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Abstract: 

Recent investigation successfully identified a pre leukemic ETV6/RUNX1-positive clone in the healthy twin of a 

patient diagnosed with ETV6/RUNXI-positive acute lymphoblastic leukemia (ALL) and also some studies with 

ETV6/RUNX1 knock in mice showed that the expression of the fusion gene is not sufficient for the invivo induction 

of ALL. Taken together, these data indicate that ETV6/RUNX1-positive leukemia is .generated through a multi-step 

mechanism, and that accumulation of additional genetic changes is necessary for the development of overt leukemia. 

Hence, to understand fully the genetic evolution of this disorder, identification of the complete spectrum of genetic 

changes that accompany the ETV6/RUNX1 fusion gene is necessary. Moreover, critical patho genetic insights may be 

gained from studying the correlation pattern of the different copy number changes.  
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Introduction: 

 
What might be responsible for the relatively high frequency (~1%) of 

ETV6/RUNX1 fusion generation in normal fetal hematopoiesis? 

Presumably, nonfunctional fusions (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 [2].  The initiation of other pediatric cancers has similarly been 

ascribed to developmental accidents [9]. Even if ETV6/RUNX1 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: 
 

Acute lymphoblastic leukemia (ALL) is defined by recurrent 

chromosomal aberrations. The vast majority of cases belong to the B cell 

precursor subtype. Many of these aberrations originate in utero and the 

cells transform in early childhood. Actually infant ALL with KMT2A 

rearrangements as well as childhood ALL is caused by a combination of 

genetic susceptibility factors and also acquired somatic mutations 

subsequently. The mutations happen in genes generally which are critical 

for lymphoid development. The first hit of secondary change produces a 

pre-leukemic state. In fact, it is widely accepted that leukemia with gene 

fusions can occur before birth. For example, in twins with ETV6/RUNX1, 

the ALL development can occur at different times, and the postnatal 

latency can be protracted occasionally and variable too [20, 27]. 

General observations: Some studies indicated that although 

ETV6/RUNX1 may be linked to early pre leukemia clonal expansion, it 

is insufficient for overt ALL. First, the protracted postnatal interval, or 

latency, before disease diagnosis can be up to a decade or more [4] and 

concordance rates in twins are modest at ~ 10% [1]. This suggests that 

additional or secondary and complementary genetic events are required. 

Second, frequency of ‘functional’ ETV6/RUNX1  fusions in normal 

newborns is ~ 100 × the leukemia rate This interpretation accords with 

conventional wisdom in two- or multistep models of cancer clone 

evolution [5] and also fits with results from transgenic modeling with 

fusion genes. There might not be an exclusive second genetic ‘hit’ but at 

diagnosis most cases of ALL with ETV6/RUNX1 fusions have deletion 

of the non-rearranged or normal ETV6 allele. Deletions are sub clonal to 

ETV6/RUNX1 fusions and are distinct in their genomic boundaries in 

twins, and in relapse versus diagnostic samples from the same individuals 

[6]. ETV6 deletions are therefore likely to be postnatal secondary events, 

albeit a common and integral component of the molecular pathogenesis 

of cALL. Deletion of normal ETV6 must have some potent selective 

advantage in cells carrying ETV6/RUNX1 fusions, which might relate 

either to a suppressor function of ETV6 [7] and/or to the ability of normal 

ETV6 protein to dimerize with ETV6/RUNX1 and reduce its 

transforming activity. One intriguing proposal, with therapeutic 

implications, is that fusion genes encoding hybrid transcription factors 

such as ETV6/RUNX1 also require genetic complementation with mutant 

or activated kinases [8] Activated kinases could interfere with the cell 

cycle and complement the differentiation-blocking activity of chimeric 
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transcription factors. Whether ETV6 deletion itself is sufficient to dys 

regulate the cell cycle in this way remains to be assessed.  

