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Abstract

Background: The aim of this study was to detect the prognostic significance of survivin level and the expression of
total p53 in acute lymphoblastic leukemia(ALL) and its correlaion to patients' outcome.

M ethods: Sixty two children newly diagnosed with acute lymphoblastic |leukemia were treated with chemotherapy and
followed up for 2 years or until death. Twenty apparently healthy volunteers with matched age and sex were teken as
control. Survivin protein was measured by quantitative sandwich enzyme immunoassay and total human p53 was
measured by Flow cytometry in periphera blood at diagnosis and at complete remission.

Results: A highly significant elevation (P<0.0001) was found in survivin protein and total p53 levels in acute
lymphoblastic leukemia children patients at diagnosis compared to controls. At complete remission a significant
decrease of the two indices were found in ALL patients compared to those at diagnosis (P<0.0001). Survivin protein
and total p53 was significantly higher in non-survived compared to survived group (P<0.0001 & P=0.016,
respectively). A positive correlation was found between survivin level and total human p53 level in children with ALL
(r=0.501 & P<0.0001).

Cconclusion: survivin protein isrelated to anti-apoptotic proteins and its high expression lead to unsuccessful trestment

of ALL. Survivin and TP53 are new prognostic toolsin ALL, independent of age and sex.
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Introduction

Acute lymphoblastic leukemia (ALL) is
characterized by the clona proliferation and
accumulation of malignant blast cells in the
bone marrow and peripheral blood (1). It is the
most common malignancy diagnosed in child-
ren, representing nearly one third of all pedia-
tric cancers. The annual incidence of acute lym-
phoblastic leukemia is approximately 9-10
cases per 100,000 populations in childhood.
The peak incidence occurs in children aged 2-5
years (2).

Apoptosis is an active biological mechanism
leading to programmed cell death. During the
last decade, complex networks of pro- and anti-

apoptotic proteins that strictly govern the
regulation of apoptosis pathways have been
identified (3, 4). Apoptosis is known to play an
important role in the cellular response to geno-
toxic stress. Therefore, loss of apoptotic re-
sponse in tumor cells is thought to be one of the
mechanisms involved in malignant progression
and resistance to chemotherapy (5).

P53 is a tumor suppressor protein that in hu-
mans is encoded by the TP53 gene located on
the short arm of chromosome 17 (6). P53 is a
transcription factor that plays a key role in both
cell cycle arrest and apoptosis. While p53 levels
are kept low in unstressed cells, they rapidly
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increase in response to dressors, such as DNA
damage. P53 will then become ectivated through
posttrand aiond modifications and tetramerization
following genotoxic or cytotoxic gress (7, 8). P53
has many anticancer mechanisms, and plays arole
in gpoptods, genetic stability, and inhibition of
angiogeness. In its anti-cancer role, p53 works
through severa mechanisms. It can activate DNA
repair proteins when DNA has sustained damage,
induce growth arres by holding the cdl cycle at
the GL/S regulaion point on DNA damage
recognition and can initiate gpoptosisif DNA dam-
age provesto beirreparable (9).

Inhibitor of apoptosis proteins (IAP) is an impor-
tant gene family responsible for gpoptosis regula
tion. Consistent with their ability to block the com-
mon pathway of apoptos's, IAPs suppress multiple
cell death gimuli initiated via the extringc, i.e.
death receptor, or intrindc, i.e. mitochondrid,
gooptotic pahways (10). IAP has been defined
eight different inhibitor of apoptosis family of pro-
teins members so far: NAIP, XIAP, c-1AP1, c-
IAP2, Ts-XIAP, ML-IAP, Apollon and Survivin.
There are common molecular gructures of these
members.

Survivin gene is localized a chromosome 17 and
has 4 exons and 3 introns. Survivin is an onco-feta
protein; it is expressed in embryonic life and in
various malignant tumors (11).

The chemothergpeutic drug doxorubicin, a DNA-
damaging agent, activates a pS3-survivin signaling
pathway inducing cell cycle arrest and gpoptosisin
childhood acute lymphoblastic leukemia (ALL)
(12). Tumor suppressor pS3 regulates the expres-
sion of the inhibitor of apoptos's protein survivin,
which may play a role in pathologica process of
cancer (13).

The am of this study was to investigate the protein
level of survivin and the expresson of total p53
and the prognogtic role of these proteins in child-
ren patients with ALL.

