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Chronic Myeloid Leukemia

TP53 codon 72 polymorphism in patients with chronic
myeloid leukemia

A single nucleotide polymorphism at TP53 codon 72
means that two alleles exist: A1 (proline residue, Pro72)
and A2 (arginine residue, Arg72). The Pro72 variant of
p53 has a lower apoptotic potential. We found that
allele A1 was more frequent in patients with chronic
myeloid leukemia (CML) than in controls, and among
CML patients who had no cytogenetic response than
among responders. 
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Treatment of CML has recently been revolutionized by
the introduction of imatinib mesylate, an inhibitor of the
ABL tyrosine kinase domain.1 Acquired resistance to ima-
tinib, defined as a relapse following an initial response,
occurs and is often characterized by either BCR-ABL gene
amplification or point mutations in the kinase domain of
the protein. These latter cause amino-acid substitutions
and prevent imatinib-induced inhibition of p210BCR/ABL.2
Some CML patients fail to obtain a cytogenetic response to
initial treatment with imatinib, a condition that is some-
times described as refractoriness or primary resistance to
imatinib and whose mechanisms are unknown.3

The TP53 gene, which encodes the p53 tumor-suppressor
protein, is characterized by a single nucleotide polymor-
phism at codon 72, which results in either proline (Pro72,
allele A1) or arginine (Arg72, allele A2) at amino-acid posi-
tion 72. The Pro72 variant of the p53 protein has a marked-
ly reduced capacity to induce apoptosis.4

In a study aimed at identifying factors potentially relat-
ed to imatinib resistance in CML, we analyzed TP53 codon
72 polymorphism in CML patients. Peripheral blood sam-
ples were obtained from 44 patients with chronic phase
CML undergoing routine hematologic evaluation at the
Division of Hematology, University of Pavia Medical School
and IRCCS Policlinico San Matteo, Pavia, Italy, before start-
ing treatment with imatinib. All these 44 CML patients
were treated with imatinib mesylate for at least six months
before being classified as either responsive or unresponsive
to imatinib (Table 1). Further blood samples were taken
from the 10 patients who failed to show a cytogenetic

response to therapy, as defined by Druker and co-workers,1
following their diagnosis of cytogenetic refractoriness. In
order to study a large number of CML patients, archive
samples from a further 52 individuals in chronic phase who
had been followed at our Institution in the past were also
analyzed. To determine the prevalence of TP53 A1 and A2
alleles in a population of similar ethnic composition, 174
umbilical cord blood samples were examined.

RNA samples from patients with cytogenetic resistance
to imatinib were analyzed for the presence of mutations in
the tyrosine kinase domain encoding region of BCR-ABL by
means of reverse transcription polymerase chain reaction
(RT-PCR) and sequencing of PCR products. Codon 72 poly-
morphism of TP53 was analyzed by PCR of genomic DNA
and subsequent digestion with the restriction enzyme
BstUI.5

Table 1. Features of CML patients treated with imatinib
classified according to cytogenetic response to treat-
ment

Characteristic Cytogenetic Non Significance
responders responders

(n=34) (n=10)

Age
Median, yr. 46 54 NS
Range, yr. 24-70 29-71

Sex 
Female, no. 12 5 NS
Male, no. 22 5

Time since diagnosis 
Median, mo. 6 15 NS.
Range, mo. 1-120 1-156

Sokal risk group
High, no. 2 4 P=0.012
Intermediate, no. 10 0
Low, no. 14 4
Data missing, no. 8 2

BCR/ABL mutations, no. ND 0

ND: not determined; NS: not significant.

 



Table 1 summarizes the clinical features of the CML
patients treated with imatinib. Ten out of the 44 patients
had no cytogenetic response to imatinib, and 2 of them
also failed to show hematologic responses. Sequencing of
the kinase domain of BCR-ABL following documentation
of cytogenetic resistance did not identify mutations in
these 10 imatinib-refractory patients.

Analysis of TP53 codon 72 polymorphism (Table 2)
showed that allele A1 was more frequent in 96 CML
patients than in 174 controls (29.7% vs. 21.6%, respec-
tively; chi square 4.43, p=0.035). This difference was main-
ly due to an increased proportion of A1 homozygotes
among CML patients (10.4% vs. 4.0%, respectively; χ2

4.43, p=0.038).
When CML patients were analyzed according to selec-

tion criteria (Table 2), it was found that the frequency of
allele A1 was 28.8% in 52 unselected subjects, 23.5% in
34 patients responsive to imatinib, and 55.0% among
patients with cytogenetic resistance to imatinib (χ2 4.43,
p=0.025). Thus, TP53 A1 allele frequency was higher in this
last group than in responsive patients (p=0.007) or in uns-
elected subjects (p=0.023).

The frequency of the A1 allele was also significantly
higher among the high Sokal risk group (8/14) than among
the low/intermediate Sokal groups (12/56, p=0.016). Of 8
patients with a high Sokal score and/or the A1A1 geno-
type, 5 (62.5%) had no cytogenetic response to imatinib,
whereas only 3 out of the 26 patients (11.5%) in the
low/intermediate Sokal groups who had at least one A2
allele were refractory (p=0.005).

These findings suggest that the TP53 A1 allele may rep-
resent a risk factor for both development of CML and pri-
mary cytogenetic resistance to treatment with imatinib.
Leukemic cells expressing the Pro72 protein may be more
resistant to the apoptosis induced by imatinib than cells
expressing exclusively the Arg72 protein. Although these
cells’ proliferation can be modulated by imatinib,6 they are
more likely to survive and cause persistence of a Ph-posi-
tive hematopoiesis that may subsequently undergo clonal
evolution.7

Lack of cytogenetic response is an adverse prognostic
factor for hematologic relapse in CML patients treated
with imatinib8 and appears to be risk-related.9

Genotyping for the TP53 codon 72 polymorphism might
allow a better definition of risk in the individual CML
patient and thus a risk-adapted approach to treatment. For
instance, individuals who are homozygous for the TP53 A1
allele might benefit from high doses of imatinib10 or alter-
native therapeutic options at clinical onset.
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Table 2. TP53 codon 72 genotypes in control subjects
and CML patients.

Subjects (no.) A1/A1 A1/A2 A2/A2 A1 allele 
no. no. no. frequency (%)

Controls (174) 7 61 106 21.6

CML
All patients (96) 10 37 49 29.7
Responders* (34) 3 10 21 23.5
Non-responders* (10) 3 5 2 55.0
Archive samples (52) 4 22 26 28.8

Sokal risk group
High (6) 1 4 1 50.0
Intermediate (10) 0 2 8 10.0
Low (18) 2 6 10 27.8

*Among CML patients, responders and non-responders were classified according to
cytogenetic response to imatinib as defined by Druker and co-workers.1
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