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Abstract

Cancer is the most devastating concern of today’s world, being the highest 
cause of global mortality with millions of new detected cases. Despite thorough 
research and implementation of novel treatment strategies, the worldwide 
burden of cancer is steadily increasing. The tumor recurrence remains the most 
dreaded reason behind this vicious battle. Recently a small population of cells, 
adorned with the property of self-renewal, differentiation and capable of forming 
tumor in nude mice, was identified within the tumor mass. This subset of stem-
like cells within the neoplastic tissue is designated as Cancer stem cells or tumor 
initiator cells. Extensive research has now indicated that the cancer stem cells 
are the major culprit behind tumor initiation, angiogenesis, invasion, metastasis, 
drug resistance and tumor relapse. In addition to differentiating into non stem 
tumor cells to drive tumor progression, evidences are being accumulated that 
they can even trans differentiate into non tumor cells of different lineages in 
order to support tumor maintenance and advancement. All these concepts back 
up the idea that cancer can be regarded as a ‘stem cell disease’ with cancer 
stem cells being the most potential therapeutic target. Moreover, the concept of 
tumor cell plasticity depicting the inter-conversion between the non-stem cancer 
cells into cancer stem cells and vice-versa opens a new era of cancer research 
and a huge possibility towards developing more successful treatment strategies. 
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American Association of Cancer Research, a CSC has been defined 
as ‘a cell within a tumor that possesses the capacity to self-renew and 
to cause the heterogeneous lineages of cancer cells that comprise the 
tumor’ [6] (Figure 1). In fact, like normal Stem Cells (SCs), CSCs 
are able to sustain multi-lineage differentiation and self renewal 
properties. The CSC concept can find its origins way back in the 19th 
century when the German pathologist Rudolf Virchow postulated 
that cancers occur because of the aberrant activation of dormant 
embryonic cells in the adult tissue [7]. He further implied that 
cancer does not originate spontaneously but that cancer cells must 
arise from other living cells. However, it was only after another 100 
years when Dick et al. [8] in 1994 isolated leukemia SCs that the first 
concrete evidence supporting the CSC hypothesis arose. They defined 
these stem-like cells as leukemia initiating cells capable of forming 
tumor in nude mice. Subsequently, brain CSCs were discovered in 
2001 [9,10] following which CSCs have now been discovered in the 
tumors of various different tissues and organs like breast [11], lung 
[12,13], colon [14-16], pancreas [17,18] ovary [19] and in melanoma 
[20]. Studies are underway trying to identify and characterize CSCs 
in other tissues as well. Here, we review the role of CSCs in cancer 
development and therapy as the evidence in support of the hypothesis 
that cancer is a stem cell disease.

Contribution of Cancer Stem Cells in the 
Progression of Cancer
Tumor initiation

A normal tissue maintains its homeostasis by the function of 
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Introduction
Cancer figure amongst the most devastating causes of morbidity 

and mortality globally. According to the World Health Organization 
(WHO), approximately 8.2 million deaths occurred due to cancer in 
2012 while 14 million new cases were detected during the same period 
[1] and the number of new cases is expected to increase by 70% over 
the next 2 decades. This depressing statistic may be due to high rate of 
cancer recurrence which does not permit the disease-free survival of 
the patients. Recent studies have designated cancer stem cells, which 
are responsible for the tumor initiation, maintenance and metastasis 
[2], as the sole contributors of the various factors and traits associated 
with tumor aggression, resistance and relapse [3-5]. According to the 
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the somatic stem cells that tightly regulates tissue parameters. In the 
case of a tumor, these parameters are dysregulated and disrupted 
which ultimately leads to the neoplastic transformation. The initial 
conditions faced by developing neoplastic cells are very hostile 
for its continued survival. Even though the immune cells try and 
destroy this growing abnormality within an individual with extreme 
prejudice, however, they are not always successful and on the rare 
occasion, these neoplastic cells are able to escape immune regulation. 
In addition, a subpopulation of cells in a tumor mass shows high 
drug resistant properties that allow them to survive and proliferate. 
These cells are termed as Cancer Stem Cells (CSCs). An increasing 
number of reports and evidence show that tumor-propagating cells 

stem from a small population of undifferentiated cancer cells with 
stem like properties [21] (Figure 2). In fact, considering the ability 
of CSCs to differentiate into heterogeneous non-stem cancer cell 
population that creates a tumor mass, it is logical to conceptualize 
the contribution of CSCs in tumor initiation. Reports indicate that 
stem cells are associated with the initiation and progression of cancer 
[22]. Breast CSCs with CD44 (hi)/CD24 (lo) phenotype have been 
represented as the main driving factor in breast cancer initiation 
[23]. Boumahdi et al. [24] discovered the invaluable role of SOX2 in 
regulating tumor initiation and CSC properties. Recent reports also 
demonstrate that existence of CSCs in the brain that are responsible 
for the intractability of GBM and its initiation [25]. MSCs have 

Figure 1: The various components of tumor microenvironment contributing to the intratumoral heterogeneity. The tumor micoroenvironment in addition to CSCs 
and NSCCs, comprises of various inflammatory cells, tumor associated macrophages, fibroblasts etc which cooperatively orchestrate the tumor survival.

