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Abstract

Cancer is an uncontrolled growth of a cell in any part of the body. It has been
more than a century for identification of cure for cancer/tumor, and still, we are
unable to understand and treat the cancer completely. Current therapeutic
techniques such as radiation, chemotherapy, surgery, etc. are failing to eradicate
the cancer cells from its root and lead to its relapse in the short or long term. This
is because of the small subpopulation of the cells within the tumor that are known
as cancer stem cells (CSCs). These cells play an important role in supplying
differentiated cells for the growth and development of the tumor. Along with this,
they also maintain their population intact for the future requirement of the cells
for tumor growth and its metastasis. In spite of several studies proving the
presence of CSCs in various types of tumors, there is always a question about
its existence and the way we characterize the CSCs based on the histotype-
specific markers. There is a dire need for the compilation of research in this
area to understand whether the cells, which are being confirmed as CSCs are
really CSCs or not? In this chapter, we provide the various isolation and charac-
terization techniques along with the latest CSC identification markers for different
types of cancer, in addition we highlight the arguments and the limitations
regarding the isolation and characterization of CSCs in this chapter.
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15.1 Cancer Stem Cell: Brief History and Current Status

It all started with one question, “How many cells are required for the induction of
tumor?”. Back in the year 1937, J. Furth and his group reported the transmission of
mice leukemia with the transfer of a single transformed cell. The leukemia cell
suspension was obtained by isolating the leukemic tumor and filtering it to remove
larger particulates and this results in the single cell suspension. The cell suspension is
diluted and a single cell is injected in the mice and checked for its tumor forming
ability. Out of 97 mice, five developed carcinoma. Finally, they concluded that
leukemia can be transmitted with a single transformed cell in an adult individual
[1]. Later after half a decade, a publication by John E. Dick’s and colleagues in 1994
and 1997 demonstrated that only a few rare cells (undifferentiated) of mouse acute
myelogenous leukemia (AML) are capable of initiating this leukemia in other mice
on transplantation. They concluded that these rare groups of cells (CD34+ CD38�)
can produce a different lineage of cells and also maintain the undifferentiated form of
themselves for a longer duration of time [2, 3].

Currently, we call them cancer stem cells, which are mostly like the
hematopoietic stem cells present in the human body, which give rise to the blood
cells, immune cells, etc. Cancer stem cells are called by many different names like
“cancer-initiating cells,” “cancer stem-like cells,” and “tumor-initiating cells,” but
they all mean the same and possess key characteristics of stem cells. These are the
population of cells found in the tumor which possess the features such as
multipotentiality, self-renewal, clonogenicity, and treatment resistant which are the
key features of a stem cell. Although these cells are found to be capable of recreating
the original tumor independently, we are unable to uncover the origin or mechanism
by which the tumor has got Cancer Stem cells. There are only possible theories
suggesting that the CSCs came into existence due to mutation(s) in the tissue stem
cell, or the transformed cancer cell has gained stem cell property by mutation(s) and
became a Cancer Stem Cell. With these characteristics of CSCs, we are unable to
eradicate the CSCs by conventional cancer therapy (Fig. 15.1) which will only wipe
out the non-tumorigenic cells and CSCs will remain even after the treatment. Current
methods of treatment includes chemotherapy, surgery, radiation, immunotherapy,
etc. even if one CSC is left after the treatment, then it can regrow the tumor in the
same place resulting in tumor recurrence. If the CSCs are killed along with the
non-tumorigenic cells, it can result in the total eradication of the tumor. As a result of
cancer stem cell targeting therapy the cancer can be eradicated from its root and there
won’t be any relapse of cancer.

