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Abnormalities of the P53 network have been implicated in the pathogenesis of acute lymphoblastic leukemia (ALL) and

acute myeloblastic leukemia (AML). The purpose of this study was to define P53 gene mutations, to detect MDM2 gene am-

plification and to estimate mRNA expression of P53, MDM2, BCL2 and BAX genes in patients with ALL and AML.

Twenty-five patients with ALL and 65 patients with AML, both recently diagnosed, were included into this study. Exons

5-8 of the P53 gene with flanking intronic sequence were amplified by the polymerase chain reaction (PCR) method and

subjected to mutation screening by single-strand conformation polymorphism analysis (SSCP). Mutation of the P53 gene

was found in one patient of the 25 with ALL and in five patients of the 65 with AML. Sequence analysis was subsequently

performed. One mutation in intronic sequence in ALL and four missense mutations and one silent nucleotide substitution in

AML were identified. Amplification of MDM2 gene was detected by multiplex-PCR analysis in only one sample from pa-

tient with ALL, but was not observed in any case of AML. To gain further insight into the role of P53 network in the evolu-

tion of acute leukemias, the P53, MDM2, BCL2 and BAX mRNA expressions in a portion of samples from patients with ALL

and AML were analyzed using multiplex RT-PCR. Although a low frequency of molecular disturbances of the P53 and the

MDM2 genes was detected in this study, there was a high percentage of cases with increased mRNA level of P53 and

MDM2. A high frequency of BCL2 mRNA overexpression and a relatively low frequency of BAX mRNA overexpression

detected in both analyzed leukemias in this study, indicate that altered transcription of these genes may be involved in

leukemogenesis.
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The P53 tumor-suppressor gene integrates numerous sig-

nals that control normal cell proliferation and apoptosis [33].

The P53 protein functions as a transcription factor by binding

to specific DNA sequences and regulating the transcription

of target genes involved in cell cycle control, DNA repair and

apoptosis [17]. In response to DNA damage and other forms

of stress the P53 promotes either cell cycle arrest at the G1/S

or G2/M transitions or apoptosis [2]. Under physiologic con-

ditions, the functional activity of P53 is negatively regulated

by the MDM2 oncoprotein through direct physical associa-

tion, while P53 increases MDM2 at the transcriptional level

[16]. The activity of P53 and the expression of MDM2 are

coregulated in autoregulatory feedback loop [30]. There is

evidence that P53 downregulates the expression of the

anti-apoptotic gene BCL2 and upregulates the expression of

the pro-apoptotic gene BAX [19]. Mutation of the P53 tu-

mor-suppressor gene is one of the most common molecular

alterations in a variety of tumors [12], but it occurs infre-

quently in ALL (5%) [14] and AML (9%) [31]. Mutations of

the P53 gene often cause changes in the conformation of the

P53 protein and lead to its inactivation [10]. In about half of

human tumors, P53 is inactivated directly as a result of muta-

tions in the P53 gene. An additional proposed mechanism for

P53 transcript accumulation and inactivation of P53 protein

is the amplification of the MDM2 and its overexpression [6].

The amplification of the MDM2 oncogene and resulting

from this overexpression of MDM2 protein have been dem-

onstrated in a high percentage of human soft tissue sarcomas

[20]. Overexpression of MDM2 mRNA has been reported in

42% of ALL and 53% of AML, but in the absence of MDM2

gene amplification [3]. Some studies have shown a strong
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correlation between MDM2 protein overexpression and P53

protein overexpression in some human carcinomas [5, 7].

This supports the idea that one of consequences of overex-

pression of MDM2 may be the elimination of P53 tumor sup-

pressor function.

BCL2 and BAX are members of the BCL2 family of

apoptosis-regulating genes [27]. The anti-apoptotic function

of the BCL2 protein is modulated by its ability to hetero-

dimerize predominantly with BAX, a protein favoring induc-

tion of apoptosis. Cell survival or death following an

apoptotic stimulus may, therefore, be dependent on the ratio

of BCL2 to BAX [25]. It has been shown that an abundant ex-

pression of BCL2 may block P53-dependent apoptosis [36].