Figure 2: The progression of cancer generally occurs in a sequential manner. This figure depicts the role played by CSCs in tumor initiation, angiogenesis, invasion 
and metastasis.
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also been implicated in enhancing lung cancer initiation through 
secretion of IL-6 [26]. In fact, co-culture of lung cancer cells, CL1-5 
and A549, with MSCs is noted to enhance the ability of tumor cells to 
over-express pluripotency markers, form tumorospheres, and show 
enhanced drug resistance. These results imply the role of MSCs in 
stimulating CSCs, thereby potentiating tumor initiation in immuno-
deficient mice by lung cancer cells [26]. 

Tumor angiogenesis
Angiogenesis is a critical facet in the development and progression 

of tumors. They are able to stimulate juxtacrine cells to secrete pro-
angiogenic factors to stimulate the formation of new blood vessels for 
nutrients and oxygen. In fact, once the tumor volume reaches 3mm3, 
the neoplastic growth becomes dependent on blood supply for 
which neo-angiogenesis or new blood vessel formation is of utmost 
necessity. Moreover, for its metastatic dissemination, the tumor mass 
requires angiogenesis. Tumor angiogenesis is triggered not only by 
up-regulation of angiogenic factors but also by down-regulation of 
anti-angiogenic molecules [27] (Figure 2). Recently the role of CSCs 
in tumor angiogenesis has caught a lot of attention. Hypoxia has a 
major role in CSC induced angiogenesis since experiments have 
shown that hypoxia enhances the CSC population in a tumor [28]. 
Recently, the role of hypoxia in regulating the self-renewal property 
of CSCs by enhancing the activity of stemness proteins like Oct-
4,Sox-2 and Nanog has been reported [29,30]. It is believed that 
hypoxia induces VEGF secretion from CSCs triggering angiogenesis 
though the exact mechanism is not clear [31]. It is also important to 
note that CSCs survive various antiangiogenic therapies like Avastin 
(monoclonal antibody targeting VEGF-A) and Sunitinib (VEGFR 
inhibitor) due to the overexpression of drug effluxers, causing tumor 
relapse [32]. Now it is widely believed that by targeting CSCs, tumor-
angiogenesis can be inhibited. In fact, one of the critical pathways 
of CSCs and angiogenesis is BMP signaling [33]. While BMP-9 
suppresses VEGF expression by the BMP-9/ALK1 pathway, TGFβ1/
ALK5 pathway enhances VEGF expression and angiogenesis [34]. 

The balance between these two pathways is maintained by BMP4 
[34]. Interestingly, according to Piccirillo et al. [35], the tumorigenic 
potential of glioblastoma CSCs is impeded by BMP4 through BMP-
4/BMPR/SMAD signaling pathway. This discussion indicates the 
vital role of BMPs in tumorigenesis and angiogenesis by CSCs. 
It has also been observed that Notch inhibitor DAPT, which is a 
γ-secretase inhibitor, reduces CD133+ population of GSCs as well as 
their self-renewal ability [36]. However, more reports from research 
experiments are required to develop more efficient ways to inhibit 
CSC-induced angiogenesis.

Tumor invasion
Invasion and metastasis are two major hurdles for successful 

cancer therapy. After initiation, tumor cells go through Epithelial to 
Mesenchymal Transition (EMT) to be able to invade the surrounding 
stroma and the basement membrane in order to spread throughout 
an individual via the circulatory or lymphatic systems. In fact, during 
EMT, immotile epithelial cells, embedded in a tumor cell mass, 
dissolve their cell-cell junctions and get transformed into individual, 
motile and invasive mesenchymal cells [37]. Recent reports have 
correlated EMT with stemness gain of cancer cells [38,39] thereby 
implying the involvement of CSCs in tumor invasion (Figure 2). 
In fact, recent reports implicate that breast CSCs are endowed with 
aggressive invasion and migration property due to its intrinsic 
suppression of E-cadherin, which suppresses tumor formation [40]. 

