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ABSTRACT  

Individualization of drug regimens is today’s need because drug metabolism vary significantly among individuals i.e. patients given similar 

dosages can have widely divergent results as seen in case of thiopurine drugs due to genetic polymorphism of TPMT gene(s) res ponsible for the metabolism 

of these drugs. The genetic polymorphism of thiopurine methyltransferase (TPMT) gene is one of the most mature examples of pharmacog enetics, which 

could be helpful in clinical diagnos tic for individualization of thiopurine drug therapy (i.e. Azathioprine, Mercaptopurine, and Thioguani ne). Determining 

the molecular mechanisms and biochemical consequences of TPMT deficiency illustrate the potential of pharmacogenomics to opti mize cancer therapy by 

avoiding toxic side effects in genetically distinct subgroups of patients. It concludes that TPMT pretesting is necessary.  
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INTRODUCTION 

Interest in thiopurine S-methyltransferase (TPMT) emerged 
initially because of the important role this enzyme plays in metabolic 
transformation of the widely used anticancer and anti-inflammatory 
drugs mercaptopurine (MP), thioguanine (TG), and Azathiopurine (AZA) 
[1]. Introduction of  thiopurine, along with other antileukemic agents, 
increased the survival rates of children with acute lymphoblastic 
leukemia (ALL), from less than 5% in the early 1940s to 80% today. It is 
estimated that approximately 60,000 patients per year commence 
thiopurine drug treatment in the UK. Although thiopurine drugs are 
widely used, gastrointestinal intolerance, pancreatitis, hypersensitivity 
and myelosuppression are observed in up to 30% of patients. These ADR 
often result in the withdrawal of treatment [2-5]. In some instances the 
unexpected reaction to therapy can be fatal, for example in cases of 
severe myelosuppression.  If  this occurs, all cells produced in the bone 
marrow be come  suppressed, causes reduction in leucocytes, leaves the 
body susceptible to infection, while reduced platelets cause clotting 
abnormalities and red cell anaemia.  

Current concepts of drug therapy is treating large patient 
populations as groups; without considering the potential of individual 
genetically based differences in drug response [6] i.e. most medications 
exhibit wide inter-patient variability in their efficacy and toxicity. Clinical 
pharmacogenomics is the study which tells us how genetic basis affects 
variability in drug response [7-9]. Also, the advent of modern highly 
efficient and specific genomic te chnologies enables the search for 
relevant genes and their variants in the genome, and these new 
technologies have essentially spawned a new discipline in 
pharmacogenomics using genome-wide approaches [10]. Moreover, 
pharmacogenomics analysis can identify disease susceptibility  genes 
representing potential new drug targets. Numerous genes, in particular 
those encoding drug metabolizing enzymes, drug transporters and drug 
targets, have been identified to play a role in drug response and toxicity 
[10]. All of this will lead to novel approaches in drug discovery, 
individualized dosing of medications, and new insights into disease 

susceptibility and prevention [11]. 

Variability in Drug Metabolism: 
Metabolism is an important proce ss to end the effects of any 

drug, but sometime can be essential for the activity of a drug i.e. in case  
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of prodrugs. The large number of active combination chemotherapy 
regimens for most cancers has led to the need for better informa tion to 
guide the ‘standard’ treatment for each patient. In fact, it is estimated 
that properly prescribed medication causes 2 million Americans to get 
sick and result in 100000 deaths each year because of  adverse drug 
reactions [12-15]. Clearly the current regimen i.e. ‘one dose  fits all’ for 
chemotherapy treatment is not ideal for patients and is not cost effective  
for the health service. 

TPMT is a very important cytoplasmic transmethylase 
enzyme that preferentially catalyses S- mehtythylation of  aromati c and 
heterocyclic sulfhydryl compounds like thiopurine drugs activating or 
detoxifying the anti-inflammatory or immunosuppressant AZA and the 
anticancer agents, MP and TG [16] via S- adenosyl-L-Methionine as the S- 
methyl donor and s- adenosyl-L-homocysteine as by product. (Fig. 1) [17-

18]. 

 

Fig. 1: Simplified schematic representation of thiopurine 
metabolism within cells, a step in metabolic activation of 

mercaptopurine and thioguanines 

 Charles Remy was the first to describe the specific thiopurine 
S-methyltransferase activity in several species [19-20] and the partially 
purified protein was subsequently assayed and characterized in human 
tissue [21-22]. The first inactive allele of TPMT in humans was identified in 
1995 [23]. After that various studies demonstrated ethnic difference in 
mean TPMT activity and observed evidence of polymorphic distribution 

of TPMT activity in each of the large racial groups studied to date [24].  

