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The abundance of multi-drug resistance ATPase binding cassette and deranged self-renewal pathways shown in cancer 
stem cells (CSCs) played a crucial role in tumorigenesis, tumor resistance, tumor recurrence, and tumor metastasis. 
Therefore, elucidation of CSCs biology can improve diagnosis, enable targeted treatment, and guide the follow up of GI 
cancer patients. In order to achieve chemoquiescence, seizing cancer through complete ablation of CSCs, CSCs are 
rational targets for the design of interventions that will enhance responsiveness to traditional therapeutic strategies 
and contribute in the prevention of local recurrence as well as metastasis. However, current cancer treatment strategies 
fail to either detect or differentiate the CSCs from their non-tumorigenic progenies mostly due to the absence of specific 
biomarkers and potent agents to kill CSCs. Recent advances in knowledge of CSCs enable to produce several candi-
dates to ablate CSCs in gastrointestinal (GI) cancers, especially cancers originated from inflammation-driven mutage- 
nesis such as Barrett’s esophagus (BE), Helicobacter pylori-associated gastric cancer, and colitis-associated cancer 
(CAC). Our research teams elucidated through revisiting old drugs that proton pump inhibitor (PPI) and potassium com-
petitive acid blocker (p-CAB) beyond authentic acid suppression, chloroquine for autophage inhibition, sonic hedgehog 
(SHH) inhibitors, and Wnt/β-catenin/NOTCH inhibitor can ablate CSCs specifically and efficiently. Furthermore, nano- 
formulations of these molecules could provide an additional advantage for more selective targeting of the pathways 
existing in CSCs just like current molecular targeted therapeutics and sustained action, while normal stem cells intact. 
In this review article, the novel approach specifically to ablate CSCs existing in GI cancers will be introduced with the intro- 
duction of explored mode of action.
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INTRODUCTION

Stem cells (SCs) are characterized by the capacity for self-
renewal and the ability to differentiate into diverse specialized 
cell types, of which concept has been extended from the em-
bryonic stem cells (ESCs) and adult stem cells to the defini- 
tion of CSCs.1 Though CSCs are defined as malignant cells 
possessing normal stem cell capacity within tumor cells, many 

studies of CSCs have demonstrated their rapid growth and 
high metastatic potential, while normal stem cells are thought 
to be slow-growing and self-renewing, and lack in functional 
capacities such as cell migration and attachment.2 Recent evi-
dence suggests the existence of CSCs in a wide variety of solid 
tumors. Though CSCs are a small subpopulation of cells within 
cancers, they are featured with enhanced capabilities of self-rene- 
wal, differentiation, and tumorigenesis. When CSCs transplan- 
ted into an animal host, using a regulatory network composed 
of Wnt/β-catenin, Notch, TGF-β, and SHH signaling path-
ways, they played as tumor initiating cells responsible for tu-
mor recurrence, unresponsiveness to chemoradiotherapy, and 
metastasis after some latency period (Fig. 1). Therefore, in 
order to achieve chemoquiescence, terminology telling a state 
free from tumor resistance to chemotherapy, tumor recur- 
rence, and tumor metastasis, it will be essential to do a definitive 
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Fig. 1. CSCs implicated in recurrent, resistant, and metastatic GI
cancers. CSCs are tumorigenic cancer cells that possess the charac- 
teristics associated with normal stem cells, but are responsible for
cancer relapse and metastasis featured with characteristics quite 
different from non-tumorigenic cancer cells. In order to achieve 
chemoquiescence, CSCs should be ablated, ultimate therapeutic 
target in oncology. Current anti-cancer therapies inhibit cancer 
cell growth and make cancer cells to die, unfortunately target nor-
mal cells as well as do nothing for resistant cells. Although initial
treatments appear to be successful, a relapse generally occurs at 
a later date. This relapse and resistance to therapy occurs because 
most traditional and mainstream therapies can’t eliminate CSCs. 
Therefore, it is essential to target these CSCs in order to prevent
tumor relapse and to provide an efficient and less toxic treatment
for cancer therapy.

assessment of putative CSCs and to do specific ablation of CSCs 
existing in GI cancers. The ultimate proof of the relevance 
of CSCs in tumor development and in the clinical management 
of GI cancers can be achieved with that specific targeting of 
CSCs can improve patient’s outcomes, a goal strongly awai- 
ted by scientists, oncologists and cancer patients.

