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Increasing studies have demonstrated a small proportion of
cancer stem cells (CSCs) exist in the cancer cell population.
CSCs have powerful self-renewal capacity and tumor-initiating
ability and are resistant to chemotherapy and radiation.
Conventional anticancer therapies kill the rapidly proliferating
bulk cancer cells but spare the relatively quiescent CSCs,
which cause cancer recurrence. So it is necessary to develop
therapeutic strategies acting specifically on CSCs. In recent
years, studies have shown that therapeutic agents such as
metformin, salinomycin, DECA-14, rapamycin, oncostatin M
(OSM), some natural compounds, oncolytic viruses, microRNAs,
cell signaling pathway inhibitors, TNF-related apoptosis
inducing ligand (TRAIL), interferon (IFN), telomerase inhibitors,
all-trans retinoic acid (ATRA) and monoclonal antibodies
can suppress the self-renewal of CSCs in vitro and in vivo. A
combination of these agents and conventional chemotherapy
drugs can significantly inhibit tumor growth, metastasis and
recurrence. These strategies targeting CSCs may bring new
hopes to cancer therapy.

Introduction

In the past decades, even though some progress has been made
in anticancer treatment, patients dying from tumor recurrence
are still common. The cancer stem cell hypothesis proposes that
only a small proportion of cancer cells have self-renewal capacity
and tumor-initiating ability, known as CSCs or tumor-initiating
cells(TICs)."? CSCs share similar cell surface markers and self-
renewal pathways with normal stem cells, have potent differenti-
ation capacity and are resistant to chemotherapy and radiation."?
Up to the present, the differences between normal stem cells and
CSCs remain poorly defined except that the self-renewal of nor-
mal stem cells is in control while that of CSCs is out of control.
CSCs were first identified in acute myeloid leukemia
(AML).** Until now, CSCs have been isolated in breast cancer,>®
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lung cancer,’” brain tumor,*' colon cancer,
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prostate cancer,'
pancreatic cancer,'® ovarian cancer,” liver cancer,'® melanoma®
and so on. Conventional anticancer therapies kill the rapidly
proliferating non-CSCs while have less effect on CSCs."* CSCs
resist chemotherapy and radiation by their powerful self-renewal
capacity, drug effluxion, antiapoptotic ability and other unknown

mechanisms.">?°
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However, there are some doubts about the CSC hypothesis.
Some researchers believe that cancer initiation and progres-
sion are better explained by the stochastic (or clonal evolution)
model,” in which most or all cancer cells have inherent tumori-
genic potential. Some propose a more dynamic model, the Yin-
Yang mode, in which cancer cells are heterogeneous and consist
of varying growing or replicating populations (Yang) and non-
dividing or slow growing populations (Yin) and the two popu-
lations may inter-convert.”? Some believe that different cancers
may follow different models; for example, some cancers may
follow the CSC model while others may follow the stochastic
model.?! Despite these different insights, there is no doubt that
some cancer cells are resistant to chemotherapy and radiation and
cause anti-cancer treatment failure and tumor recurrence. The
CSC hypothesis prompts the exploration of strategies targeting
CSCs, which are resistant to conventional anticancer therapies.
These strategies will make it possible to eradicate cancer cells
(Fig. 1).

Recently, metformin, salinomycin, DECA-14, rapamycin,
oncostatin M (OSM), some natural compounds, oncolytic
viruses, microRNAs, signaling pathway inhibitors, TNF-related
apoptosis inducing ligand (TRAIL), interferon (IFN), telomer-
ase inhibitors, all-trans retinoic acid (ATRA) and monoclonal
antibodies have been shown to inhibit the self-renewal of CSCs
in vitro and in vivo. A combination of these agents and con-
ventional chemotherapy drugs can significantly inhibit tumor
growth, metastasis and recurrence. In this paper, therapeutic
strategies targeting CSCs in recent years are reviewed. Cancer
cells with cancer stem-like cell characteristics such as CD133-
positive cells, side population (SP) cell, aldehyde dehydrogenase
(ALDH)-positive cells, radioresistant cells and chemoresistant
cells are all considered as cancer stem-like cells in this paper.

