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Abstract
Cancer is a general term to define a group of genetic alterations and the subsequent phenotypic and physiological changes at the cellular level, leading to accelerated 
death of the host. According to The World Health Organisation (WHO), it is the second leading factor for human deaths globally. Cancer is such a difficult 
challenge for mankind because of its ability to relapse even after detailed treatments with chemotherapeutic agents and ionizing radiations. This can be explained 
by the emerging concept of ‘tumor initiating cells’ or ‘cancer stem cells’ (CSCs) which comprise a pluripotent and genomically dynamic subpopulation of the tumor 
microenvironment, occupying only 0.1%-3% of the total tumor population. Despite their emerging significance in disease progression and recurrence, the origin of 
these CSCs and their complex interaction with the corresponding CSC niche still remain to be elusive. In this review, we make an attempt to unwind the mystery of 
the origin of the CSCs as well as focus on the well-established cross-talk mechanisms between the CSCs and their niche components. Lastly, we try to find alternative 
therapeutic strategies to combat CSC resistance by targeting the various components of the CSC niche.
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stem cells, CXCR: CXC Chemokine receptor, EMT: Epithelial to 
mesenchymal transition, ECM: Extracellular matrix, IL: Interleukin, 
KLF4: kruppel like factor 4, LIF-JAK-STAT: Leukemia inhibitory 
factor-janus kinase-signal transducer and activator of transcription, 
MDR: Multidrug resistance, MRP1: Multidrug resistance associated 
protein 1, MSCs: Mesenchymal stem cells, NSCCs: Non-stem cancer 
cells, OCT4: Octamer-binding transcription factor 4, SHH: Sonic 
hedgehog,SOX2: Sex determining region Y box-2, TAFs: Tumor 
associated fibroblasts, TAMs: Tumor associated macrophages, TANs: 
Tumor associated neutrophils, TGF-β: Transforming growth factor 
beta,TNF-α: Tumor necrosis factor-α, VEGF: Vascular endothelial 
growth factor

Introduction
Cancer is one of the most life-threatening diseases in today’s world 

[1]. The advancement in medical science has failed to find out a proper 
cure for cancer. Chemotherapy and radiotherapy may reduce the 
cancer burden but fail to completely eradicate the disease [2]. Studies 
done by various groups have identified a rare sub-population of cell 
present within the tumor mass which they termed as tumor initiating 
cell or cancer stem cells (CSCs) [3].

Further research on CSCs showed that these cells have properties 
similar to pluripotent stem cells such as self-renewal, quiescence and 
ability to differentiate into any lineage specific cell type [4]. Several 
reports have also suggested the existence of certain common gene 
signatures, biomarkers, epigenetic regulators and signalling pathways 
between pluripotent stem cells and CSCs [5]. Self-renewal is a crucial 

property of all stem cells through which they maintain a relative 
equilibrium between self-regeneration and differentiation. Many of 
the signalling pathways that modulate normal stem-cell self-renewal 
are dysregulated in CSCs, thereby leading to aberrant or unregulated 
self-renewal and neoplastic growth of CSCs [6]. Self-renewal of CSCs is 
achieved through a process of symmetric cell division via upregulation 
of Human telomerase reverse transcriptase (hTERT), WNT3a, 
HEDGEHOG, etc. [7-8]. Commonly stem cells are considered to be 
quiescent in nature. However, in some instances these stem cells are 
activated and they enter into cell cycle from time to time to maintain 
homeostasis or a steady state. Bradford et al. [9] showed the cell cycling 
characteristics of hematopoietic stem cells (HSCs), thereby confirming 
that the stem cells are not dormant, but they move through the cell 
cycle in a slower rate to maintain a normal steady-state bone marrow. 
Similarly, according to Glauche et al. [10] HSCs can reversibly switch 
between an activated and a quiescent state, CSCs also have analogous 
property which helps them to shield themselves from radiotherapy and 
chemotherapy and also establish secondary metastasis [11]. There is a 
long list of evidence which indicates that CSCs could differentiate into 
any cell type, such as neuroendocrine cells or endothelial-like cells, in 
response to appropriate cues for differentiation [12].