 
Targeting cancer stem cells (CSCs) in GI cancer; 

why they are important?

As defined above (Fig. 1), CSCs are tumorigenic cancer 
cells that possess the characteristics associated with normal 
SCs, therefore, can generate multiple types of cells found in 
specific cancer and have the potential for self-renewal like 
normal SCs. Since CSCs are hypothesized to be tumorigenic 
and responsible for cancer relapse and metastasis and showed 
characteristics quite different from non-tumorigenic cancer 
cells, CSCs attracted the enormous attentions as ultimate the- 
rapeutic target in oncology. Upon the questions how CSCs 
act on tumor is contentious, two representative models of 
CSCs, one is hierarchical model hypothesizing only subset 

of cancer cells can induce new cancer and the other is clonal 
evolution model, are arguing that all cancer cells have poten-
tial to proliferate indefinitely and account for tumor hetero-
geneity and tumor forming subpopulation.3,4 The premalig-
nant SCs are postulated to acquire accumulation of mutations 
and become CSCs.4 Recently, a revised model that unifies 
the above mentioned hierarchical model and clonal evolution 
model has raised featuring that instead of distinct model, all 
factors interact with one another and influence tumor hetero-
geneity and generation of CSCs.4 Stimulated with these hypo-
thetical facts, the first modern evidence for a role of SCs 
in cancer came in 1994 with a study of human acute myeloid 
Leukemia (AML),5 in which an AML-initiating cell population 
was identified from AML patients by transplantation into se-
vere combined immune-deficient mice. Human CSCs were 
first identified in solid tumors including breast6 and brain 
cancer,7 followed with subsequent reports regarding identi-
fication of CSCs in colon, pancreas, lung, prostate cancer, 
malignant melanoma, and glioblastoma. Besides the ability to 
newly form tumors, the possibility of migrating CSCs and 
acquisition of EMT characteristics was proposed as a way of 
malignant tumor progression.8 If the CSCs are strongly in-
volved in tumor formation and metastasis, regulation of CSCs 
is one of the keys in eradicating tumors.4 Instead of chemo-
therapeutics which only focus on killing of highly proliferative 
cancer cells yet do not consider functional heterogeneity of 
CSCs, profiling and targeting CSCs would be more effective 
way to treat cancer. Since fundamentals of CSCs are the rege- 
neration of a tumor that resembles the original tumor from 
which the CSCs was derived, the proportion of CSCs within 
a tumor may correlate with the severity of the cancer,9 and 
the ability to resist cancer therapies, finally leading to recur- 
rence and metastasis. Therefore, more clinical evidence and 
research is mandatory to identify the CSC-specific surface mar- 
kers, by which an effort to understand the regulation of CSC 
tumorigenic capacity and discovery of ablating agents should 
be continued.

CSCs in GI cancer; Are they instigators and 

propagators?