Metformin

Metformin is a standard drug for type 2 diabetes treatment and
has been used for years. Epidemiological research shows that the
cancer risk in patients with type 2 diabetes taking metformin was
lower than that in other patient groups.? It has been showed that
in vivo and in vitro metformin can inhibit cancer cell growth of

breast cancer,?42¢

29,30

ovarian cancer,” endometrial cancer,?® prostate
cancer”? and pancreatic cancer.’ Chemotherapy-resistant ovar-
ian cancer cells can also be killed by metformin.?” In a recent
study by Hirsch et al., contrary to the chemotherapeutic drug
doxorubicin, metformin selectively killed CD44"s"/CD24""

breast CSCs while having less effect on CD44"°*/CD24"#" breast
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nicity of breast cancer cells pretreated
e with salinomycin decreased more than
100-fold compared with cells pretreated
with paclitaxel. In animal models, salino-
mycin intraperitoneal injection inhibited
mouse xenografts’ growth, induced apop-
tumor relapse tosis, necrosis, epithelial differentiation
and suppressed stemness gene expression
of cancer cells. In addition, salinomy-
cin can overcome ATP-binding cassette

(ABC) transporter-mediated multidrug

resistance and apoptosis resistance of

these two steps, all cancer cells will be eradicated.

Figure 1. Anticancer therapy may consist of two steps, the first step for killing rapidly proliferating
bulk cancer cells, which are sensitive to chemotherapy and radiotherapy, the second step for
targeting CSCs in a resting state, which are resistant to conventional anticancer therapies. After

KG-1a cells (human leukemia stem-like
cells), restoring the sensitivity of these
cells to chemotherapeutic drugs.** The

mechanism(s) by which salinomycin

non-CSCs cells,® and had synergistic effect with doxorubicin
on killing breast CSCs in vitro and in vivo. When breast can-
cer xenografts were treated with doxorubicin and metformin, the
CSCs proportion rapidly decreased to undetectable levels. After
treatment was stopped, the animals remained in tumor remission
for at least 60 d, meaning that the tumors were almost completely
eliminated. However, treatment with doxorubicin alone increased
the percentage of CSCs, and the mouse xenografts re-grew rap-
idly 20 d after the treatment was stopped.*? The molecular mech-
anism by which metformin inhibits the self-renewal of breast
CSCs is unclear and requires further study. It has been shown
that in cancer cells, metformin can activate the AMP-activated
protein kinase (AMPK) enzyme,?*" arrest the cell cycle, decrease
cyclin D1 expression, increase p21 protein expression, attenuate
mTOR-S6RP phosphorylation, inhibit protein-translational and
lipid biosynthetic pathways?” and disrupt crosstalk between the
insulin/IGF-1 receptor and GPCR signaling.*® Metformin has
been used in antidiabetic treatment for more than 50 years and is
now believed to be the most widely prescribed antidiabetic drug
in the world. It causes few adverse effects and prevents the car-
diovascular complications of diabetes. The proper dose for met-
formin in contributing to killing CSCs in humans is unknown,
and lactic acidosis may be caused by an overdose of metformin.
So, although metformin is a promising agent in targeting CSCs,
more research is needed.

Salinomycin

Salinomycin, a highly selective potassium ionophore and an
antibiotic extensively used for coccidiosis, has been shown to
selectively kill breast CSCs.* In a study by Gupta et al., 16,000
different chemical compounds were screened, and only 32 com-
pounds targeted CSCs.* Among these compounds, salinomycin
killed CSCs of breast cancer at least 100 times more effectively
than paclitaxel in mice. In vitro, the percentage of CD44"s"/
CD24"" breast CSCs increased 18-fold in breast cancer cells
treated with paclitaxel while it decreased 20-fold in salinomycin
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induces breast CSCs specific toxicity

remains unclear. In the same study, nige-
ricin, another potassium ionophore bearing structural similarity
to salinomycin, also exhibited similar selective toxicity on breast
CSCs, suggesting that salinomycin killing CSCs may due to its
action as a potassium ionophore.*® However, salinomycin has
high toxicity which may limit its clinical use.

