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Abstract: P53 as a tumor suppressor gene plays a major role in cancer development, it is essential for cell
growth regulation and apoptosis. The deletion of p53 1s known to be associated with aggressive diseases in
several hematological malignancies. The evidence indicated that p53 deletions can be acquired as a result of
chemotherapy. Therefore, a follow-up study for p53 gene deletion by fluorescence ir sitn hybridization
technique (FISH) was carried out for the patients group who affected with different hematological malignancies
before and after chemotherapy. The main goals from screening of p53 deletion were to assess the correlation
between p53 deletion and chemotherapy resistance, overall median swvival and chromosomal abnormalities.
It 1s concluded from the present study that p53 deletion has a cardinal effect on the climcal outcome
(chemotherapy resistance, overall median swvival) and outcome of chromosomal abnormalities (quality and
quantity of chromosomal abnormalities) of the patients who were affected with hematological malignancies

before and after chemotherapy.
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INTRODUCTION

The p53 gene is a tumor suppressor gene, located on
chromosome 17 pl3.1 and encodes a 53-kD nucler
phosphoprotein with specific DNA binding properties
(Hollstein et ai., 1991), it plays a critical role n cell cycle
regulation, cellular response to DNA damage and
mnduction of apoptosis (Shumamura and Fisher, 1996),
Often inactivated by deletion and or point mutation in
most types of solid tumors (Hahn et al., 1999, Peller and
Rotter, 2003). In hematologic malignancies, P53 gene
mutations are found in 25-30% of Burkitt’s lymphoma and
Chronic Myeloid Leukemia (CML) in blast crisis, 15% of
Chronic Lymphocytic Leukemia (CLL) and 5-10% of Acute
Myeloid Leukemia (AML), Myeloysplastic Syndrome
(MD3S) and large cell non-Hodgkin’s Lymphoma (NHL),
but are very rare in Acute Lymphocytic Leukemia (ALL,
except m Burkitt’s ALL or inrelapse) m multiple myeloma
and in follicular NHL (except after histologic progression)
(Wattel et al., 1994).

The most hematological ~ malignancies
respond well to the conventional chemotherapy.
Most of chemotherapeutic drugs work by impairing

mitosis and effectively targeting fast dividing
cells so-called (blast cells). Multiple  stress
conditions activate p53 mcluding DNA damage,

hypoxia, redox stress, ribonucleotide imbalance, cell
adhesion and oncogenes (Ferbeyre et al, 2000, 2002,
Gaumont-TLeclerc et al., 2004; Giaccia and Kastan, 1998).

The correlation between p53 mutations and resistance to
chemotherapy in CLL were observed (Bommefor et af.,
2002). However, no other attempt at correlating p53
mutations to response to chemotherapy and survival in
hematologic malignancies has been made, to our
knowledge. More surprisingly, it was found that other
extra p53 deletions may be acquired as a result of
chemotherapy (Venkat, 2003).

In the present study, we looked for p53 deletions in
group of hematologic malignancies using fluorescence
in situ Hybridization (FISH). In this report, we tried to
correlate the presence of those deletions to results of
chemotherapy treatment.

MATERIALS AND METHODS

Patient characteristics: Heparimized peripheral blood
and/or bone morrow samples were obtammed from eight
selected patients with different types of Hematological
Malignancies at hematology clinic of Baghdad Teaching
Hospital from Tune 2006 to August 2007 and 10 of blood
samples control. Their diagnosis was established in the
Hematology Section of Medical City Teaching
Laboratories, based on blood film, bone marrow aspiration
and biopsy findings. The patients were, Two patients
with AML, one patient with ALL, one patierit with
multiple myeloma, one patient with non-Hodgkin
lymphoma and three patients with CML.
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Cytogenetics: Chromosome analysis obtained through
short term was done according to standard procedures
(Czepulkowski et al,, 1992). A total of 20 metaphases from
unsynchronized peripheral blood and bone marrow
culture were analyzed. Karyotypes were described
according to the International System for Human
Cytogenetic Nomenclature (Shaffer et al., 2009).