CSCs have now gained prime focus in the area of cancer research 
and have been reported in most human tumors. CSCs are commonly 
identified from haematological and solid tumors using markers specific 
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for normal stem cells such as CD133 [13] (also known as Prominin1), 
CD24 [14], CD44 [15], ABCG2 [16], Thymocyte differentiation 
antigen 1 (THY1) [17], Aldehyde dehydrogenase (ALDH) [18] etc. 
Subsequently, various novel markers such as CD47 [19], CD96 [20], 
T-cell immunoglobulin and mucin-domain containing-3 (TIM3) 
[21], C-type lectin-like molecule-1 (CLL-1) [22], CD25 and CD32 
[23] too have a high expression on leukemia stem cells than normal 
hematopoietic stem cells. These surface markers are often used in 
conjugation with each other for various types of tumors. Some of the 
key transcription factors like Sex determining region Y box-2 (SOX2), 
Octamer-binding transcription factor 4 (OCT4), kruppel like factor 4 
(KLF4), NANOG and cMYC that regulate the pluripotency, are also 
over-expressed in CSC population [24].

Role of CSCs in tumorigenesis, maintenanance and 
spreading
Tumor initiation

CSCs or tumor initiating cellshave the potential to repopulate 
the entire tumor mass [25]. A study by Boumahdi et al. [26] reported 
that SOX2 upregulation in CSCs plays a critical role in associating 
the entire process of tumor initiation, progression and maintenance. 
Li et al. [27] have shown as to how CD54 over-expressed cancer cell 
can initiate tumor formation by p38-regulated NOTCH1 signalling. 
Several reports indicated the existence of a distinct cell surface marker 
specific subpopulation within a heterogeneous tumor such as CD34+/
CD38- (Leukemia) [28], CD133+/CD44+ (colon cancer) [29], CD44+/
CD24-(breast cancer) [15] etc., that can induce tumor formation in 
both mice and humans. 

Angiogenesis
The above-mentioned CSC-enriched subpopulation, being 

extraordinarily tumorigenic, release plentiful of Vascular endothelial 
growth factor (VEGF), basic fibroblast growth factor (bFGF), IL-6, IL-
8and angiogenin to stimulate the process of tumor-angiogenesis [30]. 
Microarray analyses exhibited elevated levels of VEGF, angiopoietin 2 
and hypoxia inducible 1α factor (HIF1α) from glioma cell neurosphere 
culture and reduced levels of thrombospondin 1(angiogenesis inhibitor) 
as compared to monolayer culture of the same [31]. Related research 
in breast cancer disclosed over-expression of VEGF in CSC-enriched 
MCF-7 sphere cultures as matched to CSC-deprived monolayer MCF-
7 culture [32].

Metastasis
Establishment of angiogenesis is subsequently followed by distant 

metastasis. In the entire process of tumorigenesis, the epithelial-to-
mesenchymal transition (EMT) plays a very significant role [33]. A 
recent study by Mukherjee et al. [34] classified cancer stem cells as 
intrinsic CSCs and metastatic CSCs on the basis of their role in tumor 
metastasis. Intrinsic CSCs, which reside in the inner core of the tumor, 
remain passive during the process of metastasis but help in generation 
of CXCR4-expressing metastatic CSCs from non-stem cancer cells via 
paracrine signalling. These actively participating metastatic CSCs are 
found in the peripheral/disseminating region of the tumor [34]. Certain 
genes which are associated with the mesenchymal phenotype such 
as TWIST, SNAIL, SLUG, VIMENTIN, HZEB1 etc., are upregulated 
during EMT in metastatic CSCs [35-37].

Drug resistance and Radio-resistance

Recent reports support a view that these CSCs are also responsible 
for drug-resistance and relapse [38]. It has been well documented that 

the multidrug resistance (MDR) of the CSC population is conferred by 
the over-expression of P-glycoproteins and/or ABC transporters (drug-
efflux pumps) such as ABCC1/MRP1, ABCB1 and ABCG2 [39-40]. 
Also, the radio-resistance of CSCs is mediated by stimulating the DNA 
damage checkpoint response upon exposure to harmful radiations that 
involves preferential activation of ataxia telangiectasia mutated (ATM) 
protein kinase along with checkpoint kinases (Chk1 and Chk2) [41]. 
The quiescent nature of CSCs shields them from various apoptotic 
signals, anti-proliferative agents, and makes them insensitive towards 
any conventional chemotherapy [42] (Figure 1).

Above discussion highlighting the role of CSCs as an engine of 
tumor evolution, tempted us to explore the origin of these stem-like 
cells as well as the CSC niche to unveil the missing link in decoding the 
cancer stem cell code and to target CSCs. 