DECA-14 and Rapamycin

In a study by Smith et al., 51 compounds that selectively tar-
geted patient-derived neuroblastoma TICs (NB TICs) were iden-
tified by a high-throughput cell-based screening assay. Among
the compounds, dequalinium analog, C-14 linker (DECA-14),
an antimicrobial agent used in mouthwashes and throat lozenges
and rapamycin, a specific inhibitor of the mammalian target
of rapamycin(mTOR), were characterized in detail.®® In vitro
DECA-14 treatment induced apoptosis of NB TICs isolated
from multiple patients, while had less effect on established NB
cell lines and little effect on normal pediatric stem cells (skin-
derived precursors and SKPs), indicating that DECA-14 selec-
tively targeted NB TICs. Gene expression analysis showed that
most significantly altered transcripts in DECA-14 treatment were
the mitochondrial NADH dehydrogenase subunits that compose
complex I of the mitochondrial electron transport chain, indi-
cating that DECA-14 induced apoptosis of NB TICs by affect-
ing mitochondria electron transport. Intraperitoneal injections
of DECA-14 significantly inhibited subcutaneous xenograft
tumor growth and tumor-initiating capacity of NB TICs in vivo.
Except mild body weight reduce, no other significant toxicities
were noted in DECA-14 treated animals. In NB TICs, p70S6K
and S6 ribosomal protein (S6RP), two proteins in the mTOR
signaling pathway, were hyperphosphorylated, indicating that
mTOR signaling pathway is constitutively activated. Rapamycin
treatment inhibited cell proliferation and induced apoptosis of
NB TICs and had little effect on SKPs and established NB cell
lines, which are similar with DECA-14 treatment. The phos-
phorylation of p70S6K and S6RP in NB TICs was rapidly inhib-
ited by rapamycin treatment, indicating the activity of mTOR
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signaling pathway was reduced by rapamycin. Rapamycin treat-
ment reduced NB TICs xenograft tumor weight by 74.0 to
82.6%), while vinblastine, a chemotherapy used to treat NB,
only reduced tumor weight 43.4% relative to vehicle-treated con-
trols, indicating that rapamycin was much more effective than
vinblastine. For the advantage of being selectively toxic to NB
TICs while sparing normal pediatric stem cells, DECA-14 and
rapamycin will be promising agents targeting CSCs in vivo, espe-
cially in pediatric cancers.

Oncostatin M (OSM)

Oncostatin M (OSM), a multifunctional interleukin 6-related
cytokine, has been shown to inhibit the proliferation of various
solid tumor.’® In the study by Yamashita et al., OSM receptor
(OSMR) was detected in hepatocellular carcinoma (HCC) cells
and had a high frequency in epithelial cell adhesion molecule
(EpCAM)-positive HCC cells, which had CSCs characteris-
tics.” In vitro OSM treatment on HuH1 and HuH7 HCC cells
led to a decrease in stemness gene expression, EpCAM expres-
sion, a-fetoprotein and cytokeratin 19 protein expressions and an
increase in albumin protein expression, indicating differentiation
of the HCC cells. OSM is known to enhance hepatocytic differ-
entiation of hepatoblasts by inducing the activation of the signal
transducer and activator of transcription 3 (STAT3) pathway.
Incubation of HCC cells with OSM resulted in the induction and
nuclear accumulation of phosphorylated STAT3, indicating that
differentiation of EpCAM* HCC cells induced by OSM is also
in a STAT3-dependent manner. More over, although OSM treat-
ment alone showed weak tumor-suppressive effects in primary
EpCAM* AFP* HCC xenograft tumors in NOD/SCID mice, the
combination of OSM with 5-FU showed a marked inhibition of
tumor growth compared with 5-FU alone, indicating that OSM
treatment increases the chemosensitivity of EpCAM* HCC cells.
5-FU treatment alone can induce Annexin V* and activated cas-
pase 3* cells and diminish EpCAM-non-CSCs, while enrich the
EpCAM* CSCs in HCC. Although OSM treatment alone had a
slight effect on apoptosis induction of HCC cells, it can decrease
EpCAM?* cell population and significantly enhance the activa-
tion of caspase 3 in 5-FU treatment. The apoptosis induction and
tumor suppression of OSM combined with 5-FU is much more
effective compared with OSM or 5-FU alone indicates that the
combination of some agents targeting CSCs and conventional
chemotherapies may produce one plus one is greater than two
effects.