Though the existence of CSC is yet not clarified in clinical 
oncology, several experimental evidences strongly support 
the concept of CSCs. As much as CSCs, SC niches are speci-
alized microenvironments located within each tissue because 
SCs reside in the niche. Like well-acknowledged tumor mi-
croenvironment, the local tissue environment of SC niche cont- 
ributes to the onset and progression of tumorigenesis. The 
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mechanism by which the niche regulates self-renewal, diffe- 
rentiation, tumorigenesis and metastasis of CSCs is same as 
with SCs not intervened carcinogenesis.10 Initially, CSCs were 
believed to represent a very small fraction of the total cell 
population in a solid tumor, but as progressed, many as 25% 
of cancer cells may have the properties of CSCs.11 Further- 
more, pre-metastatic niche formation is initiated in small ni-
che, but may increase niche size to enhance metastasis. Recen- 
tly, Wang X et al.12 unveiled the role of the PCNA-associated 
factor-Wnt signaling axis as key molecule that modulates cancer 
cell stemness and Mery B et al.13 stressed that in order to 
successfully eradicate CSCs in head and neck cancer, CD44, 
polycomb ring finger protooncogene BMI1, CD133, ALDH1 
should be targeted. EMT is associated with a cancer stem 
cell phenotype, particularly in breast cancer,14 in detail, a 
downstream effector of EMT in breast cancer is the recep- 
tor tyrosine kinase Axl, which is clearly important for inva- 
sion and metastasis and upstream regulators of EMT such 
as TGF-β and relevant microRNAs in combination with treat-
ments that kill the bulk of the tumor cells would therefore 
seem a promising approach to effective chemotherapy. The 
microRNA family, miR-103/miR-107, could be another target 
by which to block EMT. As principle markers suggestive of 
CSCs as tumor propagating cells, ALDH encoding detoxi- 
fying enzymes, of which high expression can be detrimental 
to tumor eradication; Bmi1 suppressing the INK4A and ARF 
genes as polycomb complex protein; CD24, a sialoglycopro-
tein that acts as a ligand for p-selectin enabling cells to bind 
to platelets and facilitates tumor invasion through interacting 
with endothelia; CD44, a transmembrane glycoprotein that 
binds hyaluronan; CD90 a glycosylphosphatidylinositol-anch-
ored protein known as Thy-1; CD105, a type I integral mem-
brane protein; CD117 known as c-kit; a tyrosine kinase re-
ceptor for SCF; CD133, which is the first identified member 
of the prominin family of pentaspan membrane proteins; CD166, 
activated leukocyte cell-adhesion molecule (ALCAM); EpCAM, 
a glycosylated type I integral membrane protein expressed 
by many tumor cells involved in components of Wnt signal-
ling stimulating cell proliferation after cleavage of EpCAM 
intracellular domain; SP (side population) cells, efflux fluo-
rescent dyes such as Hoechst 33342 and DyeCycle Violet, 
which is a phenotype that usually depends on expression of 
the ATPase binding cassette (ABC) superfamily of membrane 
transporters.15 As possible therapeutic targets and strategies 
based on targeting intracellular pathways active in TPCs, the 
active Wnt, EpCAM, hedgehog (HH), and Notch pathways, 
ABC transporters, CD133, and ALDH activity, and CXCR4- 
CXCL12 and CD44-HA interactions have all been implicated 

in self-renewal and proliferation involved in invasion and 
metastasis as well as direct destruction of endothelial cells that 
maintain vascular niches of tumor promoting cells. If tumor 
initiating or tumor promoting cells (all are part of CSCs) are 
the roots of cancer, then these are the cells that must be spe- 
cifically eliminated for a successful therapy. Therefore, highly 
specific therapeutics must be developed to target CSCs and 
TPCs.

Targeting CSCs in GI cancer; features according 

to type of GI cancers

Barrett’s esophagus (BE) and BE-associated adenocar- 

cinoma (BAA)

BE is defined as any metaplastic columnar epithelium in 
the distal esophagus which replaces normal squamous epithe- 
lium and which predisposes to cancer development. While 
BE has been defined pathologically since the 1950’s,16 and 
identified as a risk factor for BAA since the 1970’s,17 our 
understanding of the molecular events giving rise to this condi- 
tion remains limited. What is known about the intestinal fea-
tures of BE and how well it recapitulates the intestinal epi-
thelium includes stem identity and their function to identify 
new insights to explain clinical relevance.18 Though there has 
not yet been any definitive identification of SCs functionally 
or based on broadly cell markers, several groups have identi-
fied populations of cells expressing intestinal SC markers such 
as Lgr5, doublecortin and CaM kinase-like-1 (DCAMKL-1), 
and sex determining region Y-Box 9 (SOX-9). Though the 
SCs for BE had not yet been identified, the expression of these 
markers provides the clue to identify. Though still controver- 
sial, label retaining cell (LRC) populations have been implica- 
ted as SCs by some. In a very novel in vivo study in humans, 
a rare slow-cycling LRC population, representing <0.1% of 
whole epithelial cells, has been detected in the crypt base 
in BE, whereas >99% of these LRC do not express lineage- 
specific markers such as defensin-5, MUC2 and chromogra-
nin A. In near future, much more work needs to be carried out 
to identify stem cell populations giving rise to BE.