TPMT Gene Location, Structure and Polymorphisms: 
TPMT gene is located on chromosome 6, is about 34 kilobases 

in length and has 8 exon [25] later this was modified that 
TPMT chromosomal gene is 27 kB long [26-27] maps to chromosome  
6p22.3 and has 10 exons [25-26]. The TPMT encodes 245-amino acid 
protein. Analysis of the 5-promoter region revealed a 71% GC content,  
more detailed analysis identified stimulating protein 1 (Sp1) as an 
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important trans-activator essential for constitutive activity in cell culture 
[28] and the presence of a variable number tandem repeat (VNTR) region 
which may affect levels of expression [29-30]. 

The wild type allele is designated as TPMT*1 and to date, at 
least 26 variant alleles of the TPMT gene have been identified [31-35]. Four 
alleles (TPMT*2, *3A, *3B and *3C) account for 80-95% of the inherited 
TPMT deficiency and have been biochemically characteriz ed [32-36]. The 
diagram below (Fig. 2) [37] is representing the TPMT gene, showing the 
exons as boxes.  The first ‘wild type’ is the most common version. In other 
versions, the TPMT gene is a ssociated with low enzyme activity TPMT*2, 
TPMT*3A, TPMT*3B, TPMT*3C and TPMT*8. In TPMT *3B there is one 
single nucleotide change in exon 7 from G to A at position 460 causing 
substitution of threonine for alanine at 154 position. TPMT*3A has two 
single nucleotide polymorphisms (SNPs), or changes in single DNA 
nucleotide bases or transitions ( in exon 7 from ‘G’ to ‘A’ at position 460  
and in exon 10 from ‘A’ to ‘G’ at position 719 ), leading to substitution of 
threonine for alanine at position 154 and cysteine for tyrosine at 
position 240, and  TPMT*3C has one single nucleotide polymorphism, or 
changes in single DNA nucleotide base or transition (from ‘A’ to ‘G’ at 
position 719 leading to substitution of cystine for tyrosine at position 
240 in the enzyme. This in turn, affects the enzyme’s function. 

 

Fig. 2: Alleles varients at human TPMT locus. Boxes depict the exons 
in human TPMT gene. White boxes are untranslated exonic regions 
and black boxes represents the exons in ORF, gray boxes represents 

exons that contains mutations that result in changes to amino acids 

There was an enhanced rate of proteolysis of mutant TPMT 
proteins encoded by TPMT*2 and TPMT*3A alleles, with degradation 
half lives of 15 min for both mutant proteins compared with 18 hr for the 
wild type protein [18]. A number of rare mutant TPMT alleles (TPMT*3D, 
*4, *5, *6, *7, *8, *10, *11, *12, *13, *14, *15, *16, and *19) have been 
identified [38-41]. TPMT*4 has a GA transition at the intron 9-exon 10 
junction, which disrupts the final nucleotide of the intron at the 3' 
acceptor splice site sequence [40]. TPMT*5 was identified as a T146C 
transition in heterozygous individual and has intermediate TPMT 
activity. In TPMT*6 mutation results in a Leu, Ser amino acid substi tution 
at codon 49, [40] the A539T transversion in exon 8 results in a TyrPhe 
substitution at codon180 in TPMT*7, results in intermediate activity [42]. 
In TPMT*8 there is G to A substitution at position 644 resulting in 
exchange of R215H at exon 10, this also resulted in intermediate enzyme 
activity. A few new missense mutations, TPMT*10 (G430C, codon 144 
GlyArg), TPMT*12 (C374T, codon 125 SerLeu) and TPMT*13 (A83T, 
codon 28 GluVal), were identified in the 10 exons of the TPMT gene 
when DNA samples from four leucopenic patients were screened by PCR 
analysis [43]. TPMT 11 is a missense in mutation (G395A) in exon 6, 
resulting in an amino acid exchange C132Y with reduced enzyme activity 
[44] TPMT*14 and TPMTP*15 were recently reported [43]. TPMT*14 
contained an AG transition in the start codon (exon 3, MetVal), whereas 
TPMT*15 had a GA transition in the acceptor splice site in intron 7/exon 
8 (IVS7 -1GA) [45]. Both TPMT*14 and TPMTP*15 resulted in the loss of 
enzyme activity. Recently, two novel missense mutations, TPMT*16 
(G488A, Arg163His) and TPMT*19 (A365C, codon 122 LysThr) were 
identified in a Caucasian and a Moroccan patient, respectively [46]. The 
Lys122Thr exchange did not significantly affect the intrinsic clearance 
value (Vmax/Km) of the variant enzyme, whereas the Arg163His 
substitution significantly decreased the intrinsic clearance value by 3 -
fold. The frequencies and contributions of these alleles to reduced TPMT 
activity in different ethnic groups have not been defined yet. TPMT*23, 
substitution occur be tween C to G at position 500 result substitution of  
A167G at exon 8, these all results in decreased activity of that enzyme 
[47]. 