For invasion, extracellular matrix proteolysis is of primary 
requirement [41]. Matrix Metalloproteinase (MMP) enzymes 
play essential role in the proteolytic degradation of extracellular 
matrix, thus leading to enhanced tumor invasion [42]. MMPs are a 
multigene family of nine or more highly homologous zinc-dependent 
endopeptidases that remodel ECM, alter cell-cell and cell-ECM 
interactions thereby playing a crucial role in the multistep process of 
invasion and metastasis. Among the MMPs, MT1-MMP, MMP-2 and 
MMP-9 [42] have been shown to be involved in tumor invasion both 

Figure 3: The paradigm of CSC function. The CSCs apart from maintaining their own pool by self-renewal, differentiate into NSCCs and can transdifferentiate into 
cells of other lineages. Also, within the tumor the cells occur in a plastic state leading to interconversion between CSCs and NSCCs.
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in vitro and in vivo nude mice model. Degradation of the cell junction 
proteins Occludin and Claudin by MMP 2 and MMP 9 sponsors 
the invasion of CSCs into the CNS. CSCs have also been reported 
to contribute to glioblastoma invasiveness and repopulation [43]. 
Invasion was dramatically diminished by knocking-down Netrin-1, 
an axon guidance molecule, from glioblastoma SCs [44]. However, 
more studies are required to fully elucidate the role of CSCs in tumor 
invasion.

Metastasis
Metastasis is the major complexity associated with poor prognosis 

and high mortality observed in cancer. It is a multistep process that 
begins with local invasion, EMT, intravasation into the circulatory 
system, extravasation out of the circulatory system, colonization 
and rehabilitation at a distant site [45] (Figure 2). Colonization 
encompasses a series of events which includes the continued 
existence of the cancer cells until they enter secondary tissue, 
form micrometastases followed by a latency period and regrowth, 
recirculation and the formation of lesions [46]. Involvement of 
CSCs in metastasis is well-accepted. In fact, heightened expression 
of metastasis-related genes in CD44+CD24low/- breast CSCs has 
been found to cause lung metastasis in vivo [47]. Osteopontin and 
hyaluronan, which are the chief components of the target tissues of 
breast cancer, e.g., liver, lung, bone and brain, serve as specific ligands 
for CD44 [48]. Osteopontin is involved in immune responses and cell 
adhesion and is also associated with an increased incidence of tumor 
invasion and metastasis [49]. In another study, CD133+ovarian CSCs 
that are accountable for the tumor metastasis and patients’ survival 
have been shown to promote tumor invasion and metastasis via 
the up-regulation of MMP-9 [50]. On the other, overexpression of 
CXCR4, IL-1 and osteopontin increases the migration potential 
of breast CSCs [51]. Also it was observed that CSCs possess higher 
migration potential than NSCCs due to the inherent subduing effect 
on the tumor suppressor, E-cadherin [40]. As has already been stated, 
the microenvironment of CSCs with all its cellular and molecular 
factors, play a vital role in metastasis. In a recent report we have 
shown that intrinsic non-migratory CXCR4- CSCs secrete soluble 
bio-modulators like EGF, that act in paracrine manner on Non-Stem 
Cancer Cells (NSCCs) to convert them to migratory CXCR4+ CSCs, 
thus assisting in metastasis and tumor recurrence in breast cancer 
patients [52]. In fact, unlike the intrinsic non-migratory CXCR4- 
CSCs that reside in the inner tumor mass, the highly migratory 
metastatic CXCR4+ CSCs reside in the peripheral/disseminating 
regions of the breast tumor. These results validate the spatiotemporal 
regulation of different stages of CSCs [52].

The role of CSCs in intra-tumoral heterogeneity – CSC 
differentiation

The hierarchy model places CSCs at its apex and non-
tumorigenic cancer cells differentiate from them [53,54] (Figure 
3). Reports demonstrated that differentiative capacity exists within 
SCID leukemic SCs in vivo, which differentiate into leukemic blast 
cells [55]. When transplanted in immune-compromised mice, 
CD34+CD38- tumorigenic cells led to the development of CD34- and 
CD38+ cells thus exhibiting the differentiation ability of leukemic SCs 
[55,56]. Similarly, CD44+/CD24-/low breast CSCs upon transplantation 
gave rise to diverse phenotypic cells, e.g., CD 44+/CD24+ which 
has reduced proliferative and non-tumorigenic capacity and the 

tumorigenic population [11,56]. CD44+/α2β1/CD133+ prostate 
CSCs differentiated to bring up all surface markers as present in the 
primary tumor [57]. Similarly, the secondary tumor recapitulated the 
phenotypic diversity of primary tumor in ovarian cancer [58] and 
pancreatic cancer [17].