Helicobacter pylori (H. pylori) infection is responsible 
for activation of CSCs as class I

carcinogen Gastric cancer is one of the most common cancers 
of digestive system globally and H. pylori infection is believed 
to be a major risk factor as class 1 carcinogen defined by Inter- 
national Agency for Research Cancer. The multiple mecha-
nisms of H. pylori-induced gastric carcinogenesis and their 
progressions are intervened, including inflammation-induced 
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gastric atrophy, tumor microenvironment, DNA nitration and 
oxidation induced by mutagenic factors, H. pylori-induced 
epigenetic modifications, H. pylori-induced disruption of the 
balance between proliferation and apoptosis, and H. pylo-
ri-induced cancer cell invasion, all essential steps implicated 
in gastric carcinogenesis. Furthermore, H. pylori may also 
affect the biological function of CSCs.19 The ability of H. 
pylori and its oncoprotein CagA to reprogram epithelial cells 
and activate properties of stemness show the sophisticated 
relationship between H. pylori and progenitor cell transfor- 
mation in the gastric mucosa.20 Within the last years, it be-
came clear that gastric self-renewal and carcinogenesis are 
intimately linked during H. pylori-associated chronic inflam- 
matory conditions because gastric cancer is now regarded as 
a disease resulting from dysregulated differentiation of stem 
and progenitor cells influenced by an inflammatory environ-
ment, plausible condition that various gastric epithelial stem 
cells relevant to H. pylori infection contribute to self-renewal 
and these dysregulated routes are known to gastric adenocar- 
cinomas including CSCs.21 Experimental studies have high-
lighted the role of bone marrow-derived cells (BMDCs) and 
particularly mesenchymal stem cells (MSCs), in the neoplastic 
process in about a quarter of the cases and possibly an epi-
thelial-mesenchymal transition (EMT) in the other cases. Diffe- 
rent studies have confirmed that chronic H. pylori infection 
induces a chronic inflammation and subsequent damage of 
the gastric epithelial mucosa, leading to BMDC recruitment. 
EMT induces the emergence of CD44+ cells possessing MSC 
and SC properties, resulted in metaplastic and dysplastic lesi- 
ons to give rise to the emergence of CSCs and adenocarci- 
noma.22 Choi YJ et al.23 explored that H. pylori infection 
may trigger the TGF-β1-induced EMT pathway and lead to 
the emergence of CSC. Interestingly, its eradication may pre-
vent the carcinogenesis of gastric cancer by inhibiting these 
two events. In conclusion, the recent identification of normal 
SCs and gastric CSCs has greatly improved our understanding 
of the molecular and cellular etiology of H. pylori-induced 
gastric cancer and will aid in the development of effective the- 
rapies to treat patients.24

Colitis-associated cancer (CAC) arising from longstanding 

inflammatory bowel disease

Colorectal cancer (CRC) is one of the most commonly di-
agnosed and lethal cancers worldwide. It is a multistep proc-
ess that requires the accumulation of genetic and epigenetic 
aberrations. There are several issues concerning colorectal car- 
cinogenesis that remain unanswered such as the cell of origin 
and the type of cells that propagate the tumor after its initia- 

