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Abstract 

Background: In the previous theories of cancer, they considered that cancer was a homogeneous which mean that the 
tumor had only tumor cells and for this reason the treatment for any tumor directed to kill these tumor cells. But, with 
rising of the metastatic cases of cancer patients, another theory have been raised, that the cancer is a heterogeneous 
disease which composed of tumor cells that previously the chemotherapy and other cancer therapies directed toward 
them, in addition there is another group of cells, called cancer stem cells (CSCs), these are more aggressive than the 
tumor cells that can force the poor microenvironment of the cancer tissue and survive and also they are undifferentiated 
cells so can undergo mitosis to produce more tumor cells and another group of cancer stem cells in contrast to the tumor 
cells, which considered a post mitotic and not divided.  

Objective: Demonstrate some of cancer stem cell markers that considered an important indicators of early cancer 
development and lately to detect cases of metastasis.  

Conclusion: The theory of the presence of cancer stem cells is more acceptable and applicable and so the cancer therapy 
must be directed to these groups of cancer stem cells.  
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1. Introduction

1.1. Stem cells 

Undifferentiated cells that have the ability to split into undifferentiated and differentiated (specialized) cells are 
referred to as stem cells. These cells represent an unlimited source from which arise the different types of cells that 
form the tissues and organs of body. Stem cells have got large attention in the recent years as a possible therapeutic and 
curative tool that can help in the treatment of number of important diseases that affect large number of populations 
such as hear diseases, neurological disorders, diabetes and even cancer. This role of stem cells can be achieved through 
their ability to replace injured or defective cells. [1].  

A better understanding of cancer biology could be achieved from research in the field of stem cells biology due to the 
resemblances between tumorigenic cells and normal stem cells [2].  
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1.2. Types 

Stem cells can be categorized into different types depending on the following criteria: 

1.2.1. According to the source of the cells:  

 Embryonic stem cells: they are pluripotent cells that are found in blastocyst stage in 4-5 days old human embryo 
and can differentiate into any cell or tissue type [3]. 

 Adult stem cells: they are multipotent cells which are present in different types of adult tissues with restricted 
differentiation capacity. Their main function is to heal and preserve tissues in which they are institute as in 
hemopoietic tissue and peripheral blood [4]. 

1.2.2. According to the Differentiation potential of the cells: 

 Totipotent stem cells: this refers to the cells of the morula (4 cells stage) that can differentiate into all embryonic 
tissues in addition to the supporting structures such as the placenta.  

 Pluripotent stem cells: such as the embryonic stem cells which can produce any cell or tissue type. 
 Multipotent stem cells: are seen in the adult tissue with features of repair, self- renewal and differentiation [5]. 

1.3. Stemness theory 

The term "stemness" refer to the process of cell differentiation and apoptosis that take place in a dynamic manner with 
resultant functional variability within stem cells population that correlate with high adaptation to the environmental 
surroundings. Another important term is “plasticity” which refers to the stem cell' ability to shift between numerous 
functional situations in correlation with its dynamic nature. Such dynamic functional situations include asymmetrical / 
symmetrical cell division, proliferation, quiescence, and epithelial transmission [6]. 

1.4. Normal to cancer stem cells' trail 

The following subsequent events could play part in development of cancer to a minimum degree: 

 DNA mutations and epigenetic mechanism alteration that leads to modification of the cell cycle control, 
signaling pathway and cellular metabolism [7].  

 Diverse alterations in stem cells microenvironment that affects the resident stem cells niche inside different 
body tissues. [8]. 

1.5. Cancer stem cells (CSCs)  

Cancer cells that have the capacity of self-renewing and abnormal division are referred to as cancer stem cells (CSCs). 
These cells are proposed to facilitate neoplastic development, tumor metastasis, and relapse after treatment [9]. 

