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Keywords: Material and methods: One hundred eighty unrelated subjects consisting of 123 males and 57
TPMT females from the main Nigerian ethnicities (44 Igbo, 101 Yoruba, 23 Hausa and 12 from other
minor ethnic groups) were genotyped for TPMT*2, 3B, *3C and "4 alleles using the iPLEX

Nigerians
Thiopurine genotyping assay technique. The genotype calls were validated with Sanger sequencingin a
Genotype random set of samples and the acquired data were assessed for Hardy-Weinberg equilibri-

um using the Fisher's exact test.
Results and discussion: Defective TMPT alleles were found in individuals representing 10% of
the study population. TPMT*3C constituted 9.4% (95% CI, 5.6-14.7) of all alleles detected, with
one homozygote and 17 heterozygotes recorded. The prevalence of the TPMT*3C allele in the
population conformed with Hardy-Weinberg equilibrium. TPMT*2, 3B and *4 were, however,
not detected in the population.
Conclusions: TPMT*3C was the only defective allele identified in Nigerians and may hence be
the major underlying genetic contributor to adverse reactions due to thiopurine drugs in the
population.
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1. Introduction

Thiopurine S-methyl transferase (TPMT) plays a crucial role
in the metabolism of clinically relevant thiopurine drugs
such as azathiopurine, 6-mercaptopurine and 6-thiogua-
nine. These drugs, used in the management of hematologi-
cal malignancies, dermatological conditions and as
immunosuppressants, have been noted for adverse reac-
tions such as leucopoenia, hepatotoxicity and pancreatitis
when administered in standard doses in certain users
subsequently identified as carriers of defective TPMT gene
copies.'™ Codominant expression of inherited TPMT genes
has previously been reported® and about 39 defective alleles
are currently known® with varied prevalence across popula-
tions and ethnicities. TPMT"2 (238G>C), "3A, "3B (460A>G)
and "3C (719A>G) are the most significant of these
alleles owing to their widespread prevalence in reported
studies, although another less studied intronic variant
(rs12201199) with a notably high prevalence of over 50% in
Africans has been correlated with cisplatin ototoxicity.®
Nevertheless, TPMT*2, *3A, *3B and *3C account for about 95%
of the defective variants in Caucasians>® whereas only *3A
and *3C have been reported in a few African populations
studied to date and none of the rare variants like TPMT"4, for
instance, have been reported in Africans.”” A high geno-
type-phenotype correlation reported to be over 90%,” albeit
with noted discrepancies owing to the impact of a number of
non-genetic factors,’® makes TPMT genotype status a
reliable indicator of clinical phenotype and thus a guide
for the safe administration of thiopurine drugs in most
populations.

2. Aim

Studies of prevalent TPMT variants have often characterized
most populations where genotype-guided dosing of TMPT-
associated drugs have become a standard. Nigeria, with
a population of over 140 million people, consists of
three main ethnicities (Hausa, Igbo, Yoruba) which may
be further distinctly subdivided into about 374 others.™
Such huge diversity, often characteristic of African popula-
tions in general and previously reported to impact wide
genetic diversity,’”> warrants the need for this study
which attempts to address the paucity of data on the
prevalence of common clinically-relevant TMPT variants in
the population.

3. Material and methods
3.1. Study population

The study population (n = 180) consisted of 123 male and 57
female healthy volunteers who were required to provide
written informed consent after the study had previously been
approved by the ethics committee of the Obafemi Awolowo
University Teaching Hospital, Nigeria. These subjects, all
unrelated, were drawn from different ethnicities in Nigeria

which included Igbo (n = 44), Yoruba (n = 101), Hausa (n = 23) and
other minor ethnic groups (n = 12). Each participant provided
5 mL of whole blood which was collected in EDTA tubes and
stored at —20°C until analysis.

3.2.  DNA extraction and iPLEX™ genotype analysis

Genomic DNA was extracted from 400 pL of whole blood
using the phenol-chloroform method and further diluted to
10 ng/pL with ultrapure water for the iPLEX genotyping
assay. The multiplex polymerase chain reaction (PCR), iPLEX
assay and extension primers for TPMT*2, *3B, *3C and "4A
were designed using Assay Design Suite v 2.0 (Agena
BioScience, CA), and these primers, other reagents and
equipment used were from Agena Bioscience (San Dieago,
CA, USA).

Multiplex PCR amplification of targets at a final volume of
5 pL was carried out using 0.8 pL ultrapure water, 0.5 pL of 10x
PCR reaction buffer, 0.4 pL of 2-mM MgCl,, 0.1 pL of 500-pM
dNTP mix, 1pL of primer mix (0.5pM each), 0.2l of
polymerase (5 U/pL) and 2 pL of genomic DNA. Thermocycling
condition included a denaturation at 94°C for 15 min, followed
by 45 cycles at 94°C for 15 s, 56°C for 30 s and 72°C for 1 min. A
final extension was done 72°C for 3 min and thereafter the
reaction placed on 4°C hold.

Dephosphorylation of the PCR product was carried out by
adding 2 pL of a shrimp alkaline phosphatase (SAP) reaction
mix consisting of 1.53 pL of ultrapure water, 0.17 uL SAP buffer,
0.3 uL of SAP enzyme (1.7 U/pL) to 5 pL of the multiplex PCR
product. This was then incubated at 37°C for 40 min in a
thermocycler followed by the denaturing of SAP at 85°C for
5 min.

