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ABSTRACT  

A new kind of cells known as cancer stem cells (CSCs) is making their presence among the different types of cancer 
cells. Endowed with the properties of self-renewal and differentiation, they abet the development, growth, me-
tastasis and heterogeneity of cancer cells. Increasingly making their presence by way of resisting the action of 
chemo and radiotherapy, they are proving havoc in the management of cancer. Great amount of work is going on 
to deal with them. 
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INTRODUCTION 

Normally body cells divide to generate, maintain, and 
repair tissue. Body cells divide when they get signals 
from neighboring cells or growth hormones or chemi-
cals such as cyclins etc. But in cancer, cells go on divid-
ing irrespective of presence or absence of growth fac-
tors (Microscope imaging station, 2010). Further, can-
cer cells migrate from their original site and form new 
masses at distant sites of the body. Basically, cancers 
originate from normal cells that gain the ability to pro-
liferate abnormally and finally turn malignant. After-
wards, these malignant cells grow clonally into tumors 
and finally have the ability to metastasize (Dayem AA 
et al., 2010). Hence cancer can be viewed as a group of 
diseases that are characterized by uncontrolled cellular 
growth, cellular invasion into adjacent tissues, and the 
potential to metastasize if not treated at a sufficiently 
early stage (Are stem cells involved in cancer, 2010). 
Cancer cell populations are heterogeneous in nature; 
exhibit hierarchies of cellular populations with a range 
of differentiation phenotypes with specific morpholo-
gies and lineage markers. Broadly, cancer cells are cha-
racterized by two cell types’ tumorigenic cells and non 
tumorigenic cells. The tumorigenic cells are a specific 
type of cells with pivotal role in cancer initiation, re-
lapse and progression (Rich JN et al., 2007, Ghosh N et 
al., 2009) tumorigenic potential are termed as Cancer 
Stem Cells (CSCs). 

 

CANCER STEM CELLS: KEY CELLS OF CANCER 

Cancer tissue is compiled by various types of cells, at 
different stages of differentiation and with different 
phenotypes (Sukowati CHC et al., 2010). Cancer Stem 
Cells have been identified and isolated in cancer cells 
of the hematopoietic system, breast, brain, prostate, 
colon, head and neck, and pancreas. CSCs is a prede-
termined cell population with the ‘‘stem cells’’ pheno-
type, enable this cell to flourish the cancer, while other 
cells of the same cancer are incapable of self-renewal 
(Zou GM et al., 2008).CSCs are able to self-renew, dif-
ferentiate, able to initiate tumor and are resistant to 
conventional chemotherapy or radiation therapy (Tang 
C et al., 2007, Sell, S 2009).  

The defining characteristic of normal stem cells are 
proliferation, self renewal, differentiation, expression 
of stem cell markers, decreased rate of apoptotic 
death, active telomerase expression. However the par-
ticular group of stem cells found in tumors is found to 
display aberrant patterns of proliferation (extensive), 
self -renewal (unlimited) and differentiation (abnormal 
multipotency) (Sukowati CHC et al., 2010, Zou GM et 
al., 2007, Zou GM et al., 2008, Zhu Z et al., 2010, Mi-
meault M et al., 2006, Singh N et al., 2010, Fujii H et al., 
2009, Wicha MS et al., 2006).Since these are found in 
cancerous tissues these have been termed as Cancer 
Stem Cells or can be called as Aberrant Stem Cells. 
CSCs are present in small numbers in tumors. CSCs 
constitute about 1% of the tumor cells making them 
difficult to study and analyze (Lou H et al., 2007). Can-
cer is now increasingly being recognized as a stem cell 
disease (Vermeulen L et al., 2008, Macingova Z et al., 
2008). 

MULTIPLICATION OF NORMAL vs CANCER TISSUE 

The CSC theory proposes that tumors have a cellular 
hierarchy similar to their normal tissue counterpart 
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(Lobo NA et al., 2007).Cancers, like normal organs, are 
maintained by a hierarchical organization that includes 
slowly dividing stem cells, rapidly dividing Transit Am-
plifying Cells (TAF or precursor cells or progenitor 
cells), and differentiated cells or mature cells (Kondo T 
et al., 2004). 

Stem cells are characterized by two main properties. 
Self-renewal and differentiation (Rubio D et al., 2005). 
This is accomplished by means of asymmetric divisions 
where by two daughter cells are formed. Out of the 
two daughter cells formed, one is the replica copy of 
stem cell while the other is little more differentiated in 
nature i.e. tissue determined cell or the progenitor cell. 
This tissue determined cell is Transit Amplifying Cell 
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TAF cells 

TDC 
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Figure 1: Asymmetric division of Normal stem cells: The normal asymmetric cell division of TAF cells to ulti-

mately form TDC. SC-Stem Cells, TAF-Transit Amplifying Cell, TDC-Terminally Differentiated Cells, ASD-

Asymmetric Division of cells 

 

SC 

TAF cells 

MU 

SD 

 

Figure 2: Symmetric division of CSCs: After mutation, TAF cells undergo symmetric division instead of asym-

metric division. Hence, there is no formation of TDCs. SC-Stem Cells TAF-Transit Amplifying cell, MU- Muta-

tion of TAF cells SD-symmetric division of cells 
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(TAF) or the progenitor cell. TAF undergoes more 
rounds of asymmetric divisions whereby they give rise 
to more differentiated cell at each end of each asym-
metric division as well as maintaining their own replica 
copies. Ultimately the result of these asymmetric divi-
sions is a progeny of cells, which are well differentiated 
but are no longer capable of proliferating i.e. under-
going divisions. These are the Terminally Differentiated 
Cells (TDCs) or the mature cells of the tissue, which 
ultimately die. These worn off cells are replaced by 
more TDCs by the divisions of TAFs (Figure 1). The stem 
cells of the normal tissue usually remain dormant but 
they are called into action if there is requirement to 
replace lost tissue or to increase the number of cells in 
response to stress such as loss of blood or injury to 
blood vessel (Sell S 2007). Cancer as a cellular process 
is caused by a failure of the cells in the adult tissues to 
mature normally, so they instead of terminally diffe-
rentiating to mature tissue cells, they retain the proli-
feration potential of embryonic transit-amplifying cells 
(Sell S 2009). 

