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TPMT and DPD polymorphisms: Efficient
screening method for Indian patients
considering taking Thiopurine and 5-FU
drugs
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Abstract. Introduction: Development of DNA-based tests for TPMT/DPD polymorphisms can help clinicians and patients to
make important decisions about cancer treatment. Also, due to lack of Indian data, we aimed at the development and validation
of these tests in Indian patients.
Materials and Methods: Molecular assays were used for identifying TPMT/DPD variations; validated by DNA sequencing.
Results: Molecular assays have been used for screening TPMT*2, *3A, *3B, *3C alleles and IVS14+1(G→A) in DPD gene.
A patient, exhibiting neutropenia on 6-MP was observed to be G460A-homozygote, while, two Acute Lymphoblastic Leukemia
(ALL) patients with side-effects exhibited wild-type alleles. Two patients showing 6-MP side-effects and responding well to the
same drug at later stage also carried wild-type alleles.
Discussion: G460A homozygosity in a patient allowed clinicians to stop 6-MP treatment, improving patient’s health status. Two
ALL patients showing side-effects were wild-type, indicating presence of unidentified rare variations. Two patients with wild-type
allele showed side-effects during 6-MP treatment, but responded well to same drug at later stage, suggesting side-effects to be
attributable to multiple biological and environmental processes. Absence of IVS14+1(G→A) in DPD gene will not exclude
possibility of another mutation.
Conclusion: Molecular assays for determining common TPMT/DPD variations, can provide accurate diagnosis and efficient
therapies in future clinical studies.
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1. Introduction

One of the main goals to improve chemotherapy in
cancer patients is to increase the safety, while not reduc-
ing the efficacy of therapy. Chemotherapeutic drugs are
administered at a fixed dosage based on either body sur-
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face area or weight. However, these compounds have a
very narrow therapeutic index. Approximately, 7% of
the patients are affected by adverse drug reactions. The
inter-individual genetic variations have been reported
to have a major impact on drug activity. These genetic
variations are the result of multiple mechanisms such as
single nucleotide polymorphisms (SNP’s) (over 90%),
insertions, deletions, tandem repeats and microsatel-
lites [5].

A pharmacogenetic test that can identify these vari-
ations can help the clinicians as well as the patients to
make important decisions about treatment options for
cancers.
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In this study, we have developed pharmacogenet-
ic tests for 2 of the most widely used chemothera-
peutic drugs, viz: 6-Mercaptopurine (6-MP) and 5-
Fluorouracil (5-FU). 6-MP is an antimetabolite drug
that oncologists have been using for more than 30 years
to treat Acute Lymphoblastic Leukemia (ALL), autoim-
mune disorders and inflammatory bowel disease.

Thiopurine Methyltransferase (TPMT) is an impor-
tant enzyme in the biotransformation of 6-MP, thiogua-
nine and azathioprine drugs. These drugs undergo
metabolic activation to form active thioguanine nu-
cleotides (TGN), which interfere with DNA replica-
tion and stop rapidly growing cancer cells from further
growth. However, it is of utmost importance that the
excess drug gets inactivated so that the growth of the
normal cells is not affected. TPMT enzyme plays an
important role in the inactivation of this excess drug.
An inverse relation exists between TPMT activity and
TGN levels, i.e., patients with high TPMT activity ex-
hibits low levels of TGN nucleotides at normal doses;
whereas, in case of patients with low TPMT activity,
the TGN’s accumulate in the body even at normal dos-
es. And therefore, a better drug dose for these patients
would be 1/10 of the drug dosage as compared to the
other patients.

The TPMT activity depends on the TPMT genotype.
TPMT gene, located on chromosome 6p22.3 is 5 Kbp
long with 10 exons [10]. More than 10 non-functional
mutant alleles for TPMT have been reported to be asso-
ciated with inheritance of TPMT deficiency till date [4].
Of these, TPMT*2 (G238C), TPMT*3A (combined ap-
pearance of G460A and A719G), TPMT*3B (G460A)
and TPMT*3C (A719G) have been observed to the
most prevalent gene variants [4]. TPMT deficiency
inherited by these mutant alleles is associated with
lower cellular levels of TPMT protein and these pro-
teins are degraded more rapidly by an ATP-dependent
proteasome-mediated pathway [9]. There is no data
available on TPMT gene in Indian patients.