Materials and M ethods

Sixty two children with newly diagnosed ALL
were enrolled in this study. Petients, newly
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diagnosed in 2009-2010, were selected from
Children Hospital Mansoura University. They
were 37 (59.7%) males and 25 (40.3%) females
with age range from 2 to 18 years. A written
consent was taken from parents of children.

All patients received chemotherapy according
to Linker-Protocol:

-Induction (Daunorubicin 50 mg/m® 1V days 1-
3; Vincristine 1.4 mg/m? 1V days 1, 8, 15, and
22; L-asparaginase 6000 1U/m? IM days 17-28;
Prednisone 60 mg/m? divided into 3 doses PO
days 1-14).

-Consolidation cycle 1, 3, 5, 7 (Daunorubicin
50 mg/m® IV days 1 and 2; Vincristine 1.4
mg/m® IV days 1 and 8; Prednisone 60 mg/m?
divided into 3 doses PO days 1-14; L -asparagi-
nase 12000 IU/m? IM days 2, 4, 7, 9, 11, and
14).

-Consolidation cycle 2, 4, 6, 8 (Teniposide 165
mg/m?® IV days 1, 4, 8, and 11; Cytarabine 300
mg/m? IV days 1, 4, 8, and 11).

-Consolidation cycle 9 (Methotrexate 690
mg/m? IV over 42 hours; Leucovorin 15 mg/m?
every 6 hours for 12 doses beginning at 42
hours from starting).

All patients were regularly followed-up with
intervals of a few months in an outpatient clinic.
Patients were observed over 2 years or until
death. Twenty three of them relgpsed shortly
(3-5 months after complete remission) and died
within the follow up time. Twenty apparently
healthy volunteers with matched age ranged
from 3-16 year and matched sex (12 males and
8 females) were taken as control. Other factors
that may interfere with the results were ex-
cluded including drugs or inflammatory disord-
ers. Three ml of peripheral venous blood sam-
ples were taken, in sterile test tubes with hepa-
rin, from healthy subjects and ALL patients be-
fore start of thergpy and after achievement of
complete remission.

Survivin protein assessment was done using the
Quantikine Human Survivin  immunoassay
sandwich-type solid phase ELISA (R&D Sys-
tems, Minneapolis, United States of America).
A monoclonal antibody specific for Survivin
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has been pre-coated onto a microplate. Stan-
dards and samples are pipetted into the wells
and any Survivin present is bound by the
immobilized antibody. After washing away any
unbound substances, an enzyme-linked polyc-
lonal antibody specific for Survivin is added to
the wells. Following a wash to remove any un-
bound antibody-enzyme reagent, a substrate
solution is added to the wells and color devel-
ops in proportion to the amount of Survivin
bound in the initial step. The color development
is stopped and the intensity of the color is
measured. The minimum detectable dose
(MDD) of survivinis4.44 pg/mL.

Flow cytometric anaysis of p53 proteins was
performed on the mononuclear cells after Ficoll
sedimentation. Immuno-staining was carried
out using the mouse monoclonal antibody Allo-
phycocyanine-conjugated mouse anti-human
p53 against p53 protein (R&D Systems “UK &
Europe”). A  FACSCdibur (BECTON
DICKINSON) flow cytometer was used for
analysis and the data were collected in the list
mode. P53 labeling, measured in the fluores-
cence detector (FL) forward scatter (FSC) and
side scatter (SSC) were collected using linear
scaes. The fluorescence signas were collected
using logarithmic scales. Data acquisition and
analysis by Cell Quest program (the magnitude
of the signa was measured by using cell TM
DNA experiment document user's guide '02-
61539-00") were performed on 104 viable cells.
Expression was evaluated as cell percent (The
number of stained cells minus the number of
cells stained by irrelevant negative control).
Data were statistically anayzed using SPSS
program, standard version 10. Quantitative data
were presented as mean * standard deviation,
Student’s t-test and ANOV A were used to com-
pare between means. Correlation between va
riables was done using Pearson’s correlation
study. P < 0.05 was considered to be statisti-
cally significant.
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Results

Table 1 shows a significant elevation (P<0.001) in
both survivin level and p53% in total ALL patients
at diagnosis compared to control group.

A dgnificant decresse of the two indices
(P<0.001) is oObserved in patients & remission
compared to survived patients at diagnosis. The
comparison between survived and non-survived
patients a diagnosis resulted in high sgnificant
elevation in survivin level (P<0.001) and p53%
(P=0.016) in non-survived compared to survived
patients.

Regarding ALL subtypes, there are a highly sig-
nificant eevation in survivin levels in L3 in
comparison with L2 and with L1 (P<0.001 for
each), in contrast there are no significant differ-
ences in TP53 levels concerning the different sub-
typesof ALL (P>0.05 for each).