During multi-lineage differentiation, colon CSCs are present 
at various stages of differentiation since it developed to goblet-
like, enterocyte-like and neuroendocrine-like cells in vivo [59]. In 
Ewing’s sarcoma, transplantation of CD133+ subpopulation showed 
differentiation to adipogenic, osteogenic and chondrogenic lineages 
in vitro [60]. In fact, besides giving rise to multi-lineage tumor cells, 
CSCs also transdifferentiate into non-tumor cells of different lineages 
such as vascular endothelial cells and pericytes [61]. This discussion 
opens door for so many research opportunities and therapy targets.

The basic causes behind the heterogeneity in tumor are epigenetic 
changes [56] and the changes in the signaling pathways like Notch, 
Hedgehog and Wnt [61]. In case of the lineage-determining steps 
of colon CSCs, notch signaling decides whether goblet-like or 
enterocyte-like program will be followed [59,62]. PI3K inhibitors 
induce differentiation of CSCs, thereby, making PI3K responsible 
for stemness [59]. Multi-lineage differentiation of liver CSCs is 
due to repression of Oct4, Sox2, Nanog, Lin-28, c-myc and Klf-4. 
Mainly, Oct4 is responsible [63], which in turn, can be regulated by 
the tumor microenvironment [63,64]. BMP is highly expressed in 
glioma microenvironment with Gremlin 1, an antagonist of BMP, 
maintains the relationship between differentiation and proliferation 
of Glioblastoma CSCs [61,65]. Also, the differentiated glioblastoma 
cells secrete IL-6 which maintains CSCs [65]. Paneth cells provides 
favorable microenvironment for the sustenance of the Lgr+ intestinal 
SCs by releasing TGFα, EGF, WNT3 and Notch ligand Dll4 [66]. The 
tumor niche consisting of stromal myofibroblasts secretes factors 
which control Wnt cascade in colon CSCs [67]. The cancer niche 
also contains CAFs, MSCs, TAMS, TANs and extracellular matrix, 
affecting the course of CSC development [68] (Figure 1). miRNAs, 
which affect signaling pathways, can be a useful tool to alter the CSC 
characteristics [69]. 

To sum up, proliferation and differentiation of CSCs are regulated 
by numerous signaling pathways, factors influencing multi-lineage 
differentiation and its microenvironment, dictating about which fate 
to uptake.

Now that, we have addressed the ability of CSCs to differentiate, 
it is of paramount importance to question: how CSCs maintain their 
own pool if they differentiate into other cell types?

How Does CSCs Maintain their Pool?
Self renewal

It is evident that CSCs are able of giving rise to differentiate tumor 
cells and to replenish their own population so that they can perpetuate 
indefinitely [70] (Figure 3). This self-renewal property assures the 
continuous maintenance of CSC pool during tumor progression and 
initiation. The proof of self renewal in CSCs was first observed in 
leukemic SCs and was verified when xenotransplantation was carried 
out and subpopulation of tumor initiating cells were found even 
after serial transplantation [55]. The ability to recapitulate and form 
the tumor initiating sub-population was also found in breast [56], 
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prostate [57] ovarian [58] and pancreatic [17] cancers. However, it is 
interesting to note that pathways followed for self renewal by normal 
SCs are deregulated in case of CSCs [71].

The hedgehog pathway plays a vital role in terms of self renewal 
as most of the genes involved in its regulation are oncogenes such 
as Smo, Shh, Gli1, Gli2 and Ptch1. Mutational activation of these 
genes, leading to activated hedgehog is the root cause of numerous 
cancers [72]. Mutation in tumor suppressor gene Ptch1can form 
breast cancer [71,72]. But mutation is not the only driving force of self 
renewal and CSC formation, overexpression of ligands also escalates 
the number of mammosphere-initiating cells. Furthermore, Gli1 and 
Gli2, which are transcriptional factors and positive mediators in this 
pathway, also experience a surge and potentiate hedgehog signaling 
[73]. As an aftermath, Bmi1, belonging to the polycomb gene family 
and a major regulator of self renewal in CSCs, is activated. Bmi1 is a 
transcriptional repressor which silences p16 INK4a and p19 Arf and 
is overexpressed in CSCs than non-SCs. Blocking Bmi1 abrogates 
hedgehog pathway and eventually self renewal of CSCs [73,74]. Self 
renewal is also tightly regulated by Notch and Wnt pathways and has 
an immense overall regulation by the niche of CSCs [74]. 