Cancer stem cells might be a separate entity or a subset of tumor progenitor cells, tumor-initiating cells, disseminated 
tumor cells (DTCs), or circulating tumor cells (CTCs) [10]. CSCs were initially speculated trying to clarify both 
intermittent and metastatic growth development and cancer heterogeneity. Following this speculation, just one or few 
CSCs are expected to reiterate the cancer and its underlying heterogeneity. What's more, numerous investigations have 
exhibited that most chemotherapeutics and radiation face resistance from these CSCs and subsequently CSCs could 
tolerate initial therapy. This survival capacity implies that recurrence and cancer progression after treatment could be 
caused by the presence of these CSCs. In addition, a lot of benefits could be achieved by focusing future research on 
these CSCs that ultimately might results in further improvement in cancer treatment and expanding the cure rate in 
patients with cancer [11]. 

1.6. Cancer stem cells' properties 

 Differentiation: represent the ability to heterogeneously inherit cells and generalize to all unique types of 
cancer cells  

 Self-renewal: represent the facility to transfer new undifferentiated stem cells, have the capacity to proliferate, 
expand and differentiate and accordingly preserve the pool of stem cells. 

 Control of homeostasis and stability of differentiation [12]. 
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1.7. Cancer stem cell markers  

An assortment of markers is hypothesized to recognize CSCs. In any case, the clinical meaning of these markers remains 
generally problematic, partially, the heterogeneity of numerous tumors results in the presence of big number of 
anticipated markers for CSCs [13]. A larger part of the anticipated CSC markers are types of cell surface proteins that 
are recognized by enzymatic assays and immunohistochemistry. This has the additional advantage of having the option 
to isolate out and enhance the CSC populace; in any case, various proteins inside the cells have the protentional to act 
as CSC markers, hypothetically, that might be utilized to distinguish them in patients [14], a portion of these include: 

1.8. Enhancer of Zeste Homolog 2 (EZH2) 

It is a histone lysine methyl transferase having a place within the family of polycomb group proteins. It has been found 
that in patients with hematological and solid tumors, there is an overexpression of EZH2 [15]. 

Polycomb group (PcG) proteins in warm blooded creatures assume significant parts in cell development and separation 
by directing downstream genes' expression. They comprise two core complexes, namely  “polycomb repressive 
complex 1 (PRC1)" and polycomb repressive complex 2 (PRC2)" [16]. 

It has been estimated that EZH2 contribute to the growth and progression of cancers. This assumption is based on the 
correlation between poor prognosis in various malignancies and the high levels of EZH2. Different types of microRNAs 
(miRNAs) can down regulate EZH2 expression by silencing a number of post-transcriptional genes, as has been 
demonstrated by various studies [17]. 

Because of EZH2' potential role in malignant tumors growth and progression, it has been well-thought-out as an 
important therapeutic target for cancers. Collected investigations demonstrated that hindrance of EZH2 via gene 
knockdown or the use of small molecular inhibitors, can lead to reduction in malignancy cell development and formation 
of tumors [18]. 

Collected evidence also showed that EZH2 also played a critical role in progression and metastasis of several cancers 
[19], EZH2 could promote tumor angiogenesis through VEGF stimulation in a paracrine circuit manner [20]. EZH2 is 
biologically functioned as a transcriptional repressor that silences more than 200 tumor suppressor genes, its oncogenic 
properties made EZH2 a promising risk indicator and target for cancer therapy [21].  

1.9. Aldehyde dehydrogenase A1 (ALDH1) 

Aldehyde dehydrogenase action was utilized to isolate great number of stem cells in neoplasia and normal cells. 
Aldehyde dehydrogenases (ALDH) are a family of ubiquitous enzymes that control the conversion of aldehydes to their 
corresponding carboxylic acids by irreversible oxidative reaction. ALDH has several isoforms (about 17), and of them, 
aldehyde dehydrogenases 1 (ALDH1) displays a high level of activity in neural and hematopoietic stem cells. This action 
take place in early stages of stem cells differentiation via the oxidation of retinol to retinoic acid [22].  

