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Summary Mutations of the p53 tumour suppressor gene are infrequent at presentation of both acute myeloblastic leukaemia (AML) and
acute lymphoblastic leukaemia (ALL), being found in between 5–10% of AML and 2–3% of ALL. Here we have studied the frequency of
detection of p53 mutations at relapse of both AML and B-precursor ALL. In those patients with detectable mutations at relapse we
investigated whether the mutation was detectable at presentation and was thus an early initiating event or whether it had arisen as a late
event associated with relapse. Bone marrow samples from 55 adults and children with relapsed AML (n = 41) or ALL (n = 14) were analysed
for p53 gene alterations by direct sequencing of exons 5–9. For samples where a p53 mutation was found at relapse, analysis of presentation
samples was carried out by direct sequencing of the exon involved, or by allele-specific polymerase chain reaction (PCR) if the mutation could
not be detected using direct sequencing. A p53 mutated gene was found at relapse in seven out of 55 cases. The frequency was higher in
relapsed ALL (four out of 14 cases; 28.6%) compared to AML (three out of 41 cases; 7.3%). In five out of the seven cases presentation
samples were available to study for the presence of the mutation. In two out of two AML patients the p53 mutation was detectable in the
presentation sample by direct sequencing. In three ALL patients analysis of presentation material by direct sequencing showed a small
mutant peak in one case, the other two being negative despite the sample analysed containing > 90% blast cells. However in both of these
patients, the presence of p53 mutation was confirmed in the presentation sample using allele-specific PCR. In one of these patients the
emergence of a subclone at relapse was confirmed by clonality analysis using IgH fingerprinting. Our results confirm that in ALL p53
mutations are present in a proportion of patients at relapse. Furthermore cells carrying the mutation are detectable at presentation in a minor
clone suggesting that p53 mutations in ALL may be a mechanism contributing to disease relapse.
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Table 1 Clinical characteristics of patients with p53 mutations at relapse

Mutated p53 gene

Patients Diagnosis Sex/age Cytogenetics Exon Codon Nucleotide Amino acid
(FAB type) change change

1. BHM c-ALL M/3 46 XY, –4, –12p, +14, +21 5 175 CGC→CAC Arg→His
2. GD AML (M4) F/58 47 XX, +8 8 273 CGT→TGT Arg→Cys
3. IR ALL (B) F/25 46 XX, t(8;14) 6 193 CAT→CGT His→Arg
4. SR AML (M1) M/55 46 XY, –4q, –7q, –7, –21 7 241 TCC→TGC Ser→Cys
5. WG ALL (pre-B) F/17 47 X, –X, –4, –6(q2), +13, +13, +14, 6 209 AGA→ACA Arg→Thr

–20 +mar
6. WN c-ALL M/32 46 XY 5 175 CGC→TGC Arg→Cys
7. WS AML (M6) F/32 43 XX, –5, –7, –18, –22, +12p 7 248 CGG→TGG Arg→Thr

ALL, acute lymphoblastic leukaemia; AML, acute myeloblastic leukaemia.
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Primers for exon 5–9 of p53
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PCR and direct sequencing analysis
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Demonstration of mutant p53 at presentation by
allele-specific gene amplification
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Figure 1 Comparisons of p53 mutations detected by direct sequencing at presentation (left) and at relapse (right) of three ALL patients: BHM (top), IR (middle)
and WG (bottom). A CGC→CAC transition occurred in codon 175, resulted in Arg→His substitution (BHM). A CAT→CGT transition in codon 193, resulted in a
His→Arg substitution in patient IR. An AGA→ACA transversion in codon 209, resulted in an Arg→Thr substitution in patient WG. Analysis of the presentation
samples confirmed the presence of the mutation in IR, but not in BHM or WG
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Codon 273
CGT      TGT
(Arg)      (Cys)

CAGCTTTGAGGTGTGTGTTTGTGCCT
30 30

Codon 273
CGT      TGT
(Arg)      (Cys)

CAGCTTTGAGGTGTGTGTTTGTGCCT
20 30 40

Codon 248
CGG      TGG
(Arg)      (Thr)

G C G G C AT G A AC T G G AG G C C C AT C
50 60

Codon 248
CGG      TGG
(Arg)      (Thr)

G C G G C AT G A AC N G G AG G C C C AT C
50 60 70

Presentation Relapse

Figure 2 Comparisons of p53 mutations detected by direct sequencing at presentation (left) and at relapse (right) of two AML patients: GD (top) and WS
(bottom). A CGT→TGT transition occurred in codon 273, resulted in Arg→Cys substitution (GD). A CGG→TGG transition in codon 248, resulted in an Arg→Thr
substitution in patient WS. Analysis of the presentation samples confirmed the presence of the mutations in GD and WS
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Figure 3 Allele-specific DNA amplifications in patient WG and BHM. 200 ng
of DNA was used in the 35 cycles of PCR in each reaction. The PCR bands
of mutant p53 (369 bp) were shown in both relapse (lane B) and presentation
(lane C) samples of patient (WG) and the PCR bands of mutant p53 (264 bp)
were shown in both relapse (lane E) and presentation (lane F) samples of
patient (BHM), although the bands in presentations were much weaker than
those in relapse, and the mutant bands were confirmed by direct sequencing.
No bands were amplified in a further patient (SJ) as a negative control (lane
D and lane G). Lane 1 was 50 bp ladder as marker
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Analysis of p53 mutations in presentation samples of
patients with mutation at relapse
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Pres. Rel. Pres. Rel. Pres. Rel.

VH3 VH4a VH4b

Relapse: +39.5 months

VH4b/ASO

Figure 4 Clonality of the B-cells was analysed in the presentation (Pros.)
and relapse (Rel.) material of BHM by IgH fingerprinting test with
combination of primers JH and VH3, or VH4a or VH4b. A major VH3 clone
and minor VH4a and VH4b were detected in the presentation (black arrows).
However, a major VH4b clone and minor VH4a clone, but not VH3 clone
were detected at relapse. Amplification of presentation and relapse DNA by
using VH4b (sense primer) and allele-specific oligonucleotides (antisense
primer) clearly indicated the identity of the VH4b clone by ethidium bromide
gel electrophoresis as shown in the bottom of the figure (left lane: DNA
marker, middle lane: presentation sample, right lane: relapse sample)
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Clonality of the B-cells in ALL patient BHM
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