Natural Compounds

Some natural compounds isolated from vegetables, fruits and
other plants have many biological activities including killing
cancer cells. Recently, it was shown that some natural compounds
can also target CSCs or sensitize CSCs to anticancer drugs.
Sulforaphane, an isothiocyanate enriched in broccoli, can inhibit
cell proliferation, induce apoptosis, suppress mammosphere
formation and inhibit the ALDH-positive cells of breast cancer
cell lines in vitro, reduce ALDH-positive cells by > 50% in
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NOD/SCID mice xenograft tumors and abrogat tumor growth
after the reimplantation of primary tumor cells into the secondary
recipient mice.*® Downregulation of the Wnt/(-catenin pathway
may be one of the possible mechanisms for sulforaphane inhibiting
self-renewal of breast CSCs.?® In human prostate cancer cell lines,
epigallocatechin gallate (EGCG), the most abundant catechin
in green tea, can inhibit cell growth, self-renewal, migration,
invasion and induce apoptosis of CSCs by engaging cell-intrinsic
pathway of apoptosis, suppress epithelial-mesenchymal transition
(EMT) of CSCs by inhibiting the Wnt/B-catenin pathway and
the expression of the transcription factors slug, snail, which are
required for induction of EMT.* Quercetin, a plant-derived
flavonoid found in fruits, vegetables, leaves and grains, can
inhibit the self-renewal and EMT of pancreatic CSCs and revert
apoptotic resistance of the pancreatic CSCs in vitro.* It can also
suppress pancreatic CSC-enriched xenograft growth through
reduced cell proliferation, apoptosis induction and angiogenesis
inhibition; moreover, has synergistic effects with sulforaphane
and have no pronounced toxicity to normal cells or animals.*’
In addition to having synergistic effects with sulforaphane,
quercetin, combined with chemotherapeutic drugs, is effective
in blocking antiapoptosis pathway of lung CSCs.* Curcumin,
a popular food spice, can inhibit the SP phenotype of the rat
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C6 glioma cell line,** and berberine, a quaternary ammonium
salt from the protoberberine, can suppress the self-renewal of
SP cells and ABCG2 transporter expression in human MCE-7
breast cancer cells.* Gamma-tocotrienols (gamma-T3), one of
the vitamin-E constituents, can inhibit the tumorigenicity of
prostate cancer cells and kill docetaxel-resistant CD133-enriched
PC-3 prostate cancer cells.*” Parthenolide, a sesquiterpene
lactone well known in natural medicine, can reverse the
vinorelbine resistance of SP cells in MCEF-7 breast cancer cells.®®
A combination of stealthy liposomal vinorelbine and stealthy
liposomal parthenolide can fully inhibit the MCE-7 cell xenograft
growth.”” Moreover, some phytoestrogens/flavonoids, such as
genistein, naringenin, acacetin and kaempferol, which have
less effect on drug-sensitive leukemia K562 cells, can potentiate
the cytotoxicity of SN-38 and mitoxantrone in breast cancer
resistance protein  (BCRP)-transduced K562 (K562/BCRP)
cells, indicating these phytoestrogens/flavonoids may reverse
multidrug-resistance protein (MRP)-mediated chemotherapy

resistance. ¢

All these results show that some natural compounds
are promising candidates in targeting CSCs for their several