High expression levels of BCL2 have been shown to corre-

late with poor treatment in some hematological malignan-

cies, including follicular lymphoma, chronic lymphocytic

leukemia and also in acute myeloid leukemia [11, 15, 28].

The loss of BAX expression is a frequent event in patients

with solid tumors and a negative prognostic factor for thera-

peutic response [32]. It has been reported that decreased

BAX expression is associated with an increased risk of

relapse of childhood acute lymphoblastic leukemia [26].

In order to elucidate the above controversial data the in-

vestigation of P53 gene mutations, MDM2 gene amplifica-

tion and estimation of mRNA expression of P53, MDM2,

BCL2 and BAX genes in samples of patients at initial diagno-

sis of acute leukemia were performed in this study.

Patients and methods

The study included 90 patients with acute leukemias

(25 ALL: 7 female, 18 male, median age 24, range 17–57

years; 65 AML: 36 female, 29 male, median age 60, range

18–81). The patients were diagnosed in the Department of

Hematology, Medical University of Lodz, between 1998 and

2001. The groups of ALL patients consisted of the following

immunological subgroups found: 3 pro-B cell ALL, 18 com-

mon ALL, 1 pre-B cell ALL, 1 pre-T cell ALL and 2 T cell

ALL. The groups of AML patients consisted of the following

FAB subtypes found: 1 M0, 12 M1, 29 M2, 5 M3, 15 M4 and

3 M5. Peripheral blood or bone marrow samples were ob-

tained from the patients prior to the initiation of therapy.

Genomic DNA from the peripheral blood or the bone mar-

row blast cells was isolated by lysis of the cells with sodium

dodecyl sulphate (SDS), digestion with proteinase K at 37 °C

overnight followed by phenol/chloroform extraction and eth-

anol precipitation. Four genomic regions of P53 gene (exons

5–8) with flanking intronic sequence were amplified by PCR

using four sets of 20 bp primers, which were synthesized ac-

cording to the published sequences of P53 [24]. The se-

quences used for the primers are summarized in Table 1. PCR

was performed in a final volume of 20 µl containing 50 ng

DNA, 0.5 µM of each primer, 50 µM dNTPs, 1.5 mM MgCl2

and 0.5 U of Taq DNA polymerase (Promega). After 5 min at

94 °C, 35 cycles of amplification, consisting of 60 s at 94 °C,

60 s at 58–61 °C and 60 s at 72 °C, were performed, with a

subsequent 7 min extension at 72 °C.

For the SSCP analysis, PCR was performed by adding 1 µl

of [-32P]dCTP (370 MBq/ml) to the PCR mixture. After am-

plification, labeled PCR products were diluted 1:5 in 95%

formamide, heated to 94 °C, chilled on ice, and immediately

loaded (3 µl) onto a 6% neutral polyacrylamide/TBE gel con-

taining 10% glycerol. Electrophoresis was performed at 40

W for approximately 4 h at 4 °C. The gel was then dried on

filter paper and autoradiography was performed.

PCR products that demonstrated an aberrant migration

pattern in the SSCP autoradiograph compared to wild-type

gene were analyzed for determination of nucleotide se-

quence. PCR was performed in a final volume of 40 µl con-

taining 100 ng DNA and 1 U of Taq DNA polymerase

(Promega). The PCR products were separated from exces-

sive oligonucleotides and dNTPs by glycogen and isopro-

panol precipitation. Sequence analysis was performed by the

dideoxy termination method using SequiTherm Excel DNA

Sequencing Kit (Epicentre Technologies) and fluorescent-la-

beled primers. The sequences of the labeled primers are

shown in Table 2. Products of sequencing reaction were visu-

alized and analyzed using a LiCor automated laser fluores-

cence sequencer.