CSCs like normal stem cells, retain both features of 
self-renewal and differentiation, but have lost homeos-
tatic mechanisms, which maintain normal cell number 
(Zhang H et al., 2008). In cancer tissue, stem cells un-
dergo symmetric divisions rather than asymmetric 
ones i.e. undergo divisions in such a manner that more 
CSCs are formed. During symmetric divisions the two 
daughter cells formed are replica copies of one another 
i.e. stem cells only. This results in the expansion of 
stem cells resulting in tumorigenisis (Liu S et al., 2005). 
In cancer due to certain mutations some TAFs switch 
over from asymmetric divisions to symmetric pattern 
of divisions. In symmetric divisions the TAFs form two 
identical copies of themselves while differentiated cell 
is not formed. Due to this there occurs a maturation 
block in the tissue concerned where no more differen-
tiated cells or TDCs are generated. This phenomenon is 
known as Maturation arrest. The outcome is an accu-
mulation of undifferentiated or poorly differentiated 
cancer transit-amplifying cells (Sell S et al., 1994, Sell S 
2007). Depending upon the level of TAFs at which ma-
turation block occur the tumor acquires the hetero-
geneity of cells. That is why it is said that the tumors 
are heterogeneous with respect to the cellular lineages 
(Morrison SJ et al., 2006). Due to mutations TDCs are 
no longer able to form depending upon the level of 
tissue where mutations have occurred; the type of cells 
in the tumor varies (Figure 2). 

Self-renewal drives tumorigenesis, whereas differentia-
tion (aberrant in tumors) contributes to tumor pheno-
typic heterogeneity (Wicha MS et al., 2006). All these 
factors lead to increase in number of cells in cancer 
tissue. Thus, cancer can be viewed as disease of dere-
gulated self-renewal (Costa FF et al., 2007). Often the 
shrinkage in size of tumor is considered as a response 
to the treatment. Tumor response is usually taken in 
the clinic as the shrinkage of a tumor by at least 50% 

(Wicha MS et al., 2006). However, tumor often shrinks 
in response to the treatment to recur again. This hap-
pens because the therapies usually do not target CSCs. 
Due to this the lost number of cells in tumor mass is 
again replenished by symmetric and asymmetric mode 
of divisions of CSCs and TAFs (Sagar J et al., 2007). 

SOURCES OF CANCER STEM CELLS 

The origin of the CSCs is still not clear. There seems to 
be wide array of possibilities for the origin of CSCs in 
the body. Some of the different possibilities are: 

1) From Somatic Cell: A normal somatic cell can acquire 
stem cell like properties through mutations in their 
genes like oncogenes or tumor suppressor genes. Mu-
tations make them go awry. They display altered re-
sponse towards growth, antigrowth, apoptotic signals. 
They evade the constraints of replication and start di-
viding uncontrollably. Due to changes in genetic com-
position they can undergo metastasis and expand their 
influence (Li Linheng et al., 2006, Jamil K 2009). 

2) From Somatic Stem Cells: The malignant transforma-
tion of a somatic stem cells into CSCs may arise due to 
the accumulation of mutations in oncogenes, tumor 
suppressor genes (TSG) and miss-match repair genes, 
or genetic modifications such as deletions, amplifica-
tions, chromosomal rearrangements and epigenetic 
alterations like change in DNA methylation pattern, 
histone modification etc. These might result in the ab-
errant activation of distinct developmental cascades in 
somatic stem cells. These activated cells may generate 
CSCs (Mimeault M et al., 2006, Gil J et al., 2008). 

3) From Embryonic Stem Cells: Some cancers or some 
of the pediatric sarcomas (e.g., ephroblastoma) or te-
ratocarcinomas are found to develop from very early 
embryonic stem cell (ESC). These ESCs are "aberrantly" 
left in the tissues during ontogenesis (Ratazczak MZ et 
al., 2005). 

4) From Tissue committed stem cells or Pluripotent 
stem cells of Bone Marrow: Bone marrow has got mo-
bile pool of Tissue committed stem cells/Pluripotet 
stem cells. During certain conditions they migrate to 
other tissues e.g. during chronic inflammation these 
cells march towards damaged tissue e.g. during chronic 
inflammation; in an attempt to regenerate the tissue. 
However, sometimes instead of forming tissue cells, 
they get revert to a kind of stem cell like cells called 
CSCs (Ponomaryov T et al., 2000). A mutation that en-

hances nuclear -catenin in granulocyte-macrophage 
progenitor cells causes a blast crisis in some patients 
with chronic myeloid leukemia It seems these mutated 
progenitor cells have acquired the ability to self-renew, 
a feature thought to be specific to stem cells, and to 
undergo unlimited growth as cancer cells (Jamieson CH 
et al., 2004, Al-Hajj M et al., 2004, Pardal R et al., 2003, 
Li Linheng et al., 2006) 
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5) From Differentiated cells: Sometimes the differen-
tiated cells of the tissue due to accumulation of muta-
tions may dedifferentiate to become in certain situa-
tions CSC. This has been common in some patients who 
have a family history of cancer and who carry predis-
posing inborn mutations and chromosomal abnormali-
ties (Ratazczak MZ et al., 2005). 

6) From Deregulated signaling pathways: Tissue stem 
cells use multiple signaling pathways to control normal 
stem cell self-renewal. It has been observed that dere-
gulation of these pathways may lead to extensive proli-
feration with the development of a CSC Table1. Nu-
merous signaling pathways have been implicated in 
this process (Spillane JB et al., 2007). 

