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ABSTRACT

arrays (SNP arrays)

Whatever the mechanisms governing chromosomal changes in utero, it is evident that for most cases of childhood
leukemia, the crucial etiologic bottleneck is the postnatal ‘promotional’ events or exposures that precipitate the
secondary genetic changes, including TEL deletion. Uncovering the nature of these exposures is the objective of
major case/control epidemiologic studies in some countries. Although no consensus view has yet emerged, there is
now a body of evidence implicating infections in childhood Acute Lymphoblastic Leukemia (ALL). In other words,
the infection can be leading at immune response deregulation in a pre-leukemic child minimally. After secondary
mutation(s), the children go to changing into ALL which leads to clonal expansion ultimately.
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INTRODUCTION

Genomic sequence analysis of ETV6/RUNXI1 (E/R) and other
fusion genes suggests that the predominant mechanism of
chromosome translocation is doublestranded DNA breakage
followed by normal but error-prone repair by non-homologous
recombination [1]. However, this begs the question of what
causes the initial DNA damage. For MLL gene fusions, there
are some experimental genetic and epidemiologic, in evidence
that transplacental chemical carcinogenesis may be involved
[2]. However, what might be responsible for the relatively high
frequency (1%) of E/R fusion gene generation in normal fetal
hematopoiesis? Presumably, nonfunctional fusion genes (in non-
stem cells) occur at an even higher rate. One possibility is that these
are ‘normal’ developmental errors of DNA maintenance reflecting
the complexity of embryo and fetal tissue engineering in which
cell death, DNA damage and oxidative stress are ubiquitous. The
initiation of other pediatric cancers has similarly been ascribed
to developmental accidents [3]. Even if E/R fusion is, in effect, a
spontaneous error, the risk of this event occurring may be modified
by other factors. There is dietary and genetic evidence that folate
has an impact on the risk of infant and childhood leukemia, and
this could well be operative during pregnancy in utero, influencing
the likelihood of chromosomal breaks.

DISCUSSION

Recently, some researchers have used a similar experimental
approach but focused on identifying the early or pre leukemic

effects of E/R expression [4]. E/R fusion gene found to inhibit
B-cell differentiation that leading to an accumulation of early
B-cell progenitors and a corresponding decrease in mature B-cells.
Detailed examination of this partial differentiation arrest reveals
effects from the very earliest pro-B cells in the mouse. The size of
the Hematopoietic Stem Cell (HSC) compartment was larger in the
animals and also continued to increase with time. This raises the
possibility that this very primitive compartment may be responsible
for the maintenance in the model and/or in addition to developing
a pre-leukemic clone minimally. Despite some increase in myeloid
progenitor activity, no block to myeloid differentiation was
observed. Wholly, the pre leukemic phenotype displays many of
the features seen in the common precursor B-cell ALL. Therefore,
there are some points as follows:

* A selective differentiation block in the B-cell pathway

* In both cases the block is at an early progenitor cell level
(although differences in murine and human B-lymphoid
development complicate direct comparison

¢ Differentiation block is incomplete, resulting in the
presence of mature B cells in both cases

B-cell-specific results have been reported as well who have
analysed the effects of enforced E/R expression in fatal liver-
derived progenitors [5]. They observed enhanced self-renewal
capacity of B-cell progenitors evidenced by increased of efficiency
in colony-forming assays in vitro and an increased repopulating
activity on competitive reconstitution assays in vivo. Despite the
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similarities, some detailed aspects of these two murine models (e.g.
differentiation block at the B precursor stage) appear different.
While this will require further investigation, it seems likely that the
use of developmentally distinct stem cell populations in these two
studies may be accountable for any differences observed partially.
Collectively, these studies endorse the view that E/R fusion
gene can transform early B-lineage progenitors and initiate a pre
leukaemia condition [6-8].

Figure 1: E/R fusion gene occur in utero and in the following
it, pre-leukemic evolution can be as the more genomic variation.
Initially, we have a single cell genomic and after the mutation(s), go
to be continuing in the most developed clones gradually.

In fact, a recent investigation successfully identified a pre leukemic
E/R-positive clone in the healthy twin of a patient diagnosed with
E/R-positive ALL and also demonstrated that expression of E/R
alone can mimic the pre leukemic clone but not induce leukemia
in an in vivo model. Taken together, these data indicate that E/R
positive leukemia is generated through a multi-step mechanism,
and that accumulation of additional genetic changes is necessary
for the development of overt leukemia. Thus, to understand fully
the genetic evolution of this disorder, identification of the complete
spectrum of genetic changes that accompany the E/R fusion gene
is necessary. Moreover, critical genetic aberration insights may be
gained from studying the correlation pattern of the different copy
number changes.

