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Abstract
Context: To date, CSCs have been identified in a variety of hematopoietic and solid tumors. Applying CSC in clinical implication
still depends on future studies to remove complexities including CSC heterogeneity and CSC similarity to normal stem cells. However, several potential clinical applications including therapeutic, diagnostic and prognostic implications have been introduced
for cancer stem cells (CSC). In this review, we discuss previously considered and unconsidered potential clinical application of CSCs
including how CSCs could be applied for pan-specific cancer screening and therapy.
Evidence Acquisition: We will first discuss the previously proposed CSC clinical implications using a brief review of the literature.
Subsequently, we will discuss some theoretical potential CSC implications which have not been discussed before including panspecific cancer screening and therapy, and present confirmatory references for each part of our hypothesis.
Results: We hypothetically demonstrated the presence of similar markers in the CSC subset of different tumors and introduced it
as a way to simultaneously screen several cancers using one CSC marker.
Conclusions: Simultaneous screening of several cancers applying one CSC marker could be regarded as a novel high-value costconscious cancer screening approach which might evolve cancer screening concept. However, this application remains to be explored in the future instigations.

Keywords: CSC, Clinical Implication, Pan-Specific Cancer Screening

1. Context
Several potential clinical applications including therapeutic, diagnostic and prognostic implications have been
previously introduced for cancer stem cells (CSC). In this
review, we discuss previously considered and unconsidered potential clinical application of CSCs including how
CSCs could be applied for pan-specific cancer screening
and therapy.

2. Evidence Acquisition
Currently, two cancer initiation models have been explained for tumor formation. In stochastic model tumor
cells are biologically equivalent but behave differently due
to stochastic effects. In this model, each tumor cell has the
same potential to contribute to tumor growth and their
behavior is influenced by both intrinsic and extrinsic factors. Under a certain set of factors, some tumor cells acquire tumor-initiating properties. As a result, isolation of

an enriched subpopulation with tumorogenic potential is
not consistent with this model, while each cell is predicted
to have potential tumor initiating properties. This model
does not explain lots of tumor characteristics (1, 2).
In contrast, cancer stem cell (CSC) model or hierarchical model postulates that like normal tissues of the body,
tumors contain a stem cell population at the apex of an
organized system that possess capacity to both self-renew
and differentiate, leading to more CSCs and tumor differentiated cells, respectively. In this model, tumor contains
CSCs with acquired mutations that lead to deregulated
growth at the clonal level and a proliferating progeny of
CSCs that finally form differentiated tumor cells and tumor bulk. As a result, the existence of distinct subpopulations with biological and functional differences makes it
possible to isolate cells with tumor-initiating properties.
CSC theory explains different tumor characteristics including tumor initiation, development, metastasis and recurrence. It also explains the ineffectiveness of conventional
cancer therapies (1, 2) (Figure 1).
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Figure 1. Comparison of New Tumor Formation According to Two Different Tumor
Models: Stochastic Vs. CSC Model

The first study on the identification of CSC was done
by Bonnet and Dick, who identified a rare malignant subset with the ability to repopulate the original disease
over serial transplantation. They showed that in human
acute myeloid leukemia (AML) the self-renewal capacity
was found only in CD34+ /CD38- subpopulation and their
work represented a foundation for CSC research in both
hematologic and solid tumors (3). To date, CSCs have been
isolated in a variety of solid tumors such as breast cancer,
glioblastoma, osteosarcoma, prostate cancer, ovarian cancer, gastric cancer and lung cancer (4). In addition, a great
body of evidences has focused on the application of CSC
for clinical purposes such as therapeutic, prognostic and
diagnostic implications (4-6). However, application of CSC
for clinical purposes has been slowed down due to some
complexities including CSC heterogeneity (7) and CSC similarity to normal stem cells (8), and unraveling such ambiguities will pave the way for the CSC clinical implications.
Taking colorectal cancer as an example, several potential
markers including CD133, CD66, CD24, Lgr5, Musashi1, Bmi1
and DCLK1 have been proposed as colorectal CSC markers.
To complicate the matter further, the results of some studies contradict the results of other studies. For instance, several studies have suggested that colon CSC may be identified by the cell surface marker CD133. However, Shmelkov
et al. have demonstrated that even the CD133- parenchymal
tumor cells are able to initiate tumor in xenotransplantation model. Similarly, in glioblastoma multiform, some
groups have enriched stem-like cells using CD133 as a candidate for brain tumor cancer stem cell surface marker while
some other groups have proved tumorogenic properties in
both CD133+ and CD133- cell population in some gliomas.
Similarities of CSC markers to normal stem cell mark2

