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Introduction
Stem cells are defined as cells that have the ability to perpetuate 

themselves through self renewal and to generate mature cells of a 
particular tissue through differentiation. In most tissues, stem cells are 
rare. As a result, stem cells must be identified prospectively & purified 
carefully in order to study their properties [1,2].Here we discuss 
emerging evidence that stem cell biology could provide new insights 
into cancer biology .In particular, we focus on three aspects of the 
relationship between stem cells and tumor cells. First, the similarities 
in the mechanisms that regulate self renewal of normal stem cells & 
cancer cells; second ,the possibility that tumor cells might arise from 
normal stem cells & third, the notion that tumors might contain ‘cancer 
stem cells’ – rare cells with indefinite proliferative potential that drive 
the formation & growth of tumors [3,4]. 

Identification & isolation of tumor stem cells

Tumor stem cells were first isolated as clones based on the soft agar 
cloning technique. However, this technique is time and labor intensive 
and only a small fraction of primary tumors yield adequate numbers 
of colonies [5]. An alternative is to culture tumor stem cells as floating 
spheres.

More recently, relatively undifferentiated tumor stem cells 
sphere culture have been derived from primary tumors & cell lines 
using serum- free medium that is supplemented with growth factors, 
such as epidermal growth factor & basic fibroblast growth factors. 
Serum replacement results in the morphological change of adherent 
monolayer culture to tumor stem cells – enriching floating spheres, 
such as neurospheres [6].

Cell surface markers

Cell surface proteins, such as CD24, CD44, CD133 & integrins, to 
name a few, have been used as tumor cell markers. CD133 is discussed 
briefly as it will be used several times to highlight various themes in 
tumor stem cells research. CD133 is a transmembrane glycoprotein 
that has been reported as a tumor stem cell marker for breast, lung, 
liver, colon, prostate & brain tumors [7-10].

Although CD133 expression might point to a possible tumor stem 
cell, it is not a reliable marker due to the technical limitations of its 
detection & due to inherent tumor stem cell heterogeneity resulting in 
cellular subsets within a tumor stem cell population. CD133 expressing 
cells have been identified & isolated using the monoclonal antibodies 
AC133 & AC141. Tumorstem cell heterogeneity within a particular 
tumor appears to hinder the use of a single marker for reliable tumor 
stem cell identificatios [11].

Enzyme markers

Aldehyde dehydrogenase has been reported as a tumor cell 
marker. ALDHs catalyze the oxidation of a wide variety of aldehydes 
to carboxylic acids & are known to play an important role in endobiotic 
& xenobiotic metabolism. Accordingly, ALDHs have been known to 
provide resistance to hematopoietic stem cells against alkylating agents 
of the oxazophosphorins family, such as cyclophosphamide & its 
derivatives. Based on the broad utility of ALDHs, methods to detect 
ALDH activity have been commercially developed, such as the aldefluor 
assay & have been used to sort cells with variant ALDH activity.

ALDH isozymes have been reported as Tumor stem cell markers in 
pancreatic cancer, Breast cancer, prostate cancer, lung cancer, multiple 
myeloma & leukaemia. Although ALDH activity may indicate potential 
tumor stem cells, there are draw backs to its utility as a marker [8,12,13]. 

Gene expression profiles

Cell surface & enzymatic molecules offer practically use full tumor 
stem cells markers. However, they do not provide a comprehensive view 
of the molecular pathways operating in tumor stem cells. Together this 
information, genetic profiling has been used. Human prostate tumor 
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Abstract
Cancer stem cells (CSC) are recently proposed to be the cancer initiating cells responsible for tumorigenesis 

and contribute to cancer resistance. Like normal stem cells, cancer stem cells should be rare, quiescent and 
capable of self renewing & maintaining tumor growth and heterogeneity. Although the concept of cancer stem cells 
originates from that of normal stem cells, cancer stem cells are not necessarily aberrant counterparts of normal 
stem cells. In fact, they may arise from stem cells or committed progenitors of corresponding tissues & even cells 
from other tissues. At the molecular level, the alteration of stem cell self-renewal pathways has been recognized as 
an essential step for cancer stem cells transformation. Better understanding of cancer stem cell will no doubt lead 
to new era of both basic & clinical research, reclassification of human tumors & development of novel therapeutic 
strategies specifically targeting cancer stem cells.
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stem cells were isolated based on the cell surface signature CD133+, 
subjectively these were subjected to expression analysis & compared to 
their normal & differentiated counterparts. The gene expression profile 
of these tumor stem cells provided a signature consisting of significantly 
variable expression of 581 genes. These variable gene expressions were 
used for functional annotation of the signature. This pointed to various 
pathways involved in TSC biology. JAK- STAT signalling, cell adhesion 
& extracellular matrix interactions, focal adhesion signalling & Wnt 
signalling. These are some of the pathways that could be targeted to 
deplete tumor stem cells [14].

