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Abstract



Solid tumours are an immense cancer burden and a main therapeutic challenge. The theory of cancer stem cells provides an attractive cellular mechanism to account for the therapeutic resistance exhibited by many of these tumours. There is strong evidence that various solid tumours are hierarchically managed and sustained by notable subpopulations of cancer stem cells. Recent evidence of cancer stem cells emerged from a mouse model epithelial tumorigenesis, also some models of heterogeneity may apply. Haematopoietic stem cells (HSCs) have the capability to renew themselves and produce lineages of the blood; yet the signals that control HSc self-renewal remain indistinct. WnT signalling pathway has crucial role in the expression of activated β-catenin which expands the HSCs in a long-term cultures. In addition, Wnt signalling can interrupt the lymphocyte progenitor cells proliferation and affect the cells development. Other similar signalling pathways such as Notch and Hedgehog (Hh) are found in normal stem cells. Therapeutic targeting of cancer stem cells and tumour population could shed light on how to supress tumour growth. In this review, we suggest that by developing a new anti-cancer stem cell therapeutic agent that targets embryonic signalling pathways of cancer stem cells can improve the treatment of the disease.
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Background





Cancer originally develops from normal cells that have the ability to proliferate irregularly and turn into malignant. These cancerous cells then grow clonally into tumours and have the ability to metastasize. A crucial question in cancer biology is which cells can be transformed to form tumours [1]. Recent studies showed that the presence of cancer stem cells have the ability to regenerate tumours [2]. These cancer stem cells have many characteristics similar with normal stem cells, including selfrenewal and differentiation [2]. With increasing the number of evidence that cancer stem cells exist in a wide range of tumours, it is becoming important to understand the molecular mechanism that regulate self-renewal and differentiation because corruption of genes involved in these pathways likely participates in tumour growth [3].

Haematopoietic stem cells (HSCs) have been isolated from humans and mice and have been involved in the generation and regeneration of the blood-forming and immune systems [4]. Stems cells isolated from variety of organs might have the potential to be used for therapy in the near future [5]. The recent discovery that bone marrow and HSCs are able to rise non-haematopoietic tissues proposed that these cells may have better differentiation potential than was presumed previously. Experiments are needed to determine whether the cells from the bone marrow that have the capability to increase different non-haematopoietic lineages are actually HSCs or another population [6]. This study focuses on three aspects of the relationship between stem cells and tumour. Firstly, the similarities observed in the mechanisms that control self-renewal of normal cells and cancer cells. Secondly, the potential that tumour cells may emerge from normal stem cells. Lastly, the concept that tumours might contain unique cells with indefinite proliferative that control the formation and growth of tumour.


Self-Renewal of Haematopoietic Stem Cells





One ofthe substantial issues in stem cell biology is understanding the mechanisms that maintain self-renewal. Self-renewal is important to stem cell function, because it is demanded by many types of stem cells to persist for the lifetime of the animal. Although, stem cells from different organs may vary in their development potential, each stem cell must self-renew and regulate the relative balance between self-renewal and differentiation. Fathoming the regulation of normal stem cells self-renewal is also fundamental to understanding the regulation of cancer cell proliferation. This is because cancer can considered being a disease of unregulated selfrenewal [7]. 


In the haematopoietic system, stem cells are heterogeneous with their ability to self-renew [8]. Multipotent progenitors contain 0.05% of mouse bone-marrow cells, and can be separated into three different populations: short-term self-renewing HSCs, longterm self-renewing and multipotent progenitors without detectable self-renewal potential. These populations structure a lineage in which the long-term HSCs increase short-term HSCs, which leads to raise multipotent progenitor [9]. Although long-term HSCs produce mature haematopoietic cells for the lifetime of mouse, multipotent progenitors and short-term HSCs reconstitute lethally irradiated mice for less than eight weeks [10]. Despite the fact that HSCs functional properties and phenotypic have been extensively characterised, the substantial question is how self-renewal regulate still remains unanswered. In majority of cases, combination of growth factors that can stimulate potent proliferation cannot prevent the differentiation of HSCs in long-term cultures. Although attempts have been made in identifying culture conditions that maintain HSC activity, it has demonstrated exceedingly difficult to identify combinations of defined growth factors that can lead to a significant expansion in the number of progenitors with transplantable HSC activity [11].