ers have also been a significant challenge in developing
targeted therapy for selective elimination of cancer stem
cells with minimal toxicity to normal stem cells (9). Fortunately, the knowledge in this area is growing slowly but
steadily. One of the most compelling evidence has been
reported by Nakanishi et al. by using lineage-tracing experiments. They have shown that normal stem cells are
not marked by Dclk1 in the intestine. However tumor
stem cells that continuously produce tumor progeny in
the polyps of ApcMin/+ mice are marked by Dclk1. Although
this study has attempted to find a marker that specifically
marks colon CSC and not normal stem cells, still raises
some unanswered questions. As we showed in our previous study, DCLK1 expression is also seen in the blood circulation of tumor-free control samples, although at lower
levels compared to colorectal cancer patient’s samples. It
could be concluded that although DCLK1 is not being expressed by normal colon stem cells, there is still some
other sources of DCLK1 expression in normal individuals
that makes DCLK1 therapeutic implications complicated
(10).
In spite of the mentioned challenges in CSC clinical applications, the variety of valuable potential CSC clinical implications is attracting an increasing number of scientists
to overcome these challenges.
In this review, we discuss some previously proposed
CSC potential clinical implications including therapeutic, prognostic and diagnostic applications and then discussed some theoretical potential CSC implications which
have not been discussed before, including pan-specific cancer screening and therapy. It is of note that all of the following implications are consistent with CSC model and not
stochastic model.
3. Results
3.1. Previously Considered Clinical Implications of CSCs:
3.1.1. CSC Potential Therapeutic Implications
According to CSC model, CSCs are the key players of the
tumors and tumor initiation, growth, resistance to treatment, metastasis and recurrence all controlled by CSC subpopulation (11). While most anticancer agents employ antiproliferative mechanisms for tumor cells elimination, CSC
may remain quiescent for extended periods leading to resistance to anti-proliferative effects and retaining the capacity to regenerate the tumor (1, 12). In other words, while
quiescent or slowly-dividing CSCs works as the tumor root,
other rapidly proliferating and differentiated cells of tumor bulk work as the tumor foliage. In consequence, specific targeting of quiescent or slowly-dividing CSCs as the
root of tumor tree instead of targeting rapidly proliferating non- CSCs, has recently attracted many interests.
Iran J Cancer Prev. 2017; 10(1):e5897.
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AML, as the pioneer in CSC study, has taken the lead in
CSC targeted therapy. The most widely used leukemic stem
cell (LSC) marker in the study of AML treatment is CD33 (13,
14). It has also made it as far as to gain FDA approval and
Anti-CD33 antibodies have become a significant aspect of
CSC targeted therapy (15, 16). A CD33 based therapy, named
Mylotarg, which combines calicheamicin (a cytotoxic antibiotic) with an anti-CD33 antibody, was approved by the
FDA in 2000 (17). Another popular LSC marker is C-type
lectin-like molecule or CLL-1 (18). As previously mentioned,
one of the main drawbacks of CSC clinical implication is
its similarity to normal stem cells. However, in-vitro study
showed that CLL-1 is present on AML CD34+ /CD38- subset
but is not present on normal bone marrow CD34+ /CD38cells (18). Such exclusivity makes CLL-1 a desirable target for
AML targeted therapy. Although some advances in therapeutic and diagnostic application of CLL-1 in AML patients
have been observed, verification of CLL-1 targeting in AML
will only depend on future additional studies. John Dick’s
group also indicated that CD44, a highly expressed surface
antigen of AML blasts with lower expression on normal
bone marrow hematopoietic stem cells (BM HSCs), can selectively block engraftment of AML LSCs but not normal
HSCs when the cells are pretreated with anti-CD44 antibody before transplantation (19).
Besides targeting surface CSC markers, blockage of various self-renewal pathways, including Notch, PTEN, and
Hedgehog, can be used as alternative strategies (20, 21).
Hoey et al. (22) have shown that inhibition of delta-like 4
ligand (DLL4), an important component of Notch pathway,
leads to a decrease in tumor growth and CSC frequency in
colorectal cancer (CRC). In spite of limited available data,
many clinical trials are in progress to determine the application of Hedgehog (Hh) inhibitors for the treatment of
cancers. For instance, GDC-0449, as a novel Hh inhibitor,
has been applied in an open label clinical trial to examine
its therapeutic effect in advanced basal cell carcinoma patients. The overall response rate of 50% in metastatic carcinoma and 60% in localized carcinoma were seen (23).
Cell therapy is another available option in targeting
CSC for therapeutic purposes. Accordingly, Weng et al.
(24) demonstrated that fusion of dendritic cells (DCs) and
ovarian CSCs resulted in the activation of T cells expressing higher levels of IFN-γ , with an increased killing power
against CSCs. Glioma CSCs can also be targeted by cytotoxic
T lymphocytes (CTL) through a perforin-mediated mechanism. In this regard, Brown and his colleagues (25) demonstrated that CSCs derived from high-grade glioma may be
targeted and eliminated by CD8+ CTLs.
Genetic targeting of CSC is also one of the potential
CSC targeted therapies and RNA interference strategies are
at the frontline of such therapies through targeting aberIran J Cancer Prev. 2017; 10(1):e5897.