Fluorescence in situ hybridization (FISH): Fluorescence
in situ Hybridization (FISH) using LSI P53 (17pl13.1)
spectrum orange probe (Abbott molecular/Vysis, TTSA)
was applied according to manufacturer’s  instructions
(Al-Achker et al, 2007). A total of 50 metaphase spreads
were analyzed, each using a fluorescence microscope
(Axioplan, Zeiss) equipped with appropriate filter sets to
discriminate between a maximum of five fluorochromes
and the counterstain DAPI (Diaminophenylindol). Image
capturing and processing were carried out using an ISIS
imaging system (MetaSystems, Altlussheim, Germany).

Statistical analysis: Both of the Chi-Square test
(symbolized as X2-test) and correlation test or so-called
simple linear regression (symbolized as r-test) were used
in the statistical analysis of ow results. The Chi-Square
test was applied according to (Daniel, 1985a). While
correlation test was applied according to (Daniel, 1985b).
P53 FISH probe was tested on the ten different normal

control samples (peripheral blood from individuals with no
evidence of a hematologic malignancy). Patients were
considered evaluable if at least 50 metaphase could be
scored from each slide (Chang et af., 2005).

RESULTS

P53 gene using FISH in eight patients was evaluated.
The clinical information for the patients was illustrated in
(Table 1). No cells with p53 deletion were detected in our
control group. Before chemotherapy, the minimum cells
with p33 deletion were estimated 16% in the patient
(No.6). The number of cells with p53 deletion after
chemotherapy of five patients was shown in (Table 1) as
follow as: In patients No. 1, No. 2, No. 3 and No. 5, the
number of cells with p53 deletion was decrease after
chemotherapy, but without sigmficant difference for
patient No. 1. While, with sigmficant difference for the
patients No. 2 and No. 3 were showed. In patient No. 4,
the number of cells with p53 deletion was increased after
chemotherapy, but without significant difference. No
results obtained for the patients No. 6, No. 7 and No. &
after chemotherapy, as a consequence of cell culture
failure.

Comparison the number of cells with p53 deletion
between patients No. 6 and No. 7 and between patients
No. 7 and No. 8 was carried out (Table 1). The X’-test is

Table 1: Clinical characteristics, treatment, percentage of cells with p53 deletion, response and outcome in NHL, ALL, AML, MM and CML with P53 deletion

Percentage of cells with p53 deletion No. of cells
without p53
After deletion
Hematological  Kind of chemotherapy/ X2 and (Percentage of
PN Sex/age malignancy type samples Treatment Before chemotherapy week No. p values the cells) Response  (r)value
1 F/62 NWHL-Low-grade PB Chlorambucil and 34%% 12 (249%) 1.212, p=0.05 33 (66%) Resistance - 0.84
NHL Cyclophosphamide 13 (24%) 1.212, p»0.05
17 (34%) 1.212, p=0.05
2 M/17  ALL-Tcell PB Doxorubicin, 6-MP,  56% 10 (32%0) 582, p=0.05  22(44%) Dead after - 0.95
leukemnia ARA-C, 32 (24%) 10.6, p=0.05 30 months
Cyclophosphormnide,
Vincristine,
Methotrexate and
Daunorubicin
3 F/25 AML- M3 PB ATRA, Doxorubicin, 66 % 12 (10%%) 33.2,p=0.05 17 (34%) Dead after - 0.62
6-MP and 28 (24%%) 17.8, p=0.05 20 months
Methotrexate 33 (28%) 14.48, p=0.05
4 M/70  Multiple PB Cyclophosphamide — 24% 17 (26%) 0.052,p=0.05 38(76%) Dead after - 0.44
ity eloma-Stage T 10 months
5 M8  AMIL- M3 PB Daunorubicin, 44% 13 (30%%) - 28(56%%) Dead after - 0.20
ATRA, 6-MP 15 (54%) 6, p20.05 30 months
and Methotrexate 17 (32%) 0.052, p=0.05
6 M7 CML-chronic PB Imatinib 8 (16%) - - 42 (84%) -
phase
7 M/68  CML-blastic PB Imatinib 20 (40%) 30(60Pe)*  Dead after -
phase 1 month
8 M/65  CML- chronic PB Trnatinib 2 (18%) 41 (829" Dead after -
phase 20 months

