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Background: Acute lymphoblastic leukemia (ALL), the most common
childhood cancer with a peak incidence in children from 2-5 years old, might be
associated with poor prognosis and resistance to therapy in specific cytogenetic
backgrounds. FoxO3a, a member of the forkhead class ‘O’ (FoxO) transcription
Keywords: factors, is a main downstream target of PI3K/AKT pathway which regulates
FoxO3a different variety of biological processes and is overactivated in several human

Pediatric ALL . . .
Geenl: ;;((;)ressi on cancers. We aimed to evaluate the aberration of the FoxO3a gene in mRNA level
PI3K/AKT pathway in childhood ALL and compare them with healthy controls.

Methods: Real-time quantitative RT-PCR (qRT-PCR) was used to detect FOXO3a
expression in 30 new cases of pediatric ALL and 30 age- and sex-matched healthy
children as the control group.

Results: the expression level of the FoxO3a gene was significantly lower in
ALL patients compared to healthy controls (P<0.0001), while no difference was
observed between the two sub-types B- and T-ALL.

Conclusion: Our study suggested that decreased FoxO3a expression may play an
important role in the development of pediatric ALL. FoxO3a could be considered
as a molecular target of therapy in ALL malignancy.
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Introduction

Leukemia is a malignancy of hematopoietic cell
populations that include diverse and biologically
distinct sub-groups.! Acute Lymphoblastic Leukemia
(ALL) is one of the four major types of leukemia which
is common in both children and adolescents; however,
it is the most common pediatric malignancy diagnosed
in children younger than 20 years.* Regarding the
World Health Organization (WHO) definition, ALL is
categorized in B-Lymphoblastic Leukemia (B-ALL) and
T-Lymphoblastic Leukemia (T-ALL), originated from
B- and T-Lineage lymphoid precursor cells, respectively.

The disease pathogenesis results from blockade at
any stages of normal lymphoid differentiation due to
uncontrolled proliferation of lymphoid cells.” Lack of

enough information on the precise origin of the leukemic
cells, biological behavior of the hematopoietic primitive
cells, mechanisms that damage the earliest steps of
the lymphoid development as well as high genetic
heterogeneity make ALL a condition full of ambiguity.®’

From genetic point of view, proto-oncogenes and tumor
suppressor genes are the most important genes involved in
leukemogenesis,®® which their alterations disrupt normal
regulatory processes such as self-renewal, proliferation,
differentiation and apoptosis in target cells.®

FoxOs (Forkhead box, class O) transcription factors
function as a tumor suppressor gene and are important
for stem cell maintenance.!" They are key regulators
of the cellular differentiation, growth, survival, cell
cycle, metabolism, and cellular stress.'? FoxO1, FoxO3a,
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FoxO4 and FoxO6 are four members of the FoxO
transcription factor family in humans.”® FoxO3a expresses
in various tissues including B- and T-lineage cells.!>!*
Transcriptionally, FoxO3a activates several target genes
such as apoptosis-related genes (Bim, FasL, TRAIL,
PUMA) and cell cycle inhibitor genes (P27, P21)."" FoxO3a
is an important target of PI3K/AKT signaling pathway,
which is hyperactivated in various type of cancers.'®
Hyperactivation of this pathway in leukemia leads to
inactivation of FoxO3a in leukemic cells and eventually
tumor growth.” This evidence emphasize on FoxO3a as a
tumor suppressor role gene. Moreover, overexpression of
FoxO3a in B and T cell lines induces cell cycle arrest in
Gl phase and triggers apoptosis by induction of the cell
cycle inhibitor protein, P27, and pro-apoptotic molecules
FasL and Bim, respectively.'*

So far, few reports have been published concerning the
role of FoxO3a in childhood ALL. The expression profile
of FoxO3a in childhood ALL has not yet been reported.
Thus, we aimed to analyze the mRNA expression level
of FoxO3a in children with ALL among the population
in southern Iranian.