rant expression of different genes utilizing miRNAs. Yu et
al. (26) were able to increase the expression of let-7 miRNA
in breast CSC via a lentiviral vector, leading to a reduced
CSC fraction and delayed tumor formation and metastasis.
In leukemia, miRNA-17-92 was found to be up-regulated in
LSCs and similar results can be achieved if we target this
miRNA in leukemia (27).
Despite all CSC therapeutic potentials, several important issues still remain to be resolved. As the most important issue, most of the pathways important to CSCs are
shared by normal stem cells and targeting these pathways
may have a detrimental effect on normal stem cells leading to tissue or organ damages due to depletion of the reserve stem cells and off-target effects such as irreversible
tissue failure. Therefore, before applying CSC for therapeutic implications, it is critical to define the molecular differences amongst CSCs and their counterpart tissue specific
stem cells. To this aim, candidate genes and pathways that
are more important for CSC survival but are not for normal
stem cell function should be identified.
3.1.2. CSC Potential Prognostic Implications
Much more interests have been devoted to CSC prognostic and diagnostic implications compared to its therapeutic applications. While therapeutic application of
CSC markers requires very demanding intense clinical
trial processes to minimize unwanted off-target effects
of such interventions, a clinically relevant CSC marker
would easily enter the clinical utilization cycle without going through exhausting time-consuming clinical trial processes, leading to a more interest in investigators.
Considering CSC as the supplier source of tumor cells
in the tumor bulk and according to its responsibility in
unlimited tumor growth, maintenance, metastasis, recurrence, resistance to treatment, and utterly tumor biological behavior, evaluation of the presence and extent of
this population rationally result in more clinical relevance
than the other tumor proliferating or differentiated cells
do. Generally, it is believed that a higher CSC proportion
signifies a worse prognosis. For instance, in breast cancer,
the most poorly differentiated tumors contain the highest burden of breast CSCs (28). Likewise, elevated CD133 expression in colon cancer is also a marker of poor prognosis and is associated to liver metastasis (29). In pancreatic
cancer, high CD133 is an adverse prognostic factor for 5-year
survival and is associated with lymph node invasion (30).
CD133 expression is also associated with poor clinical outcome in ovarian cancer (31). Similarly, CD133- positive nonsmall cell lung cancer (NSCLC) had worse prognosis (32).
In addition, expression of ALDH, another CSC specific
marker, is correlated with poor prognosis in a number of
tumors including breast, head and neck, prostate, colon
3
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and AML. ABC transporter, as potential CSC associated
marker, has also been reported to be an indicator of poor
prognosis in AML patients (33).
CD44 is another proposed cancer stem cell marker
which its prognostic value has also been shown in several
studies. Mima et al. (34) showed that the over-expression of
CD44 was associated with poor prognosis in hepatocellular carcinoma patients, including reduced disease-free and
overall survival. Mulder et al. (35) also showed that CD44
has prognostic value independent of Dukes’ stage in colorectal cancer patients and it may predict the propensity
to metastasis after curative surgery. CD44 expression was
also correlated with decreased overall survival in pancreatic cancer (36).
Based on the presented body of evidences, patients
with elevated CSC marker’s expression mostly tend to have
a poorer prognosis.
3.1.3. CSC Potential Diagnostic Implications
According to the fact that diagnostic tests should be
safe, easy, relatively non-invasive, cost-benefit and acceptable for patients and clinicians, taking tissue samples for
diagnosis proposes could not be considered as an appropriate option. Fortunately, a large number of tumor cells
known as circulating tumor cells are being released on a
daily basis in to the bloodstream whose smallest fraction
is believed to be circulating CSCs (CCSC) (37, 38). According to the classical metastasis cascade, an orderly sequence
of steps, including local invasion, intravasation, survival in
the blood circulation, extravasation, and colonization in
new organ, is expected in order to complete the metastatic
process (39). Based on CSC theory, CSCs, as the most invasive and qualified cells to form metastasis, will enter
the blood stream to accomplish their metastasis mission.
Their presence in blood is our fortunate opportunity to apply them in diagnostic implications. Therefore, tracing the
floating cancer stem cells in blood pool using their specific
markers would be regarded as a favorable approach which
has been exploited in a considerable number of recent investigations and the results have been promising.
Yang et al. (40) in china in 2008 showed that identification of CD45- CD90+ CSCs in both tumor tissues and
blood circulation of patients with liver cancer could be
used as a target for diagnosis and therapy of these patients.
Linuma et al. (41) in Japan evaluated the clinical importance of circulating tumor cells (CTCs) including CSCs as
a prognostic factor in patients with colorectal cancer after
curative surgery and found that detection of CEA/CK/CD133
mRNA in peripheral blood would be a useful tool for identification of patients who are at higher risk of recurrence
and poor prognosis. Pilati et al. (42) studied the prognostic value of putative circulating cancer stem cells in
4