tion. There are two models of carcinogenesis: the stochastic 
and the CSC model in CRC and CAC development. According 
to the stochastic model, any kind of cell is capable of initiat-
ing and promoting cancer development, whereas the CSC 
model suggests that tumors are hierarchically organized and 
only CSCs possess cancer-promoting potential. Moreover, vari- 
ous molecular pathways, such as Wnt/Notch as well as the 
complex crosstalk network between tumor microenviron-
ment and CSCs, are involved in CRC and CAC. In colon 
cancer, also the identification of CSCs remains controversial 
due to the lack of widely accepted specific molecular markers 
yet. Since CSCs are responsible for tumor relapse, because 
conventional drugs fail to eliminate the CSC reservoir, the 
design of CSC-targeted interventions is a rational target, which 
will enhance responsiveness to traditional therapeutic strate- 
gies and reduce local recurrence and metastasis as in other 
GI cancers. This review discusses the implications of the newly 
introduced CSC model in CRC, the markers used up to now 
for CSC identification, and its potential implications in the 
design of novel therapeutic approaches.25 The traditional, 
so-called “stochastic model” of tumor development, which 
assumes that each cancer cell is tumorigenic, has been deeply 
challenged during the past decade by the identification of 
CSCs, leading to the development of the hierarchical model 
of tumorigenesis which assumes that only CSCs have the ability 
to initiate tumor growth, both at primary and metastatic sites. 
As in esophageal and gastric cancer, the elimination of all 
CSCs is fundamental to eradicate tumors and that failure to 
do so might be responsible for the occurrence of relapses or 
metastases frequently observed in the clinical management 
of CRC cancer patients. CSC population in human CRC may 
derive from transformation of quiescent, normal long-term 
SCs or could result from the dedifferentiation of more mature 
cell.

　　　　
Targeting CSCs in GI cancer; chemoquiescence 

in order to seize GI cancer

Many therapeutic approaches are on the horizon by which 
to target CSCs in cancer, which is a challenging prospect 
given that these cells seem to be particularly resistant to current 
therapies, of which achievement is termed as “chemoquiescence”. 
As the term “chemoprevention” had been put forward as key 
in the cancer prevention before the emergence of CSCs theory, 
chemoquiescence is the best way to seize cancer completely, 
completed by ablating CSCs during chemoprevention. The ter-
minology chemoprevention was first defined by Sporn MB 
and Hong WK in Science publication that the prevention of 
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Fig. 2. Hope of eliminating CSCs for chemoquiescence of GI can-
cers The resistance of CSCs to conventional cancer treatments 
such as chemotherapeutic agents and radiation therapy is considered
a formidable problem because remaining CSCs presumably can
trigger relapse after the cease of treatment. Therefore, development
of new therapeutic strategies based on the CSC model has therefore
become a key goal in the challenge to achieve complete eradication
of cancer. In this review article, four strategies have been introduced
to eliminate CSCs, targeting ABC transporter, autophagy, proliferative
signals, and hedgehog singalings against three inflammation-based
GI cancers, BAA, CAG-associated cancer, and CAC.

chemical carcinogenesis by vitamin A and its synthetic analogs 
retinoids in the early 1970s and identified that natural or 
synthetic retinoids to prevent and reverse carcinogenesis in 
many epithelial tissues. This is the modern day concept of 
chemoprevention and the first proposed26 and some govern-
ment program have been created to grow vegetable consump- 
tion and reduce cancer occurrence.27 Our authors group also 
focused on the discovery of several chemotherapeutic agents. 
For example, the plant-derived products were confirmed about 
reducing carcinogenesis, but some products have high toxi- 
city. Phytochemical product can be chemoprevention agents 
in the process of carcinogenesis, i.e., initiation, promotion 
and progression, is reported from many laboratories. Tea poly-
phenol epigallocatechin-3-gallate (EGCG), curcumin from the 
plant Curcuma longa, resveratrol from red wine, luteolin in 
several green vegetables had been put forward as potential 
chemopreventive agent based on confirmed mechanism of 
inhibiting carcinogenesis, attenuating inflammation, inducing 
apoptosis and cell cycle arrest.28-31 Among chemopreventive 
agents explored by our group that Korean red ginseng, diallyl- 
sulfide or S-allyl cysteine, cancer preventive kimchi, NSAIDs/ 
aspirin,32-34 some were additionally proved to be specifically 
targeted CSCs, reaching to the conclusion that phytochemicals 
could be taken on a long-term will be valuable tools in tumor 
formation or tumor recurrence by CSCs, described in detail 
below. As examples, Balic A et al.35 demonstrated that chloro- 
quine (CQ), anti-malarial agent, in vitro treatment significantly 
reduced CSCs, decreased tumorigenicity and invasiveness in 
vivo. Our group also identified CQ significantly inhibited tu-
morsphere formation in a dose dependent manner. Further- 
more, combination treatment with CQ and gemcitabine was 
able to remove tumors, ameliorated survival, and inhibited 
CXCR4 and hedgehog (HH) signaling. Napapan K et al.36 in 
a recent publication, demonstrated in vitro treatment with 
SHH inhibitors (cerulenin, cyclopamine, itraconazole) signifi- 
cantly inhibited TNF-β-stimulated IL-6 and IL-6 receptor/ 
gp130 signaling through STAT3. Furthermore, in vivo admi- 
nistration of these SHH inhibitors significantly prevented azo- 
xymethane-initiated, dextran sodium sulfated-promoted CAC 
in mice. SHH inhibitors significantly reduced colosphere for-
mation and tumorigenesis of tumorsphere.