Origin of cancer stem cells
The origin of CSCs has become quite a puzzle as multiple 

hypotheses concerning the origin of CSCs have emerged. One of those 
states that CSCs have emerged from the existing population of non-
stem cancer cells (NSCCs) within the tumor mass. NSCCs have only 
a restricted proliferative capacity but constitute the bulk of the tumor. 
These non-stem cells, by accumulating various kinds of mutation, 
might gain stemness potential [43,44]. The second hypothesis 
explains the origin of CSCs from somatic stem cells. These stem cells 
are a compelling target as they survive long enough and accumulate 
DNA damage which might make them malignant. Somatic stem cells 
are usually multipotent (or sometimes unipotent), which explains 
the heterogeneity in most tumors. Although somatic stem cells are 
generally quiescent, they have remarkable self-renewal potential, which 
is crucial for tumor expansion [45]. The very small embryonic like stem 
cells (VSELs), which have been recently identified have characteristics 
similar to that of pluripotent stem cells and thus is considered to be 
another possible origin of the CSCs.

Non-stem cancer cells
According to Yanger et al. [46], CSCs arise from non-stem cancer 

cells by the upregulation of several pluripotency-related pathways like 
JAGGED2-NOTCH, WNT/β-CATENIN and Hedgehog. Similarly, 
inactivation of the Hippo pathway, a regulator of cell proliferation, 
has been noted to be sufficient to de-differentiate mature cells into 
cells with CSC like phenotype [47]. Interestingly, CSC-shed IL6 has 
also been reported to impart stemness in non-stem cancer cells [48]. 
Recent research implies that CSCs can also be generated from cancer 
cells through epigenetic modification of differentiation-related genes 
and/or tumor suppressor genes [49]. It has been identified that factors 
of polycomb repressive complex 2 (PRC2), like enhancer of zeste 
homolog 2 (EZH2) and suppressor of zeste 12 homolog (SUZ12), were 
overexpressed in various cancers like ovarian, breast, prostate, and colon 
cancers, and they were crucial for maintenance of the CSC population 
[50]. Endothelial cells, on the other hand, have also been found to 
enhance the stemness properties in cancer cells by upregulation of nitric 
oxide (NO), Sonic Hedgehog (SHH) and NOTCH signalling pathways 
[51] that in turn increase a number of stemness-related factors such 
as B lymphoma Mo-MLV insertion region 1 (BMI1), Oligodendrocyte 
Lineage Transcription Factor 2 (OLIG2), SOX2 and OCT4, generate 
CSCs [52]. On the other hand, the rapid growth rate of cancer cells 
results in hypoxia that upregulates many hypoxia-related genes such 
as HIF1α and HIF2α, which further induces dedifferentiation of non-
stem cancer cells via upregulation of NOTCH-1, c-kit, EMT-specific 
genes like SNAIL, SLUG, TWIST, and N-cadherin, thereby causing 
acquisition of stem cell-like properties and metastasis [53,54].
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Figure 1. Chemoresistance and radioresistance property of the CSCs. Chemotherapy and radiotherapy can eliminate the tumor cells but CSCs present within the tumor bulk are resistant 
towards both chemotherapy and radiotherapy. After surviving chemo and radiotherapy CSCs are self-sufficient to repopulate the entire tumor through renewal self-renewal and differentiation.

Cancer stem cell(CSC); Differentiated cells; Progenitor cell; Unknown factor; Death of CSC upon therapy.

Somatic stem cells

Another hypothesis involves the existing pool of somatic stem cells 
as the origin of CSCs. Under normal physiological conditions, stem 
cells (i) self-renew and give rise to daughter stem cells, and/or (ii) 
differentiate to give rise to mature progeny [55]. However, dysregulation 
of one/more intrinsic pathways such as WNT, SHH, Phosphatase and 
tensin homolog (Pten),  BMI1 and NOTCH  in the adult stem cells, 
can give rise to CSCs as well [56]. Moreover, the microenvironment, 
in which the stem cells reside, regulates their activity via crosstalk 
of various signals [57]. Disruption of these complex signals affects 
normal stem cell homeostasis. In addition, the efficiency of stem cells 
declines with aging which then leads to the accumulation of nuclear 
as well as mitochondrial DNA damage, thereby resulting in the onset 
of malignancy [58]. Experiments show that expanding adipose-derived 
stem cells at high oxygen concentration could increase the rate of 
mutation during DNA replication, as occurs in neoplastic tissues [59]. 
Mutation and/or loss of tumor suppressors like p21 and Tp53 could 
also induce transformation of stem cells into CSCs [60].