patients undergoing hepatic resection for colorectal liver
metastasis and concluded that CD133+ CTC may represent a
suitable prognostic marker to stratify the risk of these patients. Valladares et al. (43) evaluated the adenocarcinomaassociated gene AGR2 and the intestinal stem cell marker
LGR5 as biomarkers in colorectal cancer. Their findings indicated that assessment of AGR2 and LGR5 in peripheral
blood might reflect the presence of CTCs and CSCs in colorectal cancer and increased AGR2 and LGR5 are associated
with poor outcomes. Wang and his group studied the role
of CTCs and CSCs of breast cancer patients as well as their
clinical relevance using flow cytometry concluding that
flow cytometric detection of CTC and CTSC could be used
to diagnose disease at early stage, which would be beneficial for clinical therapy guidance or prognosis prediction
(44). Recently, our research group has also evaluated circulating CSC markers, DCLK1 and Lgr5, in colorectal cancer
patients and showed a significant over-expression in both
markers compared to tumor-free control group (10).
Although these studies confirm the potential application of circulating cancer stem cell for diagnostic purposes, further studies are needed to more elucidate CCSC
diagnostic potential and supportive evidences in this field
needs to be broaden.

3.1.4. Preventive Implications of CSC
The presence of anti-cancer properties in dietary phytochemicals has been demonstrated in several studies.
Hilwaki-Clark et al. (45) showed that administrated phytostrogens to pregnant mice diminished breast cancer
development in their offspring. Phytostrogen protective
events have also been shown when administered during
adolescence (45). Given the proposed role of CSC in tumor initiation it could be concluded that such dietary elements probably interfere with tumor initiation components such as CSCs. This assumption has been evaluated
in some investigations. It has been shown that chemopreventive agents such as curcumim from turmeric may
function through regulating self-renewal cascade of stem
cells including Wnt and Notch (46, 47). Some other dietary polyphenoids including apple-derived quercetin and
epigallocetechin-galleate have also been shown to modulate in the Wnt- β catenin and Notch pathways (48). In addition, involvement of vitamin D3 in stem cell differentiation
has been shown and therefore its preventive applications
aimed at CSC population should be considered (49). Besides, lots of other dietary elements with anti-tumor activities have been introduced which their anti-tumor mechanisms need to be investigated in future studies.
Iran J Cancer Prev. 2017; 10(1):e5897.
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3.2. Theoretical CSC Potential Clinical Implications
3.2.1. Screening Several Cancers Simultaneously, Applying CSC
Markers
Investing in cancer screening saves lives and reduces
the costs through early detection which leads to less aggressive and less expensive treatments. Yet the high costs
of screening programs are a major barrier of such interventions, especially in less developed countries. Although
even the most industrialized countries may be unable to
meet these costs, more judicious usage of such tests will
improve cancer screening quality and makes it economically more feasible. In other words, reducing screening
costs to the extent that even less developed countries can
apply them routinely, needs to promote high-value, costconscious cancer screening tests. One potential strategy
to make cancer screening more judicious would be the development of a pan-specific marker for screening several
cancers simultaneously. Such screening test mainly fits in
the definition “High-value, cost-conscious cancer screening tests” (50). For this purpose, we need to take all types
of cancers as one disease and search for one marker. We
can instead categorize tumors based on their origin such
as cancers with epithelial origin or carcinomas and search
for a relevant marker in all cancers with the same origin.
This categorization may even get narrower, taking the tumors of the same tract such as gastrointestinal or urinary
tract together. We here propose that CSC markers have the
potential to be applied for such proposes.
Each organ contains a subset of stem cells whose main
