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ABSTRACT 

 
The current research on cancer stem cells (CSCs) attributes tumor initiating stem cells as one of the reason behind 

tumor recurrence. These self-renewing CSC population are capable of differentiating into non-self-renewing cell 

populations and may constitute the bulk of the tumor. The tumor recurrence has been found to result from stress 

responses to chronic injury that eventually lead to the abnormal expansion of cells with ES and progenitor cell 

features. Such abnormal expansions is accounted by a distinct promoter DNA hyper-methylation pattern in many 

tumor suppressing genes essential for the regulation of gene expression in normal embryonic stem (ES) and 

progenitor cells. These epigenetic abnormalities for pathways important to stem/progenitor cell control in early 

stages of neoplastic developments is seen for major key genes, such as p16 for cell cycle control, transcription 

factors such as the GATA4- and -5 factors and repressive genes for the Wnt pathway and its downstream molecules. 

The hypermethylation of these genes occurs independently to the extent that a panel of three to four markers defines 

an abnormality in 70–90% of each cancer type. These epigenetic changes can be developed as specific markers to 

outline the disruption of critical pathways in tumorigenesis and for derivation of sensitive molecular detection 

strategies for virtually every human tumor type.  
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INTRODUCTION 

 
DNA methylation is an epigenetic modification 

which is associated with transcriptional silencing of 

gene expression (Baylin & Ohm, 2006). The use of 

DNA demethylating agents that effectively reverse 

methylation induced gene silencing might be a 

therapeutic strategy for many cancer types. 

Epigenetic modification of cancer stem cells open up 

new dimensions in arresting cancer growth and 

progression (Tang et al., 2007).  

 

The classical concept of cancer stem cells (CSCs) 

The concept of the cancer stem cell (CSC) is 

supported by observations from clinical studies and 

basic research that has focused the concept of CSC as 

an initiating factor in tumorigenesis, tumor 

recurrence and metastasis formation in several 

distinct cancer entities (Dick, 2008; Nguyen et 

al.,2012; Maenhaut et al., 2012). The cancer stem 

cell (CSC) model proposes that tumor growth is 

sustained by a subpopulation of highly malignant 

cancerous cells termed as CSCs.  

 

Universal CSC functional traits  

 At the helm of tumor hierarchy: Similar to the 

normal adult stem cells placed at the top of the 

hierarchical organization of adult regenerating 

tissues (such as the skin, the gastrointestinal 

mucosa, or the hematopoietic system), CSCs are 

placed at the top of the tumor cell hierarchy. The 

nature of these CSCs was revealed to be a 

genetically heterogeneous tumor, in which 

various related but distinct subclones compete 

within the tumor mass. Hence CSCs can generate 
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all cell types present in a tumor (Zhou & Zhang, 

2008; Baccelli & Trumpp, 2012).  

 Unlimited self-renewal potential: In striking 

contrast with their differentiated progeny, CSCs 

can undergo unlimited self-renewing divisions 

(Dalerba et al., 2007).  

 Quiescent or slow-cycling states: Some CSCs 

have been reported to shuttle between quiescent, 

slow-cycling, and active states, similar to the 

behavior of many adult stem cell types. One 

consequence of this slow-cycling is less 

responsive to conventional therapies, which 

mainly target cycling cells. The slow cycling of 

quiescent CSCs can be reactivated during tumor 

relapse, which sometimes occurs decades after 

completion of therapy (Reya et al., 2001; 

Setoguchi et al., 2004). 

 Increased resistance to conventional therapies: 

Similar to physiological stem cells, some CSCs 

were reported to exhibit remarkable resistance to 

conventional therapies (Dean et al., 2005; Rich, 

2007).  

 

The CSC niche 

The tumor microenvironment is composed of diverse 

immune cells and stromal cells, as well as 

extracellular components. The CSC functional traits 

might be contributed by this microenvironment, 

termed “CSC niche”. The major role of niche may be 

to regulate CSC traits but it might also directly 

provide CSC features to non-CSCs. However much 

remains to be studied about the influence of the 

tumor niche on CSC function at the cellular and 

molecular level (Albini & Sporn, 2007).  