A coamplification of MDM2 and DR genes was performed

to detect MDM2 gene amplification in DNA isolated from

ninety patients with acute leukemia. PCR was performed in a

final volume of 20 µl containing 100 ng DNA, 0.5 µM of

each primer for MDM2 gene, 0.25 µM of each primer for DR

gene, 100 µM dNTPs, 1.5 mM MgCl2 and 0.5 U of Taq DNA

polymerase (Promega). The complementary primer pairs

[13] used for multiplex-PCR are listed in Table 3. After 5 min
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Table 1. Sequences of primer pairs for amplification of the exons of P53

gene

P53 exon 5, 178-bp

forward

5’- TTCCACACCCCCGCCCGGCA -3’

Reverse

5’- ACCCTGGGCAACCAGCCCTG -3’

P53 exon 6, 213-bp

forward

5’- ACAGGGCTGGTTGCCCAGGG -3’

Reverse

5’- AGTTGCAAACCAGACCTCAG -3’

P53 exon 7, 208-bp

forward

5’- ACTGGCCTCATCTTGGGCCT -3’

reverse

5’- GTCAGAGGCAAGCAGAGGCT -3’

P53 exon 8, 227-bp

forward

5’- TAAATGGGACAGGTAGGACC -3

reverse

5’- TCCACCGCTTCTTGTCCTGC -3’



at 94 °C, 30 cycles of amplification, consisting of 60 s at

94 °C, 60 s at 53 °C and 60 s at 72 °C, were performed, with a

subsequent 7 min extension at 72 °C. The PCR products were

separated by 150 V electrophoresis on 2% agarose gels. The

copy number of the MDM2 gene was compared with refer-

ence housekeeping DR gene copy number using the system

Gel Doc1000 Bio Rad Image with the program Molecular

Analyst applied.

Total cellular RNA was isolated from the peripheral blood

or the bone marrow samples obtained from fourty recently di-

agnosed patients (13 with ALL and 27 with AML) using a

commercial kit (A&A Biotechnology, Poland) according to

the manufacturer’s protocol. Total RNA was also isolated

from the peripheral blood samples obtained from ten normal

donors serving as controls. Contaminating residual genomic

DNA removed by digestion with Rnase-free Dnase (Roche).

Approximately 1–2 µg of RNA was reverse transcribed into

single-strand cDNA in a final volume of 20 µl containing

50 mM DTT, 1.5 µg oligo(dT), 0.5 mM dNTP, 20 units

RNase inhibitor and 200 units M-MLV reverse transcriptase

(Promega). First-strand cDNA synthesis reaction was per-

formed at 37 °C for 90 min. Estimation of P53, MDM2, BCL2

and BAX mRNA level was examined using the multiplex

RT-PCR assay. The following multiplex RT-PCR reactions

were performed: 4 µl of the RT-solution, 0.5 µM of each

primer for analyzed gene, 0.25 µM of each primer for -actin

gene, 100 µM dNTP, 1.5 mM MgCl2 and 0.5 units Taq-DNA

polymerase, final volume of 20 µl. The primers were synthe-

sized according to the published sequences [1, 3, 21, 29, 35].

The sequences of primer pairs are shown in Table 4. To esti-

mate the integrity and amount of cDNA, the -actin was am-

plified with each of the analyzed genes in the same tube as an

internal control. After 5 min at 94 °C, 35 cycles of amplifica-

tion, consisting of 60 s at 94 °C, 60 s at 56–64 °C and 60 s at

72 °C, were performed, with a subsequent 7 min extension at

72 °C. The PCR products were resolved on 2% agarose gels.

The P53, MDM2, BCL2 and BAX mRNA levels were calcu-

lated as a relative ratio of particular analyzed genes to

β-actin.

The correlations between mRNA level of P53 and mRNA

level of MDM2, BCL2 and BAX genes were assessed by the

Spearman two-sided test. The Kruskal-Wallis test was used

to check the heterogeneity of variables among three groups

(control group: normal donors, patients with ALL and pa-

tients with AML) defined by the level of mRNA of analyzed

genes.