responsibility is to establish tissue homeostasis. Differentiation signals from different components of tissue microenvironment stimulate stem cells to enter the differentiation pathway and after transition from transient amplifying state, they generate differentiated tissue cells (51,
52). CSCs follow a relatively similar pathway, while they are
able to divide autonomously due to the undesired genetic
changes (53). In other words, tumors are caricatures of normal tissues and CSCs are also caricatures of normal stem
cells. Interestingly, Wong et al. (54) showed a widespread
activation of embryonic stem cell-like (ESC-like) expression
pattern in human cancers and demonstrated that the degree of this activation is associated to poor prognosis, increased risk of metastasis and mortality in multiple types
of tumors. As to determine whether this ESC-like gene expression activation is related to CSC fraction or not, they
showed that ESC-like gene expression was significantly upregulated in enriched CD44+ /CD24- /low breast CSC population. These results empower the CSC model of cancer initiation and its similarity to normal stem cell model.
Although recently a considerable effort has been invested in the detection and characterization of stem cell
Iran J Cancer Prev. 2017; 10(1):e5897.

markers and steadily increasing number of such marker
molecules have been identified, most of these markers are
lineage-specific rather than being tissue-specific (55). In
this regard, markers that distinguish totipotent stem cells
are nearly similar between different tissues. In addition, as
it can be drawn from their names, undifferentiated or less
differentiated cells of each organ, especially tissue stem
cells, demonstrate more similar characteristics which have
been the core of many research investigations. Fatima et
al. (56) showed that Abcg2 is a stem cell marker for blood,
small intestine, testicular germ cells, and possibly for injured skeletal and/or cardiac muscle. LGR5 is another stem
cell marker which is expressed in the eye, brain, hair follicle, mammary gland, reproductive organs, stomach and
intestinal tract and based on its expression pattern; it probably marks stem cells in some other tissues (57). Furthermore, ALDH1 has been introduced as a universal stem cell
markers for the identification and isolation of stem cells
from multiple sources (58).
Considering undifferentiated cells such as tissue normal stem cells as the most similar cells amongst different organs and accounting CSCs as the most undifferentiated cells of cancers which favor drastic similarity to normal stem cell, it could be concluded that CSCs may also
be the most similar cells of different tumors (Figure 2).
Since screening several cancers simultaneously using one
pan-specific marker needs the viability of a similar marker
in different tumors, it can be presumed that this marker
probably would be located on tumor undifferentiated cells
that is categorized as cancer stem cell. Moreover, tumors
that share same embryonic origin such as carcinomas may
benefit from even more similarity in their CSC population.
Besides, the discovery of the similar CSC markers in the interrelated epithelial organs, such as the organs of gastrointestinal tract including intestine, pancreas and liver, may
lead to even more similarity in CSC subsets of the tumors
of these organs.
Take a brief look at proposed CSC markers and you
could easily found that several markers such as ALDH,
CD133, CD44, etc. are common among different tumors and
their screening can predict existence of CSCs of that tissues, making them a good candidate for screening several
tumors, simultaneously (59).
Since the advent of cancer stem cell hypothesis, ALDH1
has been widely mentioned as cancer stem cell marker in
different cancers such as colon, liver, lung, breast, pancreas, prostate, bladder and some other cancers. Also,
the effective role of CD133 as a common cancer stem cell
has been demonstrated in several types of cancers including colon, liver, lung, prostate, pancreas, kidney, glioma
and AML. Several other markers includingCD44, CD24 and
CD90 whose putative role as cancer stem cell marker has
5
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Figure 2. The Least Differentiated Cells of Tumors, Named CSC, are the Most Similar
Ones in Surface Markers