Table 1: Different signaling pathways and associated 
cancers 

Defected Signal-
ing Pathway 

Corresponding Cancer 

 HedgeHog (HH) 

 

Pancreatic, gastric, prostrate, 
breast  

(Karhadkar SS et al., 2004, Olsen 
Cl et al., 2004) 

Β-catenin/APC 
gene 

(adenomatosis 
polyposis coli) 

Colon Cancer  

(Kolligs FT et al., 2009) 

 

Notch 

 

Cervical cancer , human T-cell 
acute lymphoblastic leukemia, 

(Nam Y et al., 2005, Dievart A et 
al., 1999, Nockoloff BJ et al., 
2003, Benson RA et al., 2004) 

Bmi-1  

 

Pediatric brain tumors. (Hemmati, 
H.D et al., 2003) 

TGF-β and IL-6 Liver cancer (Tang Y et al., 2008) 

PTEN/Akt/PI3K Prostate cancer stem (Dubrovska 
A et al., 2009) 

Hox gene family Acute myeloid leukemia 
(Fischbach NA et al., 2005) 

7) From Dysfunctional Niche: Stem cells reside in a spe-
cialized cellular location known as a niche. The niche 
provides a microenvironment that maintains the bal-
ance between quiescence and self-renewal of the stem 
cell population. Damage to this niche may lead to ma-
lignant transformation of cells. In the mammary gland 
sustained expression of matrix metalloproteinase-3 
(MMP3), a stromal enzyme that destroys basement 
membrane, can lead to epithelial tumorigenesis It has 
been revealed that damage of the stromal cells can 
influence the corresponding epithelial cells toward a 
neoplastic state. Thus the factors in microenvironment 
have profound impact on the stem cells status. An im-
balance in the control of the niche may lead to malig-

nant transformation of stem cells (Sneddon JB, 2007, 
Hill RP 2006, Lang SH et al., 2009). 

8) From Mutated Somatic Cells: It has been recognized 
that one of the source of CSCs are the fused products 
of mutated somatic cells with normal stem cells (Schat-
ton T et al., 2007). 

IDENTIFICATION OF CANCER STEM CELLS 

According to CSCs hypothesis, CSCs are defined by their 
capacity to self-renew, differentiate, and to initiate 
tumors in vivo. The first step in eradicating CSCs is their 
identification and further characterization of CSCs 
(Behbod F et al., 2004). It will make it possible to study 
the biological behavior of patient tumors as a function 
of the CSC paradigm thus allowing a more targeted 
approach to therapy of individual tumors (Perryman SV 
et al., 2006). 

Many markers in the form of surface antigens and me-
tabolic activities have been identified. Markers for 
stemness are ascribed in the form of self-renewal 
pathways, absence of markers of differentiation, ele-
vated levels of detoxifying enzymes, and immortality, 
which are more or less specific to all stem cells. Thus, a 
number of markers representing the stemness pheno-
type are most likely to be employed in identifying and 
isolating stem cells. CSCs also express similar stem cell 
markers as normal stem cells (Cheng JX et al., 2009). 
Stem cells in solid organs can be identified using cell 
surface markers in the form of cell surface proteins. 
E.g. specific antibodies directed at these markers have 
facilitated the isolation of hematopoietic stem cells by 
flow cytometry. Similarly the surface markers of breast 
CSCs in the form of Lin-CD24-/ESA+ have been eluci-
dated by flow cytometry (Woodward WA et al., 2008). 

Various markers useful in the identification of stem 
cells and CSCs are defined below (Natarajan TG et al., 
2007). 

i) Markers of stem cells division and immortality: DNA 
label retention, high telomerase reverse transcriptase 
expression (TERT), and high telomerase activity. 

ii) Protein Markers:  

iii) Signaling proteins: WNT, Hedgehog (HH), Notch, 
Bone Morphogenic Protein (BMP) 

iv) Surface antigens in normal CSCs: CD24 (Heat stable 
antigen), CD29 (Integrin β1), ESA (Ethelial Specific Anti-
gen),CD44, CD49f (integrin α6),CD133(Prominin-1), 
P63, CD34, NCAM, Thy-1, c-Kit, Flt-3 (Klonisch T et al., 
2008). 

v) Detoxifying proteins: ABCG2, Aldehyde Dehydroge-
nase enzyme (ALDH) 

a) Communication proteins: Connexin 43and Connex-
in26 (These are not expressed by stem cells rather are 
acquired by differentiated cells; thus absent in SCs or 
CSCs), chemokine receptor protein-CXCR4 
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b) Transcriptional regulation Proteins: OCT-4, Nanog 

Differences in the presence or absence of certain 
stemness markers may be used to screen one stem cell 
type from the other or CSC (Natarajan TG et al., 2007). 

RESISTANCE OF CANCER STEM CELLS TO CONVEN-
TIONAL CHEMOTHERAPY AND RADIOTHERAPY 

The high frequency of relapse following conventional 
cytotoxic chemotherapy and radiotherapy indicates 
that CSCs survive standard treatments (Wang JCY et al., 
2007). For this purpose, stem cells activate some pro-
tective mechanisms that shield them from senescence 
and cellular stress (Moserle L et al., 2010). Some are 
discussed below: 

1. Quiescent nature: Generally the chemotherapy tar-
gets rapidly dividing fraction of tumor cells. But CSCs 
reminiscent to normal tissue stem cells often exist in a 
quiescent state for a long time making these cells resis-
tant to conventional chemotherapeutic drugs, which 
only target dividing cells. Residual CSCs may survive in 
a quiescent state for many years and result in later 
tumorigenesis. Therefore, it is conceivable that con-
ventional chemotherapies will only eradicate the bulk 
of a tumor, sparing the cancer stem or initiating cells. 
Hence, the focus of the therapies should be targeting 
of CSC as real root of the problem i.e. cancer (Behbod F 
et al., 2004). 

2. Presence of Drug efflux pumps: Similar to normal 
stem cells, CSCs express high levels of drug transporter 
proteins, such as ATP-binding cassette protein family 
members such as multidrug resistance 1 protein 
(ABCB1/MDR1/PGY1), multidrug Resistance-associated 
Protein-1 (ABCC1/MRP1), multidrug resistance-
associated protein-3 (ABCC3/MRP3) and breast cancer 
resistance protein (ABCG2/BCRP/MXR) (Sukowati CHC 
et al, 2010, Moserle L et al., 2010). The main role of the 
ABC transporters is to protect the cells from accumula-
tion of toxic compounds since these proteins have the 
capacity to export drugs and decrease the cell sensitivi-
ty to drugs. This explains the close association between 
ABC transporters proteins and drug resistance (Tang C 
et al., 2007). This drug-transporting property of stem 
cells conferred by these ABC transporters is an impor-
tant marker in the isolation and analysis of haemato-
poietic stem cells. Because they don’t accumulate the 
fluorescent dyes such as Hoechst 33342 and rhoda-
mine 123, stem cells can be sorted by collecting cells 
that contain only a low level of fluorescence. These 
cells are referred to as ‘dull cells’ or ‘side population’ 
(SP) cells (Dean M et al., 2005) as they are found on the 
side of the distribution of cells on the cell sorter (Lou H 
et al., 2007).  