Potential candidates for ablating CSCs in GI cancer

Current anti-cancer therapies inhibit cancer cell growth and 
render cancer cells to die. Although initial treatments appear 
to be successful, a relapse generally occurs at a later date. This 
relapse and resistance to therapy occurs because most tradi-

tional and mainstream therapies can’t eliminate CSCs. The- 
refore, it is essential to target these CSCs in order to prevent 
tumor relapse and to provide an efficient and less toxic treat-
ment for cancer therapy.37 The resistance of CSCs to conven-
tional cancer treatments such as chemotherapeutic agents and 
radiation therapy is considered a formidable problem because 
remaining CSCs presumably can trigger relapse after the cease 
of treatment. Therefore, development of new therapeutic stra- 
tegies based on the CSC model has therefore become a key 
goal in the challenge to achieve complete eradication of can- 
cer. To date, four strategies have been considered in this re- 
view (Fig. 2).38

SHH inhibitors

The HH signaling pathway is a key mediator of segmental 
patterning to proper development of embryonic cells through 
controlling the proliferation, migration and differentiation 
of target cells.39,40 In mammals, three types hedgehog homo-
logues are present, DHH(desert HH), IHH(indian HH) and 
SHH(sonic HH), of which SHH is the best studied and these 
signaling proteins has different effects depending its concen-
trations in different parts of the embryo.41-44 The SHH path-
way is the important regulator during vertebrate embryonic 
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development such as organization of brain and the growth 
of digits on limbs.39 Recent studies suggested that it controls 
adult SCs involved in cell division, maintenance and regene- 
ration of adult tissue,45 but the presence of CSC was found 
in many human tumors including glioblastoma, breast cancer, 
pancreatic adenocarcinoma, multiple myeloma and chronic 
myeloid leukemia.46-52 Therefore many pharmaceutical com-
panies challenged to develop drugs to target HH signaling 
against cancer. In the inactive state, the absence of HH leads 
to prevent highly expression and activation of Smoothened
(Smo) by the cell-surface transmembrane protein Ptch1 while 
Gli 1/Gli 2 (among the Gli family, zinc-finger transcription 
factors, acts as activators to transcription) are phosphorylated 
and removed through proteosomal degradation, but in the 
active state, the extracellular HH binds to Ptch1, initiating 
Smo activation which allowing Gli1 family activation it means 
that released Gli 1/2 from the Smo protein complex trans-
locate to the nucleus, leading to transcriptional activation of 
HH associated gene.53,54 Potential therapeutic agents hasbeen 
focused that target events such as HH and Smo activation and 
downstream Gli proteins in development. Many studies sug-
gested that self-renewal of CSCs to the maintenance of the 
malignant clone are required HH signaling regulates this 
process including tumor microenvironment55-57 and several 
investigators reported that HH signaling modulates human 
tumor-derived CSCs.50 When the tumor progression, CSCs 
appear in disease progression and HH signaling seem to play 
an important role, such as for controlling the function of 
CSCs during metastasis of solid tumor.56 Perhaps, HH signal-
ing is believed to be a critical role as the Notch/Wnt pathway 
in cancer.58,59 Especially, HH and Gli pathway (HH- Gli) is 
required in every step of primary human colon carcinogene- 
sis, essential step for the survival and proliferation. Accor- ding 
to Varnat et al., the HH-GLI is activated in colorectal cancer 
epithelial cell, which has been modulated the tumor growth 
and rate of CD133+ CSCs. In addition, there were increased 
levels of expression of HH-Gli1 signaling components in ad-
vanced metastatic CRC compared with non-metastatic CRC, 
which were dependent on increases in the HH- Gli1 activity.60 
As cyclopamine is the first phytochemical found in plant Vera- 
tum califomicum, commonly called the corn lily, which is 
a drug that acts to suppress the HH pathway and cyclopamine 
plays to inhibit SHH pathway,61 many researchers are studied 
the therapeutic effects using cyclopamine in basal cell carci- 
noma, medulloblastoma, rhabdomyosarcoma, glioblastoma and 
multiple myeloma, etc.61 According to a recent study related 
to colon CSCs with cyclopamine, HCT116 cells-derived CSCs 
could see that a lot of those expressing a markers of CSC, 