Also, 5-FU is one of the most frequently prescribed
chemotherapeutic drugs for the treatment of cancers
of the gastrointestinal tract, breast, head and neck [2].
Dihydropyrimidine Dehydrogenase (DPD) enzyme ca-
tabolizes 80% to 90% of 5-FU dose to the inactive
5,6-dihydro-5-fluorouracil [11]. However, a decreased
DPD activity is associated with more than 4-fold risk
of severe or fatal toxicity from standard doses of 5-FU.
This decreased or nil activity of DPD enzyme is the
result of genetic variations in the DPD gene located on
chromosome 1. It is a 834 Kbp gene with 23 exons [1].
About 20 allelic variants have been identified along the

entire length of the DPD gene. However, many of these
variations have not been definitely associated with al-
tered DPD activity. Similarly, not all toxicity to 5-FU
from reduced DPD activity can be explained by the cur-
rently known polymorphisms. However, a splice-site
variant IVS14+1(G→A) in intron 14 has been report-
ed to be the most abundant [1] and clinically relevant
resulting in truncated protein, leading to deletion of
165 bp in the RNA and subsequent elimination of the
fluorouracil binding site in the protein, thereby giving
rise to low DPD activity and severe 5-FU toxicity. The
frequency of this variant in Caucasians has been report-
ed to be 0.9% [12]. But, to date, no studies have been
reported in Indian patients describing the analysis of
DPD gene.

Because of the clinical significance of the TPMT
and DPD genetic polymorphisms, the development of
DNA-based diagnostic tests would be essential to deter-
mine the common TPMT/DPD variant alleles respon-
sible for low activity. Also, since there are no studies
done on TPMT/DPD gene in Indian patients, till date,
the present study, aimed at the development, validation
and application of PCR-based methods for the detec-
tion of common TPMT (G238C, G460A and A719G)
and DPD [IVS14+1(G→A)] genetic variations in the
genomic DNA of Indian patients.

2. Materials and methods

2.1. Subjects

2.1.1. TPMT gene study
Venous blood from 30 patients with ALL (77%)/In-

flammatory bowel disease (20%) and Langerhans cell
histiocytosis (3%) from P.D.Hinduja National Hospi-
tal & Medical Research Centre (Mumbai, India), who
were receiving 6-MP treatment at an average dose over
a period of 6 months, were collected in blood collection
tubes containing Ethylenediaminetetracetic acid (ED-
TA).

2.1.2. DPD gene study
EDTA blood samples were collected from 100 pa-

tients with breast cancer (66%), cancer of stomach
(5%), colon cancer (13%), squamous cell carcinoma
(4%), adenoid cystic carcinoma (1%), cancer of sig-
moid and rectum (8%) and cancer of esophagus (3%).
These patients were on 5-FU based chemotherapy over
a period of 6 months.
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The local ethics committee approved the study and
an informed consent was obtained from all patients.
The study conforms with The Code of Ethics of the
World Medical Association (Declaration of Helsinki),
printed in the British Medical Journal (18 July 1964).

2.2. DNA extraction

DNA was isolated by Miller et al. salting out proce-
dure [16] with minor modifications.

2.3. TPMT genotyping

2.3.1. Detection of G238C polymorphism
G238C mutation has been detected using the allele-

specific PCR assay [3]. The common primer used in
the reaction was 5’TAA ATA GGA ACC ATC GGA
CAC3’; the normal primer-5’GTA TGA TTT ATG
CAG GTT TG3’, and the mutant primer was 5’GTA
TGA TTT TAT GCA GGT TTC3’ [3]. The 50 µl
PCR reaction mixture consisted of 25pmoles primers,
200 µm dNTP’s, 1 mM MgCl2 and 2 units of Hot star
Taq polymerase enzyme (MBI Fermentas). 30 cycles
of PCR were performed each consisting of 15 minutes
of denaturation, followed by 1 minute of annealing at
54◦C and 1 minute of extension at 72◦C. The procedure
was completed by the continuation of the last 72◦C in-
cubation for a further 10 minutes. Electrophoresis of
the PCR products were carried out on 4% agarose gel,
stained with ethidium bromide and visualized under
UV light.

2.3.2. Detection of G460A polymorphism
The amplification was carried out using primers that

created the Mwo I restriction site in the wild type al-
lele [3]. The primers F-5’ATA ACA GAG TGG GGA
AGG CTG C3’ and R- 5’CTA GAA CCC AGA AAA
AGT ATA G3’ [3] were annealed at 60◦C for 40 sec-
onds, extended at 72◦C for 43 seconds, with 2 units
of hot star Taq polymerase (MBI Fermentas, Genetix
Biotech Asia Private Limited, New Delhi, India) and
denatured at 94◦C for 15 minutes, for a total of 30 cy-
cles, with a final extension of 5 minutes at 72◦C, in the
eppendorf thermal cycler. The amplified DNA was di-
gested with 10 units of Mwo I restriction enzyme (MBI
Fermentas) overnight at 37◦C, size fractionated on 4%
agarose gels at 90 volts for 1.5 hours and visualized un-
der ultraviolet (UV) light after staining with ethidium
bromide. Positive control for G460A mutation (kindly
provided by Dr. Guiliana Decorti, Italy) and negative
control were included in each assay.