The real challenge is how to select the putative cancer stem cells from the
heterogeneous population of the cells in the tumor. Since they only comprise less
than 1% of the total tumor cells, it’s like finding a single nucleotide polymorphisms
(SNP) in the whole genomic DNA sequence. We need to have some identification
markers to target them. Around 40 cancer stem cell surface markers are being
published and still counting for various types of cancer [4]. Including these cell
surface markers, there are other stemness genes like BMI, β-catenin, OCT3/OCT4,
SMO, SOX2, NANOG, NOTCH, etc. They play an important role in maintaining
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the character of the cancer stem cell; evaluation of the expression of these genes by
real-time PCR analysis can be used to characterize the isolated CSCs and to
understand the molecular mechanism required to maintain the stemness. In the
case of breast cancer, SOX2 levels are used as a prognostic marker for early
detection of cancer recurrence [5]. In renal cell carcinoma, OCT4 and NANOG
can be used as markers for prediction of poor prognosis of the disease [6]. This
information regarding different cancer types can further be used for targeting them
and fully eradicating them.

15.2 Isolation and Characterization Techniques

There are two major ways by which cancer stem cells can be identified, one with the
help of cell surface marker dependent and another is independent of cell surface
marker identification. The cell surface marker-dependent techniques involve fluo-
rescence activated cell sorting (FACS) as a critical step in sorting the cells based on
their surface markers. On the other hand, FACS is also used for detecting the
intracellular marker such as ALDH1 to isolate cancer stem cells in different tumor
types. Other identification techniques include phenotypic assay, cytotoxic drug
effluxing assay, side population assay, sphere formation assay, somatic stem cell
property, pulse-chase approach, etc. Almost all the isolation techniques have their
pros and cons in isolating and characterizing the alleged cancer stem cell population,
therefore combination of these techniques needs to be utilized for efficient isolation
of CSCs.

Fig. 15.1 Cancer stem cell hypothesis
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15.2.1 Isolation Based on Cell Surface Markers

As the cells in the body have an identification mark showing self-cells, immune cells,
etc. with the help of a cluster of differentiation protein collectively called CD,
similarly, the CSCs can also be identified based on the CD proteins or other surface
markers like EpCAM/ESA, etc. This can be achieved by advanced high-throughput
machine called FACS; it can sort cells based on their surface marker using fluores-
cent labelled antibodies. For CSC characterization, different markers specific for
mesenchymal and hematopoietic stem cells can be used, such as CD133, CD44,
CD90, etc. Different combinations of these markers tell us about the presence of a
very small population of the putative CSCs. A population of cells can be defined as a
cancer stem cell if it can develop tumor after implantation to the immunodeficient
host [7]. Also, it must continuously do that for multiple subculturing. To validate the
ability of the isolated cells to imitate the tumor in vivo, the isolated cells are
xenotransplanted to immunodeficient host (mice usually). If it gives rise to the
tumor and further transplantation reproduces the result, then it can be concluded
that the isolated population of cells are cancer stem cells.

The isolation protocol can be divided into three major steps, isolating the tumor
sample from the patient, making a single cell suspension, and lastly cell labelling and
flow cytometry analysis. The solid tumor is isolated from the patient with proper
concern and must begin processing as soon as possible to maximize viability. To
prepare a single cell suspension sample can be processed by a mechanical or
enzymatical (overnight) method to make a suspension of cells from solid tissue.
The goal is to break all the cell-cell connections or junctions so that we get a
suspension with individual cells floating. To achieve better results, combination of
chemical and mechanical dissociation is performed to provide maximum yield and
viability of the cells schematic of the method is depicted in the figure (Fig. 15.2).