SHH downstream gens and EMT as compared to cells with 
conventional culture. We also confirmed cyclopamine treat-
ment significantly decreased the CSCs stemness marker, SHH 
downstream genes, and EMT markers.62 When using the 
HCT116 cells-derived CSCs in xenograft model, cyclopamine 
is reduced intact tumor sheet and tumor size and increased 
apoptosis of tumor.36

Chloroquine (CQ)

Several studies suggested that CQ, (N′-(7-chloroquinolin- 
4-yl)-N, N-diethyl-pentane-1, 4-diamine), anti-malaria agent 
and anti-autoimmune disease agent, has been evaluated as an 
autophagy inhibitor during numerous late-stage cancers treat- 
ment.63 Although it is unknown clearly whether it acts solely 
by inhibiting cancer cell autophagy, CQ was found to have 
direct effects on different types of malignancies. CQ’s anti-
cancer activity is believed to rely on induction of apoptosis, 
inhibition of autophagy, interaction with nucleotides, elimi-
nation of CSC, normalization of the vasculature, enhancing 
cross presentation, and immune suppression.64 Therefore, seve- 
ral research groups including ours have discovered CQ as 
potential candidates to control tumor dormancy or CSCs.65 
In oncology, CQ has been identified as a CSC targeting agent 
for other aggressive cancers including liver cancer, breast can-
cer, and CML based on autophagy blocking actions.66-69 Since 
autophagy is activated in various GI cancer cells following 
different anticancer therapies and can activate the survival of 
cancer cells against hypoxic and nutrient deprived tumor mi-
croenvironment by providing catabolites required for repair 
and by reducing toxic substances and cytoplasmic acidifica- 
tion, autophagy inhibition with CQ can cause a stop of cell 
recycle needed for CSCs survival, make CSCs more sensitive 
to the tumor microenvironment, and be useful in improving 
anti-cancer treatments.66 Recently, Wei et al. reported that 
the inhibition of photodynamic therapy (PDT)-induced au-
tophagy by CQ substantially facilitated apoptosis of CSCs 
existing at CRC and decreased the ability of colonosphere 
formation in vitro as well as tumorigenicity in vivo.70 These 
results suggested that targeting autophagy by CQ could be 
used to elevate the PDT sensitivity of CSCs as novel ther-
apeutic approaches for GI cancer treatment. Besides, CQ was 
identified as a potential CSC inhibitor through in silico gene 
expression signature analysis of the CSCs population. Choi 
et al., in their recent publication, showed CQ eliminated the 
CSCs in triple negative breast cancer through inhibition of 
the Janus-activated kinase 2 (Jak2)-Signal transducer and acti-
vator of transcription 3 (STAT3) signaling pathway by redu- 
cing the expression of Jak2 and DNA methyltransferase 1
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(DNMT1).71 In pancreatic cancer, Balic et al. showed that 
CQ significantly decreased CSCs, leading to diminished in 
vivo tumorigenicity and invasiveness of pancreatic cancers.35 
CQ strongly promotes γ-irradiation (γ-IR) induced cell death 
in highly radio-resistant CSCs of glioma via induction of strong 
apoptosis and inhibition of autophagy.72 As results, triple com 
binations of CQ, γ-ray irradiation, and a PI3K/Akt inhibitor 
permit reduction of the CQ dose required to trigger cell death. 
These findings emphasized that CQ can decrease CSCs via 
autophagy-dependent and autophagy-independent mechanisms 
on the tumor cells as well as tumor stroma. Moreover, the 
addition of CQ to the standard of care may greatly and safely 
potentiate current anti-cancer treatments. 