Very small embryonic/epiblast-like stem cells

At this juncture, it may not be out of context to mention that the 
most puzzling point is that tumors mimic tissues which are early in 
their developmental stage and often express early developmental 
markers such as α-fetoprotein. Recently, a rudimentary germ line-
derived VSELs have been identified, which are deposited in several 
organs during embryogenesis and persist into adulthood. This might be 
the missing link which may answer the germ line origin hypotheses of 
CSCs. VSELs are small (< 6μm) cells, identified as SCA-1+CXCR4+Lin−

CD45− from adult murine bone marrow [61] and CD133+ CD45- LIN- 

from human umbilical cord blood [62]. TEM images showed a very 
primitive morphology with a large nuclei surrounded by a thin 
cytoplasmic ring, enriched in mitochondria [63]. They have a high 
expression of REX-1, Stage-specific embryonic antigen 1 (SSEA-1) 
and 4 [64] but despite being pluripotent stem cells, they exhibit down-
regulated Sox2 expression [65], which may be due to the heterogeneous 
nature of VSELs or its epigenetic regulation that controls pluripotency 
and self-renewal [66]. In contrast, some groups have reported Sox2 
expression in VSELs [67]. They also express other germ line markers 
like Mouse vasa homologue (MVH), STELLA, NOBAX, FRAGALLIS, 
Dead end protein homolog 1 (DND1), Histone deacetylase 6 (HDAC6) 
[68]. VSELs have a high telomerase activity [69] and do not express 
MHC I [70]. They also share similar surface antigens including CXCR4 
[71] with CSCs. The resemblance between the VSELs and CSCs 
designate VSELS as a potential origin of CSCs. However, there is no 
detail report on the properties of these VSELs (Figure 2).

Targeting the somatic stem cells to reduce or remove the CSCs 
is not a viable option as somatic stem cells plays a key role in tissue 
regeneration and homeostasis [72] and targeting them will do more 
harm than good. Also insignificant information is present about the role 
of VSELs in originating the CSCs so it is not possible to therapeutically 
target them as a method to diminish the CSC population.

Various groups have tried and targeted the pathways in cancer 
cell which leads to the origination of CSCs like Notch [73], Oct4 [74], 
Sox2 [75], BMK [76] pathways etc and showed that shRNA or siRNA 
mediated knockdown induced suppression of sphere formation or 
increased apoptosis, but these therapies need to be properly developed 
to gain clinical significance [77]. Monoclonal antibodies (mAbs) such 
as trastuzumab (anti-HER2), rituximab (anti-CD20), bevacizumab 
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Figure 2. Origin of the cancer stem cells.This figure explains the three main hypotheses regarding the CSC origin. Non-stem cancer cells give rise to CSCs byup regulating the pluripotency-
associated signalling pathways such as JAGGED2- NOTCH, WNT/β-CATENIN and Hedgehog while down regulating the differentiation- inducing pathways such as the Hippopathway. 
Dysregulation in the regulatory pathways of the adult stem cell homeostasis also results in the conversion of these stem cells into CSCs.VSELs, being highly similar to the pluripotent stem 
cells, are also considered to be a potential origin of CSCs, when exposed to mutagenesis.

Adult stem cell; CSC; Epithelial cell;  Very small embryonic like stem cell;
Self-renewal.

(anti-VEGF-A) and others, have been clinically accepted as part of 
the combination therapy with existing chemotherapeutic drugs [78]. 
Nevertheless, resistance and disease relapse are observed.

Hence it seems difficult to target CSCs with strategies based on 
their cells of origin. This has driven several research groups to now 
focus on the CSC niche as the niche is a critical element that ensure 
CSC survival and proliferation. It thus becomes crucial to understand 
the role of the CSC niche in maintaining the CSCs.