Results

PCR-amplified DNA products of exons 4–8 of the P53

gene were subjected to the screening of point mutations by

SSCP analysis. Mobility shifts were detected in one of the 25

(4%) patients with ALL and in five of the 65 (8%) patients

with AML. Figure 1 shows representative results of the SSCP

analysis. Sequencing was performed for the six cases with
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Table 2. Sequence of fluorescent-labeled primers for sequencing of the

P53 gene

P53 exon 5

forward

5’- GTGCAGCTGTGGGTTGATTC -3’

P53 exon 6

forward

5’- GCCTCTGATTCCTCACTGAT -3’

P53 exon 7

forward

5’- ATCTCCTAGGTTGGCTCTGA -3’

P53 exon 8

forward

5’- CTCTTTTCCTATCCTGAGTA -3’

Table 3. Primer pairs for MDM2 gene amplification in DNA

MDM2, 143-bp

Forward

5’- GAGGGCTTTGATGTTCCTGA -3’

Reverse

5’- GCTACTAGAAGTTGATGGC -3’

DR, 113-bp

Forward

5’- CCACTGAATCTGTCCTGGTATG -3

Reverse

5’- GTGTGGCATAGTAGTTGTAGTGG -3’

Table 4. Primer pairs for amplification P53, MDM2, BCL2, BAX and

-actin mRNA

P53, 455-bp

Forward

5’- CAGCTCCTACACCGGCGGCCCCTGCACCAG-3’

reverse

5’- GAGCCAACCTCAGGCGGCTCATAGGGCACC-3’

MDM2, 335-bp

Forward

5’- TGAAGGTTTCTCTTCCTGAAG -3’

reverse

5’- TTATTAAAGTCTGTTGGTGCA -3’

BCL2, 389-bp

Forward

5’- ACTTGTGGCTCAGATAGGCACCCAG -3’

reverse

5’- CGACTTCGCCGAGATGTCCAGCCAG -3’

BAX 538-bp

forward

5’-CAGCTCTGAGCAGATCATGAAGACA-3’

reverse

5’-GCCCATCTTCTTCCAGATGGTGAGC-3’

β-actin (1) 548-bp

Forward

5’-GTGGGGCGCCCCAGGCACCA-3’

Reverse

5’-CTCCTTAATGTCACGCACGATTTC-3’

β-actin (2) 838-bp

Forward

5’-ATCTGGCACCACACCTTCTACAATGAGCTGCG-3

Reverse

5’-CGTCATACTCCTGCTTGCTGATCCACATCTGC-3’



mobility shifts. One mutation in ALL was

located in intron 7; four missense muta-

tions and one silent nucleotide substitu-

tion in AML were located in exons 6–8.

No mutations were identified in exon 5.

The results of P53 point mutations are

summarized in Table 5 and an exemplary

result of sequencing analysis is shown in

Figure 2.

Four of the six patients with P53 gene

mutations died (patient no. 1, 4, 5 and 6,

Tab. 5). Patient no.1 with an intronic mu-

tation of T to A at position 14146 died 11

months after diagnosis. Patients no.4, 5

and 6 died within 1 month after diagnosis

without achieving complete remission. Patient no. 2 with a

mutation of CGT (Arg) to GGT (Gly) at codon 202 had a re-

lapse after three years, while patient no.3 with a silent muta-

tion had a good response to therapy. These six patients did

not have a family history suggesting Li-Fraumeni syndrome.

Detection of MDM2 gene amplification was performed using

multiplex-PCR analysis. On the basis of results from normal

donors it was established that the analyzed cases show

MDM2 gene amplification when the ratio of intensity of

MDM2 band to the intensity of DR band exceeds 0.95

(X+2SD). The criterion of MDM2 gene amplification was

fulfilled in only one sample from patient with ALL (Fig. 3).

No gene amplification was detected in any cases of AML.