PR: Peripheral blood sample, *X2: 7.142, Df: 1, p<0.05 (significant), **X2: 5.87662, Df: 1, p<0.05 (significant)
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Fig. 1: Fluorescence in situ Hybridization (FISH) using
probe for P53 (red) showed one copy of P53.
Abbreviations: # = chromosome
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Fig. 2. GTG-banding revealed a 46, XX +der(3),-18.
Derivative chromosome was indicated by the
arrowhead

used mn the assessment, a sigmficant difference was
obtained.

The correlation between p53 deletion and swrvival of
our patients who affected with different hematological
malignancies and submitted to study of p53 deletion by
FISH was studied. The correlation test or (r) is used in the
assessment A negative correlation between the nuniber of
cells with p53 deletion before chemotherapy (at first
diagnosis) and survival of the patients was obtained
(r=-0.52).
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Fig. 3: Fluorescence in situ Hybridization (FISH) using
probe for P53 (red) showed three copy of P53.
Abbreviations: # = chromosome

Conventional cytogenetic analysis was performed.
Many chromosomal abnormalities in patient group were
detected. In patient No. 1, aneuploidy was seen before
and after chemotherapy (12 weeks), the metaphase
showed 46, XX +der(3), -18 and one signal of p53
(Fig. 1, 2). In patient No. 2 polyploidy and aneuploidy
appeared before and after chemotherapy (Fig. 3). In the
patient No. 3, aneuploidy was detected before and after
chemotherapy. After 33 weeks of chemotherapy 1 patient
No. 3 a umque complex karyotype t (14; 21),+12, +14, -19
and -22, appeared in the blood (Fig. 4, 5). In patient No. 4,
aneuploidy was detected before and after chemotherapy.
In pattent No. 5 aneuploidy was detected before
chemotherapy and persisted in the blood sample of the
patient after (13 weeks of chemotherapy) and until the last
dose of chemotherapy (17 weeks of chemotherapy). In
contrast, aneuploidy was not detected in the bone marrow
sample at the same period of chemotherapy (13 weeks of
chemotherapy). Polyploiody was detected after (13 weeks
of chemotherapy) in both blood and bone marrow samples
and was disappeared after (15 weeks of chemotherapy).

The correlation between number of cells with p53
deletion and total nuruber of chromosomal abnormalities
were assessed before chemotherapy in the blood and
bone marrow samples of the patients. The correlation was
evaluated in the eight patients of owr preliminary group,
a negative correlation was obtained (r = -0.60). When this
correlation was applied on each patient who submitted to
follow-up of p53 before and after chemotherapy for the
patients (No. 1 to No. 5), a negative correlations were
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der (14)

Fig. 4: Fluorescence in situ Hybridization (FISH) using
probe for P53 (red) showed two copy of P53 and
der (14)t (14;21). Abbreviations: # = chromosome,
der = derivative clromosome
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Fig. 5. GTG-banding revealed a 46, XX, t (14; 21), +12,
+14, -19, -22. Denvative chromosome was
indicated by the arrowhead

obtained between number of cells with p53 deletion and
total number of chromosomal abnormalities before and
after chemotherapy (Table 1).

DISCUSSION

The P53, 1s a tumor suppressor gene, 1s implicated in
the regulation of cell cycle proliferation, differentiation
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and apoptosis. The loss of p53 function eliminates growth
arrest in response to certain DNA damaging agents and
enhances the frequency of gene amplification, suggesting
a role for p53 in the control of cell cycle check point and
in  the mamntenance of integrity of the genome
(Hollstein et al., 1991). The fact that p53 mutations are
mainly seen in advanced or relapsing hematologic
malignancies suggests that they are associated with poor
response to chemotherapy.