Functional markers

Although cell surface molecules, enzymes & genetic profiles have 
been used to identify potential tumor stem cells, a more reliable proof 
may be based on functional tumor stem cell markers. These include 
invitro (Proliferation, Colony forming capability, adhesion, migration 
& invasion) & in vivo (tumorigenicity, metastatic capability & ability to 
recapitulate the morphological features of specific tumor) [6,12].

Drug resistance in tumor stem cells

After initial response to chemotherapy, relapse is often observed. 
This has been attributed to the existence of drug- resistant TSCs in 
a variety of tumors, such as breast tumor and osteosarcoma [15,16]. 
Various mechanisms known to confer longer life span to stem cells 
have been speculated to contribute to drug resistance in TSC. These 
mechanisms might involve relative quiescence, expression of multidrug 
resistant proteins, robust DNA repair capability and effective strategies 
to avoid apoptosis [17,18].

Quiescence

The TSC niche has been envisioned as a modulator of  TSC 
quiescence. It has been suggested that there might be two types of 
TSC niches. One that maintains quiescence & another that maintains 
proliferative cells [19]. Tumors are known to grow in hypoxic 
environment. Hypoxia induces production of H1F1 alfa & H1F12 
alfa. These H1F1 alfa can exert opposite effects on proliferation [20]. 
For example, H1F1alfa inhibits C-myc &  mTOR and activates P53; 
thus decreases proliferation. H1F2 alfa activates C-myc & mtor & 
inhibits P53; thus increases proliferation [21]. Further understanding 
of the molecular regulation of quiescence has been gained from 
gene expression profiling of TSCs enriched based on higher Beta -1 
integrin expression in sqamous cell carcinoms [22]. Among various 
markers that were examined, the ones that correlated with diminished 
differentiation status & increased proliferation were – Lewin–rich 
repeats and immunoglobulin like domains 1 (Lrig 1) & microtubule- 
associated protein 4 (MAP4) (down regulated) & melanoma 
chondroitin sulphate proteoglycan (MCSP) (upregulated). Lrig1 
negatively regulates epidermal growth factor receptor signalling. Thus 
it maintains epidermal stem cells in a quiescent state [22-25].

It’s down regulation would perturb the quiescence & aid in 
proliferation of TSCs. MAP4 has been reported to be involved in 
the regulation of cell cycle progression & cytokinesis [22,26]. Thus, 
although requiring further proof, it has been suggested that down 
regulation of MAP4 could enhance cell cycle progression of TSCs [22].

MCSP  has been known to stimulate integrin mediated adhesion 
& spreading of tumor cells by activating the small GTPases CDC42 & 
RAC1 [22,27,28]. Thus up regulation of MCSP would favour metastatic 
potential of TSCs [22]. 

Various aspects governing the TSC niche & new new therapeutic 
strategies against the quiescent cells in the niche have recently been 
reviewed [29]. It is difficult to recapitulate the various factors operating 
in the in vivo TSC niche in an invitro culture system. However, it is 
important to decipher the molecular cues that govern quiescence, 
proliferation and metastasis as these may modulate TSC longevity & 
tumor relapse.

Enhanced DNA repair

DNA damage can be fatal for rapidly dividing tumor cells. In 
this regard, alkylating agents, such as temozolomide and carmustine, 
have been used to induce DNA damage for glioma Chemotheraphy. 
However, TSCs that initiate & sustain tumors might have enhanced 
DNA repair mechanisms, which can resolve the alkylation damage 
to DNA. Furthermore, TSCs might have a higher tolerance limit for 
mutations due to defects in apoptosis machinery [30]. 