Polymorphisms in the 5'-flanking promoter region of TPMT 
gene have also been identified due to a variable number of tandem 
repeats (VNTR) with three kinds of motifs (A, B, and C) differing by the 
length of the unit core and nucleotide sequence [48-51]. Each repeat 
consists of 17 or 18 bp unit and contains a potential binding site for the 
transcription factor Sp1. The polymorphic tandem repeat within the 5'-
flanking promoter region of the TPMT gene appears to participate in the 
regulation of level of erythrocyte. TPMT activity  [30] allele VNTR*6 was 
found to be consistently associated with decreased levels of TPMT 
activity in humans [50]. However, those effects are probably small in a 
quantitative sense [46]. A few recent studies demonstrated that the 
variable number tandem repeats (VNTR*3 to VNTR*9) had no significant 
impact on enzyme activity in British Asians and Caucasians [52-65]. It has 
been shown that there might be a negative correlation between the 
variable number of tandem repeats within the 5'-flanking region of the 
TPMT gene and the level of TPMT activity. TPMT VNTR len gth varied 
from three to nine repeats (*V3 to *V9), but the most commonly 
occurring were *V4 and *V5. The lowest levels of TMPT activity were 
found with genotypes that included an allele with more than 5 repeat 
elements. The *V4/*V5 were associated with higher activity levels than 
*V4/*V4 and *V5/*V5 [30]. In another study, the *V6 was found to be 
consistently associated with decreased levels of TPMT activity [49]. 
However, the effect of VNTR length may not be as drastic as TPMT 
deficiency caused by genetic mutations. The mechanistic effect of VNTR 
on TPMT activity remains to be elucidated. 

The most prevalent TPMT mutant allele in the Caucasian and 
Latin American population is TPMT*3A [37, 55] whereas TPMT*3C is 
predominant in Chinese, Egyptians, and African-Americans [39, 55]. In 
Caucasians, the TPMT activity in erythrocyte s shows a trimodal 
distribution: 89–94% of individuals have high activity, 6– 11% have 
intermediate activity due to heterozygosity of TPMT variants, and 0.3% 
have low or undetectable enzyme Activity. 1 of  every 300 subjects was 
homozygous for the trait of low level of RBC TPMT activity as in figure 3 
[56] unlike in most Caucasians, TPMT*3C is a common mutant allele in 
Kazaks, whereas TPMT*3A is a rare mutant allele. Further studies are 
needed to explore the clinical impact of these TPMT mutants to 

thiopurine therapy in Kazak patients [57]. 

Techniques used for TPMT Genotyping Include: 
A. Restricti on Fragment Length Polymorphism (RFLP) - in which 

DNA molecule is cleaved at a specific nucleotide sequences, 
using restriction endonucleases and the patterns derived is 
analyzed [36]. 

B. Amplification Refractory Mutation System (ARMS) - it takes 
advantage the fact that the 3’-OH end of a primer bound to 
template DNA is required for the polymerase enzyme to 
synthesize a new copy of DNA. Any mismatch leads to PCR 
failure. Consequently, any point mutation can be detected by 
synthesizing two primers specific to the wild type or mutant 
DNA. Several mutations can be screened for at once, using 
multiplex reactions containing more than one set of primers [36].  

C. Single Strand Conformational Polymorphism (SSCP) - this is a 
method to screen the exons of the TPMT gene for mutations 
using electrophoresis. This method, although relatively simple 
and low cost,  is ti me consuming and is not suited for routine use 
in a clinical setting.  