The CSC Niche: The perfect ‘Home’ for the cancer stem 
cells

Although the concept of the stem cell niche was first introduced 
about 39 years ago [79], strong experimental evidences confirming its 
existence have recently come to the limelight. The stem cell niche is 
a dynamic system consisting of cellular components and cell-secreted 
functional molecules that take part in integrating multiple external and 
internal signals to calibrate cell-fate and self-renewal/differentiation 
rate of stem cells according to the requirements of the corresponding 
tissue [80,81]. Both normal stem cells and the CSCs require a suitable 
niche in order to sustain their own pools but the niches of healthy stem 
cells and the CSCs differ drastically in terms of their properties and 
functions. The normal stem cell niche consists of normal fibroblasts, 
mesenchymal cells (also referred to as stromal cells), macrophages, 
neutrophils, and extracellular matrix (ECM) composed of fibroblast 
secreted collagen fibres and proteoglycans and cell-secreted soluble 
factors [82].

Apparently, the CSC niche has the same components, only in an 
aggravated state in terms of functions. This functional aggravation 

within the niche components is introduced by the CSCs themselves so 
as to mould the niche in favour of their survival. 

Cellular components of the CSC niche

The CSC niche is a distinct anatomical location within the tumor 
microenvironment [83]. This specific residence of the CSCs engages in 
the complex pathways essential for the maintenance of the homeostasis 
of the CSC population. The several cellular and molecular components 
of the CSC niche come under the modulatory effects of the CSCs 
resulting in exasperated functional capabilities which in turn produce a 
propitious environment for the CSCs. Hence, we would further explore 
the contribution of the cellular components in the CSC niche.

a) Tumor associated fibroblasts (TAFs): Tumor associated 
fibroblasts (TAFs) are one of the essential cellular components of the 
tumor niche. Kalluri et al. [84] presented that normal fibroblasts are 
activated into over-proliferative TAFs by the CSCs via the upregulation 
of WNT signalling. CSCs also secrete SHH in the niche which in turn 
activates the TAFs through the activation of Hedgehog signalling. 
As demonstrated by Valenti et al. [85] application of the Hedghog 
signalling inhibitor vismodegib results in reduced TAF and CSC 
population. Tumor associated fibroblasts (TAFs) is a chief source 
of IL-6 (multifunctional cytokine) and is a key component of tumor 
niche [86]. TAFs modulate the tumor niche by inducing angiogenesis 
by secreting various cytokines [87,88]. Recent reports showed the 
role of TAFs in drug resistance, which is classified into two different 
types, that is soluble factor-mediated drug resistance (SFM-DR) and 
cell-adhesion-mediated drug resistance (CAM-DR) [89,90]. TAFs 
induces EMT by secreting carbonic anhydrase IX (CA IX) which causes 
acidification of ECM and further enhances the activities of MMP-2 
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and MMP-9 [91]. TAFs mediated overexpression of BCL-xL(B-cell 
lymphoma – extra-large) protect cancer cells from cytotoxic effects of 
tyrosine kinase inhibitors [92].

b) Tumor Associated Macrophages (TAMs): The primary 
tumor niche is defined by chronic inflammation by the NK-cells, 
CD8+ T cells [93,94] and its corresponding mediator, the CD103+ 

Dendrictic cells [95]. This chronic inflammation promotes continuous 
tumor proliferation and metastasis [96]. TAMs and TANs are 
pivotal in protection of the CSCs from the continuous immune 
surveillance within the tumor niche. The origin of TAMs has remained 
controversial [97,98] but the role of CSC-secreted Colony stimulating 
factor-1 (CSF-1) in TAM activation and survival is well established. 
CSF-1 is secreted in a high concentration by the tumor cells within 
the tumor niche as shown by Smith et al. [99] in endometrial cancer, 
and is directly correlated with TAM-associated tumor progression 
and metastasis as shown in the cervical, pancreas and breast models of 
cancer [98]. Granulocyte macrophage colony stimulating factor (GM-
CSF) secreted by breast cancer stem cells also directly converts tissue 
macrophages into TAMs. Several researches also showed that VEGF-A 
overexpression by CSCs results in the conversion of macrophage 
progenitors into TAMs in the presence of high IL-4 concentrations in 
a xenograft model of skin cancer [100,101]. The Endothelial Tyrosine 
Kinase positive (TIE2+) TAMs present along the lining of the intra-
niche vasculature direct the CSCs along the collagen network towards 
the region of dissemination [98].