ATPase binding cassette (ABC) blockers; PPI and p-CAB 

CSCs are featured with high levels of ABC transporters. 
Expression of such transporters is commonly associated with 
multi-drug resistance (MDR) as they provide for a unique defense 
of cells against chemotherapeutic drugs by significantly decrea- 
sing the cellular accumulation of cytotoxic agents. Notably, 
since CSCs are quiescent, CSCs spend most of their time in 
G0 cell cycle phase, and have high DNA repair capacity, this 
is an additional reason for their chemoresistance. MDR cells 
may repopulate the tumor after the therapy as a result of selec- 
tion when some of the cancer cells accumulate necessary ge-
netic or epigenetic changes that confer drug resistance. Such 
resistant cells acquire selective advantage over the rest of the 
cells, which allows them to evade the therapy. According to 
the CSCs theory as explained above, tumors already contain 
small population of intrinsically resistant tumor initiating 
cells (TICs). Exposure to the chemotherapeutic drugs elimi-
nates the drug sensitive stromal tumor cells, leaving the CSCs. 
Mutations in the surviving CSCs and their progenies can lead 
to the development of MDR phenotype. Drug resistance of 
CSCs has been also associated with overexpre- ssion of other 
drug efflux transporters. For example, P-glycoprotein (Pgp), 
also designated ABCB1, is one of the most important efflux 
transporters related to CSCs resistance. Studies have shown 
that higher expression of CD133 in CSCs or transfected cells 
was accompanied with an elevated ABCB1 efflux activity. 
Angeastro et al. found that Pgp/ABCB1 was up-regulated and 
displayed functional drug efflux activity in many CD133+ 
glioma cells in comparison with the parental cells. Though 
the mechanism behind the increase in ABC transporter expre- 
ssion and activity in CSCs is not clear, recent study pointed 
out that cisplatin treatment selects for MDR CD133+ cells 
by activating Notch signaling pathway.

CONCLUSION

Ever since the first experimental identification of CSCs, 
the CSC model has been a major topic of debate as a result 
of uncertainties concerning the properties of these cells such 
as defining cell surface markers and plasticity. However, it 
might be certain that the introduction of the CSC concept 
has resulted in important advances in cancer research. For 
instance, the CSC-based hierarchical model has provided a 
better understanding of the tumor heterogeneity and the goal 
of development of anti-cancer drugs will change from reduc- 
tion of tumor size to targeting subpopulations of tumor cells 
with a high tumorigenic potential. Future studies of CSCs will 
need to expand beyond the xenograft approach, in which 
cells derived from patients tumor are transplanted into im-
mune-compromised mice, PDX (patient derived xenograft) 
model and include the development and characterization of 
mouse tumor models that recapitulate aspects of tumor heter-
ogeneity and the microenvironment in order to provide fur-
ther insight into the complexity of CSCs observed in actual 
human tumors. In this review, we explored the potential of 
SHH inhibitors, PPI inhibitor, p-CAB, and CQ as future po-
tential specifically targeted CSCs existing in GI cancer and 
hope for chemoquiescence can be come true with well-desig- 
ned clinical trials in a near future.
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