D. Denaturing High-Performance Liquid Chromatography (DHPLC) 
- identifies mutations by detecting sequence variation in re-
annealed DNA strands (hetero-duplexes). This method 
efficiently detects single nucleotide and insertion/deletion 
variation in crude PCR products directly without DNA 
sequencing.  

E. DNA Microchip technology - in this fluorescently labeled 
amplified DNA is hybridized with oligo-nucleotide DNA probes 
immobilized in gel pads on a biochip. This specially designed 
costly biochip can recognize six point mutations in the TPMT 
gene and seven corresponding alleles associated with TPMT 
deficiency. 

F. Mass spectrometry - highly multiplexed genotyping of TPMT 
variants has been performed using Matrix-Assisted Laser 
Desorption/Ionization - Time of Flight analysis (MALDI -TOF). A 
matrix is used to protect the molecules during ionisation, 
transforming the energy from the laser into excitation energy. 
The time-of-flight analyser separates the ions according to their 
mass (m) to charge (z) (m/z) ratio by measuring the time it 
takes for them to travel through a field free region [44]. 

G. SNaP shot method- a non time consuming, half automated 
method which enables testing of TPMT SNPs in a multiplex 
reaction. The method is based on a dideoxy single - base 
(ddNTP) extension of primers complementary to the sequences 
of three most common TPMT polymorphisms. The addition of 
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one of four ddNTPs lebeled with different fluorescent dyes at the 
position of the SNP is followed by electrophoresis and analysis 
of data [58].  

Clinical Implications of TPMT Polymorphism and Thiopurine Drugs: 
Anti-metabolites are one of the most common 

chemotherapeutic agents used in cancer therapy. They are structural 
analogues of important intermediates in the DNA and RNA bio-
synthetics. Anti-meta bolites act by inhibiting synthesis of nucleic acids 
and their building units or are incorporated into the DNA or RNA,  
resulting in impaired synthesis. Three Anti-metabolites among 
thiopurine drugs are in common usage, and have been used for over 
years. 6-mercaptopurine (6-MP) and 6-thioguanine (6-TG) are part of 
many cytotoxic drug regimens for the trea tment of a cute leukemia, and 
azathiopurine(AZA) is a widely used immunosuppressant given to 
patients with autoimmune conditions, inflammatory bowel disease 
(Crohn’s) or following kidney TPMT or heart transplantation [33]. 
Thiopurine drugs are effective in inducing remission in 50% to 60% of 
patients with inflammatory bowel disease and permit steroid reduction 
or withdrawal in up to 65% of patients [59]. 

TPMT catalyses the predominant inactivation pathway of 
thiopurines; hence, patients who inherit TPMT deficiency accumulate 
excessive concentrations of the a ctive thioguanine nucleotides (TGN), 
with standard doses of these medications. Thiopurine methyltransferase 
(TPMT) polymorphisms are the major determinants of inter-individual 
differences in the severe haematological toxicity of 6-mercaptopurine. 
Since there is considerable inter-individual variability in TPMT activity, 
genotyping of the TPMT gene or phenotypic TPMT enzyme activity 
measurements are routinely performed prior to thiopurine dosing [60, 29]. 
Weinshilboum and colleagues were the first to report large inter-
individual variations in TPMT activity. Using a radiochemical assay to 
assess red blood cell (RBC) activity they demonstrated a trimodal 
distribution with approximately; 90% of individuals inherit high activity, 
10% intermediate activity due to heterozygosity, and 0.3% have low or 
no detectable enzyme activity because they inherit two non-functional 
TPMT alleles [5, 36]. The differences in TPMT activity result predominantly 
from single nucleotide polymorphisms (SNPs). TPMT deficiency has also 
been associated with a higher risk of irradiation-induced brain tumors in 
patients treated with thiopurines concomitant with radiation therapy 
[61]. 

Several studies [62-63] have highlighted the importance of 
TPMT in thiopurine drug metabolism, because reduced or absent TPMT 
activity may place patient at higher risk for drug-related toxicity. The 
various adverse effects include myelosuppression, hepatic toxicity, 
pancreatic and flu like symptoms. Severe  myelosuppression, one of the 
most serious dose dependent reactions, is believed to be caused by 6 -

thioguanine nucleotides, the active metabolites [28].  