anticancer mechanisms.
Oncolytic Viruses

Oncolytic viruses can infect tumor cells and replicate in the cells,
eventually lysis tumor cells and release more viruses to infect
other tumor cells. These viruses cannot replicate in normal cells,
so they do not kill normal cells;* for this advantage some onco-
lytic viruses have been used in clinical.” If specific promoters are
used, oncolytic viruses will be more specific, effective and safe in
anticancer therapy. In a study by Bauerschmitz et al., oncolytic
viruses featuring cyclo-oxygenase 2 (Cox-2), telomerase (WTERT)
and multidrug-resistance (MDR) promoters (Ad5/3cox2L.A24,
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Ad5/3-hTERT-Agp and Ad5/3-mdr-A24), destroyed or even
completely eliminated CD44* CD24/low breast CSCs in vitro
and had a significant antitumor effect on CD44* CD24/low
breast CSCs-derived tumors.* Fifty percent was necrotic in the
tumors treated with Ad5/3-mdr-A24 while only 20% was necrotic
in the mock-treated tumors, indicating that Ad5/3-mdr-A24 had
strong cell killing effects on these breast CSCs.*® In another study,
a telomerase-specific oncolytic adenoviral vector carrying TRAIL
and E1A genes (Ad/TRAIL-EI) preferentially targeted and killed
radioresistant human esophageal carcinoma cells; these cells had
CSCs’ characteristics and higher telomerase activity than their
parent cells. When Ad/TRAIL-E1 was injected intratumorally,
the radioresistant tumor cells in xenografts underwent apopto-
sis and eventually 40% of the mice survived free of tumors for
more than 180 days. Moreover, Ad/TRAIL-E1 did not show sig-
nificant toxicity on normal cells in vitro and in vivo.* Oncolytic
viruses can be genetically modified for targeting specific cells as
required and do no harm to normal cells, making them promis-
ing therapies for targeting CSCs.

MicroRNAs

MicroRNAs (miRNAs) are a class of endogenous, non-coding
20-22 nt small RNAs that can base pair their target mRNAs
to repress their translation or induce their degradation.’® They
are crucial post-transcriptional regulators of gene expression in
cellular proliferation, differentiation and apoptosis, and they
act as oncogenes or tumor suppressor genes contributing to the
development of human malignant tumors. Altered expression of
miRNAs have been observed in human cancers, such as miR-
143 and miR-145 downregulation in colorectal cancer® and lung
cancer,’” and miR-21 upregulation in glioblastoma tumors® and
breast cancer.”*>> Recently, it was indicated that some miRNAs
are involved in the self-renewal and survival of CSCs.

The miR-34 family was found to be directly regulated by p53
and target Notch and Bcl-2.5%% In four human gastric cancer
cell lines, Kato III, AGS, N87 and MKN45, p53-mutant Kato
IIT cells have the lowest levels of both pri-miR34a and mature
miR-34a and the highest expression levels of miR34 target
genes Bcl-2, Notchl and Notch4.”® MiR-34 restoration in Kato
IIT cells results in inhibition of cell growth and tumorspheres
formation, accumulation in G, phase and caspase-3 activation,
downregulates miR-34 target gene Bcl-2 and Bax, Notchl
and HMGAZ2 and renders the cells 2—-3-fold more sensitive to
chemotherapeutic agents (doxorubicin, cisplatin, gemcitabine
and docetaxel, all of which are used in gastrointestinal cancer
chemotherapy).®® p53-mutant human MiaPaCa2 pancreatic
cancer cells also have very low miR-34a,b,c expression but
high levels of the miR-34 target genes Bcl2 and Notchl.”” In
MiaPaCa2 cells, miR-34 restoration inhibits cell clonogenic
MiaPaCa2
(gemcitabine) and radiation by inducing caspase-3 activation
and apoptosis, results a significant reduction of CD44*/CD133*
CSCs proportion and a decreased tumor formation rate in nude

growth,  sensitizes cells  to chemotherapy

mice (miR-34a restoration group 2/10 vs. controal group 10/10).
MiR-34 restoration also significantly inhibites the self-renewal
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of CD44*/CD133* CSCs and led to an almost 23-fold
reduction of Bcl-2 mRNA in CD44+/CD133* CSCs, while only
showing a 43% reduction of MiaPaCa2 total population cells,
indicating that miR-34 restoration plays a more critical role in
targeting these pancreatic CSCs than in the total population
cells.”” These findings suggest that miR-34 mimics may hold
significant promise as a novel molecular therapy agent targeting
CSCs in p53-deficient human cancers.