Pathways that Controls Stem Cell Self-Renewal and Oncogenesis



Evidence shows that many pathways that are associated with cancer may also control normal cell development [12]. For instance, the prevention of apoptosis by compelling the expression of the oncogene bcl-2 results in expansion of HSCs in vivo. This suggests that cell death has a function in regulating the homeostasis of HSCs. Notch, Sonic hedgehog (Shh) and Wnt signalling pathways may also regulate stem cell self-renewal [13]. Notch activation in HSCs in culture by the ligand Jasgged-1 have continually increased the amount of primitive progenitor activity that can be noticed in vitro and in vivo, this indicates that Notch activation promotes HSc self-renewal, or at least the maintenance of multi-potentiality. Shh signalling has also been involved in the regulation of self-renewal by the discovery that populations highly enriched for human HSCs showed increase self-renewal in response to shh stimulation in vitro [14].

The influence of Notch and Shh in the self-renewal of HSCs is especially interesting in the studies that implicate the pathways in the control of self-renewal of stem cells [13]. Another interesting pathway that has also involved in the regulation of both self-renewal and oncogenesis in different organs is the Wnt signalling pathway Wnt proteins are intercellular molecules that can coordinate the development of several organisms and lead to cancer when dysregulated. The discovery of Wnt proteins in bone marrow suggests that they may interact with HSCs as well [15]. In a recent study used highly purified mouse bone-marrow HSCs showed that over expression of activated b-catenin in long-term cultures of HSCs contributed to the expansion of transplantable HSCs identified by both phenotype and function [16].

In addition, ectopic expression of Axin which is an inhibitor of Wnt signalling has led to the inhibition of HSC proliferation, increased in vitro death of HSCs and reduced reconstitution in vivo (Ross et al., 2000). Other studies have shown that soluble Wnt proteins from supernatants influenced the proliferation of haematopoietic progenitors from human bone marrow and mouse fetal liver [17]. Epidermal and gut progenitor studies suggest that Wnt signalling may lead to the regulation of stem cells/progenitors cell self-renewal in some tissues. Human keratinocytes cultures with higher proliferative have shown increased levels of b-catenin in contrast with keratinocytes with lower proliferative capacity. Also, retroviral transduction of activated b-catenin found to increase epidermal stem cell self-renewal and decreased differentiation [18]. Data from in vivo transgenic mice reveals that the activation of Wnt signalling pathway in epidermal stem cells leads to epithelial cancers [19]. Moreover, mice lacking TCF-4 which is one of the transcriptional mediators of the Wnt signalling pathway quickly used the undifferentiated progenitors in the crypts of the gut epithelium throughout fetal development [20]. This suggests that this pathway is required for the maintenance of self-renewal of gut epithelial stem cells. Therefore, the above findings demonstrate that Wnt signalling may enhance stem cell self-renewal on diverse epithelia in addition to HSCs. However, the molecular mechanisms by which Wnt signalling interrupt stem cells remain unclear also the involvement of Wnt, Notch and Shh pathways control the stem and progenitor cell self-renewal [19].


Leukaemogenesis and Self-Renewal




If presumably that the signalling pathways normally control stem cells self-renewal can lead to tumorigenesis when dysregulated, then stem cells themselves are the target of transformation in some types of cancer. There are two reasons to support this case. One is because stem cells ability to self-renewal already activated and maintaining this activation could be simpler than turning to more differentiated cell that is why fewer mutations may be needed to maintain self-renewal than to activate it ectopically [20]. Secondly, by self-renewing, stem cells persist for a longer periods of time, rather than dying after short period of time just like many mature cells in highly proliferative tissues. Thus, this means there is a greater chance for mutation to accumulate in each single stem cell than in most mature cell types [21].

Even some restricted progenitor cells are less expected than stem cells to undergo neoplastic transformation due to shorter proliferative period of time before terminally differentiating. Restricted haematopoietic progenitors of myeloid and lymphoid lineages were unsuccessful to self-renewal detectably on transplantation [22]. As a result of this, restricted progenitors would first need to obtain the extensive self-renewal potential of stem cells to have the chance to experience additional mutations that leads to transformation [23]. Even thought, restricted progenitors could possibly be transformed either by obtaining mutations that drives them to self-renewal like stem cells, or by inheriting a present mutations from stem cells [24]. 



Targeting Mutations in Stem Cells




In most of cancers, the target cell of transforming mutations cannot be identified, however, there is considerable evidence that some types of leukaemia emerge from mutations that accumulate in HSCs. The