Gene RUNX1 (AML1) or CBFA2 is located in the chromosome band 

21q22. Its product makes up a transcription factor as well, that binds the 

sequence TGT/cGGT. This affinity intensifies consequently hetero 

dimerization with the CBFβ protein forming a complex called human 

core-binding factor (CBF). The activity of this complex is critical during 

the expression of genes specific for hematopoiesis. RUNX1 is normally 

expressed in all hematopoietic lineages and acts to regulate the expression 

of various genes such as: the granulocyte colony stimulating factor, 

interleukin 3, T cell receptor β and myeloperoxidase (MPO) genes [15]. 

A high level of expression of RUNX1 is limited to cells of the 

hematopoietic lineage and to ganglion cells of the developing nervous 

system. These properties are a result of protein structure encoded by 

RUNX1 gene. This one has highly homologous to the Drosophila RUNT 

domain (118 amino acids) at N-terminus which interacts with DNA and 

CBFβ, however at C-terminus-transactivation domain (TA). The former 

domain is strictly conserved in fusions proteins coming from the 

chromosomal changes in which RUNX1 gene participates [1-8].   

Breakpoints are scattered throughout the 12 kb intron 5 of ETV6 and the 

~100 kb intron 1 on AML1. Statistically, there is some degree of micro 

clustering, but critically, each patient’s leukemic cells have unique, or 

clonotypic, breakpoints. The sharing of the same unique clonotypic 

ETV6/RUNX1 genomic breakpoints and fusion sequences between twins 

(and that are acquired not constitutive) indicates a single-cell origin. 

Concordance of disease then arises via spread of clonal progeny from one 

twin, in which the translocation arises, to the other prenatally via vascular 

anastomoses within a mono chorionic placenta.  These data are endorsed 

by the detection of putative pre leukemic B-lineage cells in normal cord 

blood that harbor ETV6/RUNX1 translocations [1-4].  

The fusion gene origin: Actually, a greater number of healthy individuals 

can harbor at some fusion genes as a silent pre-leukemic clone. But Why 

and/or how? Moreover, these rearrangements could arise in high 

proportion of developing fetuses, but without any functional chimeric 

proteins production, also their originate is an inappropriate with cellular 

context alternatively In other words, in producing a leukemic phenotype, 

we have two conditions includes 1) Gene fusion structure must permit to 

functional protein production [2]. The translocation should happen in 

early precursors with self- renewal ability. So, some researcher stated that 

in normal individuals, fused genes arise in mature precursors or in 

differentiated cells which eliminated by cell differentiation normal 

mechanisms. But how?  Or generally, is this right? Also, if somebody 

believed that the immune system power to recognize and eliminate the 

cells that express the rearrangement, so why do not ability to the same 

action in other patients? Some authors suggested that tumor associated 

translocations in peripheral lymphocytes can be transitory or the 

rearrangement expressed in hematopoietic cells which entered in the 

apoptotic pathway, now can be as an irrelevant in mature cells. What does 

it mean exactly? Also, it is possible that fusion genes associate with 

previous exposure to diverse exogenous as well as endogenous sources 

which can consider as the physical and chemical agents in comparing with 

other cell types [16-19, 27]. 

 

 
    

Figure 1: ETV6/RUNX1 (pre-leukemia), infection and then ALL: Expression of ETV6/RUNX1 alone can mimic the pre leukemic clone but not induce 

leukemia in an in vivo model, viz. the identification of clonotypic ETV6/RUNX1 genomic sequences in neonatal blood spots provides direct evidence 

for the existence of the fusion gene at birth, also it may be the first or initiating event in most cases. In other words, the initiating lesions happen in 

utero and lead to a state of pre-leukemic after birth. We must know that the infection agent can lead to deregulated immune response in a little of 

pre-leukemic childhood, however most of them remain healthy. 

But the important question is how infection can lead into leukemic 

condition? [3, 20] Please look at the figures 2 & 3. 