3. Resistance to apoptosis: Importantly, it appears that 
that CSCs elaborate anti-apoptotic proteins, which can 
be limited to CSCs initially, but often rapidly acquired 
by the bulk of tumor cells at relapse, perhaps due to 
the genetic instability which distinguishes tumor from 

normal cells. As a result tumors may initially shrink but 
subsequently become completely resistant to chemo-
therapy (Moserle L et al., 2010). Genes that participate 
in apoptosis, such as Bcl2, nuclear transporter κB (NF-
κB), mutated p53, and c-myc, have been shown to be 
involved in drug resistance of tumor cells (Spillane JB et 
al., 2007). 

4. Efficient/Enhanced DNA repair capacity: Highly effi-
cient DNA repair of CSCs is the most important me-
chanism in the resistance to chemotherapy and radio-
therapy. Currently, more than 130 DNA repair related 
genes have been found in CSCs. CSCs shows an in-
crease in the activity of DNA repair related enzymes. It 
was found that the increased capacity for DNA damage 
repair may be an important reason for resistance to 
chemotherapy and radiotherapy in CSCs (Yu H et al., 
2010). 

5. Activation of oncogenes and inactivation of tumor 
suppressor genes: Activation of oncogenes such as Her-
2/neu, bcl-2, bcl-XL, c-myc, ras, c-jun, c-fos, and MDM2 
as well as inactivation of tumor suppressor genes like 
p53 can confer resistance to therapy (Michor F et al., 
2006).  

6. Hypoxic niches of CSCs: stem cell niches are special 
microenvironments, supplying all signals for stem cell 
growth, transformation, and the maintenance of self 
stability. CSCs are usually located in hypoxic niches, 
which are surrounded by differentiated tumor cells, 
myofibroblasts, endothelial progenitor cells, and the 
extracellular matrix in the microenvironment. A three-
dimensional niche structure and a developed extracel-
lular matrix act as a shield for CSCs, and letting them 
away from the effect of chemotherapy drugs and radi-
ations. In addition, DNA damage induced by radiation 
requires oxygen and CSCs located in a hypoxic niche 
are not affected by radiotherapy. Hence any changes in 
cell microenvironments can be the main reasons for 
delays in stem cell differentiation (Yu H et al., 2010).  

TARGETTING CANCER STEM CELLS 

Various studies have thrown light on the resistance of 
CSCs to normal cancer treatments such as chemothe-
rapy, radiotherapy, anti angiogenesis etc. e.g. CSCs 
from breast, leukemia, colon and pancreas have been 
found to resistant to chemotherapeutic drugs such as 
daunorubicin and Ara-C. So, it is becoming clear that 
the recurrence of cancer is due to the CSCs fraction of 
cancer cells which tends to evade the action of therapy 
either due to their resistance mechanisms prevalent in 
them or due to their location which tends to protect 
them from the effects of treatment (Marotta LLC et al., 
2009). Drug resistance of CSCs is caused by matrix of 
factors and there are many strategies for overcoming 
CSC drug resistance. The drug resistance mechanism of 
every solid tumor is different, and therapy strategies 
should be different too. During chemotherapy and ra-
diotherapy for patients with cancer, the drug resis-
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tance mechanism of each type of CSC should be taken 
into account and new factors related to tumor drug 
resistance should be found, thereby, using the most 
effective therapy to improve the effects of chemothe-
rapy and radiotherapy, enhance patient quality of life, 
and prolong survival time. Thus an optimal cancer 
treatment requires a therapy capable of targeting vari-
ous unique pathways in CSCs responsible for malignant 
behaviour (Behbod F et al., 2004, Yu H et al., 2010). 
Some of the studies focusing on targeting cancer stem 
cells are: 

1. Pten is a tumor suppressor gene whose deregulation 
has been found to be the cause of initiation of several 
types of tumors e.g. It has been found that the deletion 
or down regulation of this gene results in generation of 
leukemic stem cells. Thus pten can be so targeted to 
prevent its loss of function or restore its function in the 
hematopoietic stem cells so as to prevent its malignant 
transformation into leukemic stem cells (Rossi DJ et al., 
2006). 

2. One of the promising pathways to induce differen-
tiation potential in CSCs so as to curb their self renewal 
capacity. One such agent is retinoic acid which has 
been found to differentiate embryonic stem cells into 
neuronal stem cells (embryonic stem cells). This strate-
gy of using retinoic acid as a differentiation inducer has 
been successfully developed for acute promyelocytic 
leukemia, where retinoic acid has significantly in-
creased the efficacy of chemotherapy (Guan K et al., 
2001, Lenz HJ 2008). 

3. Polycomb group gene (PcG) is a type of proto onco-
gene whose expression has deleterious effects on cells 
e.g. it has been observed that the over expression of 
Polycomb group gene (PcG) Bmi-1 has a key role in 
regulating the proliferative activity of normal stem and 
progenitor cells. BMI-1 promotes self-renewal of stem 
cells largely by interfering with two central cellular tu-
mor suppressor pathways, p16(Ink4a)/retinoblastoma 
protein (Rb) and ARF/p53, whose disruption is a hall-
mark of cancer. Elucidation of the involvement of pro-
to-oncogenes and tumor suppressors in the mainten-
ance of stem cells may be an effective method for eli-
minating CSCs in variety of cancers (Pardal R et al., 
2005, Lessard J et al., 2003, Grienstein E et al., 2007). 

4. Vascular niches play an important role in the main-
tenance and survival of the CSCs. Endothelial cells (ECs) 
lining the blood vessels promote stem cell survival and 
cell renewal by releasing certain factors. Studies reveal 
ECs sought to shelter CSCs from apoptotic stimuli. So 
any factor which will promote the survival of ECs will in 
turn support the CSCs e.g. Medulloblastomas over ex-
press ERBB2 (Human Epidermal growth factor recep-
tor2), which leads to increased production of vascular 
endothelial growth factor (VEGF).VEGF is an important 
regulator of EC survival and proliferation. Consistent 
with a role for ECs in maintaining CSCs, medulloblas-
toma cells over expressing ERBB2 formed tumors more 

rapidly than control cells, and these tumors contained 
a higher proportion of CSCs. It has been observed that 
treatment of tumor-bearing mice with inhibitors of 
either ERBB2 or VEGF signaling depleted blood vessels 
and caused a dramatic reduction in the number of CSCs 
and in the growth rate of the tumor. Similar results 
have been seen with glioblastoma cells, raising the 
possibility that inhibition of blood vessel growth (Anti-
angiogenic therapies) can certainly bear therapeutic 
implications in various types of cancers (Yang ZJ et al., 
2007). 