For the complete elimination of CSCs, self renewal pathways need 
to be targeted. However, the same pathways are followed in normal 
SCs. Hence, it is very vital to design drugs to specifically eliminate 
CSC sparing the normal SCs. 

Dedifferentiation of NSCC to CSC 
CSCs are capable of self renewal and causes tumor proliferation, 

invasion and are drug-resistant [75]. But, the differentiated cancer 
cells have limited proliferation capability and unable to initiate 
tumor, hence, it is more advantageous if CSC pool is maintained 
for tumorigenic growth. To achieve this, cancer cells undergo 
dedifferentiation process, under which they are reprogrammed 
genetically or epigenetically to gain the undifferentiated stem cell 
state [61] (Figure 3). Induction of EMT in mammary epithelial 
cells and mammary carcinomas express markers which are very 
similar to the markers presented by stem cell like cultured cells from 
mammary epithelium [76]. Breast cancer cells upon knockdown 
of E-cadherin, promotes EMT transition, which showed excellent 
mammosphere formation, drug resistance and tumor initiation 
capacity identical to CSCs [77,78]. Differentiated astrocytes, on 
oncogenic transduction, also lead to GSCs [79]. NF-κB, an important 
regulator in the inflammatory tumor microenvironment, activates 
Wnt signaling, resulting in the dedifferentiation of intestinal 
epithelial cells into tumorigenic cells [80]. Also, disabling of Akt and 
Ink4a with constitutive activation of EGF receptor directs astrocyte 
dedifferentiation towards glioma CSCs [81]. Dedifferentiation of 
NSCCs to CSCs during chemotherapeutic drug treatment [82] and 
metastasis [52] further support the notion that CSC hierarchical 
model is bidirectional in nature. However, it is unclear that if 
cancer cells can dedifferentiate into CSCs, then what stops it from 
doing the same when non-tumorigenic cells are transplanted in 
immunocompromised mice. Hence, it leads us to speculate about the 
conditions and mechanisms involved to drive the dedifferentiation 
process.

EMT transitions is one of the most important contributing factors 
for dedifferentiation [76-78] and it is regulated by ZEB1, Slug, Snail 

and Twist, which act as repressors for epithelial adhesion [83]. ZEB1 
TF subdues the expression of miR-200b [84], resulting in activation 
of Bmi-1 [85], which promotes CSC formation and self renewal 
[83,85]. miRNA 200 family strongly suppresses the tumor formation 
ability in breast cancer in vivo, inactivating which encourages tumor 
progression [85]. MiR-200b is also known to inactivate the expression 
of Suz12, a histone modifying enzyme, accountable for the repression 
of E-cadherin along with ZEB1 and Snail. E-cadherin is involved 
in cell-cell adhesion and its suppression is necessary for inducing 
stemness [83]. So it can be concluded from above that miR-200b 
negatively regulates tumor formation and seeding capacity, and 
hence, inhibition of it is mandatory for dedifferentiation process. Wnt 
signaling, which is known to maintain CSCs, also positively regulates 
EMT. Wnt-β-catenin signaling also regulates the expression of Snail 
TF, involved in triggering of EMT by suppression of E-cadherin that 
negatively controls the Wnt pathway [83]. Consequently, they all 
form an inter-related pathway in which positive induction of Snail 
downregulates E-cadherin and up-regulates EMT, and as an outcome, 
it causes activation of Wnt pathway and hence further increasing 
EMT progression [83]. In addition, NF-κB signaling stabilizes β 
catenin and in turn, activates Wnt pathway, also contributes to the 
dedifferentiation strongly [75]. 

Genetic insults such as KRAS mutations leading to its activation 
along with transcription factor, Myc, thereby encouraging 
dedifferentiation and self renewal of pancreatic cancer cells [75,86]. 
Niche plays an indispensable part in implicating dedifferentiation. 
To cite an example, stromal myofibroblasts constitute a niche around 
colon cancer cells promoting its dedifferentiation by activating Wnt 
pathway [67]. TGF β growth factor along with sonic hedgehog, notch 
and EGF augments the EMT promotion by acting as external cues 
from the niche [75]. Additionally, external stimuli such as hypoxia 
inducible factors also provide ground for CSC development via EMT 
[87]. Therefore, for therapeutic approach, EMT TFs and signaling 
pathways should be targeted for curbing the genesis of CSCs through 
dedifferentiation.