On the other hand, there are no correlaion be-
tween age and either survivin and p53 levels in
patients at diagnosis. Also the comparison between
mae and femde patients regarding survivin and
p53 levels shows no sgnificant difference.

Figure 1 shows a podgitive correaion between p53
expresson and survivin levd in ALL children at
diagnogs (r= 0501 & P<0.001). The How
cytometry data andysis of p53 expresson in acute
leukemia peripherd blood was shownin Fig. 2.
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Fig. 1: Correlation between Survivin level and
P53 % of ALL children at diagnosis
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Fig. 2: Flow cytometry data analysis of P53 expression in acute |eukemia peripheral blood
A: Negative control sample, B: Sample labeled with anti-human P53 APC
C: Overlapping of A and B

Table1: Survivinlevelsand p53 % in ALL patients and control group

Groups Survivin (pg/ml) p53%
Control (n=20) 283 %9.65 4.79+2.08
Patients at Diagnosis (n=62) 143.27 + 56.15 1241+711
ALL (L1) at diagnosis 86.05 + 34.87 1147 + 357
(n=19)

ALL (L2) at diagnosis 147.64 + 34.24 1161+57
(n=28)

ALL (L3) at diagnosis 207.60 + 81.61 15.09 + 11.46
(n=15)

Survived Patients at diagno- 118.38 £ 46.13 10.75+ 464
sis (n=39)

Patients at remission (n=39) 35.79+£12.09 3.62+1.39
Non survived Patients at 185.47 + 45.90 15.22 +9.48

diagnosis (n=23)

Discussion

Numerous immunophenotypic features have cated in the preservation of cell viability, di-
been examined for their potential prognostic rectly inhibiting caspase-3 and -7 activity and
significance in predicting treatment outcome in regulating the cell cycle in G2/M phase (15).
leukaemias. These include immunophenotypic Survivin is rarely expressed in terminally diffe-
subgroups of acute lymphoblastic leukaemia rentiated adult tissues but they appear to be
(ALL), expression of individua surface anti- highly upregulated in most cancers (16).
gens or combined immunophenotypic features, Particulary in lung cancer, expression levels of
and more recently, molecules mediating the survivin appear to relate with disease prognosis
multidrug resistance phenotype or being in- (17, 18). There has been considerable interest in
volved in the regulation of drug-induced survivin from various viewpoints of biomedical
apoptosis (14). research. The complexity of subcellular
Survivin is the smallest member of the inhibitor localization, the evidence for adua role in both
of apoptosis family of proteins (IAPs), impli- apoptosis and cell division, and the far-reaching
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consequences of overexpression in cancer point
to acritical role of survivin at the interface be-
tween cell proliferation and apoptosis, dramati-
cally exploited in cancer (19).

Our study shows a highly significant elevation
of protein survivin level in children with ALL
compared to control group and this elevation
decreased at remission and gpproach the control
level. Survivin expressions have been studied in
some solid tumors (gastric, colorectal, pancrea-
tic, hepatocellular cancers and sarcomas) and
found to be related with higher proliferative
markers and lower gpoptotic index. In most of
these studies survivin has been found to be a
bad prognostic indicator (20, 21). Survivin
expression has been studied also in hematologic
neoplasias (22-24). In a study covering 222
cases with non-Hodgkin's lymphoma (NHL),
Survivin expression has been found in 60% of
the cases and 5 year overall survival has been
found as 40% vs 54% ( P =0.02) in patients
with survivin expression than in those without
expression (25). In a recent study Oto et d.,
2007 (26) show that survivin was expressed in
83.8 % of 74 patients with acute leukemia and
conclude that its expression is a bad prognostic
indicator and survivin negativity shows good
clinical outcome in acute leukemia. With these
studies, it has been shown that survivin expres-
sion is frequent in malignant tumors and is a
new target for therapy.

As regards p53, the present study revealed that
there was a highly significant increase in the
expression levels of TP53 in children with ALL
at diagnosis compared to control group. At
remission its level returns to control range. Zo-
lota et al., 2007 (27) revealed that p53 protein
expression can be detected in 81% of AML
samples and the results reported by Kurotaki et
a., 2000 (28) suggest that the suppression of
agpoptosis associated with enhanced p53
accumulation increases the probability of devel-
oping leukemia in myelodysplastic syndrome.
This is concordant with a study including 43
bone marrow samples of children with leuke-
mia, p53 protein was expressed in 12 of them
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and p53 positive cells in a majority of children
with unfavorable prognostic features suggests
that dysfunction of the p53-dependent cell
growth control have a role in the development
of high risk leukemias (29).