Developing proof recommends that in different cancer types, such as cancers of the brain, breast, prostate and lung, 
human multiple myeloma and acute myeloid leukemia, there is an overexpression of ALDH1 [23]. Accordingly, ALDH1 
activity could be used for the monitoring of both normal and malignant stem cell populaces, in the form of a typical 
tumor marker [24]. Lately, many investigations have revealed the presence of positive correlation between ALDH1 
expression and poor clinical prognosis in different types of cancers, such as that of stomach, lung and pancreas [25]. 

ALDH1 gives protection from oxidative harm and alkylating chemotherapeutic agents through its catalytic action over 
the irreversible oxidization of cell aldehydes. ALDH action was likewise exceptionally helpful for isolation of 
tumorigenic cells in some human colorectal xenografts [26]. 

1.10. SOX genes (SOX2) 

SOX genes encode transcription factors that identified depending on a conserved keynote contained by the High Mobility 
Group (HMG) domain, though, SOX genes belong to the HMG superfamily [27], It has been shown that the SOX genes can 
manage various developmental processes, including hair follicle, gut, lens, B-cell, blood vessel, and muscle development 
[28]. Their potential effects have likewise been found in different neoplastic tissues which depend on tumor status and 
types and thus may work as tumor suppressors or promoters.  

It is well known that certain embryonic stem cells genes are involved in the process of tumorigenesis and SOX2 is a 
fundamental player in this regard. Apart from cell clusters residing within lymph node, SOX2 was reliably down-
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regulated in some cancer types. On this basis, overexpression of SOX2 mRNA in the primary tumor is suggestively linked 
to lymph node metastasis [29]. 

1.11. Octamer-binding transcription factor 4 (OCT4) 

OCT4 is a transcription factor of the POU family, also identified as POU5f1, encoded by POU5F1 gene on chromosome 6 
that plays a crucial role (gatekeeper) in self-renewal and preservation of pluripotency in embryonic stem cells, also in 
somatic cell reprogramming and it has been used as a promising CSC marker [30,31]. 

The presence of OCT4 macromolecule is related to poor prognosis in internal organ cancer, non-small-cell cancer and 
muscle system epithelial cell cancer [32,33]. A potential mechanism that could be responsible for the additional 
aggressive behavior of cancer and poorer clinical outcomes with OCT4-expressing cells is the presence of somatic cell 
constitution in cancer associated with OCT4-mediated adjustment and associated chemoresistance [34]. 

1.12. Homeobox protein (NANOG) 

NANOG is a transcription factor that helps embryonic stem cells maintain pluripotency by suppressing cellular 
determinants [35]. Numerous types of carcinomas are associated with NANOG. 

In 2003, a multipotent marker for NANOG stem cells was recognized [36]. It has a specific expression in pluripotent 
human embryonic stem cells at implantation, primordial germ cells, embryonic carcinoma cells, in vitro cultured 
embryonic stem cells, and embryonic germ cells. It also plays a role in cell proliferation promotion. 

The expression of NANOG is absent in endodermal sinus tumors, immature teratoma and chorionic carcinoma. On the 
other hand, NANOG is over-expressed in embryonic carcinoma and dysgerminoma [37]. It can be used to differentiate 
between germ cell tumors and non-germ cell tumors [38]. NANOG is also considered as one of the specific and sensitive 
markers for the identification of metastatic germ cell cancer [39]. Therefore, due to the importance of maintaining self-
renewal and multipotential capacity in various malignancies, NANOG is a growing focus in cancer biology and 
progression. 

Previous researches had established that overexpression of certain transcription factors namely, SOX2, NANOG and 
OCT4, individually or combined, is an important cause of tumor metastasis, tumorigenicity and even distant tumor 
recurrence following chemoradiation in many malignancies [40,41].  

2. Conclusion 

The use of cancer stem cell markers have a beneficial role in cancer detection, cancer progression and metastases which 
then give an important modulation of cancer treatment strategies helping in suppression of tumor recurrence.  
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