 

Origin of CSCs 

CSCs are defined by a series of functional tumor-

propagating traits that is closely similar to that of 

stem cells. It can be possible for the CSCs to 

originate from embryonic or adult stem cells. One of 

traits attributed is the ability of unlimited self-

renewing divisions. At the same time, embryonic 

stem cells form teratomas when transplanted 

subcutaneously in recipient mice. CSCs can also 

originate from more differentiated progenitors that 

acquire stemness traits by accumulation of genetic or 

epigenetic abnormalities. They can also be derived 

from induced pluripotent stem cells (iPS) by 

activation or deactivation of certain transcription 

factors such as p53 and INK4a, two of the most 

frequently mutated tumor suppressor loci in human 

cancers. Loss of tumor suppressor activity may cause 

an activation of a self-renewal program in normally 

non–self-renewing progenitors (Bjerkvig et al., 2005; 

Topaloglu et al., 2012).  

 

Therapeutic targeting of CSCs 

 Good predictor for poor patient survival 

independent of any biomarker 

 Targeting CSC biomarkers 

 Targeting CSC molecular pathways 

 Efforts are concentrating to develop drugs 

that target signaling pathways activated in 

CSCs and cancer cells in general. 

 Inhibition of NOTCH signaling using 

secretase inhibitors in CD133-

expressing medulloblastoma CSCs led 

to the diminution of CD133 cells and 

correlated with impaired tumor 

engraftment in vivo (Parr et al., 2004; 

Pannuti et al., 2012).  

 Inhibition of the TGF beta pathway by 

bone morphogenetic proteins (BMPs) 

was reported to lead to the 

differentiation of brain CSCs and 

successive cure of the disease in a 

xenograft model, providing a first proof 

of principle for the possible efficacy of 

a “differentiation therapy” (Klonisch et 

al., 2008)  

 Inhibition of NOS2 successfully slowed 

down tumor growth in a xenograft 

glioma model (Khoshnevisan, 2012).  

 Targeting glycine decarboxylase 

activity was found to be critical for non-

small cell lung CSCs, which suggests 

that glycine metabolism might be a 

novel anti-CSC target (Zhang et al., 

2012). 

 

Limitations in the conventional therapeutic 

targeting of CSCs 

CSCs would be resistant to chemotherapy and 

radiation, thus being responsible for recurrence of 

cancer after such therapies. Such a property might 

result from several causes: an ABC transporters 

overexpression, a high capacity for DNA repair, a 

low proliferation rate, a resistance to apoptosis, a 

reduced immunogenicity, etc. It opens the possibility 

of devising treatments specific to such cells and thus 

to prevent relapses and cure cancers (Rich, 2007). 

 

The DNA methylation machinery 

DNA methylation involves the covalent addition of a 

methyl group (-CH3) to the C-5 position of cytosine, 

mostly that are present as CpG dinucleotide in the 

promoter regions. This chemical reaction is catalyzed 

by enzymes belonging to the DNA methyltransferase 

family (DNMTs) and is indicated as the major player 

in the DNA methylation abnormalities in cancer. The 

DNA methylation pattern is altered in cancer as both 

DNA hypo- and hypermethylation occur at specific 
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gene loci, leading to the over-expression of proto-

oncogenes and the silencing of tumor suppressor 

genes, respectively (Bachman et al., 2003; Feinberg  

et al., 2006). 

 

DNA methylation and cancer stem cells 

The maintenance of appropriate DNA methylation 

within CpG dinucleotide islands plays a significant 

role in regulation of a wide variety of molecular 

processes including stability of chromosomal 

structure and control of gene expression (Jones & 

Baylin, 2006). Studies of hypermethylated genes 

reveal that epigenetic alterations may have pivotal 

involvement in abnormal clonal expansion of 

stem/progenitor cells and predisposition to cancer. 