c) Tumor Associated Neutrophils (TANs): TANs are another 
type of polarized immune cells within the tumor niche [95]. CSCs 
recruit TGF-β in order to polarize the neutrophils into pro-tumorTANs 
[102]. Inhibition of TGF-β by SM-16 has been shown to result in the 
loss of pro-tumor phenotype of the TANs and the subsequent gain 
of anti-tumor phenotype as demonstrated by Fridlender et al. [103]. 
Another mechanism of CSC mediated TAN recruitment is through the 
surface receptors of TANs, CXCR1 and CXCR2. Raccosta et al. [104] 
reported that CSC-secreted liver X receptor ligand oxysterol (LXR) 
directly converts neutrophils into TANs through binding to CXCR2. 
MDSCs have also been demonstrated to give rise to TANs under the 
influence of TGF-β. Cytokines like CXCL-5 and TNF-α have also been 
reported to recruit TANs within the tumor niche [105,106]

d) T-regulatory cells (Treg cells): The Treg cells limit pathogenic 
immune responses towards self-antigens and foreign antigens. These 
are FOXP3+ cells which have recently been implicated in progression 
of tumors (Figure 3). The Treg cells help in immune evasion of CSCs 
and many publications have highlighted the role of TAMs and TAFs 
in recruiting the Treg cells in the tumor microenvironment [107]. 
Recently Zhu et al. [108] showed that TAMs and Treg cells promote 
ovarian cancer proliferation, metastasis and tumor angiogenesis. 
Moreover, over-expression of VEGF by the Treg cells leads to the 
promotion of tumor angiogenesis [109]. TANs also participate in the 
recruitment of Treg cells through the secretion of CCL17 [110].

e) Mesenchymal stem cells (MSCs): MSCs, another vital 
component of the primary tumor niche, maintain the CSC population 
by the activation of NK-kB pathway via secretion of CXCL12, IL-
6, IL-8 [96] and over-expression of miR199a [111]. Several reports 
demonstrated cytokine-mediated crosstalk between MSCs and 
cancer cells affects the tumor niche by enhancing the generation of 
CSCs and their maintenance [112]. MSCs further support the tumor 
microenvironment by differentiating into TAFs [113].

f) Cell-mediated Adhesion: Adhesion of the CSCs to the ECM 
and other cellular components of the niche is pivotal for stemness 

retention and tumor progression; stemness promoting signalling such 
as Hedgehog and NOTCH signalling pathways require direct cell to cell 
contact for receptor-ligand interactions as shown by Gilbertson and 
Rich [114]. Disseminated tumor cells (DTCs) adhere themselves with 
circulating platelets in order to prevent damage from NK cell mediated 
lysis, shear forces of the blood flow and to establish better contact with 
the endothelium of the metastatic niche [115].

Soluble-factors of the CSC Niche

The functional soluble factors within the tumor niche mainly 
includes crucial ECM proteins which take part in cell-cell and cell-
matrix adhesion, pro-tumor cytokines, growth factors and cell-secreted 
micro-particles or exosomes which function as molecular vehicles for 
cell to cell communication. The key ECM proteins like tenascin-C 
expressed by the TAFs modulate tumor invasiveness. Tenascin-C 
contributes to the pro-invasive environment of the colon CSCs in a 
RhoA and Rac-dependent pathway [116].

a) Secreted by cells of the niche: Cabarcas et al. [96] showed in 
a study that TAF-secreted MMPs-2, 3 and 9 remodel the ECM in order 
to promote EMT and the consequent dissemination of the cancer stem 
cells, a prerequisite in the process of metastasis (Figure 4) [96,117]. 
MMP-3 and HGF (hepatocyte growth factor) secreted by the TAFs, 
stimulates WNT signalling and the consequent restoration of stemness 
in the non-stem tumor cells [83]. Excessive secretion of type-I collagens 
and proteoglycans from the TAF also forms a protective barrier around 
the CSCs thereby preventing chemotherapeutic drugs from reaching 
the CSC population [118], thus contributing to drug resistance. VEFG, 
PDGF, TGF-β and the stemness-favoring cytokines, IL-6, IL-8 and 
CXCL12 secreted by the TAFs, TAMs, TANs and MSCs are the pivotal 
functional molecules that modulate the tumor niche in favour of CSC 
proliferation and invasion [83]. BMP (bone morphogenic protein) 
and Gremlin 1, the antagonist of BMP, are two signalling molecules 
highly expressed within the tumor niche [119]. Also, the differentiated 
glioblastoma cells secrete IL-6 which maintains CSCs [119].