5. Alterations in the apoptotic machinery have been 
related to chemoresistance in several tumor types. IL-4 
(Interleukin 4) promotes resistance to apoptosis in 
chronic lymphocytic leukemia B cell, enhances anti-
apoptotic protein expression in prostate, breast, and 
bladder tumor cell lines, normal and transformed lym-
phocytes and enhances proliferation of human pan-
creatic cancer cells. Blockage of this cytokine is asso-
ciated with significant growth-inhibitory effect. Expe-
riments have revealed that IL-4 inhibition enhances 
tumor response to oxaliplatin and 5-FU (Todaro M et 
al., 2007). 

6. Solid tumors are known to contain poorly vascula-
rized regions characterized by nutrient deficit, very low 
levels of oxygen (hypoxia) and acidic pH (Pouyssegur J 
et al., 2006, Carmeliet P et al., 2000). Tumor hypoxia 
has been shown to be with changes in gene expression. 
The alterations in expression profile are brought about 
by the transcription factors referred to as hypoxia-
inducible factors (HIFs). HIF promotes the activation if 
certain pathways which are involved in self renewal 
e.g. Notch pathway and Oct4 (a transcription pathway). 
As these pathways are also operative in CSCs this sug-
gests that inhibition of HIF activity in the CSCs might 
block self renewal or may promote differentiation of 
cells (Keith B et al., 2007). 

7. It has been demonstrated that the HSP90 (Heat 
Shock Protein90) inhibitor 17-DMAG sensitizes breast 
CSCs to chemotherapy. These in vitro experiments 
have potential clinical implications since HSP90 inhibi-
tors are currently in clinical trials (Wright MH et al., 
2008). 

8. Another approach to inhibit CSCs from proliferation 
is the inhibition of deregulated pathways in CSCs. Some 
such pathways are: 

i) Hedgehog signaling pathway operates during em-
bryogenesis and promotes cellular growth and diffe-
rentiation. In adult tissues it is normally off. However it 
becomes active in CSCs leading to an uncontrolled cel-
lular division. Recent studies have found inhibitors of 
this pathway which can down regulate the unre-
strained pathway. One example is steroid like molecule 
Cyclopamine (Lou H et al., 2007, Hombach-Klonisch S 
et al., 2008). 
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ii) In the canonical Wnt pathway, is also involved in the 
cellular proliferation. The deregulation of this pathway 
is the major cause of self renewal potential of CSCs. 
Some molecules which are found to be active against 
this pathway are PKF118-310, ZTM000990 and anti-
Wnt1 and anti-Wnt2 monoclonal antibodies (Hom-
bach-Klonisch S et al., 2008). 

iii) Over expression of active form of Notch1 results in 
the inhibition of tumor-initiating and colony-forming 
properties when implanted in nude mice and grown in 
methyl cellulose medium. It suggests that therapies 
targeting the Notch pathway, such as agents that in-
duce an over-expression of Notch1, provide a unique 
way of elimination therapy in human CSCs (Hombach-
Klonisch S et al., 2008)  

iv) STAT3 plays a key role in wide array of processes 
like cell survival, proliferation, differentiation, oncoge-
nesis, metastasis, immune invasion, and angiogenesis, 
under both physiological and pathological conditions. 
So it presents a potential target to suppress the activity 
of CSCs (Hombach-Klonisch S et al., 2008). 

9. A number of groups are using expression profiles of 
CSCs, in order to identify prospective therapeutic tar-
gets. NF-kB is active in AML cells, including the stem 
cells. It has been shown in a study that in vitro inhibi-
tion of NF-kB activity by means of a proteasome inhibi-
tor, in combination with anthracycline, led to apoptosis 
of AML stem cells, but not of healthy hematopoietic 
stem cells (Klein S et al., 2006). 

10. It has been reported that checkpoint proteins play 
a crucial role in determining the CSC resistance to radi-
otherapy. In response to DNA damage the checkpoint 
proteins are activated and their expression increases. 
Thus molecules should be found which target these 
checkpoint proteins and thus enhance the efficacy of 
radiotherapy (Gil J et al., 2008, Tang C et al., 2007). 

11. Telomerase activity is quite upregulated in CSCs 
due to which after cell division the length of telomeres 
remains same. This suggests that the cells do not have 
any aging effect and thus possess infinite replication 
potential. This implies, inhibition of telomerase activity 
may represent a valuable therapeutic approach to tar-
get CSCs (Huntly BJP et al., 2005). New studies are pre-
sently evaluating the effect of GRN163L, a telomerase 
inhibitor, in NSCLC and multiple myeloma to evaluate 
its role in both eradicating the CSCs and reducing the 
rate of tumor relapse (Ciavarella S et al., 2010). 

12. It has been shown recently that nuclear factor κB 
(NF-κB) is activated in quiescent LSC populations. Thus, 
strategies to inhibit NF-κB, and thereby block growth 
and survival pathways regulated by NF-κB, may 
represent a useful approach to more durable AML 
therapy. One such class of drugs that is being widely 
explored for cancer therapy is proteasome inhibitors 
(Guzman ML et al., 2002). 

13. Treatment of mice with salinomycin has been 
found to inhibit mammary tumor growth in vivo and 
induces increased epithelial differentiation of tumor 
cells. Thus Salinomycin can come up as effective strat-
egy to control CSCs division (Gupta PB et al., 2009). 

CONCLUSION 

With the knowledge coming to the fore that cancer 
stem cells plays a critical role in the development, pro-
gression and maintenance of cancer, the course for 
cancer therapeutics should get a revamp. Instead of 
focusing on the treatments meant to shrink the size of 
the tumor, the therapy should target the real offender 
or the defender of cancer i.e. CSCs. So there is re-
quirement to concentrate more on the targets specific 
for CSCs and which are absent in normal stem cells or 
somatic cells. To say more appropriately with the dis-
covery of the role CSCs in the cancer causation, a more 
rationalized approach should be followed by focusing 
on drugs hitting CSCs. As a number of targets or cellu-
lar pathways are being unveiled which are specific to 
CSCs, there is a need to discover molecules or drugs 
specifically targeting these targets. Targeting the key 
targets of CSCs will help in improving the efficacy and 
lowering the toxicity often associated with cancer 
drugs.  