Further, the suspension is filtered through the cell strainer, and homogeneous cell
suspension will be used in the process. Multiple cell wash is done and labelled with
the fluorescent labelled antibody specific to the surface marker under study. Cells are
sorted and transplanted to the immunodeficient mice to check its ability to form a
tumor. FACS can also be used for isolation of the CSCs from the cell lines from the
cell banks/working laboratory cell lines [45, 46]. CD44+ gastric cancer stem cell that
has been isolated by FACS shows stemness properties like differentiation and self-
renewal. In gastric cancer, CD44+ cells show more resistance for chemotherapy and
also radiation-induced cell death. Also, knockdown of CD44 showed reduced tumor
production in SCID mice and shows reduced spheroid colony formation [28]. When
working with a large number of cells, magnetic bead-assisted sorting will be quicker
than flow cytometry. Commonly used methods with magnetic beads are Dynabeads,
magnetic-activated cell sorting (MACS), etc. According to the sample acquired and
the number of marker needs to be accessed to separate the CSCs, FACS or magnetic
bead-assisted sorting is carried out [45].
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15.2.2 Isolation Independent of Cell Surface Marker

15.2.2.1 Side Population (SP) Assay
Stem cells have a high capacity to outflow antimitotic drugs. These cells come under
a subset of stem cells and called “side population.” Side population assay checks for
the ability of the CSCs to remove the drug out from the system rapidly as their
characteristic for chemoresistance. Normally the differentiated cells will take up the
chemical in and process it or be targeted by the same. CSCs can achieve drug
resistance with the high expression of ABC transporter protein family members. It
is an ATP-dependent transporter or also called a drug effluxing pump and is used to
translocate molecules across membranes [47–49]. It has been analyzed in glioblas-
toma [50], colon carcinoma [51], breast cancer [52], and other types of cancer
[53, 54] that ABC proteins provide high chemoresistance to the normal stem cells
as well as CSCs with comparison to the differentiated cells [55–57]. Hoechst 33342
dye is used in this assay; it is a nucleic acid stain and emits blue fluorescence when
bound to dsDNA. In the heterogeneous population, differentiated tumor cells will
keep the dye, whereas the CSCs stream out the dye with high efflux capacity. In the
case of neuroblastoma cells, SP was capable of sustaining expansion in vitro and also
shows the asymmetrical division, generating SP and non-SP (differentiated) cells.
High level of ABCG2 and ABCA3 expression was found to help in better survival
by expelling cytotoxic drugs [58]. The advantage of SP assay is there is no
requirement of the cell-specific marker to isolate the CSCs. Since the population
of CSCs are less in number which makes it difficult to even isolate them with the
help of FACS (<2%) [59], the longer incubation with the dye increases apoptosis in
a glioma cell line [60].

15.2.2.2 Sphere Formation Assay
Sphere formation assay can enrich CSCs from the solid tumor without utilizing the
cell sorting and surface marker. The solid tumors are grown in the non-adherent
condition. In this assay, mitogenic growth factors are provided, and the media is
devoid of the serum to provide a non-adherent environment. Mitogenic growth
factors including epidermal growth factor (EGF), basic fibroblast growth factor
(bFGF), etc. are supplied depending on the specific cell line. As a result of providing
a non-adherent environment, the primitive cells will form a sphere by clustering
together, and the differentiated cells die because of no communication to the
neighboring cells. Cell sphere was first found in the culture of adult mouse striatum
(part of the basal ganglia of the brain) forming sphere in the absence of adhesion
factors or supplementary substrate. With all the provided mitogenic growth factor,
only the primitive cells survived and the differentiated cells died [61]. With this
finding even only cancer stem cells can be grown in the non-adherent environment
and be isolated from the heterogeneous population of cells. After a decade it has been
shown that a CD133+ cell from human brain tumor grew as a neurosphere in a
non-adherent environment [62]. In case of the C6 glioma cell line, only the SP cells
survived in the serum-free, growth factor supplemented media and the non-adherent
environment by forming a tumorsphere. It has also reported that the C6SP cells can
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generate the SP and non-SP cells in the culture, and they are responsible for the
malignancy [63].