Thiopurine Toxicity proofs in relation to TPMT Polymorphism: 
There are various examples which provide or explain 

thiopurine drug toxicity is significantly related with the TPMT 

polymorphism: 

a) A significant negative correlation between erythrocyte cytotoxic 
TGNs and TPMT activity among children with acute 
lymphoblastic leukemia (ALL) treated with 6MP [64-66] Two of 3 
adult patients with very high TGN concentrations and 6MP-
induced leukopenia had no detectable TPMT activity, presumed 
to be an inherited deficiency of the enzyme [66]. Children with 
low concentrations of TGNs had higher TPMT activity and a 
higher subsequent relapse rate [58]. Lennard et al concluded that 
individuals with inherited low TPMT activity may be at risk for 
increased TGNs and acute myelosuppression when treated with 
standard doses of thiopurine drugs. In addition, genetically 
determined TPMT activity may regulate the cytotoxic effect of  
6MP and thus influence outcome of therapy for childhood ALL. 

b) 5 patients treated with standard doses of azathioprine which 
developed acute myelosuppression. Compared to control 
patients who did not develop myelosuppression, the 5 patients 
had very low TPMT activities and abnormally high levels of 
cytotoxic thioguanine nucleotides, consistent with inherited low 
TPMT activity [67].  

c) An 8-year-old girl with acute lymphocytic leukemia who 
developed severe hematopoietic toxicity with conventional oral 
doses of 6-mercaptopurine due to severe TPMT deficiency. The 
level of 6-thioguanine nucleotide in the patient's erythrocytes 
was seven times the population median value [68].  

d) Two unrelated children with ALL ta king 6MP who developed 
profound myelosuppression on 25% of the standard protocol  
dose. Both were found to have undetectable intracellular TPMT 
activity and both produced higher cytotoxic drug metabolites at 

decreased 6MP dosage compared to other patients taking 100% 
of the dose, concluded that both children had the recessive trait 
lacking TPMT activity and noted the importance of re cognizing 
such individuals in order to avoid fatal bone marrow failure 
through inadvertent over dosage [69].  

e) Azathiopurine-induced myelosuppression in a heart transplant 
recipient with TPMT deficiency has been reported [70]. 

f) A 14-year-old girl who developed severe pancytopenia seven 
weeks after starting azathioprine for HLA-B27-associated 
juvenile spondylarthritis. She was found to have toxic levels of  
6-thioguanine nucleotides and was TPMT-deficient. Withdrawal 
of azathioprine allowed recovery 8 weeks later [50]. 

g) 6 (9%) of 67 patients with autoimmune disease taking AZA were 
heterozygous for a mutant TPMT allele. Five of the 6 patients 
discontinued treatment within 1 month because of low 
leukocyte levels [71]. The authors concluded that TPMT 
heterozygotes taking AZA are at increased risk for adverse side 
effects.  
Of 23 patients who developed excessive toxicity while taking 
6MP or AZA [7] found that 6 were homozygous for TPMT 
deficiency, 9 were heterozygous, and 8 had normal TPMT 
activity (homozygous wild type). The 65% frequency of 
homozygous or heterozygous individuals among these patients 
was significantly greater than the expected 10% in the general 
population. Hematologic toxicity occurred in more than 90% of 
the patients, while hepatotoxicity occurred in 6 (26%) patients. 
Dosage adjustment in these patients resulted in tolerance of 
treatment without toxicity. 3 (60%) of 5 patients who developed 
hematopoietic toxicity from azathioprine had 1 or more TPMT 
variant alleles [72]. 

h) Patients developing hematopoietic toxicity with thiopurine 
therapy were found to have overrepresentation of TPMT va riant 
alleles [7]. In addition; their studies showed that hematopoietic 
toxicity can occur in TPMT heterozygotes, not just homozygous-
deficient patients [7]. 

i) A 38-year-old Polish man with compound heterozygosity for 
two variants in the TPMT gene (TPMT*3A and TPMT*3C) 
underwent kidney transplant due to chronic glomerulo-
nephritis, he was treated with AZA as immunosuppressive 
agents. Two months later he developed severe 
myelosuppression and AZA was withdrawn. Upon 
reintroduction of AZA two weeks later, the patient again 
developed myelosuppression. After final withdrawal of AZA, the 
kidney was still functioning 10 years after transplant [73]. 