The relative level of P53, MDM2, BCL2 and BAX mRNA

in cases of leukemia and in normal leucocytes was estab-

lished by RT-PCR and coamplification of the analyzed gene

and the -actin mRNAs. The P53, MDM2, BCL2 and BAX

amplification products of all normal samples constituted

20% or less of the -actin amplification products. Therefore,

the level of mRNA was considered as increased when the ra-

tio of particular analyzed gene to -actin was greater than

20%. Representative results for multiplex RT-PCR analysis

are shown in Figure 4. The increased mRNAlevel of P53 was

detected in 61% cases of ALL and 41% cases of AML,

whereas the increased transcript level of MDM2 was detected

in 31% of ALL and in 33% of AML. No statistically signifi-

cant association between mRNA level of P53 and mRNA

level of MDM2 was detected (the Spearman two-sided test;

p=0.2303 in ALL and p=0.1445 in AML). Overexpression of

BCL2 mRNA was detected in 77% of ALL and in 41% of

AML, whereas overexpression of BAX mRNA was detected

in 46% of ALL and in 22% of AML. No statistically signifi-

cant correlation between mRNA level of P53 and BCL2

(p=0.4225 in ALL and p=0.0534 in AML) and between

mRNA level of P53 and BAX (p=0.2711 in ALL and

p=0.0868 in AML) was found. Using the Kruskal-Wallis test

a significant heterogeneity among three groups (0=control

group; 1=patients with ALL; 2=patients with AML) with re-

spect to mRNA level of P53 (0 vs 1, p=0.0062; 0 vs 2,

p=0.0097), MDM2 (0 vs 1, p=0.0035; 0 vs 2, p=0.0025) and

BCL2 (0 vs 1, p=0.0026; 0 vs 2, p=0.0092) was observed.

There was no significant heterogeneity with respect to

mRNA level of BAX (0 vs 1, p=0.0511; 0 vs 2, p=0.3261).
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Table 5. Types of mutations of P53 in ALL and AML

Patients Type Sex/age Location of mutation Type of mutation Amino acid change

1
c-ALL M/36 Intron 7, position 14146 T to A

2 AM1L M/51 Exon 6, codon 202
C to G

CGT to GGT
Arg to Gly

3 AM2L M/45 Exon 6, codon 213
A to G

CGA to CGG
Arg to Arg

4 AM2L F/61 Exon 7, codon 245
G to A

GGC to AGC
Gly to Ser

5 AM1L F/72 Exon 8, codon 266
G to A

GGA to GAA
Gly to Glu

6 AM2L F/65 Exon 8, codon 284
A to C

ACA to CCA
Thr to Pro

A B

A C G T A C G T

Figure 2. Sequence analysis of the P53 mutations. (A) – the wild type of

sequence is shown (control); (B) – a fragment of exon 7 sequence with a

mutation. A point mutation was detected at codon 245 resulting in a

change from GGC (Gly) to AGC (Ser).

1 2 3 4 5 6

Figure 1. Examples of PCR-SSCP analysis of the P53 gene. PCR-SSCP

analysis of exon 6. Lane 1, normal leukocytes (negative control), lanes

2–6, samples of AML patients. Mobility shifts were detected in lane 2

and 4.



Discussion

The P53 network is potentially disturbed by P53 gene mu-

tation or MDM2 amplification in a wide variety of human

cancers. A mutation of the P53 gene is an uncommon event at

diagnosis in ALL and AML [14, 22, 31, 34]. Higher inci-

dence of P53 mutation has been reported in relapsing ALL

[38]. These findings suggest that P53-mutated minor sub-

clone, which is not detected by PCR-SSCP may mediate re-

lapse by clonal expansion in ALL. A higher incidence of P53

mutation has been also reported in

ALL of FAB L3 subtype and in AML

with monosomy of 17p [4, 23]. Most of

the P53 mutations in cancer occur in

exons 5–8; mutations in other regions

are very exceptional, but may play a

role in the development of cancer [9].

Intronic mutations leading to defects in

activity of P53 protein have been

detected in familial breast cancer [18].