REFERENCES 

Al-Hajj M., Becker, M.W., Wicha, M., Weissmann, II, 
Clarke, M.F. Self renewal and solid tumor stem cells. 
Oncogene, 2004; 23:7274-7282. 

Are Stem Cells Involved in Cancer? 2010. Are Stem 
Cells Involved in Cancer?. [ONLINE] Available at: 
http://stemcells.nih.gov/info/2006report/2006chapt
er9.htm. [Accessed 21 November2010].  

Behbod, F., Rosen, J.M. Will cancer stem cells provide 
new therapeutic targets, Carcinogenesis, 2004; 
26(4):703-711. 

Benson, R.A., Lowrey, .JA., Lamb, J.R., Howie, S.E. The 
notch and sonic hedgehog signaling pathways in im-
munity. Mol Immunol, 2004; 41:715-725. 

Carmeliet, P., Jain, R.K. Angiogenesis in cancer and 
other diseases. Nature, 2000; 407:249-257. 

Cheng, J.X., Liu, B.L., Jhang, X. How powerful is CD133 
as a cancer stem cell marker in brain tumors?. Can-
cer Treatment Reviews, 2009; 35:403-408. 

Ciavarella, S., Milano, A., Dammacco, F., Silvestris, F. 
Targeted therapies in cancer. Biodrugs, 2010; 24(2): 
77-88. 

Costa, F.F., Blanc, K.L, Brodin, B. Concise review: Can-
cer/Testis antigens, stem cells and cancer, stem cells. 
2007; 25:707-711. 

Dayem, A.A., Choi, H.Y., Kim, J.Y., Cho, S.G. Role of 
oxidative stress in stem cancer and cancer stem cells. 
Cancers, 2010; 2:859-884. 



Manishika Sharma et al., Int. J. Res. Pharm. Sci., 2(2), 2011, 137-146 

144                                                               ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 
 

Dean, M., Fojo ,T., Bates, S. Tumor stem cells and drug 
resistance. Cancer, 2005, 5:275-283. 

Dievart, A., Beaulieu, N., Jolicoeur, P. Involvement of 
Notch1 in the development of mouse mammary tu-
mors. Oncogene, 1999; 18:5973-5981. 

Dubrovska, A., Kim, S., Salamone, R.J., Walker, J.R., 
Maira, S.M., Garcia-Echeverria, C., Schultz  

Fischbach, N.A., Rozenfeld, S., Shen, W., Fong, S., 
Chrobak, D. HOXB6 overexpression in murine bone 
marrow immortalizes a myelomonocytic precursor in 
vitro and causes hematopoietic stem cell expansion 
and acute myeloid lukemia in vivo.Blood; 
2005:105:1456-1466. 

Fujii, H., Honoki, K., Tsujiuchi, T., Kido, A., Yoshitani, K., 
Takakura, Y. Sphere forming stem like cell popula-
tions with drug resistance in human sarcoma cell 
lines, International journal of oncology, 2009; 
34:1381-1386. 

Ghosh, N., Matsui, W. Cancer stem cells in multiple 
myeloma. Cancer letters, 2009; 277(1):1-7. 

Gil, J., Stembalska, A., Pesz, K.A., Sasiadek, M.M. Can-
cer stem cells: Theory and perspectives in cancer 
therapy, J App Genet. 2008; 49(2):193-199. 

Grienstein, E., Warnet, P. Cellular signaling in normal 
and cancerous cells. Cell Signal. 2007; 19(12): 2428-
33. 

Guan, K., Chan, H., Rolletschek, A., Wobus A.M. Em-
bryonic stem cell-derived neurogenesis. Retinoic acid 
and lineage selection of neuronal cells. Cell tissue 
Res, 2001; 305(2): 171-6. 

Gupta, P.B., Onder, T.T., Jiang, G., Tao, K., Kuperwasser, 
C., Weinberg, R.A., Lander, E.S. Identification of se-
lective inhibitors of cancer stem cells by high 
throughput screening. Cell, 2009; 138(4): 645-659. 

Guzman, M.L., Swiderski, C.F., Howard, D.S., Grimes, 
B.A., Rossi, R.M., Szilvassy, S.J., Jordan, C.T. Preferen-
tial induction of apoptosis for primary human leu-
kemic stem cells. PNAS, 2002; 99(25):16220-16225. 

Hemmati, H.D., Nakano I., Lazareff, J.A., Smith, M.M., 
Geschwind, D.H., Bronner-Fraser, M. Hill, R.P. Identi-
fying cancer stem cells in solid tumors: case not 
proven. Cancer Res, 2006; 66(4):1891-1896. 

Hombach-Klonisch, S., Panigrahi, S., Rashedi, I., Seifert, 
A., Alberti, E., Pocar, P, Kurpisz, M. Schulze-Osthoff , 
K., Mackiewicz, A., Los, M. Adult stem cells and their 
trans differentiation potential- perspectives and the-
rapeutic applications. J Mol Med, 2008; 86:1301-
1314. 

Huntly, B.J.P., Gilliland, DG. Leukemia stem cells and 
the evolution of Cancer Stem Cells. Nature Reviews 
Cancer, 2005; 5: 311–321. 

Jamieson, C.H., Allies, L.E., Dylla, S.J., Muijtjens, M., 
Jones, C., Zehnder, J.L., Gotlib, J., Li, K., Manz, M.G., 
Keating, A., Sawyers, C.L., Weissman, I.L. Granulocyte 
macrophage progenitors as candidate leukemic stem 
cells in blast crisis CML. N Engl J Med, 2004; 351(7): 
657-667. 

Jamil, K. Cancer stem cells and metastasis, Biology and 
medicine, 2009; 1(3):1-3. 

Karhadkar, S.S., Bova, G.S., Abdallah, N., Dhara, S., 
Gardner, D., Maitra, A., Isaacs, J,T,, Berma, D.M., 
Beachu, P.A. Hedhehog signaling in prostrate rege-
neration, neoplasia and metastasis. Nature, 2004; 
431:707-712. 