2.3.3. Detection of A719G mutation
A719G mutation was detected using primers F-5’

AAT CCC TGA TGT CAT TCT TCA TAG TAT TT
3’ and R-5’ CAC ATC ATA ATC ATA ATC TCC TCT
TCC 3’, which created Acc I restriction site in the mu-
tant allele [8]. The primers were annealed at 50◦C for
1 minute, extended at 72◦C for 2 minutes, for a total of
35 cycles, with a final extension of 10 minutes at 72◦C,
in the eppendorf thermal cycler. The amplified DNA
was digested with 10 units of Acc I restriction enzyme
(MBI Fermentas) overnight at 37◦C, size fractionated
on 4% agarose gels at 90 volts for 1.5 hours and visu-
alized under UV after staining with ethidium bromide.
Positive control for A719G mutation (kindly provided
by Dr. Guiliana Decorti, Italy) and negative control
were included in each assay.

2.4. DPD genotyping

2.4.1. Detection of [IVS14+1(G→A)] polymorphism
PCR amplification of intron 14 of the DPD gene for

the identification of [IVS14+1(G→A)] polymorphism
was carried out in a 50 µl reaction mixture contain-
ing 10 mM Tris HCl (pH 8.3), 50 mM KCl, 2 mM
MgCl2, 50pmoles each primer (F-5’ GAA CCA CCT
CTG GCC CCA CGT ATG 3’; R-CAG CAA AGC
AAC TGG CAG ATT C 3’) [15], 200 µm each De-
oxynucleotide triphosphate (dNTP’s) and 2.5 units of
Taq Polymerase. After initial denaturation at 94◦C
for 5 mins, amplification was carried out for 35 cycles
(94◦C for 1 min, 58◦C for 1 min, 72◦C for 2 mins).
The PCR products were separated on 4% agarose gels,
visualized with ethidium bromide. Restriction analysis
of the PCR products were performed in a 10 µl reaction
mixture containing 10 mM Tris HCl (pH 7.4), 100 mM
NaCl, 10 mM MgCl2, 0.1 mM EDTA, 1 mM dithio-
threitol, 7 µl PCR product and 10units of restriction en-
donuclease TaiI. The mixture was incubated overnight
at 37circC. The DNA fragments were subsequently an-
alyzed on 4% agarose gels and visualized with ethidium
bromide.

2.5. DNA sequencing

The assays were validated by subjecting the dou-
ble stranded PCR products to automated bi-directional
DNA sequencing (Bangalore Genei, India). The se-
quencing primers used were the same as the PCR
primers. The sequences obtained were matched with
the published TPMT gene sequence (Genbank acces-
sion No. AB045146) and DPD gene sequence (Gen-
bank accession No. U20938).
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Fig. 1. DNA samples showing amplification with wild type and common primers (lanes 1A, 2A, 3A, 4A, 5A, 6A, 7A, 8A) due to the presence of
wild type genotype (253 bp); whereas, no amplification was observed with mutant and common primers (lanes 1B, 2B, 3B, 4B, 5B, 6B, 7B, 8B),
indicating the absence of any mutant allele. Lanes 9A, 9B – Negative controls without DNA; M – Molecular weight marker.

3. Statistics

For diagnostic significance analysis, calculations
were made as follows: test sensitivity = RP/(RP+FN),
test specificity = RN/(RN+FP), test efficiency =
(RP+RN)/(RP+FN+FP+RN) and positive predictive
value = RP/(RP+FP) (abbreviations: RP- right posi-
tive, FP- false positive, RN- right negative, FN- false
negative).

4. Results

4.1. TPMT genotyping

Genotyping was performed for four of the most com-
mon SNP’s, viz; TPMT *2, *3A, *3B and *3C alleles in
30 patients on 6MP treatment. An allele-specific PCR
assay was used for the screening of G238C polymor-
phism. A 253 bp product is amplified with the mutant
and common primers in the presence of mutant G238C
polymorphism, whereas, in case of the wild type geno-
type, a 253 bp product is amplified with normal and
common primers (Fig. 1).