Antiapoptotic characteristics

Apoptosis can effectively remove damaged or potentially harmfull 
cells by extrinsic and intrinsic pathways. As noted above, CD44 has 
been used as a TSC marker. CD44 perturbs the Fas –based extrinsic 
apoptotic pathway, thus aiding in longer TSC life span. Also, TSCs have 
been observed to express higher levels of anti-apoptotic genes such as 
FLIP, BCL-2, BCL-XL & IAP family members [31,32]. Taken together, 
experimental evidence suggests that TSCs have evolved strategies 
to evade death mechanisms. The understanding of the underlying 
molecular pathways may provide potential therapeutic opportunities 
to achieve targeted TSC ablation.

Therapies against TSCS

To achieve tumor eradication, it is thought to be essential to 
target TSCs. A variety of molecules & pathways operating in TSCs 
could potentially be targeted with therapeutic molecules. Tumor 
stem cells may display multidrug resistance that is conferred by ABC 
transporters [33]. Tumor stem cells may display ATP binding cassette 
(ABC) transporters have been reported as TSC markers in melanoma 
& osteosarcoma, among others [34,35]. Targeted inactivation of ABC 
transporters could reinstate the drug sensitivity in TSCs resulting in 
TSC killing. For example ABCB5 has been reported as a marker for a 
subset of CD133+ melanoma stem cells. ABCB5 provides resisstance to 
doxorubicin by functioning as an efflux pump. When it was blocked 
by anti- ABCB5 monoclonal antibody doxorubicin sensitivity was 
restored in these TSCs [36].

Tumor cells have been observed to reactivate telomerase to achieve 
immortality [37]. Increased telomerase activity has been reported 
in approximately 90 percent of malignant tumors [38]. Sustained 
telomerase function is necessary for TSCs that have the potential to 
proliferate indefinitely. Thus, anti-telomerase agents are expected to 
target tumor cells as well as TSCs. The increasing knowledge about 
molecular pathways governing various aspects of TSCs could be 
exploited to tailor drug based therapies for TSC ablation. A variety of 
signalling pathways, previously reported to be aberrantly modulated in 
TSCs. These include wnt/beta-catenin, Hedgehog, notch, JAK/STAT, 
PTEN/P13 k/AKT, & TGF-beta pathways [14,39,40]. These pathways in 
TSCS may be targeted with agents, many of which have been advanced 
to translational application against tumor cells. Thus, there is a 
possibility of using drugs already available for TSC eradication.
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Future Perspectives
Tumor stem cells are poised to play an important role in 

the effort to achieve successful tumor ablation. The research to 
understand the biology of tumor stem cells is progressing rapidly. 
As this knowledge become more concrete, it will pave the way for 
reliable TSC identification & isolation. However, various factors 
may complicate TSC targeting. First, TSCs  appear to represent  
heterogeneous populations. Potential sources of this heterogeneity 
are genetic, epigenetic and environmental factors. The constitutional 
genomic features of individual patients (including gene copy number 
differences & single nucleotide polymorphisms, among others) as well 
as somatic mutations /genetic instability features contribute to TSC 
heterogeneity. The differentiated features of tumor stem cells may 
reflect the epigenetic status of cells from which the tumor arose. In 
addition, environmental factors, such as those operating in the TSC 
niche can contribute to heterogeneity. Therefore, it is unlikely that 
one particular targeting molecule could be used to deliver therapeutic 
agents to all TSCs within a single tumor. Second, TSCs reside in niches, 
& the targeting agent will have to traverse the blood stream & penetrate 
through cells & tissues surrounding the niche. Finally, the biology of 
TSCs is still being elucidated. In the TSC niche, TSCs have complicated 
interactions with the surrounding stromal cells, which may modulate 
TSCs at the molecular level. These molecular changes may manifest as 
epigenetic, genetic and proteomic changes. The dynamic TSC changes 
and adaptations modulated in response to their microenvironment 
will complicate the effort to develop a TSC– targeted therapeutic 
agent. Tumor stem cell targeting is essential, but recently it has been 
speculated that non-TSCs in a tumor need to be targeted as well. These 
non-TSCs could form TSCs & might even sustain the tumor even 
after TSCs have been destroyed [41]. After resolving the multitude 
of issues related to tumor stem cell culture, identification, isolation, 
& targeting .better treatment options may be developed. Along with 
the conventional treatments, new technologies, such as gene therapy & 
nanotechnology [42-44], could provide Sophisticated multifunctional 
agents for simultaneous targeting, imaging, and therapy of TSCs.   
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