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Figure 1.2: Biochemical pathways of Purine Metabolism 
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The roles and steps catalysed by these enzymes are shown in the biochemical 
pathways illustrated in Fig 1.2 and 1.3 

Thiopurine S-methyltransferase is a cytoplasmic enzyme which catalyses the 

intracellular s-methylation (inactivation) of heterocylic and aromatic sulfhydryl 

compounds including purine analogues. These drugs which include 6-

mercaptopurine, azathioprine and thioguanine, in the presence of TPMT enzyme, 

undergo metabolic conversion to their respective inactive methylated metabolites 
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either as a nucleotide, nucleoside or as a base. Methylated analogues are not 

incorporated into DNA, and are therefore non-toxic. For example, the inactive 

metabolites include 6-methyl thioinosine monophosphate, 6-methylmercaptopurine 

riboside and 6-mercaptopurine. 

Figure 1.3: The role of Thiopurine s-methyltransferase in the metabolism of 
purine analogues 

XO 
6-THIOURlC ACID .-6-:MERCAPTOPURINE -.6-THIOGUANINE 
(INACTIVE) (TOXIC) 

TPMT 

6-:METH YL:MERCAP TOPURINE 
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6-mercaptopurine is a pUrIne analogue drug used commonly in clinical practice 

especially in the treatment of childhood leukemia. The anti-neoplastic action is as a 

result of the antiproliferative effect of 6-thioguanine. 6 mercaptopurine is first 

converted to 6-thioguanine, and this is then incorporated into DNA. 6-thioguanine is 

toxic to the cell. This metabolic conversion is employed therapeutically for killing 

malignant cells by 6-mercaptopurine in the treatment of certain cancers. 

The metabolic conversion of 6-mercaptopurine to 6-thioguanine is critical for the 

therapeutic efficacy of 6-mercaptopurine in the treatment of certain malignancies, 

especially acute lymphoblastic leukemia. However, excessive conversion to 6-

thioguanine could result in severe adverse drug effects particularly fatal and life 
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Figure 3.1: Agarose gel electrophoresis of PCR amplified exon 7 of the TPMT 
gene digested with Mwol from leukaemic patients currently being treated with 
purine analogue drugs. Lanes 1-9 - patients; positive control - known 
heterozygote (C1) and known homozygote (C2) for the G460A mutation; M 
molecular size marker. 

1 2 3 4 5 6 7 8 9 Cl C2 M 

A typical gel electrophoretic analysis for the Mwo 1 restriction enzyme digest is shown 

in figure 3.1. Eight of the patients illustrated are homozygous for the normal gene, 

and one (individual 3) is heterozygous for the G460A mutation, giving a picture 

similar to the positive control C 1. 

The overall results for analyses to detect the G460A mutation are documented in 

Table 3.3. 
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Table 3.3: Results of allele frequencies for the G460A mutation 

Population Total Number Number of Number of Allele 
Groups of Subjects Normal Positive Frequency 

Alleles Alleles* (%) 
Caucasians 50 94 6 6% 

Coloured 100 199 1 0.5% 

Africans 100 200 0 0% 

* All were heterozygotes 

The same group of 50, 100 and 100 Caucasians, Coloured and African subjects 

respectively were also screened for the A 719G mutation (which is found in both the 

TPMT *3A and the TPMT*3C haplotypes). 

A typical result obtained from an Acel restriction enzyme digest of the A 719G 

mutation is shown in fig 3.2. 

Figure 3.2: Agarose gel electrophoresis of PCR amplified exon 10 of the TPMT 
gene digested with Acel from seven individuals of the coloured 
population group. Lanes 2&3 are heterozygous for the A 719G 
mutation. Lane C positive control - known homozygote 

1 2 3 4 5 6 7 C 

179 

100 



Univ
ers

ity
 of

 C
ap

e T
ow

n
* 

it is 

two mutatIons 

It can seen 

IS oec:au~;e 

cis on 

trans on oP1pmate 

were I"Op1"prtV7\irrrnTP<, 

are 

can 

or 

are 

7 

7 

43 

one or more 

a 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

44 



Univ
ers

ity
 of

 C
ap

e T
ow

n

45 

IDllltation was Qet~eCtC:Q 

a 

mllOlOlvr;le OODC)S11te a "n1"11"1<:1 a conmolund heterozyg;ote 



Univ
ers

ity
 of

 C
ap

e T
ow

n

46 

one 

was not del:ec1ted 

2 

to 

2 

nalDlOtvt)e IS geI1leralil was not rlPlrpf'1tPrI our 

most 

common mULtatlon amLODll! 