Restriction enzyme based PCR assays were carried
out for screening G460A and A719G polymorphisms.
In case of G460A polymorphisms, MwoI digestion of
wild type DNA yields fragments of 267 and 98 bp,
whereas, DNA containing G460A mutation remains
undigested, yielding an uncleaved fragment of 365 bp
(Fig. 2). The A719G polymorphism introduces an AC-
CI restriction site in the amplified fragment and yields
fragments of 207 and 86 bp. Wild type DNA remains
uncleaved with 293 bp (Fig. 3).

One of the patients having Langerhans cell histio-
cytosis with diabetes and exhibiting neutropenia on 6-

1     M     2      3   UD

365 bp 

267 bp

98 bp

Fig. 2. Mwo I digestion of wild type DNA (lanes 1, 2) yielded
fragments of 267 bp and 98 bp, whereas, the heterozygous G460A
mutation positive control DNA sample (lane 3) shows undigested
365 bp fragment, along with the 267 bp and 98 bp fragments. UD –
undigested PCR product; M – Molecular weight marker.

   M    1    2    3    4    5   UD    

Fig. 3. A719G heterozygous control DNA sample (lane 5) with Acc
I restriction site yielded fragments of 251 bp and 150 bp, along with
the undigested 401 bp fragment; whereas, wild type DNA samples
yielded uncleaved 401 bp fragment. UD – undigested PCR product;
M – Molecular weight marker.

MP treatment was found to be homozygous for G460A
polymorphism. Whereas, two patients with ALL, show-
ing side-effects on 6-MP treatment were found to pos-
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128 bp 

109 bp 

259 bp 237 bp 

1          2        3        UD        M

Fig. 4. [IVS14+1(G→A)] heterozygous control DNA sample
(lane 2) with TaiI restriction site yielded fragments of 237 bp and
128 bp and 109, whereas, wild type DNA samples yielded 128 bp
and 109 bp fragments. Undigested (UD) product is 259 bp. M –
Molecular weight marker.

sess wild-type alleles for the common TPMT variations
screened. Also, 2 patients showing side-effects during
6-MP treatment and responding well to the same drug
at a later stage, also showed the presence of wild-type
allele.

4.2. DPD genotyping

[IVS14+1(G→A)] polymorphism was genotyped
by digesting the 258 bp PCR product with TaiI restric-
tion enzyme. After digestion, the wild type allele gave
rise to fragments of 128, 109 and 21 bp. In contrast,
the PCR fragment containing the G→A point mutation
in the invariant splice donor site of exon 14 produced 2
fragments of 237 bp and 21 bp (Fig. 4).

The reliability of these genotyping assays were con-
firmed by sequencing the PCR products (Fig. 5).

5. Discussion

TPMT polymorphisms have considerable clinical
importance because it is responsible for the toxicity of
Thiopurine drugs, producing potential life-threatening
complications like myelosuppression, bone marrow
toxicity, leucopenia, pancytopenia, etc. Identification

of these polymorphisms not only provide important in-
sights into the molecular mechanisms of these genetic
polymorphisms, but also offers a method to prospec-
tively identify the TPMT-deficient patients prior to
treatment with potentially toxic dosages of Thiopurine
drugs [7]. Thus, the present study focuses on develop-
ing a molecular assay for the identification of the most
prevalent TPMT *2, *3A, *3B & *3C mutant alleles,
so as to enable the clinicians to optimize the thiopurine
therapy. These mutant alleles account for approximate-
ly 95% of deficiency-causing alleles, so the sensitivity
of genotyping for detecting these TPMT deficiencies is
high.

Of the 30 patients screened during the study for
TPMT variations, one of the patient exhibited a ho-
mozygous G460A allele. This patient had Langerhans
cell histiocytosis with diabetes. On 6-MP treatment,
he experienced neutropenia. The severe toxicity along
with homozygous G460A polymorphism made the
clinician stop the 6-MP treatment immediately and sub-
sequently the patient showed marked health improve-
ment. However, two of the patients with ALL showing
severe 6-MP side-effects exhibited wild-type alleles for
all the prevalent TPMT mutant alleles, indicating the
presence of some other rare unidentified mutant vari-
ants in these patients. This suggests the presence of
allelic heterogeneity and variation in allele frequencies
among different ethnic and racial groups. This is also
in accordance with a study carried out by Otterness et
al. [4]. As mentioned in the previous studies [7], the
identification of as many additional variant alleles for
low activity as possible will therefore be required to
extract all the Indian patients at risk for thiopurine tox-
icity. Also, in two patients, it was observed that they
exhibited 6-MP side-effects, but responded well to the
same drug at a later stage. These patients, as expected
were found to possess wild-type allele for all the com-
mon TPMT variants, clearly suggesting that the adverse
effects caused by the thiopurine treatment could be at-
tributable to multifactorial phenomena involving mul-
tiple biological and environmental processes (includ-
ing drug interactions), other than the mutated genotype
alone. Thus, though genotyping is useful in identifying
patients with risk for thiopurine toxicity, the clinicians
will need to monitor the patients for the other common
forms of toxicity.