15.2.2.3 Pulse-Chase Approach
One characteristic of a CSC is slow proliferation, i.e., as compared to the other cells
in the surrounding, they will be in the quiescent stage and only divide when needed
to produce the differentiated cells. Slowly dividing cells will retain DNA analog for a
long time because of no cell division taking place, and this will be termed as a label-
retaining cell or stem cell. The more the label retained in the cell, chances of it to be
CSCs are more. Firstly, the cells are labelled with BrdU (3H-thymidine or 5-
0-bromodeoxyuridine), and then it will be examined regularly to check for the cells
with label retention. As the dividing cell’s label will be diluted due to the DNA
replication during cell division, the selected cells with high label retention are tested
with other assays to confirm the CSCs [64–66]. In the case of prostate cancer (PCa)
cells with the help of BrdU, pulse-chase assays reveal that CD44+ cells colocalize
with intermediate label-retaining cells. Further, it was concluded that these cells are
more proliferative, tumorigenic, metastatic, and clonogenic than the CD44� PCa
cells [67].

15.2.2.4 Aldehyde Dehydrogenase (ALDH) Activity
ALDH1 is used as an internal marker for the identification of CSCs in many cancers
like breast, colon, etc. ALDH is an enzyme which catalyzes the pyridine nucleotide-
dependent oxidation of aldehydes to acids. For example, in case of retinoid signal-
ling ALDH1 catalyzes the conversion of retinol to retinoic acid (RA) in the cyto-
plasm and finally the RA activates genes which will help in the regulation of stem
cell and cancer stem cells. ALDH is substrate nonspecific; by this property it protects
the organism from potentially harmful xenobiotics and makes stem cells resistant to
the aldehyde-specific xenobiotics [68]. Commercially available fluorescent
ALDEFLUOR assay kit can be used to identify the ALDH activity with the help
of the ALDH substrate and an ALDH inhibitor (diethylaminobenzaldehyde) as a
negative control. By ALDEFLUOR assay, isolation of CSC from breast cell line is
done [69] also from acute myeloid leukemia, and multiple myeloma CSCs are
isolated with this method [70, 71]. Further, isolated cells, i.e., ALDELFUOR
positive and negative cells, are collected, and tumor xenograft studies, expression
of stemness genes, etc. can be studied to validate the isolated cancer stem cells. It is
found that in renal cell carcinoma (RCC), the number of ALDH1+ cells is doubled in
the metastatic ACHN cell line than compared to the primary KRY/Y cell line. Also,
the ALDH+ cells show higher sphere-forming ability than that of ALDH� cells [72].

15.2.2.5 Tumorigenicity Assay Also Known as Reestablishing
Heterogeneity

Along with the slowly dividing, self-renewal property, a cancer stem cell must be
able to generate a heterogeneous population again at the new site of growth; this
property is called tumorigenicity. All the cells which are isolated as prospective
cancer stem cells are further analyzed to check its ability to imitate the same cell
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heterogeneity when injected into immunocompromised mice. This was first
demonstratd by J. Furth et al., to know how many cells are required for it to generate
leukemia in immunodeficient mice. As per their research a solid tumor is isolated,
and after processing tumor to a single cell suspension and limiting dilution, the
specific amount of the cells was counted and injected subcutaneously into
NOD-SCID mice [1]. This research has made one thing clear that there is a small
population of cells responsible for the tumor regeneration, and the easier way to
know them well is by tumor xenograft model. It’s the best alternative to the marker-
dependent CSC isolation. Limiting dilution assay is a labor-intensive process and
time demanding, but the results are highly acceptable. As the smaller number of cells
are being introduced to check tumorgenicity, the identity of the same can be known
very well.

15.3 Controversies in Cancer Stem Cells

Discovery of the CSCs is a great finding that has provided a reason behind resistance
to cancer therapy or cancer survival even after an enormous effort or ways to treat
cancer, and tumor recurrence. This in turn also enabled us to identify new approach
for cancer therapy, that is, to target the CSCs to totally eradicate the roots of the
cancer. However the CSC hypothesis remains controversial; it is because of the
divergence in defining cancer stem cells, reliance only on cell surface markers, and
lack of standard functional assays [73]. CSCs are known by many different
terminologies like cancer stem cells, tumor-initiating cells, or cancer stemlike
cells. The CSCs and tumor-initiating cells cannot be considered as a same population
of cells. This is because the tumor-initiating cells means that the isolated cell can
generate tumor after implantation, whereas CSCs can repopulate the tumor as well as
the original heterogeneity. Assays must be done to check the tumorigenicity as well
as to demonstrate the cellular heterogeneity.

