

Amplicon Primer
Common name Primer sequence 5->3’ size (bp) concentration Reference
(uM)

ITPAC.94C>A Reverse: TTC CAC GAA CAT GTG TGA ATG 533 0.2 (15)
CAG C
Forward: (WT): CGT TCA GAT TCT AGG
AGA TAA GTT CC
Forward: (MT): CGT TCA GAT TCT AGG
AGA TAA GTT CA

NUDT15¢.415C>T Reverse: GCT GAA AGA GTG GGG GAT AC 259 0.2 (16)
Forward: (WT): GGA GCT TTT CTG GGG
ACT GC
Forward: (MT): GGA GCT TTT CTG GGG
ACT GCT

Internal control for Forward: GCT TAG CAC AAG CAG AGA 765 0.1 (15)

multiplex ARMS PCR  CCT GAC G
Reverse: TTC CAC GAA CAT GTG TGA ATG
CAG C

MT WT MT WT MT
< Internal Control (765 bp)
500 bp - — — el < [TPAC.94C>A (533 bp)

«NUDT15¢.415C>T (259 bp)

Figure 1 PCR products of the wild-type (WT) allele and mutant (MT) alleles detected for NUDT15¢.415C>T and
ITPAc.94C>A genotypes using multiplex ARMS-PCR by 1.5% agarose gel electrophoresis: M, 100 bp marker;
NTC, non-template; WT, detected wild-type allele; MT, detected mutant allele; Lanes 1, 2 wild-types of
NUDT15¢.415C>T and ITPAc.94C>A; Lanes 3, 4, both heterozygous NUDT15¢.415C>T and ITPAc.94C>A; Lanes
5, 6, homozygous NUDT15c.415C>T; Lanes 7, 8, homozygous ITPAc.94C>A. The 765 bp amplified products served
as the internal control. The 533 bp and 259 bp amplified products were the [TPAc.94C>A and NUDT15c.415C>T

specific products, respectively.
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Table 2. Prevalence of NUDT15¢.415C>T and ITPAc.94C>A among 222 Thai pediatric patients receiving a diag-

nosis of acute lymphoblastic leukemia

Genotype Number (%)

ITPAc.94C>A genotype frequency

-CC 101 (45.50)

-CA 66 (29.70)

- AA 10 (4.50)
NUDT15¢.415C>T genotype frequency

- CC 101 (45.50)

-CT 29 (13.10)

-TT 2(0.90)
Both ITPAc.94C>A and NUDT15¢.415C>T genotype frequency 14 (6.30)

- CA/CT 12 (5.40)

- AA/CT 1 (0.45)

- CA/TT 1 (0.45)

ITPA: inosine triphosphate pyrophosphatase;

those carrying both heterozygous NUDT15¢.415C>T and
ITPAc.94C>A alleles was 5.40%, while the proportion
of those with the wild-type genotypes was 45.5%. In
this cohort, 0.90% of all patients harbored the hetero-
zygous genetic pattern of one gene and homozygous of
another gene. Details of the prevalence of the genetic
polymorphism of both genes are shown in Table 2.
Also, the allele frequencies of the NUDT15¢.415C>T and
ITPAC.94C>A genes were 10.81 and 22.70%, respectively.
The time required for performing the laboratory test
using simultaneous multiplex ARMS PCR was three
hours, whereas it took six hours using AS-PCR. The
unit cost for simultaneous multiplex ARMS PCR was

2020 THB, whereas 4040 THB for AS-PCR.

Discussion

Personalized medicine using the genetic information of
patients to provide appropriate treatment for individuals
appears to be an increasing trend among physicians”’.
Likewise, recognizing patients harboring the TPMT
polymorphism, the first identified genetic polymor-
phism of purine metabolism, is important, as they could
experience severe toxicities with the traditional thiopurine
treatment, which could lead to the need for treatment

interruption, which could ultimately affect the survival

NUDT15: nucleoside diphosphate-linked moiety X-type motif 15

chances of such patients”. This finding highlights the
role of individualized medicine for those treated with
thiopurine drugs, especially patients with ALL. Table 3
illustrates the clinical significance of NUDT15 and ITPA
polymorphism among Thai patients™®™.

In this study, we found that the frequency of ITPAc.94C>A
was more prevalent than that of NUDT15¢.415C>T. Related
studies reported two common genetic polymorphisms of
ITPA: ITPAc.94C>A, the most common polymorphism
and IVS2+21A>C, the second-most common polymor-
phism. The enzymatic activity in homozygous ITPA is
less than 1%, whereas that in heterozygous is approx-
imately 20%”. Decreased enzymatic activity has been
reported to be associated with a risk of neutropenia®?’
and transaminitis® in those treated with a thiopurine.
The frequency of the ITPAc.94C>A allele in Asian
populations has been reported to be 30, 15.5, 16, 18.1
and 11% in Korean, Japanese, Malaysian, Chinese and
Indian populations, respectively'™**".

NUDT15¢.415C>T was first reported to be associ-
ated with toxicity in Korean patients treated with a
thiopurine®. The allele frequency of this in Japanese,
Chinese and Thai populations was reported to be 16,

22,33,34

11.6 and 17%, respectively , while the frequency was

reported to be less than 1% among Caucasians”. The
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Table 3 Clinical significance of NUDT15 and ITPA polymorphism among Thai patients treated with 6-MP.

Polymorphism

Clinical significance

ITPA and NUDT15 ¥
nance therapy.

NUDT15 %

Heterozygous and homozygous polymorphism required dose reduction during mainte-

Heterozygous and homozygous polymorphism had higher incidence of neutropenia

during the first 3 months of maintenance and required dose reduction.

NUDT15 *

Heterozygous and homozygous polymorphism required dose reduction of 26.8 and 75%

respectively during the first 6 months of maintenance therapy.

ITPA and NUDT15 #
ITPA and NUDT15 *
ITPA #

Only NUDT15 polymorphism was associated with neutropenia.
Only NUDT15 polymorphism was associated with neutropenia and dose reduction.

Homozygous ITPA was associated with dose reduction and transaminitis.

6-MP: 6-mercaptopurine; ITPA: inosine triphosphate pyrophosphatase; NUDT15: nucleoside diphosphate-linked moiety

X-type motif 15.

homozygous or heterozygous NUDT15 reportedly caused
increased hematologic toxicity in two related studies™.
Likewise, the prevalences of NUDT15c.415C>T and
ITPAc.94C>A in this study are in line with the afore-
mentioned studies in Thai populations. In addition, the
multiplex AMRS PCR method can be used to simultane-
ously detect both NUDT15¢.415C>T and ITPAc.94C>A
by their specific detecting primers. This method offers
time-efficient and economic advantages. These results
may assist physicians in providing appropriate treatment
for those treated with thiopurine because the guidelines
of adjusting the thiopurine dose among patients with
NUDT15 polymorphisms has already been established”.

In summary, the genetic polymorphism of ITPAc.94C>A
appears to be more prevalent than that of NUDT15¢.415C>T
in Thai pediatric patients with ALL. Further studies
are warranted to elucidate the clinical significance of
ITPAc.94C>A on myelotoxicity among Thai pediatric

patients treated with a thiopurine.
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