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Introduction
When the process of cell production is unbalanced, leading 

to an exacerbated and uncontrolled proliferation of blood 
progenitor cells, so leukemia may develop. In addition, leukemia 
is the consequence of stepwise genetic alterations that confer 
both proliferative and survival advantage, as well as self-renewal 
capacity to the malignant cells. 

In CML, BCR-ABL fusion proteins can transform in 
hematopoietic progenitor in vitro. Nonetheless, the mechanism(s) 
by which P210 BCR-ABL1 promotes the transition from benign 
state to the fully malignant one is still unclear [1-3].

In mice, reduced BM and increased splenic LTHSC (long-term 
hematopoietic stem cell) in the effect of BCR-ABL fusion gene, 
suggest to altered LTHSC trafficking and/or niche requirements. 
Also, murine models have demonstrated that disruption of the 
hematopoietic microenvironment can initiate myeloproliferative 
disease and even leukemia. 

Therefore, some researchers stated, restoration of normal 
niche interactions could play a role in leukemia control in the 
physiological setting.

In CML, BCR/ABL1 oncogene detected in some hematopoietic 
lineages, indicating that the cell of origin in thePSCs (pluripotent 
stem cells) with multi lineage differentiation potential as well.  
Also, malignant HSCs and the other progenitor cells reside not  
only on the bone marrow but also in extra sites like spleen 
that create a niche with a predominance of the neoplasm cells  

 
which contribute to the generation of malignant cells and go 
to the progression disease. In addition, many patients with 
hyper-cellular marrows, at least in part of physical replacement 
of normal marrow precursors by leukemic cells [2-4]. Thus, 
in hematologic malignancies, clonal neoplastic cells alter the 
hematopoietic microenvironment so that it becomes supportive 
of LSCs and becomes less supportive of normal HSCs, ultimately 
leading to decreased normal hematopoiesis. In addition, leukemia 
induced abnormalities in cytokine in CML bone marrow result in 
selective suppression of normal stem cell growth and enhanced 
growth of LSC. 

Discussion
In CML, we know some of variant translocations involving 

additional genes and cryptic translocations requiring molecular 
detection occur. Most translocations involve a BCR breakpoint 
at the major breakpoint region (M-BCR) with resultant p210 
protein, and occasional breakpoint at the u region results in a 
p230 protein. Minor breakpoint region (m-BCR) translocations 
with resultant p190 are usually associated with acute 
lymphoblastic leukemia (ALL), but rare m-BCR translocations 
in CML are associated with increase monocytosis, and a small 
amount of p190 may be found in standard CML. My question is:

i. In this case, we have two or three different lineages, 
different breakpoints but their proteins and their actions are 
the same. Is it possible? 
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ii. In these translocations, we have three different 
breakpoints and three types of proteins as well but their 
results are the same. Is it correct?

In CML therapy,

i. Before tyrosine kinase inhibitor (TKI), in chronic 
phase (CP) of CML, some patients after bone marrow 
transplantation, the survival of these patients were long and 
may be cured. 

ii. Despite the undeniable success of TKI in treatment of 
BCR-ABL dependent leukemia, the issue of BCR-ABL positive 
stem cells that persist in the blood of patients with major 
molecular remission or complete molecular remission 
remains unresolved. 

iii. Late treatment failures may be observed related to the 
persistence of leukemic stem cells.

So, we can say, although TKI in treatment of CML, corrects 
several abnormalities in cytokine and chemokine expression 
in the cells and reduces normal LTHSC inhibition by leukemic 
cells and facilities their regrowth, it does not completely reverse 
leukemia associated changes in the microenvironment. As we 
know, our data indicate that the frequency of BCR-ABL+, CD34+, 
CD38- cells rarely remained the blood of patients in remission. 
This is in agreement with the data showing that some of patients 
relapsed after TKI discontinuation. Regarding this point, It will 
be important to determine the mechanisms underlying these 
persistent the microenvironment changes and how leukemia 
related alterations in the hematopoietic microenvironment 
affect Leukemia stem cell (LSC) response to TKI treatment, 
regrowth of normal LTHSC, and persistence of LSC in CML 
patients on prolonged TKI treatment. Thus, if we want that some 
of patients will achieve deep molecular remission and in these 
cases TKI treatment, discontinue and for the problems as well as 
the questions above, We should be to understand how leukemic 
hematopoiesis disrupts the normal mechanisms controlling HSC 
function and blood production [1,4,5]. So, here in below, I have 
some points: 