Patients and Methods
Patient Characteristics and Sample Collection

30 children aged 2-17 years referred to Amir Oncology
Hospital, Shiraz, Iran, and diagnosed as new cases of
acute lymphoblastic leukemia were included in the
study. 30 healthy age- and sex-matched children without
a history of any malignancies were enrolled as the control
group. The accuracy of the diagnosis was confirmed
using immunology and cytogenetic tests as well as
monitoring the morphology of the cells. Patients who
met the following criteria were excluded; a) age more than
20 years, b) presence of other hematological disorders,
history of other malignancies or relapsed ALL, and c)
patients under chemotherapy or radiotherapy. The study
design was approved by the Ethics Committee of Islamic
Azad University, Arsanjan Branch and written informed
consent was obtained from the parents of all children who
participated in the study.

RNA Extraction and Real-Time PCR Analysis

To determine the expression level of FoxO3a gene,
as a candidate gene involving in the pathogenesis of
ALL, total RNA from fresh blood samples was isolated
using RNX-Plus solution (CinnaGen, Iran) according
to the manufacturer’s instructions and cDNA was
prepared using RevertAid first-strand cDNA synthesis

kit (Thermo Scientific Fermentas, USA) following the
manufacturer’s instructions. All primer pairs used in this
study were designed by Allele ID v7.8 software. Primers
were specific for mRNA and did not amplify genomic
DNA. The primer sequences were as follows: Forward,
5-CGGACAAACGGCTC ACTCT-3 and reverse,
5-GGACCCGCATGAATCG ACTAT-3 for FoxO3a gene;
and forward, 5S-CCCGAAACGCCGAATATAAT-3 and
reverse, 5-CTGGACTGTTCTTCAC TCTTG-3 for TBP
gene. The cDNA were subjected to quantitative RT-PCR
(qQRT-PCR) analysis using a Rotor-Gene Q 2plex HRM
Platform real-time PCR system (Corbett Life Science)
to evaluate the relative expression levels of FoxO3a and
TBP (as an endogenous control gene). Each 15ul reaction
volume contained 7.5l of 2x Evagreen mastermix (Yekta
Tajhiz Azma, Iran), 1.25ul of cDNA, and 0.4pl (10pm) of
each pair of oligonucleotide primers. All reactions were
done in duplicate. The PCR cycling began with an initial
step of 95°C for 15 min followed by 35 cycles of 95°C for
25 sec, 54°C for 20 sec and 72°C for 20 sec; then a melting
curve analysis was performed. The threshold cycle (CT)
values were determined using Rotor-gene Q sequence
detection system. The relative expression levels of the
target gene were normalized to that of the endogenous
control gene, TBP. The data were analyzed using the
comparative threshold cycle (244T) method.

Statistical Analysis

Chi-square test was used to compare the nominal
variables among ALL patients (cases) and healthy children
(controls). Data were analyzed with GraphPad Prism
statistical software (La Jolla, USA) using unpaired t-test
to compare the difference in gene expression between
cases and controls. P value of <0.05 was considered
statistically significant.

Results

Demographic features of ALL cases and controls are
shown in table 1. Among them, 9 (30%) patients were
diagnosed with T-cell ALL, and the rest (70%) with B-cell
precursor ALL. 36.7% of all patients were female, and
63.3% were male. Although there was not a significant
difference in frequency of blood groups between the
patients and control group, the frequency of blood groups
B and O were slightly higher among cases compared to
the control group (table 2).