One such situation seen is in the Wnt developmental 

pathway, which is essential for stem/progenitor cell 

function, expansion, and maintenance in the normal 

intestine and elsewhere during embryogenesis and 

adult cell renewal. This pathway is canonically 

overactive in colon cancer via mutations in 

downstream pathway genes such as APC and catenin. 

A few other genes such as the secreted frizzled 

related genes (SFRPs) coding for proteins with 

antagonizing activity against Wnt activation at the 

cell membrane are epigenetically silenced during the 

initial stages of colon cancer progression and in 

virtually every established colon cancer. The early 

silencing of these genes may activate the Wnt 

pathway, start colon tumorigenesis, and later to 

collaborate with the mutations to provide for a fully 

activated Wnt pathway to promote tumor progression 

(Finch et al., 1997; Suzuki et al., 2004; Valenta et al., 

2006; Ting et al., 2006).  

 

The „cancer stem cell‟ model suggests that epigenetic 

changes occurring in normal stem or progenitor cells 

are the initiating factors for the cancer. Such a view 

can be supported by observation that epigenetic 

mechanisms are central to maintenance of stem cell 

identity and their disruption may give rise to a high-

risk aberrant stem cell population that can undergo 

transformation. In this situation, targeting these 

progenitor cells will form the basis of developing 

suitable therapeutic options to arrest cancer initiation 

and recurrence (Shikhar et al., 2010). 

 

DNA methylation status as diagnostic and 

prognostic index for tumor development 

DNA methylation is one of the major aberrant 

epigenetic mechanisms that influence the 

transcription of genes important to the cancer 

process. This in turn suggests that DNA methylation 

may hold a key to understanding the origins of cancer 

epigenetic changes. This possibility, coupled with the 

reversible nature of epigenetics, has enormous 

significance for the prevention and control of cancer. 

Use of demethylating agents may reexpress those 

genes that were silenced by aberrant DNA 

methylation. Simultaneously this may also reactivate 

different molecular pathways disrupted in cancer 

cells (Laird, 2003; Belinsky, 2004).  

 

Many epigenetic drugs have been discovered in the 

recent past that can effectively reverse DNA 

methylation that occurs in cancer. DNA methylation 

inhibitors such as 5-azacytidine (5-aza-CR) and 5-

aza2#-deoxycytidine (5-aza-CdR) were among the 

first epigenetic drugs proposed for use as cancer 

therapeutics (Cheng et al., 2003; Jody et al., 2005). 

 

14-3-3sigma is an epithelial marker whose expression 

is induced by DNA damage through a p53-dependent 

pathway. 14-3-3sigma function sequesters cyclin B1-

CDC2 complexes outside the nucleus and thereby 

contributes to a G2 arrest. Hypermethylation of the 

14-3-3 sigma promoter is an early and frequent event 

in breast neoplastic transformation, leading to the 

suggestion that silencing of 14-3-3 sigma may be an 

important event in tumor progression and particularly 

in breast carcinogenesis (Horie-Inoue & Inoue, 2006; 

Martinez-Galan et al., 2011). The overactivation of 

HGF/cMET pathway has been implicated in several 

human malignancies. Genome-wide epigenetic 

screens on human medulloblastoma cell lines and 

primary tumor specimens have identified 

SPINT2/HAI-2, an HGF/cMET signaling inhibitor, 

as a novel tumor suppressor gene that is frequently 

silenced by promoter hypermethylation in 

medulloblastoma (Peruzzi & bottaro, 2006; 

Kongkham et al., 2008). The underlying clinical 

significance is that detection of CpG methylation of 

14-3-3sigma or SPINT2/HAI-2 may be used for 

diagnostic and prognostic purposes. 

 

CONCLUSIONS 

CSCs are a specific subset of transformed cells that 

are able to sustain primary tumor growth according to 

a hierarchical pattern. These are heterogeneous in 

composition. The cells exhibit specific markers 

which can be targeted towards developing improved 

therapies and diagnostic markers. Understanding 

more on the CSC, its genetic and epi-genetic makeup 

will help to focus research toward developing 

improved therapies without risk of tumor recurrence 

and allow for the targeting of fatal late-stage cancers. 
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