Each patient's results taken as a separate entity to
compare p53 deletion before and after each dose of
chemotherapy in relation to the effect of the diug.
Whatever the function of the drugs is, the reduction in
P53 deletion matches pood response to chemotherapy. On
the opposite, the appearance of a relapse state is
associated with resistance to the chemotherapy
(Venkat, 2003).

In patient No. 1 (Low-grade NHL), p33 deletion is
present in (34%) of cells before chemotherapy. This ratio
occurs within the range of p53 alterations limits that was
reported previously in NHL (1 0-60%) (Kremer et al., 2003).
The patient was treated on three stages (12, 13 and 17
weeks of chemotherapy), the p53 deletion reduced to
(24, 24 and 34%, respectively). By using 3{’-test after
12 and 13 weeks of chemotherapy, this reduction did not
differ sigmficantly from its value before chemotherapy.
While after 17 weeks of chemotherapy the p53 deletion
return to (34%), the same value before chemotherapy was
detected. The patient was treated with Chlorambucil and
Cyclophosphamide, they lead to distwb once of
replication in the cells and if the DN A was not replicated,
the cell will not divide or proliferate (Rubin and
Hait, 2003). Therefore the number of malignant cells with
p53 deletion was reduced on the 12 and 13 weeks of
chemotherapy, the re-increasing of p53 deletion on the
17 week caused occurrence of chemotherapy resistance.

In the patient No. 2 (ALL), the ratio of cells with p53
deletion was (56%) before chemotherapy, that 1s slightly
higher than ratio of p33 alterations (50%) (Olivier, 2008).
To owr knowledge, no previous registry was recorded the
ratio of p53 deletion m ALL. The patient was treated on
two stages (10 and 32 weeks of chemotherapy), the p53
deletion reduced to (32 and 24%, respectively). This value
differs significantly before chemotherapy (P = 0.05). The
patient was treated with Doxorubicin, 6-MP, ARA-C,
Cyclophosphomide, Vincristine, Methotrexate and
Dauncrubicin, they chemotherapeutic agents succeeded
in attacking or reducing the malignant cells that contain
p53 deletion. The patient died after thirty months of
chemotherapy.

In patient No. 3 (AMI-M3), the ratio of cells with p53
deletion was (66%) before chemotherapy that is
higher than ratio of p53  alterations (5-10%)
(Christiansen et al., 2001). The patient was treated on
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three stages (12, 28 and 33 weeks of chemotherapy), the
p53 deletion reduced to (10, 24 and 28%, respectively).
These values differ significantly before chemotherapy
(p<0.05). The patient was treated with ATRA,
Doxorubicin, 6-MP  and  Methotrexate.  They
chemotherapeutic agents succeeded in attacking or
reducing the malignant cells that contain p53 deletion.
Although, the different percentage of p53 deletion among
the stages of chemotherapy related to modulation of
the pro-apoptotic and antiapoptotic  molecules
(Keshelava et al., 2001 ). The patient died after 20 months
of chemotherapy.

In patient No. 4 (Multiple Myeloma), the ratio of cells
with p53 deletion was (24%) before chemotherapy, this
ratio ocewr within the range of p53 alterations limits that
was reported previously i multiple myeloma (20-40%)
(Chang et al, 2005). The patient was treated with
Cyclophosphamide for 17 weeks, the slight increase in p53
deletion could predicts occurrence of chemotherapy
resistance. The patient died after 10 months of
chemotherapy.

In patient No. 5 (AML-M3), the ratio of cells with p53
deletion was (44%) before chemotherapy, that is higher
than ratio of p53 alterations (5-10%) (Christiansen et al.,
2001). The patient was treated on three stages (13, 15 and
17 weeks of chemotherapy), the p53 deletion reduced to
(30, 34 and 32%, respectively). The patient was treated
with Daunorubicin, ATRA, 6-MP and Methotrexate, the
different percentage of p53 deletion among the stages of
chemotherapy related to shortage in the treatment or
unregulated of diug doses. The patient died after
20 months of chemotherapy.