The iPLEX primer extension assay was then carried out in
mix consisting of 0.755 pL of ultrapure water, 0.2 pL of iPLEX
buffer, 0.2 pL of iPLEX termination mix, 0.804 p.L of primer mix
and 0.04 uL of iPLEX enzyme. This was cycled using a two-step
200 short cycles program which started with denaturation
step at 94°C for 30 s; an annealing at 52°C for 5 s and extension
at 80°C for 5 s which was repeated another four times. This
described process was repeated for another 39 times, followed
by a final extension at 72°C for 3min and the product
subsequently held at 4°C.

The final extension product was desalted with a resin mix
and 20 pL of the product dispensed onto a Spectro Il array chip
for analysis using the Bruker mass spectrometer. Visual
quality checks were made of the generated peaks in addition
to the non-template control prior to report generation using
Typer 4 analysis software. The iPLEX analysis was carried out
by Uniservices, University of Auckland (Auckland, New
Zealand). Validation of the nucleotide calls was further
carried out by Sanger sequencing of products generated after
amplifying target sequences from a set of randomly selected
genomic DNA samples.

3.3.  Statistical analysis

Using the Fisher's exact test, the genotype frequencies of TPMT
alleles were assessed for Hardy-Weinberg equilibrium and
also compared with those of other populations. A P < 0.05
implied statistical significance.
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4, Results

Carriers of defective TMPT alleles in the population were at a
frequency of 0.10 (18/180; 95% CI, 0.060-0.153) with TPMT*3C
accounting for all variant alleles detected. Heterozygous
carriers of TPMT*3C were at a frequency of 0.094 (17/180;
95% CI, 0.056-0.147) while homozygous TMPT*3C carriers were
at a frequency of 0.006 (1/180; 95% CI, 0.000-0.031). TPMT*2, *3B
and "4 were not detected in the study population. The
prevalence of alleles in the ethnicities studied is presented
in Table 1. Inheritance of the TPMT*3C allele conformed with
Hardy-Weinberg equilibrium as assessed using Fisher's exact
test and a random genotype validation with Sanger sequenc-
ing confirmed consistency of called genotypes.

5. Discussion

Polymorphism in the TPMT gene and its implication for
thiopurine drugs' toxicity has been one of the most successful
applications of pharmacogenetics in clinical practice as the
current trend requires that TPMT genotype be known before

drug administration. The prevalence of these common TPMT
alleles which are well-correlated with adverse responses in
patients is also known to vary across populations and
ethnicities.” A summary table showing the identified allele
in the present study, previously known to result in decreased
TPMT activity,”'* alongside data from some other populations
is presented in Table 2. The TPMT*3C (rs1142345) allele,
identified in the present study and in all the few other African
populations’ ' studied to date, appears to be a common
defective allele in Africans and African-Americans except in
Moroccans.'**® However, the prevalence of the TPMT*3C allele
in Nigerians is only comparable to reported frequencies in
Ghanaians and Kenyans, but significantly higher than values
reported for Egyptians, Libyans, Tunisians, African-Ameri-
cans, Caucasians and Asians. The TPMT*3A allele which carries
two mutations, one in exon 7 (G460A) and the other in exon 10
(A719G), has been previously reported some African popula-
tion”” and is known to inflict the largest decrease in TPMT
activity.”* This allele was not detected in the present study and
neither were the TPMT*3B (460G>A) and *4 alleles. This study
also reports on the absence of the TPMT™2 allele in this
population. This allele, reported to result from a single
nucleotide transversion in exon 5 (G238C) of the TPMT gene,*?

Table 1 - Summary data of studied TPMT alleles in the Nigerian population.

Ethnic groups N Allele frequency (95% CI)

TPMT*2 TPMT*3B TPMT*3C TPMT*4
Igbo 44 0.000 0.000 0.057 (0.019, 0.128) 0.000
Yoruba 101 0.000 0.000 0.054 (0.026, 0.095) 0.000
Hausa 23 0.000 0.000 0.043 (0.005, 0.148) 0.000
Others 12 0.000 0.000 0.042 (0.001, 0.211) 0.000
Total 180 0.000 0.000 0.053 (0.032, 0.081) 0.000

" This group consisted of: Isoko — 1 person, Bini — 4, Urhobo - 2, Ebira — 3, Ibibio - 2.

Table 2 - Prevalence of observed TPMT alleles in Nigerians and some other populations.

Populations Number of subjects Allele frequencies References
TPMT*3C

Nigerians 180 0.053 Present study

Other African populations

Egyptians 200 0.013° 7

Ghanaians 217 0.076

Libyans 246 0.010° 9

Kenyans 101 0.054 13

Moroccans 103 0.000° 14

Tunisians 208 0.014 15

African-Americans 248 0.024° 16

Asians

Japanese 192 0.008" 17

Chinese (Uygur) 160 0.016 18

Koreans 400 0.009" 19

Vietnamese 159 0.028 19

Caucasians

Italians 103 0.010° 20

Germans 1222 0.004" 21

" Significantly different frequencies compared with the present study population at 95% CI using the Fisher's exact test.
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is known to exert greater reduction in enzyme activity than the
TPMT*3C allele’™?* and is generally less frequent in popula-
tions of the world. Heterozygous carriers of low-activity-
impacting TPMT alleles detected in the present study will be
expected to show intermediate intolerance to standard
thiopurine therapy consequently necessitating appropriate
dose adjustment, whereas administration of thiopurine drugs
may not be advisable for the homozygous carriers in the
population.

6. Conclusions

The present study identified TPMT*3C as the main defective
allele in the Nigerian population accounting for 100% of the
variant alleles detected. The prevalence of this allele was also
observed to be similar across the main ethnicities in the
Nigerian population and may thus be the only TPMT variant
critical for the dosing of thiopurine drugs in the population.
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