Keith, B., Simon, M.C. Hypoxia- inducible factors, stem 
cells and cancer. Cell, 2007; 129:465-472. 

Klein, S., Levitzki, A. Signal transduction therapy for 
cancer-Whither now? Current signal transduction 
therapy, 2006; 1:1-12. 

Klonisch, T., Wiechec, E., Hombach-Klonisch, S., Ande, 
S.R., Wesselborg, S., Schulze-Osthoff, K., Los, M. Can-
cer stem cell markers in common cancers-
therapeutic implications. Trends Mol Med, 2008; 
14(10): 450-460. 

Kolligs, F.T., Hu, G, Dang, C.V., Fearon, E.R. Neoplastic 
transformation of RK3E by mutant β- catenin re-
quires dysregulation of Tcf/Lef transcription but not 
activation of c-myc expression. Mol cell biol, 2009; 
19:5696-706. 

Kondo, T., Setoguchi, T., Taga, T. Persistence of small 
subpopulation of cancer stem like cells in the C6 gli-
oma cell line, PNAS, 2004; 101(3): 781-786. 

Kornblum, H.I. Cancerous stem cells can arise from 
pediatric brain tumors. PNAS; 2003; 100(25):15178–
83. 

Lang, S.H., Frame, F.M., Collins AT. Prostrate cancer 
stem cells. J Path, 2009; 217:299-306. 

Lenz ,H.J. Colon cancer stem cells: A new target in the 
war against cancer. Gastrointest Cancer Res, 2008; 
2(4); 203-204. 

Lessard, J., Sauvageau, G. Bmi-1 determines the proli-
ferative capacity of normal and stem cells. Nature, 
2003; 423:255-260. 

Li, Linheng., Neaves, W.B. Normal stem cells and can-
cer stem cells: The niche matters, Cancer Res. 2006; 
66(9): 4553-7. 

Liu, S., Dontu, G., Wicha, M.S. Mammary stem cells, 
self renewal pathways and carcinogenesis. Breast 
Cancer Res, 2005; 7:86-95. 

Lobo, N.A., Shimono, Y., Qain, D., Clarke, M.F. The biol-
ogy of cancer stem cells. Annu Rev Cell Dev Biol, 
2007; 23:675-699. 



 Manishika Sharma et al., Int. J. Res. Pharm. Sci., 2(2), 2011, 137-146 

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 145  

 

Lou, H., Dean, M. Targeted therapy for cancer stem 
cells: the patched pathway and ABC transporters. 
Oncogene, 2007; 26:1357-1360. 

Macingova, Z., Filip, S. Cancer stem cells- new ap-
proach to cancerogenesis and treatment. Acta Medi-
ca, 2008; 51(3):139-144. 

Marotta, L.L.C., Polyak, K. Cancer stem cells: A model in 
the making. Current Opinion in Genetics & Develop-
ment, 2009; 19:44-50. 

Michor, F., Nowak, M.A., Iwasa, Y. Evolution of resis-
tance to cancer therapy. Current pharmaceutical de-
sign, 2006; 12:261-271. 

Microscope Imaging Station. Cancer: Cells behaving 
badly. 2010. Microscope Imaging Station Cancer: 
Cells behaving badly.. [ONLINE] Available at: 
http://www.exploratorium.edu/imaging_station/res
earch/cancer/story_cancer2.php. [Accessed 21 No-
vember 2010]. 

Mimeault, M., Batra, K.B. Concise review: Recent ad-
vances on the significance on stem cells in tissue re-
generation and cancer therapies. Stem cells, 2006; 
24:2319-2345. 

Morrison, S.J., Kimble, J. Asymmetric and symmetric 
stem-cell divisions in development and cancer, 2006. 
Nature, 441(7097): 1068-74. 

Moserle, L., Ghisi, M., Amadori, A., Indraccolo, S. Side 
population and cancer stem cells: Therapeutic impli-
cations. Cancer Letters, 2010; 288:1-9. 

Nam, Y., Aster, J.C/, Blacklow, S.C. Notch signaling as a 
therapeutic target. Curr Opin Chem Biol, 2005; 
6:501-509. 

Natarajan, T.G., FitzGerald, K.T. Markers in normal and 
cancer stem cells. Cancer Biomarkers, 2007; 3:211-
231. 

Nockoloff, B.J., Osborne, B.A., Miele, L. Notch signaling 
as a therapeutic target in cancer: a new approach to 
the development of cell fate modifying agents. On-
cogene. 2003; 22:6598-6608. 

Olsen, Cl., Hsu, P.P., Glienke, J., Rubanyi , G.M., Brooks, 
A.R. Hedgehog interacting protein is highly ex-
pressed in endothelial cells but down regulated dur-
ing angiogenesis and in several human tumors. BMC 
Cancer, 2004; 4;43. 

P.G., Reddy, V.A. The role of PTEN/Akt/PI3K signaling in 
the maintenance and viability of prostate cancer 
stem-like cell populations. PNAS, 2009; 106:268-273. 

Pardal, R., Clarke, M.F., Morrison, S.J.. Applying the 
principles of stem-cell biology to cancer, Nat Rev 
Cancer, 2003; 3:895-902. 

Pardal, R., Molofsky, A.V., He, S., Morrison, S.J. Stem 
cell self renewal and cancer cell proliferation are re-
gulated by common networks that balance the acti-

vation of proto-oncogenes and tumor suppressors. 
Cold Spring Harb Symp Quant Biol, 2005; 70:177-185. 

Perryman, S.V., Sylvester, K.G. Repair and regenera-
tion: opportunities for carcinogenesis tissue stem 
cells. J Cell Mol Med, 2006; 10(2):292-308. 

Ponomaryov, T., Peled, A., Petit, I., Taichman, R.S., 
Habler, L., Sandbank, J., Arenzana-Seisdedos, F., Ma-
gerus, A., Caruz, A., Fuzii, N., Nagler, A., Lahav, M., 
Szyper-Kravitz, M., Zipori, D., Lapidot, T. Induction of 
chemokine stromal-derived factor-1 following DNA 
damage improves human stem cell function. 2000; 
106:1331-1339. 