15.3.1 Relying on the Cell Surface Markers

As depicted in Table 15.1, there are multiple CSC markers for a single type of cancer
based on different research group findings. CD133 marker is expressed in multiple
tumor-like glioblastoma [42], ovarian cancer [20], prostate cancer [8], etc. One
research group found that CD133 is not found to be a CSC marker for non-small
cell lung cancer [74]. Whereas the other group found that CD133 shows the ability of
a tumor-initiating cell by resistance to cisplatin in case of NSCLC [75]. Apart from
this, the combination of markers shows tumorigenic properties rather than individual
markers alone [75]. All these finding suggest that we do not have a universal marker
for individual cancer type, and we must find the distinctive small population of cell
lines on the top hierarchy. As different research groups utilizes various combination
of cell surface markers to isolate CSCs. Since these subpopulations of CSCs in the
heterogeneous tumor are very less, as reported in the case of pancreatic cancer, only
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0.2–0.8% of cells show increased tumorigenic potential compared with
non-tumorigenic cancer cells [14]. Also in the case of glioblastoma (GBM),
CD133+ is a putative CSC marker, but recently it has been challenged by other

Table 15.1 List of cancer stem cell markers of various cancer types

Sr.
no Cancer type Markers References

01 Prostate cancer CD44+/α2β1hi/CD133+ [8]

02 Colon cancer EpCAMhig/ CD44+/
CD166+

[9, 10]

CD26+ [11]

DCLK1+ [12, 13]

03 Pancreatic cancer CD44+/CD24+/ESA+ [14]

04 Breast cancer CD44+/CD24�/
lowLineage�

[15]

CD44+/CD24�/low/
ALDHhigh

[16]

Thy+/CD24+ [17]

05 Lung cancer CD133+ [18]

06 Non-small cell lung cancer CD24+/CD38� [19]

07 Ovarian cancer CD133+ [20]

ALDH+ [21]

CD44+/CD177+ [22]

08 Liver cancer CD133+ [23–25]

EpCAM+/AFP [26]

CD13+ [27]

09 Gastric cancer CD44+ [28]

CD133+/CD44+/ CD24+ [29]

10 Melanoma cancer CD271+ [30]

CXCR6+ [31]

11 Acute myeloid leukemia (AML) CD34+/CD38� [2, 3]

12 Chronic myeloid leukemia (CML) CD34+/CD38� [32]

13 Acute lymphocytic leukemia (ALL) BCR/ABL�/ALL� [33]

14 Chronic lymphocytic leukemia (CLL) CD19+/CD5+ [34]

15 Head and neck squamous cell carcinoma
(HNSCC)

ALDH+/CD133+/CD44+ [35]

16 Cervical cancer ABCG2-positive [36]

OCT3/4/BCRP/CD133+ [37]

CD49f [38]

ALDH1 [39]

17 Renal cell carcinoma ALDH1/CD44+/CD24�/ [40]

CD133+/CXCR4� [41]

18 Glioblastoma CD133+/SSEA1+ [42]

19 Esophageal carcinoma α6bri/CD71dim [43]

20 Bladder cancer EMA�/CD44v6+ [44]
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groups. In the culture of CD133+ CSCs, the CD133� population of cells are unable
to form a tumor. But individually isolated CD133� shows tumorigenic potential
which was not reported earlier [76]. The CD133+ CSC culture only maintains a small
set of primary glioblastomas. This means that CD133+ cells are an early
differentiated cell from the parental CSC, and we need to trace the first line of
cells which give rise to the different progenies making a heterogeneous population of
tumor. From this, we can assume that there might be another tumor-initiating cell
that exists in the heterogeneous population of tumor cells which recapitulates the
original tumor and maintains the heterogeneity. As we have advanced in the CSC
isolation techniques from serial dilution to FACS, MACS, and transplantation to
NOD/SCID mice, maybe soon we might be able to isolate and characterize CSCs
with a universal marker for each cancer type.