P53 is an extremely unstable protein due to its
degradation by the proteasome after binding to
its maor negative regulator protein, murine
double minute 2 (MDM2) which acts as ubiqui-
tin ligase that is induced by p53 in a feedback
loop (30). However, in cells exposed to geno-
toxic stress, p53 protein conformation changes,
escapes from MDM2 interaction, becomes
accumulated and turn it into an active transcrip-
tion factor (31, 32). Previous studies have
demonstrated a correlation between the p53
protein expression detected by immunohisto-
chemical methods and mutation of the gene (33,
34). Some changes found in malignant breast
tumors, such as the presence of mutated p53
protein, both nuclear and cytoplasmic staining
for p53 protein was detected, and the percen-
tage of positive malignant tumors was 34% (35).
These results are in agreement with the results
of other investigators that showed positive
immunohistochemical (IHC) reaction for p53
protein in the range of 22 - 45% (36, 37). P53
was heterogeneously expressed and phosphory-
lated in AML patient samples and could
accumulate following DNA damage (38). It is
the most frequently inactivated protein in hu-
man cancer, and more than 50% of all solid tu-
mors carry a mutation in the TP53 gene (39).

As regards, the comparison between survived
and non-survived ALL children patients at
diagnosis revealed a highly significant increase
in survivin level and p53 expression in non-sur-
vived compared to survived patients.

Regarding p53, our result indicated that the
overexpression of this geneis correlated to poor
prognosis and associated with unfavorable out-
come in pediatric ALL patients. In a study,
ALL patients with p53 mutations had a 3.8-fold
increase in risk of death than those patients
without p53 mutations (40). These findings
suggest that p53 mutation is associated with



Yahya et al.: Serum Survivin and TP53 Gene Expression ...

poor clinical outcome that is characterized by
(&) a shortened duration of survival after first
relapse; (b) a reduced response to reinduction
therapy; (c) a shortened duration of first remis-
sion; and, hence, (d) an overall decreased dura-
tion of survival and increased risk of death.
Since the inactivation of p53 in cancer has been
associated with poor survival, refractory disease,
and chemoresistance (41), p53 gene therapy
have been designed to restore p53 function (42).
Survivin is one of the anti-apoptotic molecules,
poor indicator of overal survival in acute
leukemias (26). Nevertheless, survivin is highly
expressed in dividing cells and cancer-derived
cell lines and has become avalid target for anti-
cancer drugs, including those that use antisense
approaches (43).Targeted deletion of the mu-
rine survivin gene reveaed a critical role for
this protein in the cell cycle through regulation
of the spindle formation during mitosis (44).
Survivin is strongly up-regulated in angiogeni-
cally-stimulated endothelium in vitro and in
vivo. Increased surviving expression protected
endothelia cells from apoptosis during the
proliferative and remodeling phases of
angiogenesis (45). Evasion of apoptosis and the
ability to proliferate uncontrollably are two of
the molecular traits found perhaps in all human
cancers. Positioned at the interface between the
regulation of apoptosis and the control of cell
proliferation, survivin is described a molecule
that is expressed in most human cancers
encouraging new studies demonstrate that it
may be possible to exploit the survivin pathway
for cancer diagnosis and therapy (19).

A positive correlation between survivin level
and TP53 expression was found in children
ALL at diagnosis. Thisisin agreement with the
result of Hui et a., (46), they stated that there
was a positive correlation between survivin and
p53 expression in HCC. Baytekin et a., (47)
suggest that survivin expression may be posi-
tively regulated by mutant p53 in rena cell
carcinoma (RCC), and this expression may
have an impact on resistance to chemotherapy
in RCC. This positive correlation indicates that

cooperation between survivin and p53 may play
a certain role in occurrence and /or develop-
ment ALL. In addition, survivin was identified
as one of the target genes suppressed by wild
type p53. Irrespective of adirect or indirect me-
chanism for p53 suppression of survivin gene
transcription, expression of survivin strongly
counteracted p53-dependent apoptosis. Whe-
reas loss of survivin caused by wild type p53
contributed, at least in part, to p53-dependent
apoptosis (48).

In conclusion, survivin and TP53 expression
have a synergetic bad prognostic indicator,
independent of age and sex, in children with
acute lymphoblastic leukemia. Survivin protein
is related to anti-gpoptotic proteins and its high
expression lead to unsuccessful treatment of
ALL.
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