Cell plasticity and CSC
Previously, the progression from stem cell to a more differentiated 

cell was considered to be unidirectional. CSC plasticity and 
bidirectional conversion between non-SC and SC concepts, however, 
have further complicated these postulations and should be able to 
explain the tumor heterogeneity (Figure 3). The transfection of adult 
cells with Oct4 [88], Klf4 [89], Sox2 [90] and c-Myc [91], which are 
termed as the Yamanaka factors, produces iPSCs [92]. Along with 
Nanog [93] they are substrates of the 26S eukaryotic proteasome 
and thus are spared from degradation in proteasome-deficient 
CSCs. Pluripotent transcription factor Oct4, expression of which is 
an important predictor of adverse clinical outcome in solid cancers 
[94,95] is involved in early embryonic development by interacting 
with Nanog locus [96,97]. Another transcription factor Kruppel-like 
factor 4 (Klf4) is crucial for the reprogramming of adult cells into 
pluripotency. Along with c-Myc, Klf4 can be replaced by LIN28 
and Nanog [98]. Sox2 is a HMG-box transcription factor that forms 
hetero-dimers along with Oct4 and is also crucial for maintaining 
pluripotency in embryonic SCs [99]. It also controls self-renewal 
through the expression of nestin [100]. c-Myc oncogene belongs 
to the family of basic h-l-h leucine zipper transcription factors and 
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acts as an universal enhancer of the expression of genes in SCs that 
greatly increases the competence of the other Yamanaka factors 
[101]. Recent reports from our laboratory have demonstrated that 
depending on the microenvironmental cues non-stem cancer cells 
and CSCs are interconvertible [52] thereby supporting the plastic 
nature of all cancer cells.

All the above factors have been implicated as key players in 
malignant transformation. Our ability to comprehend, the role of 
cellular plasticity on the function of tissues and disease formation, 
continues to evolve. Initially it was understood that in most somatic 
tissues, an adult cell performing a specialized function has restricted 
potential and is unable to produce a different type of cell. However, 
recent reports [102] concluded that there is a remarkable flexibility 
that allows the interconversion between SCs and non-SCs and vice 
versa, even going against the biochemical energy gradient. The notion 
that inherent plasticity is retained by terminally differentiated cells 
enhances the opportunities to target them in case of disease and thus 
restore normal function.

Transdifferentiation
Different patterns of neovascularization are exhibited by 

solid tumors including vasculogenesis, sprouting angiogenesis, 
transdifferentiation and vascular mimicry of CSCs [103]. The 
process by which tumor cells get incorporated into blood vessels to 
form a vascular structure that is similar to normal vessels is called 
vascular mimicry [104,105]. Vascular mimicry was first identified in 
melanoma wherein some cells co-expressed CSC and EC markers 
thereby being able to form vascular network [106]. This intermediate 
state is achieved by a phenomenon called transdifferentiation through 
CSCs directly contribute to the presence of ECs in tumor vessels 
(Figure 3). Since then, transdifferentiation has been discovered in a 
number of tumors, including breast, ovarian and lung cancers, GBM 
and sarcomas. GSCs transdifferentiate into Endothelial-Like Cells 
(ELC) independent of the cell fusion mechanism [107] that aid in 
tumor angiogenesis [108,109] CD105+ renal CSCs can generate ELCs 
in vitro and give rise to vessels with a human origin in vivo [110]. 
Human bCSCs also transdifferentiate into functional ELCs expressing 
endothelial markers like CD31, CD34 VE-Cadherin (CD144) in 
vitro and in vivo [111]. CD44+ ovarian CSCs transdifferentiate into 
ELCs in Matrigel and form CD34+blood vessels in xenograft tumor 
models [112]. Reports suggested that a large population of the ECs 
in glioblastoma has the same chromosomal aberrations as tumor 
cells. Transdifferentiation of CD133+ GSCs was further validated 
in a xenograft model in which ECs of human origin was detected 
without cell fusion. Furthermore, specific targeting of GSC-derived 
ECs abated tumor growth [109]. Wang et al. [108] discovered 
that CD105+ECs in GBM samples have GBM genetic mutations, 
indicating that these ECs are not derived from normal ECs [108]. 
Transdifferentiation of CD133+ GSCs is via endothelial progenitor 
cell status via Notch signaling pathway and not by nuclear fusion 
[108]. This VEGF-independent transdifferentiation is enhanced by 
the induction of HIF-1α [113]. These studies indicate that CSCs in 
multiple tumors have the ability to convert into ELCs to directly 
contribute to tumor angiogenesis. These results also partially explain 
the failure of anti-VEGF therapy since transdifferentiation of CSCs is 
VEGF-independent.