In the patients No. 6, 7 and &, the ratio of cells with
P33 deletion was (16-40%) before chemotherapy, that is
slightly more than ratio of p53 alterations (20-30%)
(Olvier, 2008). The progression of CML from Chronic
Phase (CP) to Blast Crisis (BC) is frequently associated
with deletion of the short amm of chromosome 17
(Feinstein et al., 1991). The value of P53 deletion in the
patient No.7 (BC) was higher than in the patients No. 6
and 8 (CP). The significant difference (p<0.05 and
p<0.05) confirmed the fact that p53 deletion was
associated with progression of CML  patients
(D1 Bacco et al., 2000). These patients were treated with
Tmatinib (STI-571), the patients No. 7 and § died after 1
and 20 months of chemotherapy, respectively. The high
levels of cells with p53 deletion in those patients have a
more chance for chemotherapy resistance toward Imatinib.
This is quite coincides with an evidence that acquired
loss of p53 contributes to the blastic transformation
(ber/abl)-expressing hematopoietic cells and provides
msights inte the molecular mechamsm for blast crisis of
human CML (Honda et al., 2000).
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A negative correlation was obtained (r = -0.52)
between the number of cells with p53 deletion that was
detected before chemotherapy and the swvival of our
preliminary  patients group (Chang et al, 2005;
Gandhi, 2007). Therefore, p53 deletion is considered a
predictive factor for short swvival of patients treated with
chemotherapy (Drach et al., 1998; Lozanski et al., 2004).

Various chromosomal abnormalities were observed in
owr patients whom were affected with different types of
hematological malignancies. The main causes for
detection of those chromosomal abnormalities, firstly that
in the presence of p53 deletion (Tweddle et ai., 2001).
Secondly, the determination of the cytogenetic
abnormality is of prognostic value (Christiansen et al.,

2001). Thirdly, chromosomal abnormalities related
primary  (before chemotherapy), or  secondary
(after chemotherapy). Since, extra chromosomal

abnormalities may be obtained after chemotherapy
{Connor and Ferguson-Smith, 2004).

In the patients No. 1, 3 and 4, the unique
chromosomal abnormality (aneuploidy) which was
detected before and after chemotherapy, the patients
No. 2, the chromosomal abnormality (polyploidy and
aneuploidy) was detected before and after chemotherapy,
the patients No. 5, the chromosomal abnormality
(aneuploidy) was before chemotherapy and polyploidy
was after chemotherapy, the patient No. 7, the
chromosomal abnormality (aneuploidy) was before
chemotherapy. The presence of aneuploidy in
hematological malignancies like ALL, Multiple myeloma,

E

AML and CML represents a poor prognostic sign
(Moorman et al., 2007, Yang et al., 2000, Grimwade et af.,
1998, Stefanova et al., 2000, Fassas et af, 2002
Johansson et ai., 2002).

Two alternative explanations could account for the
apparent differences in the level of genetic instability
observed in p53-deficient cells. One possibility is that
these differences reflect true tissue-specific differences in
P53 tumor suppression mechamsms (Bertrand et al., 1997).
A second possibility 1s that p53 deficiency 1s necessary
but not sufficient to induce chromosomal instability
(Paulson et al., 1998).

After chemotherapy, it was shown that the negative
correlation between the number of cells with p53 deletion
and total number of chromosomal abnormalities still
MNo. 1 to No. 5). These
chemotherapeutic agents mnduce apoptosis in malignant
cells harboring p53 deletion despite the presence of the
chromosomal abnormalities and irrespective of them. This
must direct researchers to find drugs which restore p53
function and repair system function and not only to kill
malignant cells (Kojima et al., 2005).

existed in patients
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In summary, Tnactivation of p53 in turn facilitates
tumor progression by a mechamsm that, surprisingly,
does not mnclude the induction of chromosomal instability.
Other studies are needed to underscore the complexity of
P53 tumor suppression and the need to understand the
mechamsms in the context of natural selective pressures
occurring during caner evolution n vive (Rubin and
Hait, 2003).
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