cells are able of initiating human acute myeloid leukaemia (AML) in non-obese diabetic mice that have a CD34+ CD38- phenotype in most AmL subtypes which similar phenotype found in normal HSCs [25]. On the contrary, CD34+ CD38- leukaemia cells are not able to transfer disease to mice in the vast majority of cases, although they exhibit a leukemic blast phenotype (Lobo et al., 2007). This indicates that normal HSCs rather than committed progenitors are the biggest for leukemic transformation [26]. The most persistent chromosomal abnormalities in AML includes the 8;21 translocation which leads in AML1-ETO chimeric transcripts in leukemic cells. From patients in remission, the AML1-ETO transcript was identified in a fraction of normal HSCs in the marrow [27]. These prospectively isolated HSCs were not leukemic and are able to differentiate to normal myeloerythroid cells in vitro. This means that the translocation happened originally in normal HSCs and those extra mutations in part of these HSCs or their progeny lead to leukemic. Studies suggested the normal HSCs were CD34+ CD38- Thy-1+, while the leukemic blasts were CD34+ CD38-Thy-1-. Despite the fact that the translocation must have occurred in the normal HSCs, a following transforming mutation might have taken place [28]. This is dependent on the consequence of neoplastic proliferation and it was the loss of Thy-1 expression. The concept that stem cells are a common target of leukemic transformation or pre-leukemic events is also propped by lymphoid and chromic myeloid leukaemia in which clonotypic leukaemia - related chromosomal rearrangement have also been discovered in CD34+ CD38- cells. Therefore, divers of leukaemia may originate from mutations that accumulate in HSCs to cause their malignant transformation at the stage of stem cells or at their progeny [29].

Progenitor Cells Used as a Target of Transformation




Despite the fact that stem cells are mostly the largest genetic events that are important or sufficient for malignant transformation, in other situations restricted progenitors or even differentiated cells may become transformed [2]. When targeting the expression of transgenes specifically to restricted myeloid progenitors by using the hMRP-8 promoter, it is likely to create a mouse model in which myeloid leukaemia emerges from restricted progenitors [30]. These leukaemias resemble human leukaemias in many points, even when the targeted genetic changes led the leukaemias to increase from originate restricted progenitors rather than stem cells. For instance, a study generated transgenic mouse models for myeloid leukaemias using an hMRP-8 promoter, that can targets the expression of transgenes specifically to myeloid progenitors. The identification of anti-apoptotic gene bcl-2 in the myeloid lineage can cause a disease in mice that is identical to human chromic myelomonocytic leukaemia such as monocytosis and neutropenia; however, mice rarely develop acute malignancies [31].

To examine whether extra mutations are required to synergize with bcl-2 enhance AML, hMRP8-bcl-2 transgenic mice were bred with with Ipr/Ipr fas-deficient mice. The lack of these two apoptosis pathways caused AML in 15% of the mice [32]. Myeloblasts expansion was found in haematopoietic tissues of mice, with highly lowered number of granulocytes in the bone marrow and blood [33]. Studies have shown that prevention of cell death is an important event in myeloid leukaemogenesis and that restricted progenitors can be transformed. As previously mentioned in the case of emerging human leukaemias it is mostly that stem cells accumulate the mutations that are essential for neoplastic proliferation; however, these mutations may gather in stem cells even while the effects of the mutations are explicated in restricted progenitors. Especially mutations that accumulate in stem cells may lead to neoplastic proliferation of primal progenitors downstream of stem cells [17].

Evidence of Cancer in Stem Cells



It was firstly documented for leukaemia and multiple myeloma that a small group of cancer cells were able to extend proliferation[34]	.	For instance, when mouse myeloma cells were isolated from mouse ascites and seeded in clonal in vitro colony-forming assays, there was only 1 in 10, 1000 to 1 in 100 cancer cells formed colonies. Even after leukaemic cells were transplanted in vivo, just 1-4% of cells managed to form spleen colonies. Due to the differences in clonogenicity among the leukaemia cells, this has reflected the differences in clonogenicity among normal haematopoietic cells[35]	.

Two formal possibilities are to explain the differences in colony formation, one is either all leukaemia cells had a low probability of proliferating largely in these assays such that all leukaemia cells had the ability to act as leukaemic stems cells, or majority of leukaemia cells were incapable to proliferate and only small a small group of cells was consistently clonogenic [35]. The second possibility might be proved by separating different classes of leukaemia cells and identifying if one subset is highly enrich for clonogenic capacity while the other cells are depleted from clonogenicity [35-37].


Conclusion



Solid tumours emerge in organs that acquire stem cell populations. The tumours in these tissues are made of heterogeneous populations of cancer cells that show variable signs in their ability to proliferate and form new tumours. In both central nervous system and breast cancers tumours, cancer cells shown different ability develop regenerate tumours. Although many of the cancer cells have the capabilities to divide, some of the cancer stem cells that has the unique ability to intensively proliferate and form new tumours can be recognized based on marker expression. Increasing evidence suggest that the pathways control the selfrenewal of the normal cells are disrupted in cancer cells resulting in the persistence expansion of self-renewal cancer cells and tumour formation. This study suggests that specified agents for the defective self-renewal pathways in cancer cells could be able to improve the outcomes in the treatment of these diseases. 
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