Drug Resistance
Chemo-therapy emerges as one of the most widespread used 

techniques but it is ineffective towards CSCs and results into relapse 
of cancer. CSCs escape anticancer therapies by the aid of the following 
mechanisms: (i) removal of therapeutic agents by drug efflux pumps, 
(ii) increased DNA damage repair pathways, (iii) activation of 
mitogenic/anti-apoptotic pathways, and (iv) ability to evade immune 
response [114]. 

ABC (ATP Binding Cassette) transporters is a superfamily 
consists of ABCC1, ABCB1 and ABCG2, enacting as multidrug efflux 
pumps at the expenditure of ATP. It has been seen in a study that 
the knockout ABC transporter gene model in mice demonstrates 
vulnerability to drugs [115]. ALDH1, an important marker of CSCs 
is also implicated in drug resistance through its chemical property of 
oxidizing aldehydes to carboxylic acids. Multiple ALDH1 inhibited 
models demonstrate reduced drug resistance capacity [116,117]. 
BCL-2, an anti-apoptotic protein, is thought to be involved in chemo-
resistance as it is observed to be upregulated in drug resistant CSC 
subpopulations. Targeting pathways renders the cells to be chemo-
sensitive along with decreased levels of BCL-2 indicating direct 
relationship between drug resistance and levels of BCL-2 [116]. 
Wnt-β catenin signaling is undoubtedly related with CSC formation 
and drug resistance, hence, blocking of this pathway by siRNA causes 
the CSCs to be sensitized towards drugs, for example, CD133+ colon 
cancer cells became predisposed to 5-fluorouracil after abrogating 
Wnt cascade [118,119]. Notch cascade is tied-up with MDR associated 
proteins 1 as blocking notch via γ-secretase inhibitors or shRNA 
brings down the expression of these drug resistant proteins [120]. 
Additionally, NF-κB has been linked to paclitaxel and carboplatin 
resistance and blocking of this pathway results into apoptosis of drug 
resistant CSCs [116]. DNA damage response is also noted to cause 
chemo-resistance. CHK1, a component of this response is important 
for damage repair and cell cycle arrest. Inhibition of CHK1 makes 
the CSCs subject to the effect of drugs such as, gemcitabine in case of 
pancreatic tumor [121]. Dodging of immune surveillance by either 
downregulated expression of MHC-I, CD8+ or initiating apoptosis in 
immune effect or cells, enlists as few instances of evading rejection in 
ABCB5+ melanoma CSCs [122].

All these evidences suggest that CSCs are the main culprit behind 
drug resistance and therefore it becomes imperative to overcome this 
in order to reduce their influence on the overall progression of the 
disease. As a result, strategies for eradication and control of them are 
fundamental and are discussed below.

Therapy
Conventional therapeutic modalities of cancer comprise of 

surgery, radio-therapy and chemo-therapy which are usually used 
in combination of one another because combinatorial treatment 
strategies offer better therapy prospective. In adjuvant therapy, 
surgery is followed by chemo- or radiotherapy to help reduce the risk 
of cancer recurrence, while during neoadjuvant therapy chemo- or 
radiotherapy is given before surgery. Conventional chemotherapy is 
the use of chemicals or drugs, e.g., alkylating agents like hydrazines, 
plant alkaloids like taxanes, antitumor antibiotics like anthracyclines, 
anti-metabolites like purine antagonists and topoisomerase inhibitors, 



J Stem Cell Res Transplant 4(1): id1025 (2017)  - Page - 07

Das T Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

for treating cancer. In radio-therapy, radiation or specifically high 
energy rays like x-rays and electrons are used. However, both the 
modalities have their side effects because of generalized targeting of 
cancer cells as well as normal cells located in the vicinity, resulting 
in serious systemic and local toxicities which may even cause death 
in patients [123,124]. Moreover, these therapeutic techniques are not 
successful against all kinds of cancer and relapse of cancer is quite 
prevalent even after combinational therapy.