In the present study P53 gene muta-

tions were found in only one of 25

(4%) patients at initial diagnosis of

ALL and in 5 of 65 (8%) patients at ini-

tial diagnosis of AML. These muta-

tions were located in the coding se-

quence of exons 6–8 and one in intron

7. Almost all these cases, except one

with missense mutation, showed in-

creased level of P53 mRNA. The case

revealing intronic mutation showed

also an increased level of P53 mRNA,

suggesting that intronic mutations may

influence transcriptional activity of

P53 gene. Several base substitutions at

various sites in intron 7 of the P53 gene

have been described previously [8]. In

this study the change at nucleotide

14146 in intron 7 of the P53 gene has

not been reported before. Considering

the clinical data, abnormalities of the

P53 gene may have prognostic signifi-

cance in acute leukemias, because four

of the six patients with mutations died

of aggressive disease. Although the

frequency of the P53 mutations de-

tected in this study was low, there was

high percentage of cases with in-

creased mRNA level of P53. It indi-

cates that in leukemias a mechanism

other than mutation of the P53 gene

leads to its transcript accumulation and

also further inactivation of P53 protein.

The amplification of MDM2 gene

was detected in only one sample from

patient with ALL. This case revealed also MDM2 and P53

mRNA overexpression. The remaining cases with increased

transcript level of MDM2 demonstrated no MDM2 gene am-

plification. These results suggest that mechanisms other than

amplification of MDM2 play a significant role in disordered

MDM2 mRNA expression, which may be one of many possi-

bilities inactivating P53 suppressor function. A strong corre-

lation between MDM2 protein overexpression and P53 pro-

tein overexpression in relapsed childhood ALL has been

shown [37]. In this study a co-overexpression of P53 mRNA
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Figure 4. Multiplex RT-PCR analysis of P53, MDM2, BCL2 and BAX transcripts in representative

samples of ALL and AML patients. (A) – P53 mRNA expression. Lanes 1–5, samples of AML pa-

tients; lane 6, negative PCR control (water instead of DNA). In samples 2, 3, 5 the increased

mRNA level of P53 was detected. Ratio of P53 gene to ß-actin in these samples is greater than 20%.

Sample 5 disclosed also a mutation in P53 gene. (B) – MDM2 mRNA expression. Lanes 1–3, sam-

ples of ALL patients, 2 and 3 demonstrate increased mRNA level of MDM2. Sample 2 shown also

amplification of MDM2 gene. (C) – BCL2 mRNA expression. Lanes 1–6, samples of ALL patients;

lane 7, negative PCR control (water instead of DNA). In samples 4–6 the increased mRNA level of

BCL2 was demonstrated. (D) – BAX mRNA expression. Lanes 1–3, samples of AML patients,

1 and 2 demonstrate increased mRNA level of BAX.

(A) (B)

(C) (D)

1 2 3 4 5 6 7 8 9

Figure 3. Multiplex-PCR analysis. Lanes 1–3, samples of ALL patients; lanes 4–5, samples of

AML patients; lane 6, negative control (normal leukocytes); lane 7, positive control (sample from

glioma tissue); lane 8, negative control (water instead DNA); lane 9, molecular weight marker

(100 bp ladder). MDM2 gene amplification were detected in lane 2.

MDM2

DR



and MDM2 mRNA was observed in 23% of ALL and in 19%

of AML. These results suggest that overexpression of MDM2

mRNA represents one of many alternative mechanisms of

P53 inactivation in acute leukemias at diagnosis.

In conclusion, no statistically significant correlation be-

tween mRNA level of P53 and BCL2 and between mRNA

level of P53 and BAX was found (usually observed in normal

condition), confirming that abnormalities of the P53 network

are implicated in the pathogenesis of ALL and AML. The

high frequency of BCL2 mRNA overexpression and rela-

tively low frequency of BAX mRNA overexpression detected

in both analyzed leukemias, indicate that altered transcription

of these genes may be involved in leukemogenesis.
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