Foxo3a mRNA Expression Analyzed by qRT-PCR

The mRNA level of Foxo3a was measured by qRT-
PCR in blood samples derived from ALL patients and

Table 1: Frequency distributions of selected features in ALL cases and controls

Features Cases (n=30) Controls (n=30) P
Age (range; year) 2-17 1-17

Age

<5 10 (33)* 11 (37) 0.79
>5 20 (67) 19 (63)

Gender

Male 19 (63) 19 (63) 1
Female 11 (37) 11 (37)

"Pearson chi-square; *Percentage of total within each group/ subgroup.
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The frequency of blood groups between cases and control

Blood types A* A B* B (00 (03 AB*
Groups
Controls 9 (30)* 2(6.7) 5(16.7) 0 (0.0) 11 (36.7) 0 (0.0) 3 (10)
Cases 5(16.7) 1(3.3) 8(26.9) 1(3.3) 12 (40) 1(3.3) 2(6.7)
Pvalue” 0.72

"Pearson’s chi-square; “Percentage of total within each group/ subgroup

healthy subjects. The Foxo3a mRNA expression level was
significantly lower in ALL patients compared with the
control group (P<0.0001). Quantitative RT-PCR showed
more than 3-fold downregulation of Foxo3a gene (figure 1).
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Real-time quantitative RT-PCR analysis of Foxo3a
expression in blood samples from ALL patients and controls.
The relative mRNA expression of Foxo3a was significantly
lower in ALL patients compared with the healthy controls
(¥***P<0.0001).

Furthermore, we analyzed the mRNA expression level
of Foxo3a in 21 B-ALL patients compared with 9 T-ALL
patients. Results showed more reduction in the FoxO3a
expression, but this difference was not statistically
significant between the two groups (P=0.23) (figure 2).
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Real-time quantitative RT-PCR analysis of Foxo3a
expression in blood samples from B-ALL and T-ALL patients.
The relative mRNA expression of Foxo3a showed no significant
difference between these two groups (P=0.23).

ALL accounts for about 78% of all childhood leukemias.'®
Poor prognosis and resistance toward treatment are the
key characteristics which represent some cases of ALL as

an incurable cancer."” Poor prognosis for ALL reflects in
part the lack of knowledge about the tumor basic biology.
Present study for the first time, best of our knowledge,
demonstrates a new molecule that its aberrant expression
plays an important role in ALL pathogenesis among
children. Decrease in mRNA level of the FoxO3a gene, as
shown in our study confirmed the role of this transcription
factor as a tumor suppressor gene in pathogenesis of the
pediatric ALL. The result of our study was similar to those
for breast, ovarian, prostate and gastric cancers.'>>*? In
all these studies, it has been shown that overexpression
of FoxO3a inhibits cell proliferation and then prevents
tumor progression.

It has been demonstrated that PI3k/AKT signaling
pathway is a central circuit in pathogenesis of acute
leukemia.? Constitutive activation of this pathway has
been demonstrated as a key pathogenic mechanism
involved in AML development.?* Similar to AML, PI3K/
AKT activation is frequently found in B-ALL; however,
its alterations is predominant in T-ALL in comparison
with other leukemias.”®?% One of the most favorable
downstream effects of the activated PI3K/AKT pathway
includes inactivation of FoxO3a through phosphorylation
and restoration of this transcription factor.”” Here, we also
suggest the PI3k/AKT signaling pathway as a molecular
mechanism which controls cell growth, apoptosis,
development and progression of ALL via downregulation
of FoxO3a.

One of the previous studies on the chemoresistance of
T-ALL cells have shown the cytoplasmic localization of
FoxO3a; therefore these cells inactivate FoxO3a in order
to escape TRAIL and Noxa-induced apoptosis.”” FoxO3a
deficient mice showed reduced number of Pre-B cells
and re-circulating B cells in bone marrow and peripheral
blood, so FoxO3a makes a unique contribution to B cell
development.” Conditional deletion of FoxO3a in mice
affects lymphoproliferation and finally widespread
organ inflammation. Mice with conditional deletion of
FoxOl1, FoxO3a and FoxO4 showed abnormalities in
lymphoid development resulting in a long term defect in
repopulation activity of the bone marrow stem cells.'>-3

In summary, the current study provided information, for
the first time, on essential role of FoxO3a in development
of ALL disease. Understanding the precise role of FoxO3a
in ALL will not only increase our knowledge of the
biology of this malignancy but its upregulation may also
allow development of a novel therapeutic strategy.
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