i. HSC are multi-potent stem cells defined by their ability 
to self renewal, differentiation and maintenance of all blood 
cell types in the hematological system during the entire 
lifetime of the organism. This physiological process called 
hematopoiesis is controlled by several complex interactions 
between genetic process in blood progenitor cells and bone 
marrow microenvironment. Some researchers stated that 
leukemic hematopoiesis turns the endosteal BM niche into 
a leukemic niche, which promotes LSC function and impairs 
the maintenance of normal HSCs that may be to contribute 
to myelofibrosis progression. These actions expand our 
understanding of the effects of leukemic hematopoiesis 
on the BM microenvironment and the contribution of the 
endosteal BM niche to MPN pathogenesis, which mainly 
affects normal HSCs, with minimal effects on transformed 
LSCs [1,4,6].

ii. Some investigators believed that, the loss of normal 
HSCs also probably contributes to the clonal dominance of 
BCR-ABL expressing LSCs in transplanted mice and patients 
with CML. Regarding we can say, in blood cancers, as CML, 
which are sustained by LSCs, that like normal HSCs, a range 
of biological characteristics that enable their long term 
survival, and accumulation of clonal myeloid cells that 
differentiate normally, that we know there is no consensus 
about the mechanisms by which the HSCs transformation 
occurs [4,7,8]. So, such differential retention provided by 
a remodeled BM microenvironment could explain clonal 
dominance in situations were transformed HSCs have 
impaired functions, such as in myelodysplastic syndrome 
(MDS) and BM failure syndrome [4,5,9].

iii. For more understanding, I state some points as follows 

• In murine models, activation of the normal HSC niche 
improves recovery from radiation and chemotherapy injury 
and suppresses CML disease progression, impairing LSC 
maintenance in a syngeneic model.

• Myelodysplastic syndrome (MDS) can be cured by 
allogeneic HSC transplantation and stromal cells remain of 
patient origin after this procedure, it has been postulated 
that alterations in MDS stroma must be secondary to 
interactions with clonal MDS cells and reversible upon their 
eradication [9,10]. Regarding this point, we know normal 
hematopoiesis depends on critical interactions that occur 
between stem cells and their microenvironment, so we can 
say, hematopoietic neoplasms are known or assumed to be 
clonal processes arising as the result of genetic errors. In fact, 
LSCs results from multiple genetic and epigenetic alterations 
within hematopoietic stem cells or progenitors that alter 
their normal self renewal, proliferation, differentiation and 
apoptotic pathways (Figure 1).

But the question is, how is the action of genetic error? Or how 
is the management of fusion gene? Before and after the fused? In 
leukemic stem cell model, after 1st hit to normal hematopoiesis, 
the cell of origin may be to change to LSC and after the clonal 
expansion (may be in 2nd hit) LSC enter to pre leukemia (unlimited 
phase) and in a pre-leukemic disease phase, genetically unstable, 
self-renewing LSCs clonally expand, facilitating the acquisition 
of further mutations and the development of different leukemic 
clones (Figure 2).

But the other question is, what is the agent of 1st hit and in the 
period of clonal expansion and change to leukemic progenitors 
and leukemic myeloid cells? What happen the period? As we 
know, the main bone marrow niche cells including: HSCs, 
adipocytes, MSCs, reticular cells, osteoclasts, and osteoblasts. In 
my discussion, the main role of bone marrow niche cells depends 
on HSCs. Regarding, I state some viewpoints of the researchers 
as follows: 

i. Some rearrangements like ETV6/RUNX1 in neonatal 
could arise in a high proportion of developing fetuses but 
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without the production of functional chimeric proteins, 
alternatively they could originate inappropriate cellular 
context but chiefly, I concentrated on the non-production 
of proteins. In addition, less than 1% of these children with 
ETV6/RUNX1 lastly go to ALL [8,11]; but why? Persistent 
infection may be helped to post natal genetic lesions. 

ii. In order to produce a leukemic phenotype, these 
rearrangements should fulfill two conditions: 

• The structure of the fusion gene must allow the 
production of a functional protein. 