In a study by Yang et al., miR145, a tumor-suppressive
miRNA, is inversely correlated with the levels of stem gene
Oct4 and Sox2 in glioblastomas (GBMs) CD133 positive cells
and malignant glioma specimens.®® Expression of miR145 by
gene delivery using polyurethane-short branch polyethyleni-
mine (PU-PEI) significantly inhibited tumorigenic potential
and CSC-like abilities of GBM-CD133* cells and induced
GBM-CD133* cells differentiate into CDI133-non-CSCs.
PU-PEI-miR145 treatment also has synergistic effect with
radiation and temozolomide on orthotopic GBM-CD133"-
transplanted immunocompromised mice by reverseing drug-
resistance and apoptosis resistance, indicating that combination
with miR145 and radiation or chemotherapy may provide a
promising new treatment for targeting CSCs in glioblastomas.
Besides miR34 and miR145, other miRNAs involved in cancer
development may also serve as anticancer agents targeted CSCs.

Signaling Pathway Inhibitors

Cell signaling pathways such as Notch, Hedgehog and Wnt/
B-catenin play important roles in cancer development and are
involved in the self-renewal of CSCs. Li et al. demonstrated that
the expression of Sonic hedgehog (Shh) in CD44* CD24* ESA*
pancreatic CSCs was 10-fold higher than in bulk pancreatic

cancer cells.'

Hedgehog inhibitor cyclopamine, a combination
with cyclopamine and gemcitabine or a triplet combination
with cyclopamine/CUR199691, rapamycin and chemotherapy
can all inhibit Hedgehog signaling pathway, decrease the pro-
portion of CSCs and induce tumor regression in pancreatic
cancer xenograft models.®** In brain tumor cells, cyclopamine
treatment decreased CSCs proportion or even eliminated CSCs
and deprived the tumorigenicity of the tumor cells.** In breast
CSCs, activation of the Notch signaling pathway is significantly
higher than in bulk cancer cells.” Knockdown of Notch4 with
small interfering RNA (siRNA) significantly inhibited the
self-renewal of ESA*/CD44*/CD24"" breast CSCs and com-
pletely deprived the tumorigenicity of these breast CSCs.” In
human colorectal cancer xenografts, anti-human Notch ligand
Delta-like 4 antibody (anti-hDLL4) significantly decreased the
proportion of ESA*/CD44*/CD166* CSCs in tumors; a combi-
nation of anti-hDLL4 and irinotecan showed synergistic inhibi-
tion on tumor growth and recurrence.® The Wnt/B-Catenin
signal pathway is also activated in various tumors and involved
in the regulation of the self-renewal of CSCs. In breast cancer,
the natural compound sulforaphane inhibiting the self-renewal
of ALDH positive cells,®® and oxymatrine suppressing the the
self-renewal of SP cells, are all associated with downregulation
of the Wnt/B-Catenin signaling pathway.
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linhibition of other cell signal pathwayws can also target
CSCs. Platelet-derived growth factor (PDGF) plays a central role
in the development of glioma, inhibition of PDGF-B by siRNA
leads to glioma-derived cancer-initiating cells (GICs) stop prolif-
erating, lose their self-renewal ability and tumor-initiating capac-
ity and differentiate into normal tissue cells to a certain extent.*®
C-Kit (stem cell factor receptor) signaling also play an impor-
tant role in development of glioma. Inhibition of PDGF receptor
(PDGFR) and c-Kit by imatinib mesylate, the tyrosine kinase
inhibitor or by siRNA, induces differentiation of glioma CSCs
and inhibits the tumorigenicity of the glioma CSCs.*

Recently, a phase I clinical trial of a combination therapy
that targets both bulk tumor cells and CSCs in relapsed head
and neck cancer patients has been started. National Institutes
of Health (NIH) founded this national program which focuses
on anti-CSC therapies in the human body for the first time.”
The clinical trial will test the combination of the conventional
chemotherapy drug cetuximab with the anti-CSC drug IP1-926,
a novel, potent, oral molecule that inhibits Smoothened, which is
a key component of the Hedgehog pathway. In the clinical trial
program, cetuximab targets the bulk head and neck tumor cells
and IPI-926 disrupts the Hedgehog signaling pathway in CSCs.”
The trial will move this therapy from the lab to the clinic.