Anyhow, we can say, ETV6/RUNX1 is seen in healthy individuals 

especially newborns. Therefore, the fusion gene is not sufficient for 

leukemia development only, so secondary postnatal mutations are 

necessary (figures 1, 2&3). Some researchers believe that leukemia 

associated fusion genes before birth. They say,  in twins with concordant 

ETV6/RUNX1 positive leukemia, the development of ALL has been 

found to occur at different times, and postnatal latency can be variable 

and occasionally protracted; or somebody say ,ETV6/RUNX1 

translocation occurs in utero, followed by pre-leukemic  evolution.       
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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 megakaryocytopoiesis starts. The development ends in bone 

marrow and in lymphatic nodes. The regulation of these processes takes 

place at multiple levels to ensure proper blood cells proliferation, 

differentiation and survival of progenitor’s cells. One of them is operation 

of cytokines, their receptors and the transcriptional factors, affecting the 

correct genes expression. Thus, initiation of angiogenesis in the yolk sac, 

maintenance of life cells, their proper movement from fetal liver and 

spleen to bone marrow and processes, which work there, are controlled 

by ETV6 gene. However, ETV6 is not intrinsically required for the 

growth or differentiation of hematopoietic cells [10-14]. In spite of these 

facts, the disorder in adhesion and colonization of ETV6-/- 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 pathogenesis of ETV6/RUNX1 

because the ETV6 loss impairs the progenitor’s capacity for effective 

hematopoiesis in the boon marrow [12]. 

 
Conclusion: 

 
 

 
 

Figure 2: After extrinsic or intrinsic oxidative stress and/or “?:”other cancerous agents: look at the progenitor cell injury. 

Now, the interpretation of figure 1 at after the pre-leukemic condition can 

be as follows: the action of ETV6/RUNX1 producing a protein that 

destruct the normal cell and change the HSC to LSC(1st hit)  , After the  

monoclonality stage (clonal expansion) and hyper-proliferation as well 

which normal cells  differentiation is ruined and may be in 2nd 

hit(chromosomal aberrations, activation of oncogenes, etc.) ,we see the 

unlimited phase that  can be a severely marrow failure or the leukemic 

cells increased( cancerous stage and/or leukemic evolution). So feedback 

of this model in leukemic bone marrow niche, HSC maintenance is 

decreased. In the pathway, BM microenvironment should be disrupted 

partially or completely and impaired the normal cells production severely 

figure 2 [19-22, 24].  

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. In 

fact, there is a convincing evidence that a significant percentage of the 

pre-leukemic lesions can arise prenatally and it’s changing in after 

postnatal secondary occurring process. The first hit occurs in the cell of 

origin which differs from subtype to subtype, such as ETV6/RUNX1 

seem to arise in B cell development (not at earliest stage) but the exact 

stage of cell is unknown. In this case, infection, delayed infection or other 

instances are absolutely propounded (figure 1). Also, populations mixing 

can be as a leukemic transformation factor. But the important factor is 

infection (figure 3) which can be as a trigger the progression of pre-

leukemia to acute leukemia like ALL [20-25]. 
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Figure 3: B-lymph EBV, cytogenetic error and then Burkitt`s lymphoma (or NPC): Including two malignant diseases: 1) Burkitt`s lymphoma (BL). 2) 

Nasopharyngeal carcinoma (NPC). 

Now, we want to find that why EBV (Epstein Barr virus) can change to 

malignancy? In response and in the development of nasopharyngeal 

carcinoma, a close contact between epithelial cells and B- lymphocytes 

that may carry EBV genomes, and after EBV induced fusion between the 

two cell types, now EBV genome enable to enter the epithelial 

cells(epithelial, EBV). Look at the blocks 1(at cellular level in 

endogenous block) and block 2(in outside or exogenous block) inhibit the 

lytic expression of EBV. (Please give attention to figure 1 at pre-leukemic 

condition and infection role in the matter as well). On the other hand, the 

clone may lead to the development of BL. We know that block 3 

suppresses the proliferation of EBV genome containing lymphoid cells in 

the periphery. Please look at the pathway of lymphoma in B-cell, EBV(B-

lymph- EBV) as well as  some factors role like cytogenetic error , 

unspecific stimulation or clonal selection in changing   to lymphoma [19-

20, 23-26]. 
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