 
Table No. 1: Most prevalent TPMT mutant allele in different ethnic 

populations 

Population TPMT allele Reference 

Chinese TPMT*3C [74] 

Japanese TPMT*3C [75-76] 

Taiwanese TPMT*3C [75] 

South- west Asians TPMT*3A [74] 

South- East Asians TPMT*3C [77] 

Kenayans TPMT*3C [78] 

Ghanaians TPMT*3C [79] 

American Caucasian TPMT*2,*3A,*3C [39] 

British  Caucasian TPMT*2,*3A,*3C [79] 

Jordanians TPMT*3A,*3C [80] 

Iranian TPMT*2,*3A,*3B [81] 

Israeli TPMT*3A [82] 

Russians TPMT*3A [83] 

Turkish TPMT*3A [84] 

Serbian TPMT*3A [85] 

Kazaks TPMT*3C [57, 86] 

Indians TPMT*3A, *3C [87] 

Polish TPMT*2,*3A,*3C [73] 

German TPMT*1,*2,*3A,*3C [83] 

African- Americans TPMT*3C [37] 

TPMT Monitoring and TPMT Test before Thiopurine Therapy: 
There have been many studies in favour of or against the 

monitoring of thiopurine drug metabolite levels [88-99]. In favouring 
studies, hepatotoxicity correlated with very high 6-MMP levels. It is not 
the aim of this review to further discuss the methods of  monitoring these 
metabolites.  We would like to stress here that thiopurine drug (AZA/6-
MP) metabolite assessment requires expertise, standardized methods 
and is indicated only in cases with unexplained dose-related side effects 
in patients where AZA/6-MP use is mandatory for disease remission.  

From a bove proofs and other thiopurine toxicity studies it 
become  important to test TPMT activity or screening for variant TPMT 
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allele before initiating thiopurine therapy. The drug monograph for 
azathiopurine approved by the USFDA also recommends pretesting.The 
evidence base for this recommendation is unclear; particularly the 
crucial evidence that pretherapy TPMT testing decreases myelotoxicity-
specific mortality [100-101]. However enzymatic analysis should identify 
most patients at risk, with the exception of those with a recen t blood 
transfusion [102] whether genotyping is sufficiently sensitive for routine 
use in clinical practices is also unclear, because most labora tories 

identify only the most common variant alleles and miss rare variants.  

Utility of TPMT Review: 
Usually homozygous TPMT deficient patients screened prior to 

starting thiopurine drugs are not treated with thiopurine drugs. If 
treatment has already started and the patient presents with 
myelotoxicity, this must be managed supportively and thiopurine drug 
treatment withdrawn. Heterozygous / low TPMT activity patients are  
often started on a reduced dose, which then may be adjusted depending 
on the clinical efficacy and toxicity of the treatment. Thiopurine 
metabolites 6-thioguanine nucleotides (6TGN) and 6-
methytlmercaptopurine nucleotides (6MMPN) are increasingly 
monitored in TPMT heterozygote’s to allow titration of the dose or in 
patients on thiopurine drugs presenting with toxicity symptoms.   
Withdrawal of the thiopurine drug allows recovery of the myelotoxicity  
in many patients. In short TPMT study helps:  

 To identify patients who will benefit from a  substantial decrease 
in dosage [38]. 

 Pre-therapy identification of at-risk patients allows for drug 
adjustment, maximizing therapeutic efficacy [68]. 

 TPMT status is  an early indicator of bone marrow toxici ty and 
dose-related myelosuppression in at-risk patients [65].  

 Approximately 40% of Inflammatory Bowel Disease patients 
receiving 6-MP/Azathioprine (AZA) therapy either fail to 
respond or are intolerant [103]. 

 In AZA-treated Rheumatoid Arthritis patients, intermediate 
TPMT activity is indicative of severe side effects, necessitating 
cessation of  therapy [42]. 

 In reducing cost of cancer chemotherapy. 

Future Perspectives:  
Despite significant progress in the study of this important 

TPMT enzyme, several questions   still remain to be answered. There are 
certain points which may be useful in improving thiopurine-based 

therapeutic protocols in future:  

 Characterization of new TPMT polymorphisms and their effect 
on the level of enzyme activity could be a subject of future 
studies. 

 Elucidation of the spatial structure of TPMT could be helpful in 
understanding the root me chanism of its action, as well as 
provide a rational strategy to develop specific inhibitors of 
TPMT which could be useful in improving thiopurine-based 
therapeutic protocols,  if they can reduce inter-patient variability 
in thiopurine absorption and disposition.  