Also, the [IVS14+1(G→A)] mutation in the DPD
gene has been observed to adversely affect the donor
splice site of intron 14, leading to deletion of 165 bp in
the RNA. This subsequently results in the elimination
of a 55 amino acid long, fluorouracil binding site in the
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Presence of GT (intron 14) at the invariant splice donor site of exon 
14. In case of mutant, GT gets replaced by AT 

(a)

(b)

(c) (d)

Fig. 5. (a) Reverse DNA sequence analysis for G238C mutation shows the presence of the gca (coding for alanine) at codon 80 of the TPMT
gene. (b) DNA sequence analysis of G460A mutation shows the presence of gca (coding for alanine) at codon 154 of the TPMT gene. (c) DNA
sequence analysis of A719G mutation shows the presence of tat (coding for tyrosine) at codon 240 of the TPMT gene. (d) DNA Sequencing
showing the presence of GT in intron 14 at the invariant splice donor site of exon 14 in DPD gene. In case of mutant, GT gets replaced by AT.

DPD protein [6]. The high prevalence of this mutation
and the high incidence of cases with severe lethal out-
come following 5-FU treatment due to DPD-deficiency
emphasizes the importance of [IVS14+1(G→A)] anal-
ysis. A molecular assay to rapidly detect this protein
truncating alteration was established during this study
to enable the clinicians to identify those patients sup-
posed to be at risk for toxicity during 5-FU drug intake.
Although, this mutation is very frequent, absence of
this splice site mutation does not rule out the possibil-
ity of a decreased DPD activity due to another muta-
tion. Approximately 20 variant alleles have been iden-
tified till date in the DPD gene. Identification of all the
additional molecular alterations in Indian patients will

be important to provide a high level of diagnostic and
predictive ability to identify at-risk patients for 5-FU
toxicity [15].

Before the initiation of standard-dose thiopurine
therapy, the measurement of erythrocyte TPMT activ-
ity is generally recommended. However, erythrocyte
TPMT activity assays will not reflect the metabolic ca-
pacity of a deficient patient if the patient has received
a blood transfusion from a donor with normal TPMT
activity within the previous 3 months. In addition, mis-
classification is possible because TPMT activity can
be induced under therapy with thiopurine drugs [13].
Also, measuring the level of DPD activity within the
tumor itself may have predictive value in determining
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whether the tumor is likely to respond to 5-FU. How-
ever, the use of biochemical assays, although valuable
is often not practical, particularly with the unavailabil-
ity of sufficient clinical samples (e.g., needle biopsies).
Molecular methodology can be an alternative method-
ology in such cases [14]. Genotyping, thus becomes an
important diagnostic tool. Also, these methods require
microgram quantities of DNA, which can be extracted
for minimal whole blood samples. Since genotype of
an individual does not change, it needs to be determined
only once during the life-time, making this technique
more clinically relevant and inexpensive. This is al-
so in agreement with a study carried out by Yates et
al. [3]. Identification of the additional TPMT/DPD ge-
netic variations in Indian patients by DNA sequencing
and incorporating them in a single pharmacogenomic
assay in future clinical studies, will further improve the
mutation detection rate, allowing the avoidance of any
undesired treatment toxicity.

6. Conclusion

Considering the common use of 6MP and 5FU drugs
in the treatment of cancer patients and the high preva-
lence of TPMT/DPD gene variations warrants genetic
screening in cancer patients before administration of
these drugs. In the present study, we have developed
and validated simple, sensitive, reliable and accurate
molecular assays that allows the determination of the
common TPMT/DPD gene variations in TPMT/DPD
deficient patients, who require a substantial reduction
in doses and careful management of drug association
to avoid toxicity, thereby, providing the concept of in-
dividualized therapy. These pharmacogenetic tests can
allow the clinicians to make accurate diagnosis, pre-
scribe more efficient drug therapies and avoid harmful
side effects. This report certainly provides further stim-
ulus for examining the potential utility of this assay as
a predictive pharmacogenomic assay in future clinical
studies.
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