Drug resistance, recurrence of tumor and failure of radiation 
therapy can all be tracked down to the presence of CSCs [125]. CSCs 
are chemo-resistant and can give rise to new tumors even after surgery 
via its self-renewal, differentiation and metastatic properties. Hence, 
it becomes cardinal for targeting CSCs through novel procedures and 
use conventional techniques as a secondary mechanism to kill rest 
of the cancer cells. It is quite evident from the discussion above that 
targeting CSCs may become the next generation therapy of cancer. In 
recent years, many novel strategies have been devised to specifically 
target CSCs and their niche. In this regard, use of antibodies 
conjugated with cytotoxic agents or nanoparticles are found out to 
be effective [123,124]. Polymeric nanoparticles loaded with paclitaxel 
against CD133, a cell surface glycoprotein is expressed specifically 
on CSCs in solid tumors, decrease the cell number and colonies 
formed in colorectal adenocarcinoma as well as in the xenograft 
mouse model [126]. In lung cancer, targeting CTLA4, PD-1 and its 
ligand PD-L1 shows promising and reliable results [127]. A human 
monoclonal antibody, Ipilimumab, inhibits the binding of CTLA-4 
to its corresponding ligand. A phase III study compares the effects of 
etoposide with those of a combination of etoposide and ipilimumab 
in heightening T cell responses and enhancing overall survival 
[128]. Also, in another ongoing phase III study, the combination of 
ipilimumab and nivolumab, which are human monoclonal antibodies 
and binds to PD-1, is being evaluated in small cell lung carcinoma 
patients [129].

Signaling pathways also serve as targets for CSC eradication. In 
fact, signaling cascades followed by normal stem cells are deregulated 
in CSCs. Therefore, to specifically inhibit CSCs without affecting the 
normal SCs is very crucial and so, small molecule inhibitors in nano-
formulations are used along with chemo-therapeutic drugs [74]. In 
this respect, Notch pathway inhibitors like γ-secretase inhibitor and 
monoclonal antibodies are showing a promising future in cancer 
treatment [124]. Hedgehog and mTOR inhibitors such as vismodegib 
and rapamycin, respectively, provide an excellent solution against 
proliferation of CSCs and ALDH+ cells by down-regulating Nanog 
and Oct-4 levels [124,130]. Wnt/β catenin signaling can be obstructed 
by small molecule inhibitors and biological antagonists such as 
monoclonal antibodies and siRNA [124]. Nuclear transfer inhibitor, 
PP, of β catenin, also contributes in impeding the proliferation 
in lung adenocarcinoma CSCs [124,131]. Blocking of NF-κB by 
triptolide inhibits EMT transition [132]. Plant polyphenol curcumin 
has been found to inhibit breast CSC migration by augmenting the 
E-cadherin/β-catenin negative feedback loop [40]. Another report 
documents Mithramycin A-induced sensitization of breast CSC 
toward genotoxic drug doxorubicin [133]. Re-purposing of drugs is a 
new-age technology for targeting CSCs. Recently, anti-inflammatory 
drug Aspirin has been implicated in suppressing the acquisition of 
drug resistance in breast CSCs by dysregulating NF-κB-IL6 signaling 
[82].

Altering the microenvironment plays a crucial role in checking 
tumorigenesis. Drugs like Plerixafor, CTCE-9908 and NOX-A12 
induce disjunction of the cancer cells from the stromal niche 
thereby making it more susceptible to drugs [123,124]. Such effect 
of these drugs also raises their possibility of being effective against 
CSCs. Niche also includes VEGF, responsible for angiogenesis and 
can be counteracted with mAb Bevacizumab [123]. Inhibitors of 
ABC transport pumps like MS-209 and tariquidar also provide a 
possibility for sensitizing CSCs [123]. Other auxiliary therapeutic 
modalities include silencing of oncogenic miRNAs, induction of CSC 
differentiation and apoptosis with the help of small molecule drugs 
[125]. Antisense oligonucleotide inhibition can target oncogenic 
miRNAs. In fact, knockdown of miR-21, which is frequently over-
expressed in different CSCs [134], has been found to inhibit cell 
proliferation, metastasis and tumor growth in case of breast [135,136], 
ovarian [137], and lung cancers [138].

Conclusion 
Over the past few decades, extensive research has led to the 

evolution of the cancer stem cell model. This has dramatically 
altered our ability to comprehend the underlying mechanisms of 
cancer growth and development. CSCs are intricately involved in the 
various stages of cancer progression starting from tumor initiation, 
angiogenesis, invasion, migration and drug resistance and they 
have the capability to differentiate into multiple lineages, further 
aiding the intra-tumoral heterogeneity. Also, CSCs maintain their 
pool having the potential to self-renew. Therefore, our discussion 
emphasizes on the varied aspects of cancer progression governed 
primarily by the CSCs, which has led to the portrayal of cancer as a 
stem cell disease. Our discussion also portrays that in the definition of 
CSCs, the phenomenon of plasticity, which permits the bidirectional 
transformation of non-stem cancer cells to CSCs and vice-versa, 
should be included. All these together support the notion defining 
cancer as a stem cell disease. Hence, the ultimate objective would 
be to target these drug-resistant CSCs for the successful regression 
of cancer. This would require the intervention of novel therapeutic 
procedures which would help overcome the shortcomings of the 
conventional therapies. 
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