• The translocation must occur in early precursors with 
self-renewal capacity. Now, the question is, how is disrupt 
normal BM and impair the cell production? As we know, there 
are many genetic alterations or chromosomal aberrations in 
malignant diseases. Some of them, is permanent (BCR-ABL 
in CML, etc.), some of them is temporal (the translocations 
in AML or in ALL, etc. occasionally) and the other may be 
randomly (some of trisomy or monosomy, hyper-diploid and 
hypo-diploid in patients). For continue discussion, it is better 
to say about BCR-ABL fusion gene which seen in more than 
95% of classic CML [12] patients as follows Figure 3.

The action of BCR-ABL producing a protein that destruct 
the normal cell and change the HSC to LSC (1st hit), After the 
clonal expansion and increased myeloid differentiation and may 
be in 2nd hit, we see the unlimited phase that leukemic myeloid 
cells increased [3,4]. So feedback of this model in leukemic bone 
marrow niche is decreased HSC maintenance. In other words,we 
think any action of genetic aberration can occur in first hit 
which follow in 2nd hit possibly, but perhaps the effect of action 
inany fusion gene and other agents like cancer events can be 
autonomous and simultaneously. My point is the start of first hit 
with cancer events possibly and after that a genetic alteration 
may be occurred in second hit. Thus, we accepted, CML is a 
malignancy resulting from the transformation of HSCs by the 
BCR-ABL fusion gene in most cases.

Concerning in the model, MSC activated and perhaps OBCs 
involved. So, in malignant pathway, BM microenvironment 
should be disrupted partially and impaired the normal cell 
production [13]. This is the CP-CML. After chemotherapy and 
BM transplantation (BMT) in CP, some patients had a long 
survival and may be cured (before TKI). So what happen for 
the CP- CML patients after BMT? Also after BMT in MDS? Some 
patients with MDS [6], and patients with other leukemia like 
CML and ALL may be cured. Thus, after BMT, BM niche is rebuilt 
or completely repaired. I believe, the structure of bone marrow 
niche must intact, and after the impair of hematopoiesis, should 
be changed ,which means BMT or HSC transplantation (HSCT) 
can repair BM structure that maintain HSCs chiefly and the 
other cells of BM niche as well. But the question is about the role 
of genetic aberration in aCML [14,15]. In aCML, we have BCR-
ABL negative fusion gene that clinical features resembles with 
BCR-ABL positive CML patients but has a worse overall survival. 

This is a kind of CML without BCR-ABL or no production of the 
protein. So what happen in aCML? In response, the stem cell or 
progenitor cell is upset directly, transformed and change to the 
LSC (unexpected result in stem cell) (Figure 4).

This subject is resemble with some of leukemias without any 
known fusion gene or translocation. In this CML, may be another 
genetic aberration or transient genetic abnormality (temporal 
or randomly or accidentally), but its result is the same. In other 
words, we have a CML with the same clinical feature and cell 
morphology. For more understanding, I would like to state 
several viewpoints as follows which some of them may sparsely 
because of I must explain the subject totally: 

i. In the study pointed out the positive interphase nuclei 
which in using interphase - FISH technique was higher than 
the translocation of FISH positive metaphase nuclei [16,17].

ii. Dysfunctional nuclear membrane components can 
be important in some disease like leukemia [18]. In fact 
some researchers believed nuclear protein complex bind 
super enhancers which regulatory structures that drive 
the key genes expression for identify of specify cell and 
they mentioned nucleus of cell can be as a driver of gene 
expression and perhaps a key point in some disease like 
leukemia.

iii. In the study point out, the necessary role of histone 
protein modifications including acetylation, methylation 
and phosphorylation in hematologic cancers particularly in 
altered histone marks and histone modifiers. Regarding in 
this research the role of histone modifiers is embossed [5,8] 
(Figure 5). 

iv. In stem cell dynamics, in the symmetric and 
asymmetric divisions and in expansion and maintenance 
of the cells, some of these cells feedback to quiescent stage 
and eventually in this long period, perhaps do any mistake in 
the divisions particularly in feedback the cells to quiescence 
stage and then my question is, what happen? [11,19] (Figure 
6,7). 