 Investigate the phenotypic consequences of TPMT deficiency, 
the murine TPMT gene was isolated and characterized by 
Krynetski and Evans, opening the way to a mouse model in 
which the TPMT gene has been disrupted (i.e. TPMT-KO). 
Finally, gene expression and regulation patterns in TPMT-
deficient verses TPMT-proficient cells and mice using DNA 
arrays may reveal the functional roles this protein plays in 

homeostasis.  

DISCUSSION  

Currently available drug regimens like thiopurine drugs for 
management of Cancer have certain drawbacks. Therefore there is a 
need for safer and more effective anticancer drugs therapy which is not 
still available or is costly. Therefore there is a need to use the already 
available drugs safely and effectively. But the question arises how? The 
only answer is to study the molecular pharmacokinetics or 
pharmacogenomics of thiopurine drugs; this could provide us why these 
drugs are producing such life threatening side effects (Myelotoxicity,  
hepatoxicity, pancreatitis) and how to overcome them, what this study is 
providing. TPMT pharmacogenetics has been studied extensively 
because of its clinical significance. Many patients got benefited from the 
knowledge of TPMT genotype-phenotype correlation. 

As these drugs are metabolised by Thiopurine methyl 
trasferase enzyme, whose activity is controlled by TPMT genes. TPMT 
deficiency is caused by mutations of the TPMT gene. Both TPMT activity 
measurement and genotyping methods can be used to diagnose TPMT 

deficiency [104]. Heterozygous individuals have intermediate TPMT 
enzymatic activity; homozygous individuals have very low or absent 
enzymatic activity.  Myelotoxici ty as a side effect of thiopurine drugs may 
also occur in the absence of TPMT deficiency. Furthermore, other 
reported side effects of thiopurine drugs, e.g., hepatoxicity, pancreatitis 
are not necessarily associated with deficient TPMT activity. 
Transmission is autosomal co-dominant. Therefore it be comes necessary 
to te st the TPMT profile of every patient before starting the thiopurine 
therapy. Thus studying the genetic polymorphism of TPMT gene could 

provide a baseline data for individualization of thiopurine drugs therapy. 

CONCLUSION 

The number of clinically important applications of molecular 
genetics of TPMT is constantly increasing, from the initial screening of 
TPMT polymorphism in ALL patients to prevent toxicity, to the 
increasingly common use of TPMT phenotyping/genotyping in other 
patient populations where thiopurines are prescribed, including solid 
organ transplant recipients, patients with Crohn’s disease, systemic 
lupus erythematosus, nonbullous inflammatory dermatoses, rheumatoid  
arthritis, and other autoimmune diseases. Based on the patient’s TPMT 
genotype, more rational planning of thiopurine therapy has now become 
possible. 

TPMT polymorphism offers a broad perspective of  how 
pharmacogenomics can help to achieve therapeutic goals while avoiding 
toxic effects in genetically distinct groups of patients. Elucidation of the 
molecular mechanisms and biochemical consequences of TPMT 
deficiency demonstrates how pharmacogenetic traits can be identified, 
characterized but it requires integration of diverse approaches from 
different fields of biomedical science, also there is a need of  pre-TPMT 

testing and standard guidelines for prescribing thiopurine drugs. 

ABBREVIATIONS:  
6-MMP = 6-Methytlmercaptopurine 
6-MMPN = 6-Methytl Mercaptopurine Nucleotide 
6-MP = 6-Mercaptopurine 
6-TG = 6-Thioguanil 
6-TGNs = 6-Thioguanine nucleotides  
ALL= Acute lymphoblastic Leukemia  
ARMS = Amplification Refractory Mutati on System  
AZA= Azathiopurine 
ddNTP = Dideoxy single- Base 
DHPLC = Denaturating High Performance Liquid Chromatography  
HPRT= Hypoxanthine Phosphoribosyl Transferase 
kB = Kilo Bases 
m/z = Mass/Charge ratio 
MALDI-TOF = Matrix-assisted Laser Desorption/Ionization- Time of 
Flight analysis 
PCR = Polymerase Chain Reaction 
RFLP = Restri ction Fragment Length Polymorphism 
SAM =S-Adenosyl Methionine 
SNPs = Single Nucleotide Polymorphisms 
SSCP = Single Strand Conformational Polymorphism 
TPMT = Thiopurine S-Methyl Transferase 

TPMT-KO = Thiopurine S-Methyl Transferase knock Out  
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