b) Generated by hypoxia: Progressive tumor proliferation and 
the subsequent oxidative stress result in hypoxia within the tumor 
niche which in turn mediates the maintenance of stemness in the CSC 
population [120]. Hypoxia associated signalling molecules such as 
TGF-β, TNF-α and hypoxia inducible factor 1α and 2α (HIF1α, HIF2α) 
upregulate NOTCH and WNT signalling and downregulate c-Myc in 
order to retain stemness potential of the CSCs [83]. Wei et al. [121] 
demonstrated in 2011 that these hypoxic CSCs become capable of 
impeding the CD8+ T-cells within the tumor microenvironment.

c) Shed by exosomes: Exosomes are membrane-derived 
vesicles of 30-200 nm diameters which carry proteins, RNAs, lipids 
and microRNAs to target cells and thus have critical roles in tumor 
invasion and metastasis [122,123]. The compositions of each exosome 
are closely linked to the functions of the cell from which they originate. 
These vesicles are formed through a complex process via the formation 
of multi-vesicular bodies (MVB) and then secreted through the 
plasma membrane via the process of exocytosis [124]. Drug resistant 
CSCs secrete exosomes to deliver P-gp and MRP1 transporters to the 
surrounding cancer cells as a process of reinforcing drug-resistance 
[83]. Several reports also highlighted the role of exosome in immuno-
suppression [125] and also enhanced cytotoxic effect on immune 
cells [126] to make the environment more conducive for the CSCs. A 
study by Saghir et al. [127] showed that acute T cell leukemia (ATL)-
derived exosomes delivered to MSCs results in the activation of NF-κB 
pathway along with its target genes which are involved in proliferation, 
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Figure 3. CSC niche: the perfect ‘home’ for CSCs. This figure depicts the interaction between the CSCs and the various cellular and soluble components of the CSCniche.
Tumor cells; CSC; Myeloid derived stem cell; Dendritic cell;

NK cell; Fibroblast; Neutrophil; Treg cell; Macrophage;
Extracellular matrix; Activates;  Inhibits

angiogenesis and migration; this further modulates the MSCs to 
support ATL cells, by giving a more conducive environment for growth 
and metastasis.

Aim towards developing a targeted therapy against the 
cancer stem cells

As difficult as it is to develop specific targeted therapies against 
cancer due to the unshakable nature of the CSCs, researches have been 
done in the attempt to find alternative strategies. It is an intriguing 
idea to target the origin of the CSCs for therapeutic inventions. Our 
discussion highlights three possible origins of CSCs. Among those, 
targeting of non-stem cancer cells by numerous drugs-in-use has 
resulted in failure in abrogating CSCs. On the other hand, targeting 
normal stem cells may jeopardize the normal tissue homeostasis and 
regenerative capabilities of the body. In addition, since very little is 
known about VSELs, identifying processes to target them requires 
further research. At this point, the abstruse relationship between the 
tumor niche and the CSCs indicate that the niche can be targeted for 
therapeutic strategies in order to impede the survival of the CSCs.

TAFs have been trialled for anti-tumor therapeutic targets 
successfully. Inhibiting the polarization of TAFs by the recruitment 

of TNF-related apoptosis-inducing ligand (TRAIL) containing lipid-
coated protamine DNA complexes (LPDs) resulted in apoptosis of 
the surrounding tumor cells followed by reprogramming of the TAFs 
[128]. DNA vaccines generated against the fibroblast activated protein 
also showed promise in MDR ct26 colon cancer model [129]. 

Many researchers have reported promising results by targeting the 
CXCL8-CXCR1/2 signalling of the TANs with antibodies [130].  A 
remarkable report in this context is by Acharyya et al. [131], which 
states increased sensitivity of both tumor and micro-metastases to 
chemotherapy after inhibition of CXCR2 in mouse metastatic breast 
cancer model. Verbeke et al. [132] showed that antibody-mediated 
inhibition of CXCL-6 interrupts TAN recruitment. Blocking the TGF-
beta signalling pathway to promote anti-tumor TAN recruitment 
has also been an effective strategy [103]. Nevertheless, targeting 
neutrophils has potential risk of hampering the host defense system 
against infections. Therefore, it would be more feasible to target the 
reverse-migration mechanism of TANs by blocking the associated 
regulatory molecules like transinone-IIA [133]. Targeted TAN-specific 
nanoparticles and wound healing-associated macrophages that repel 
neutrophils, might also emerge as potential but safe tools for targeting 
TAN for anticancer treatment [134,135] (Figure 4).
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Parallel to TAN-targeted anticancer strategies, targeting TAM 
recruitment with antibodies specific for CSF receptors has been 
attempted [136]. Depletion of the TAM and TAM progenitor 
population by bisphosphonates such as zoledronic acid and clodronate 
resulted in TAM apoptosis and the subsequent deterioration of 
malignancy in a mouse breast cancer model [137]. Another strategy 
for TAM targeting is reprogramming of TAMs to anti-tumor M1 
phenotypes by the inhibition of the anti-inflammatory cytokine IL-10, 
or co-activating the pro-inflammatory CD40, IL-12, IL-8 and TNF-α 
by the antagonizing TLR-7 have also been effective in reverting tumor 
progression [138].