Univ
ers

ity
 of

 C
ap

e T
ow

n

47 

PATIENTS RESULTS 

A total of 28 patients from the Red Cross Children's and Groote Schuur Hospitals 

who are currently on purine analogue drugs were screened for the TPMT*3A, 3B and 

3C haplotypes using the G460A and A 719G mutations. These patients were also 

screened for the TPMT*2 haplotype (G238C mutation). 

A typical gel electrophoretic analysis for the Mwo 1 restriction enzyme digest of some 

of the patients is shown in figure 3.3. All the patients (1-7) illustrated are 

homozygous for the normal gene. C2 is the homozygous positive control for the 

G460A mutation while C1 and C3 are heterozygote positive controls, and M is the 

molecular size marker. 

Figure 3.3: Gel electrophoretic analysis for the Mwol restriction enzyme digest 

The results are documented in Table 3.7 below. 
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Sequence of ex on 10 of the TPMT gene 

Fig 3.5. Nucleotide sequence of Exon 10 of the TPMT gene from a patient 
heterozygous for the A 719G mutation. 

c A • • o " • II 

The sequence shown in the diagram above confirms the validity of the Acel restriction 
enzyme digest. The sequence is from one of the subjects who is a heterozygote for the 
A 719G mutation located on exon 10 of TPMT gene. Specifically th is point mutation is at 
position 161 in the nucleotide sequence (Figure 3.5). This shows a double peak 
(arrowed) of 2 bases (G &A) referred to in this sequence as R, which confirms the 
presence of both A in the wild type allele and G in the mutant allele. 
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Sequence o(exon 7o(the TPMT gene 

Fig 3.6. Nucleotide sequence of Exon 7 of the TPMT gene from a patient 
heterozygous for the G460A mutation. 

) , n 
G III 

Similarly the recognition sequence shown in Fig 3.6 confirms the validity o/the Mwol 
restriction enzyme digest in one of the subjects heterozygote for the G460A mutation 
located on exon 7 of the TPMT gene. Specifically this point mutation is on pOSition 176 
in the nucleotide sequence in Figure 3.6 above. This shows a double peak of 2 bases (G 
and A) referred to in this sequence as R (arrowed). which confirms the presence of both 
G in the wild type allele and A in the mutant allele. 
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Sequence of ex on 5 of the TPMT gene 

Fig 3.7: Nucleotide sequence of Intron 4 and part of Exon 5 of the TPMT gene 
from a known positive control patient heterozygous for the G238C 
mutation. 

Intron ~ 

Figure IO shows the nucleotide sequence of part of exon 5 of the TPMT gene from a 
reference patient (from Guy's hospital) which we sequenced to confirm presence of the 
G238C mutation. However, the sequence appears at first sight to have broken down, with 
double peaks in most positions. In addition, a sequential pattern of double peaks of 
various individual nucleotides often occur but in a haphazard fashion. Careful 
examination made it clear that this pattern was the consequence of a new mutation in the 
intron preceeding exon 4 in the form of a single base (C) deletion. Given this, it was also 
possible to observe in position 209 a double peak corresponding to both G and C, which 
would confirm heterozygosity for the expected G238C mutation. 

This unexpected deletion of a single base (in red) in the sequence CCTGC in intron 4 
presumably represents a polymorphism of no clinical consequence, since the shift 
produced only affects the nucleotide sequence and not the amino acid reading frame of 
the gene. 
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Fig 4.1: Role of TPMT in purine drugs metabolism 
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OTHER FACTORS AFFECTING PURINE ANALOGUES TOXICITIES 

66 

A recent report (11), described several features affecting purine analogue toxicity, and 

these will be described below in point form : 

1) Two patients on purine analogues were reported with severe neutropenia and 

thrombocytopaenia, but these patients were discovered to have co-existing infections 

due to parvovirus B 19 and varicella viruses. 

2) Some other patients were simultaneously receiving purine analogues together with 

other medications known to interfere with Azathioprine metabolism: allopurinol, a 

xanthine oxidase inhibitor, and sulfasalazine and 5'aminosalicylate which have been 

shown to inhibit TPMT activity 

3) One patient had severe bone marrow suppreSSiOn following concomitant 

administration of olsalazine and Azathioprine. The red cell TPMT activity was in the 
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