15.3.2 Model for Tumor Heterogeneous Population

As we call tumor a heterogeneous population of cells, this plays a key role in the
development and growth of the tumor. Currently, there are two models representing
the heterogeneous population in the tumor, CSC model and the stochastic model. As
depicted in Fig. 15.1, the CSC model suggests that the growth and progression of
many cancers are driven by a small uncommon subpopulation of cells called CSCs.
They mimic normal tissue development by working as stem cells in the normal
tissues. Whereas the stochastic model predicts that the reaction of a cancer cell is
random and influenced by the environment in which it is, i.e., intrinsic and/or
extrinsic factors [77]. Interleukin 6 (IL6) can induce transformation of non-stem
cancer cells (NSCCs) to form CSCs. CSCs are shown to have more amount of IL6 as
compared to the NSCCs and therefore it is hypothesized that the non stem can-
cer cells having increased IL6 expression can instruct the NSCC to dedifferentiate to
CSCs. This has been reported in breast and prostate cancer cell lines and also from
the human breast tumors [78]. In the case of colon cancer, CD133+ cells are potential
cancer stem cell population from SW620 human colon cancer cells [79]. A recent
study has demonstrated that with in situ immunofluorescence the division types of
CSC from the non-stem cancer cell (NSCC) are observed. Results show that even
non-stem cancer cells can differentiate into CSCs due to extrinsic factors like
radiation in their study [80]. The CSCs which we are identifying may not be the
universal CSCs for a particular cancer type, because of the plasticity of cell and their
niche. Although both the models are based on theoretical and experimental studies
and support the cancer therapy targeting CSCs along with the heterogeneous
populations, it would be better if a combination of these two models is created
which will provide clarity regarding the cell responsible for repopulating and
maintaining the heterogenicity of the parent tumor.
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15.3.3 The Problem in the NOD/SCID Mice System
and FACS-Mediated Isolation of CSCs

The presence of CSCs in the heterogeneous population of cells in the tumor is very
rare. Nonobese diabetic/severe combined immunodeficiency (NOD/SCID) mice are
used as an in vivo model system to validate the tumorigenic ability of CSCs. Studies
have indicated that only a rare 0.1–0.0001% of the heterogeneous population of cells
in the human cancer cells can initiate a tumor, in diverse cancer types. Not all the
NOD/SCID mice are equally immunocompromised, which can lead to variation in
the result from one research group to another research group. There are no defined
criteria for the compromised immunity of NOD/SCID mice, how much of their
immunity is compromised is not mentioned while injecting the cells for tumor
formation. In the case of acute myeloid leukemia (AML), it has been shown by
Quintana et al. using higher immunocompromised NOD/SCID mice as a xenotrans-
plantation system there is increase in the percentage of the tumorgenic cells in the
tumor population. Their study focuses on injecting the isolated cells from tumor into
two different mice one with higher immunocompromised and against the regular
NOD/SCID mice and comparing the percentage of tumor-initiating cells in both the
experiment. Results from that study suggested that the percentage of tumor-initiating
cells increased in number by 25–27% by limiting dilution and single-cell transplan-
tation in NOD/SCID mice [81–83]. In AML, it has been shown that CD34+/CD38�

cells have an ability to repopulate the tumor. Fluorescent-activated cell sorting uses
the fluorescently conjugated antibodies for the cell surface marker, and based on the
expression of the antigen, different fractions were collected and transplanted into
NOD/SCID mice. In this study, CD34+/CD38� cells were isolated from AML, the
antibodies itself affected the survival of transplanted cells which is Fc-mediated, and
this was overcome by treating the mice with immunosuppressive antibodies. Further
when the inhibitory effect is prevented, most of the cells were found to be leukemia-
initiating cells. This is another example to show the increase in the leukemia-
initiating cells [84]. This finding was carried out on the same AML on which the
CSC hypothesis is established, resulting in having multiple tumor-initiating cell
phenotypes. So, it can be concluded that if the test system is not evenly immuno-
compromised from one laboratory to another, the data generated can be error-prone.
Also, the antibodies we use to isolate the single cells from the population of cells
must also be studied for its effects on the sorted cells and their ability to produce a
tumor. It questions all the studies based on the CSCs in a different solid tumor,
whether the cells isolated are really CSC or not, and further validation of the isolated
cells needs to be done.

15.4 Conclusion and Future Perspectives

Multiple evidences and researches prove that only a small distinctive population of
cells are capable of generating tumors and original heterogenicity in many different
cancer types. Many methods are being developed to isolate and characterize the
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CSCs from the mixed population of the cells. There are different types of cancer, and
current research has found multiple combinations of the CSCs in a single type of
cancer which is identified, verified, characterized, and published. But, can we rely on
these data? Since multiple CSCs are identified for a single cancer type, how do we
decide which CSC needs to be targeted for eradication of cancer from its root? It’s
been more than half a decade but still, there is no exact definition for the CSCs, and
different researchers call it with different names like CSCs, tumor-initiating cells,
etc. but there are no standard meaning or definition. CSC means the cell which can
recapitulate the parental tumor and keeps original heterogeneity, whereas tumor-
initiating cells are the cells which can form a tumor after transplanted into
NOD/SCID mice. Recent publications raise questions regarding the existence of
CSCs based on the experiment performed by John E. Dickand colleagues based on
which the CSC theory is established. Research shows the standard assays to identify
tumor-initiating cells fail to detect the exact population of cells which are responsible
for tumor regeneration. A proper experimental system must be established to
perform a solid functional analysis of CSCs isolated from the parental tumor. The
in vivo xenograft assays must be refined for proper characterization of CSCs. Not
only the isolation and identification of CSCs are important but also the understand-
ing of the gene expression of the CSCs versus normal stem cancer cells is imperative.
Unanticipated intrinsic or extrinsic factors also play an important role in the fate of
the cells to be normal or cancer stem cells. Also, the stemness genes are the same that
help the CSCs and normal stem cells to maintain their stem cell property. A better
understanding of it helps in targeting the cells overexpressing those genes and not
only relying on the cell surface markers. Further, we need to design a better model
for tumor heterogenicity to make a clear understanding regarding the cell responsible
for the heterogeneous population. We conclude that, although we have come a long
way with the understanding of CSCs but with many assumptions has lead to the
controversies like broad definition, limited assays and their standard of quality to
determine the CSCs, relying mainly on the surface markers, etc. A standard defini-
tion and list of rigorous assays need to be made mandatory for the isolation and
characterization of the CSCs and this needs to be followed by the research group
aound the world to isolate, analyse and understand the CSCs. Analysing the cells by
using surface markers, Side population analysis, intracellular markers, spheroid
assays etc. alone will not provide a strong supporting data for a population of cells
to be CSCs, because of the limitations in each of these methods, however combining
these methods together could provide a strong supportive evidence. Therefore
a guidlines listing a combinative approach to be made for the identification of
CSCs is obsolutely essential. This will further reduce the possible controversies
arising due to the limitations of different methods that are currently used by the
research groups worlwide. The current strategies to understand CSCs is not bound to
any rules and to get more clarity about these small subpopulation of cells a stan-
dard international guidelines must be made and followed. It’s high time now to clear
these black spots in the CSC theory and direct research in the aim of curing this
dreaded disease and eliminating its existence from mankind for a better future.
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