Pouyssegur, J., Dayan, F., Mazure, N.M. Hypoxia signal-
ing in cancer and approaches to enforce tumor re-
gression. Nature, 2006; 441; 437-443. 

Ratazczak, M.Z. Cancer stem cells- normal stem cells 
“Jedi” that went over to the “dark side”. Folia Histo-
chemica et cytobiologica, 2005; 43(4):175-181. 

Rich, J.N., Bao, S. Chemotherapy and cancer stem cells. 
Cell Stem Cell, 2007; 1:353-355. 

Rossmi D.J., Weissman, I.L. Pten, Tumorigenesis, and 
stem cell self renewal. Cell, 2006; 125:229-231. 

Rubio, D., Garcia-Castro, J, Martin, M.C., Fuente, R., 
Cigudosa , J.C., Lloyd, A.C., Bernad, A. Spontaneous 
human adult stem cell transformation. Cancer Res, 
2005; 65(8):3035-3039. 

Sagarm J, Chaibm B., Sales, K., Winslet, M., Seifalian, A. 
Role of stem cells in cancer therapy and cancer stem 
cells: A review. Cancer Cell International, 2007; 7:9. 

Schatton, T., Frank, M.H. Cancer stem cells and human 
malignant melanoma. Pigment cell melanoma Res, 
2007; 21:39-55. 

Sell, S. Cancer and stem cell signaling: A guide to pre-
ventive and therapeutic strategies for cancer stem 
cells. Biomedical and life sciences, 2007; 3(1):1-6. 

Sell, S. Cancer stem cells and differentiation therapy. 
Tumor Biol, 2006; 27:59-70. 

Sell, S. History of cancer stem cells, in Rajasekhar VK, 
Vemuri MC. (ed.) Regulatory network in stem cells: 
Stem Cell Biology and Regenerative Medicine, Hu-
mana Press, 2009. 

Sell, S. Stem cells and cancer- An Introduction in Sad-
han Majumdar (ed) stem cells and cancer, springer 
new york, NY, 2009. 

Sell, S., Pierce, G.B. Maturation arrest of stem cell dif-
ferentiation is a common pathway for the cellular 
origin of tetracarcinomas and epithelial cancers. Lab 
Invest, 1994; 70:6-22. 

Singh, N., Chakrabarty, S., Liu, G. Multi drug resistance 
of non adherent cells. Nature Proceedings, 2010; 
4488:1-17. 



Manishika Sharma et al., Int. J. Res. Pharm. Sci., 2(2), 2011, 137-146 

146                                                               ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 
 

Sneddon, J.B., Werb, Z.Location, Location, Location: 
The cancer stem cell niche.Cell Stem Cell, 
2007;1:607-611. 

Spillane, J.B., Henderson, M.A. Cancer stem cells: A 
review. ANZ J. Surg, 2007; 77:464-468. 

Sukowati, C.H.C., Rosso, N., Croce, L.S., Tiribelli, C. He-
patic cancer stem cells and drug resistance: Relev-
ance in targeted therapies for hepatocellular carci-
noma. World J Hepatol, 2010; 2(3): 114-126. 

Tang, C., Ang, B.T., Pervaiz, S. Cancer stem cell: Target 
for anti-cancer therapy. FASEB, 2007; 21:3777-3785. 

Tang, Y., Kitisin, K., Jogunoori, W., Li, C., Deng, C.X., 
Mueller, S.C., Ressom, H.W. Rashid, A, He, A.R., 
Mendelson, J.S., Jessup, J.M., Shetty, K., Zasloff 
Mishra, B., Reddy, E.P., Johnson, L., Mishra, L. 
Progenitor/stem cells give rise to liver cancer due to 
aberrant TGF-β and IL-6 signaling. PNAS, 2008; 
105:2445-2450. 

Todaro, M., Alea, M.P., Di Stefano, A.B., Cammareri, P., 
Vermeulen L. Colon cancer stem cells dictate tumor 
growth and resist cell death by production of interlu-
kin-4. Cell stem cell, 2007; 1:389-402. 

Vermeulen, L., Spirck, M.R., Kemper, K., Stassi, G., Me-
dema, J.P. Cancer stem cells-old concepts, new in-
sights. Cell death and Differentiation, 2008; 
15(6):947–958. 

Wang, J.C.Y. Evaluating therapeutic efficacy against 
cancer stem cells: New challenges posed by new Pa-
radigm. Cell stem cell, 2007; 1:497-501. 

Wicha, M.S., Liu, S., Dontu, G. Cancer stem cells: An old 
idea- A paradigm shift, Cancer Res, 2006; 66(4):1883-
90. 

Woodward, W.A., Sulman, E.P. Cancer stem cells: 
markers or biomarkers? Cancer and metastasis re-
views, 2008, 27(3):459-470.  

Wright, M.H., Calcagno, A.M., Salcido, C.D., Carlson 
MD, Ambudkar SV, Varticovski L Brca breast tumors 
contain distinct CD44+/CD24- and CD133+ cells with 
cancer stem cell characteristics. Breast Cancer Re-
search, 2008; 10(1). 

Yang, Z.J., Robert, .J, Reya, W. Hit’Em where they live: 
targeting the stem cell niche. Cancer cell, 2007; 11:3-
5. 

Yu, H., Zhang, C.M., Wu, Y.S. Research progress in can-
cer stem cells and their drug resistance. 

Zhang, H., Wang, Z.Z. Mechanisms that mediate stem 
cell self renewal and differentiation. J. Cell. Biochem, 
2008; 103:709-718. 

Zhang, M., Rosen, J.M. Stem cells in the treatment and 
etiology of cancer. Current opinion in genetics and 
development, 2006; 60-64.Chinese journal of cancer, 
2010; 29(3): 261-264. 

Zhu, Z., Hao, X., Yan, M., Yao, M., Ge, C., Gu, J., Li, J. 
Cancer stem/Progenitor cells are highly enriched in 
CD133+ CD44+ population in hepatocellular carcino-
ma. Int. J. Cancer, 2010; 126:2067-2078. 

Zou ,G.M. Cancer stem cells in leukemia, recent ad-
vances. J Cell Physiol, 2007; 213:440-444. 

Zou, G.M. Cancer initiating cells or cancer stem cells in 
gastrointestinal tract and liver. J Cell Physiol, 2008; 
217:598-604. 