The Treg cells are also emerging as an intriguing subject for 
targeted cancer therapy. (cytotoxic T-lymphocyte associated protein 
4) CTLA4 and (glucocorticoid induced TNFR family gene) GITR, 
constitutively expressed, Treg specific surface proteins, can be 
inhibited by humanized m-Ab and inhibitory drugs in order to 
enhance anti-tumor immune response from CD8+ and CD4+ T-cells 
[139-141]. But random depletion of the Treg cells poses a potential 
threat of autoimmune activation [142]. The effector Treg cells, marked 
by the overexpression of CCR4 (C-C motif chemokine receptor 4), are 
the predominant Tregs in the tumor niche [142]. Hence it is a better 
approach to particularly target the effector Treg cells by anti-CCR4 
antibody in order to promote immune-activation within the tumor 
niche [143]. A report from our group has identified FOXP3 positive, 

IL10 positive T regulatory cells as the major pre-tumor Treg cells in the 
tumor microenvironment [144]. Depleting those Treg cells might be a 
good option of jeopardizing the CSC niche and therefore, CSC survival. 
In addition to the Treg depletion strategy, the anti-proliferative and 
DNA-damaging chemotherapeutic agents like cyclophosphamide 
also specifically affect the Treg cells when administered in low doses 
[145]. Several other reports present (T-cell receptor) TCR of the Treg 
cells as a potential target as it is differently regulated from that of the 
conservative T cells [146].

The ECM is also an exploitable subject for niche-dependent 
targeting of CSCs. Disruption of the interaction of the CSCs with the 
ECM by inhibiting the MMPs [147] and integrins [148] as well as by 
the application of collagenase and hyaluronidase have also shown 
promising results in hindering the disease progress [149].

Although the niche-targeted therapeutic strategies discussed above 
mostly reflect potential therapeutic efficacy on the tumor growth and 
development, these strategies indicate the possibility of indirectly 
targeting the CSCs due to their indispensable influence on CSC survival 
and maintenance.

Conclusion
It has been a baffling task to identify the essential root of cancer 

in order to develop an effective cure. Since the enthronement of the 

Figure 4. Role of niche in maintenance and proliferation of CSCs. Various cellular component of the CSCniche as well as the ECM play crucial roles in maintenance, growth and survival 
of the CSC population. 
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tumor-initiating CSCs, targeted therapeutic approaches against the 
CSCs have been employed in the hope of eradicating the disease as 
CSCs are reported to be the main factors behind disease initiation, 
metastasis, recurrence and therapeutic resistance. To target these highly 
resistant and aggressive stem-like cells, it becomes essential to identify 
their true origin. This review brings forth then on-stem cancer cells, 
the somatic stem cells and the VSELs as potential origins of the CSCs. 
However, identifying potential origin-specific therapeutic targets is a 
territory yet to be rigorously explored. On the other hand, the complex 
correlation between the CSCs and their corresponding niches also 
depicts the intriguing mystery of biological networking. There are 
cellular, environmental and soluble factors in the niche which protect 
the CSCs against chemotherapeutic and/or radioactive stresses. The 
recent discovery of exosomes secreted by the CSCs directly establishes 
their regulatory impact on the microenvironment. Therefore, this 
review points towards a possibility of niche-targeted therapy for killing 
highly resistant CSCs. In the end, the question remains as to the cancer 
stem cells or the niche - which is the ultimate amenable factor behind 
this refractory disease? Identification and subsequent confirmation of 
either of these two factors as the elixir of the disease can present us 
with the final target against which effective therapeutic strategies can 
be designed.
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