v. What is the agent of change in EBV (Epstein Barr virus) 
to malignancy? Viruses or transient genomic instability (or 
accidentally genetic error)? In response to the question, 
seizing in hematopoietic microenvironment pathway control 
and their cellular functions and diverse and deregulate of 
the pathway and its microenvironment. Therefore, induce 
both lytic and latent infections that result in some diseases 
including lymphoproliferative disorders. In other words, the 
exact role of EBV is unclear in this area but we know after 
the infection and latency and possibly a block or hit in EBV 
disease pathway, cytogenetic error and clonal selection is 
occurred and the disease change to lymphoma [19-21].

vi. As we know, some leukemic fusion genes detected in 
healthy individuals. How? [26] In response to the question, I 
mention it in my discussion and Figure 6 & 7 as well.
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In fact, normal blood cell development is regulated by 
transcription factors and other internally regulators and also 
growth factors and cellular interactions in the hematopoietic 
microenvironment as well. Thus, transcription factor is one 
of these regulators and cytokines as well as interactions of 
bone marrow cellular are the other important factors in the 
delineating of leukemia processing [23-25].

At the present time, it is better to give a more activated 
role for HSCs niche or hematopoietic microenvironment in the 
malignant diseases, particularly how the cells are subverted and 
do to drive toward a malignancy (Figure 6 & 7). Finally, in CML, 
it is important to determine that how do the alterations in the 
hematopoietic microenvironment in response to TKI therapy, 
regrowth of normal HSCs, and how do the persistence of LSC on 
prolonged TKI treatment? In response, if we concentrate to role 
of HSC and HSC maintenance in BM niche with the consideration 
of fusion gene, may solve it (like the role of BMT in CP-CML) [26-
29]. 

Conclusion
CML is a uncontrolled clonal proliferation of pluripotent 

stem cells in the bone marrow. Advances in leukemic genomics 
have revealed the spectrum of mutations that give rise to CML 
and aCML. But in some cases, the mutations are not the first step 
in the start of leukemia possibly. In other words, according to 

the models in my discussion and as we know the hematopoietic 
microenvironment is important on tumor growth dynamics, but 
in a few cases cancer events may be the leukemic first step(1st 
hit) with or without oncogenic events (Figures 1-3) which 
can be as a 2nd hit possibly. Thus, in this case HSCs or other 
progenitor cells can be subverted by cancer events and after 
upset the cells (Figure 4-7), BM microenvironment is remodeled 
initially which with clonal dominance in the situation where 
transformed to injury progenitor cell (from cell membrane to 
inside of cell particularly in nuclear membrane components), 
then impaired function with additional abnormality that create 
a self-reinforcing leukemic BM niche which the malignant HSC is 
embossed in this condition. At any rate expansion of precursor 
cell populations, resulting in progression of disease through 
combinational effects including any event like cancer event 
or oncogenic event, additional mutations, resulting drive to 
leukemia in the process of leukemic clonal evolution. Here, we 
can understand the role of fusion genes like BCR/ABL, ETV6/
RUNX1 and MLL in normal individuals and we understand the 
skill and ability of malignant HSCs to relation with molecular 
analysis mostly and the hematopoietic microenvironment as 
well in heterogenous cell populations. In other words, fused 
genes can be in healthy individuals without any subvert in 
HSCs or other progenitor cells and without following additional 
abnormal features in BM niche cells and lastly without any 
malignant action and leukemic effect as well.

Figure 1: Oncogenic events and/or cancer events in leukemic stem cell hypothesis [1].

Figure 2:The model of leukemic stem cell creation after 1st hit and/ or 2nd hit [1,3] [1,5].
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Figure 3: CML and aCML diseases after the first hit in different models [7] [6].

Figure 4:Histone marks abnormality and the mutations as well in leukemic chromatin modifiers [3,5] [5,7].

Figure 5: The important role of stem cells in quiescent stage and their divisions and perhaps feedback to G0 state [19] [20]. 
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Figure 6: The creating of malignant cell after hit of any cancer event including; a) after oxidative stress and b) after EBV 

Figure 7:Themodel is in processing of HSC driving to leukemia after the first hit (cancer event) and second hit (oncogenic event and/or 
chromosomal aberration as well).
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