Proper function of TEL gene is crucial for the establishment of
hematopoiesis of all lineages in the bone marrow. The TEL defect
may reveal within the first week of postnatal life [9-10]. The first
cells produced, embryonic (or primitive) erythrocytes arise within
the blood islands of the yolk sac at embryonic day 14. Later
hematopoiesis shifts to the fetal liver and to spleen where adult
red cells, as well as cells of other lineages appear- the process of
granulo-, mono-lymph and mega karyocytopoiesis starts. The
development ends in Bone Marrow (BM) and in lymphatic nodes.
The regulation of the processes takes place at multiple levels to
insure proper blood cells in proliferation, differentiation into
maturation cells, viz to progenitors and precursor cells. One of them
is operation of cytokines, their receptors and the transcriptional
factors, affecting the correct genes expression. So, initiation
of angiogenesis in the yolk sac, maintenance of life cells, their
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Figure 1: E/R fusion gene occur in utero and in the following it, pre-
leukemic evolution can be as the more genomic variation. Initially, we have
a single cell genomic and after the mutation(s), go to be continuing in the
most developed clones gradually.
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proper movement from fetal liver and spleen to bone marrow and
processes, which work there, are controlled by TEL gene. However,
TEL is not intrinsically required for the growth or differentiation
of hematopoietic cells [11-14]. In spite of these facts, the disorder
in adhesion and colonization of TEL/HSCs (or progenitors) in
microenvironment of bone marrow may reflect the subsequent
appearance and circulation in the peripheral blood of premature
leukemic progenitors which proliferate excessively. This constitutes
a very important element in E/R pathogenesis because the TEL
loss impairs the progenitor’s capacity for effective hematopoiesis

in BM.

These results parallel the impact of AML1-ETO on early myeloid
cell selfrenewal and differentiation Thus, while expressions of both
AMLI1/ETO and E/R within the stem cell compartment appear to
inhibit differentiation, the activities of the Thus, while expressions
of both AML1/ETO and E/R within the stem cell compartment
appear to inhibit differentiation, the activities of the two molecules
appear to be broadly selective for myeloid and B-lymphoid lineages,
respectively, and are consistent with the lineage selectivity seen in
t(8;21) and t(12;21)- associated leukemias. The data argue that this
striking feature of fusion genes arises not because of a restrictive
cell of origin of chromosome translocation itself, but rather as a
consequence of cell context- dependent function of the encoded
chimeric proteins. It is therefore important to understand how these
different chimeric fusions involving AML1-regulated transcription
function at the molecular level. One possibility supported by the
available molecular evidence is that E/R functions to interfere
with normal AML1 activity. While it has been appreciated
for some time that AMLI is expressed in most blood cell types
including B-lymphocytes, most attention has focused on its role
in the specification of HSC, during ontogeny. Most recently its
role in adult hematopoiesis has been addressed using a conditional
knockout approach [15]. These studies reveal that AML1 function
is not required for the maintenance and self-renewal of HSC, but is
required for B-lymphoid differentiation. In addition, loss of AML1
activity results in an increase in multi-potent progenitors. These
effects are similar to those seen as a result of enforced expression
of E/R and are therefore consistent with the notion that E/R
functions as an antagonist of endogenous AMLI activity.

High resolution Single Nucleotide Polymorphism arrays (SNP
arrays) and Comparative Genomic Hybridization arrays (CGH
arrays) have provided powerful tools for identifying genetic
changes in childhood leukemia. Recent studies of childhood ALL
using such genome-wide techniques have revealed the presence of
several submicroscopic genetic changes [16-21]. Importantly, these
studies have shown that genes involved in the regulation of B-cell’
development, such as PAX5 and EBF I, are targeted by deletions in
around 40% of B-lineage ALL.

In contrast to AMLI1 transiently expressed E/R fusion proteins
generally repress the activities of reporter constructs driven by
regulatory regions derived from hematopoietic-specific genes and/
or antagonize their AML1-dependent activation [22-25]. Work from
several laboratories has shown that the transcriptional activities of
E/R involve recruitment of nuclear receptor co-repressor/ HDAC
complexes to the TEL moiety of the fusion gene similar findings
have been reported for other AMLI1 fused genes.
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CONCLUSION

The t(12;21) is the most frequent chromosomal aberration in
childhood ALL being present in approximately 20%-25% of all
newly diagnosed children [26-27]. Patients with the E/R fusion
gene form relatively homogenous group of ALL. These children
are diagnosed mostly in the pre-school age with B cell precursor
immunophenotype of leukemic blasts and they have favorable
treatment outcome. Studies on identical twins and triplets with
concordant ALL and retrospective scrutiny of neonatal blood spots
have provided evidence that fusion of E/R often arises prenatally,
possibly as the first or initiating event [28-29]. The “pre-leukemic”
clone with E/R fused gene can persist post natally for extended
periods and another post-natal genetic event is required for overt
leukemia. It has been suggested that some late relapses of E/R
positive ALL might be in fact “new leukemias” arising from the
same “pre-leukemic” E/R positive clone but triggered by a new
postnatal hit possibly by deletion of the non-translocated TEL
allele which can be an important potential parameter in next
investigations [30-31].
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