Figure 3. Cancer Stem Cells of Different Tumors Will Be Released into the Blood
stream in Order to Complete Metastatic Cascade

It provides the opportunity to screen several tumors using the markers they are sharing.
The level of similarity has been shown by the shared number of surface markers.

been showed in more than one type of cancer may also
accord the proposed application of CSC marker as panspecific screening marker (Table 1) (60).
Whereas evaluation of different tumor applying extracted biopsy samples is regarded as an unpleasant clinical application, presence of circulating CSC of different tumors in blood circulation of affected parsons provides the
opportunity of screening several cancers with one blood
sample besides eliminating the repetitive sampling procedure of tissue markers’ assessment. Consequently, tracing
CCSC’s of different tumors using their shared markers as a
screening potential of CSC model, could be considered as a
valuable opportunity that needs to be evaluated in future
investigations (Figure 3).
3.2.2. Simultaneous Targeting Of Different Cancers
Considering all cancers as one disease provides another potential opportunity. Beside screening possibility
of several cancers using their shared CSC marker, such
marker might be used to target several cancers, simultaneously. In addition to reduced treatment costs of such therapeutic potential, it also has the potential to be used for preventive purposes. Although the treatment of several cancers with one drug may seem ambitious, a closer look at nature may make it more believable. Nearly all dietaries with
anti-tumor effects, apply their anti-tumor effects in more
than one tumor. As an example, turmeric anti-cancer effects have been reported in several cancers such as hepatic
cancer (61), breast cancer (46), head and neck carcinoma
(62), colon cancer (63), lung cancer (64), prostate cancer
6

(65), ovarian cancer (66) and pancreatic cancer (67). As a
result, the presence of an anti-cancer drug which is applicable to more than one cancer is not an impossible achievement.

4. Conclusions
Despite all potential valuable clinical implications of
CSC model of cancer development, two important aspects
of the CSC still remain to be elucidated before applying
into clinical implications. First of all, there is still no clearcut agreement on a certain CSC marker and many reports
on isolating CSCs from different and sometimes opposing
cell fractions has been presented for each cancer.
The second complicating issue is the similarity of
nearly all proposed CSC markers to normal tissue stem
cells. This difficulty is even more challenging than CSC heterogeneity, seeing that a marker shared by CSC and normal
stem cell would not be considered as a credible therapeutic option due to its off-target effects on normal stem cell.
However, such markers may still be valuable for diagnostic
purposes.
Ultimately, in spite of CSC model widespread acceptance, its application to clinical practices still remains to be
elucidated in future advancements, focusing on a specific
CSC marker not shared by other normal tissue markers.
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Table 1. Similar Proposed CSC Markers in Different Tumor Types

CD133

ALDH1

CD44

CD24

CD90

Colon

Colon

Colon

Colon

Lung

Breast

Breast

Breast

Breast

Breast

Liver

Liver

Liver

Liver

ovarian

Ovarian

Ovarian

Glioma

Pancreatic

Pancreatic

Pancreatic

Pancreatic

Melanoma

Melanoma

Glioma

Glioma

Glioma

Prostate

Prostate

Prostate

Liver
Ovarian

Lung

Lung
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