Tumor Necrosis Factor-Related Apoptosis
Inducing Ligand (TRAIL)

TRAIL is a member of the tumor necrosis factor (TNF) super
family, which is also called Apo2 ligand (Apo2L). Either mem-
brane-bound or soluble TRAIL can rapidly induce apoptosis
of cells expressing TRAIL-specific receptors. An advantage of
TRAIL is that this agent can specifically kill cancer cells while
sparing normal cells due to the protection of decoy receptors.”!
CD133-positive or CD133(high) cancer stem-like cells in Jurkat
T-lymphoma cells,”* glioma cells”® and primary colon cancer
cells,”® are more resistant to TRAIL than their CD133-negative
or CD133(low) counterparts. It is shown that the high expression
of FLIP (an inhibitor of death receptor-mediated apoptosis),’* low
levels of caspase-8 expression,” and production of interleukin-4'
cause these CSCs’ TRAIL resistance. While there have been dif-
ferent results concerning CSCs’ sensitivity to TRAIL, the SP cells
in human colon cancer cell lines were shown to be more sensitive
to TRAIL than the non-SP cells, so is in several breast cancer
cell lines and ovarian carcinoma cell lines.”* After TRAIL treat-
ment, the percentage of SP cells decreased by at least 50% in the
above cancer cell lines and even by more than 90% in the SW480
human colon cancer cell line. The pro-apoptotic TRAIL receptor
DR4 expression in SW480 SP cells is 10-fold higher than non-SP
cells, and SP cells are more sensitive to TRAIL-induced apopto-
sis than non-SP cells. Moreover, these SW480 SP cells express a
higher level of c-Myc than non-SP cells and c-Myc activates DR4
transcription through E-box DNA-response elements located in
the DR4 promoter, which increase the expression of cell-surface
pro-apoptotic death receptors in these SP-cells.”* Mesenchymal
stem cells (MSCs) have been applied as a targeted-delivery vehi-
cle in cancer gene therapy for they having a tendency to distribute
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at the site of tumors.” It has been shown that TRAIL-expressing
MSCs can significantly inhibit tumor growth and induce sig-

7677 moreover, MSCs

nificant survival benefits in animal models;
expressing TRAIL can cause apoptosis or death and reduce col-
ony formation of SP cells in quamous (H357) and lung (A549)
cancer cell lines and act in synergy with conventional chemo-
therapy.”® The sensitivity of cancer stem-like cells to TRAIL is
various may be due to their different genetic background. In the
above study, all those cells sensitive to TRAIL were SP cancer
cells, while those resistant to TRAIL were CD133-positive or
CD133 high cancer cells. Even though all these cells have CSCs
characteristics, they are not exactly the same. If more studies con-
firm that CSCs are sensitive to TRAIL, then TRAIL-expressing
MSCs will be a promising anticancer agent targeting CSCs for
their’s no harm to normal cells and spontaneous migration to the
site of tumors in vivo.

Interferon (IFN)

IFN is a cytokine used in treatment for virus diseases and malig-
nant tumors. Its antitumor mechanisms include induction of
apoptosis and differentiation of cancer cells, suppression of cell
proliferation and angiogenesis and immune regulation.””® In a
study by Moserle et al.,®" IFNa dramatically reduced the pro-
liferation of ovarian primary cancer cells with high SP propor-
tions in vitro while had less effect or no effect on ovarian primary
cancer cells with low SP cell proportions, indicating that SP
cells of ovarian primary cancer cells are more sensitive to IFNa
than non-SP cells. In vivo IFN-a gene therapy showed a simi-
lar result, mice injected with ovarian primary cancer cells with
a high SP proportion (53.1%) showed a good response to IFN-a
treatment, while low SP proportions (1.7%) ovarian cell-injected
animals did not. After IFNa treatment, some gene transcripts
were strongly upregulated in SP cells but not in non-SP cells,
such as IFI16, USP18, PLSCR-1, SAMD9, GBP1 and IFIHI,
which are involved in the defense/immune response, cell prolif-
eration, apoptosis and angiogenesis. These may be the molecular
mechanisms for SP cells in ovarian primary cancer cells being
sensitive to IFNa. IFNa can also suppress the self-renewal of SP
cells in HT?29 colorectal cancer cells and Daoy medulloblastoma
cells.®! In another study, it was showed that SP cells are respon-
sible for the paclitaxel (PTX)-resistance of three ovarian cancer
cell lines and the PTX-resistance can be overcome by INF-o.
Therefore, INFa may improve the anticancer effect of PTX in
ovarian cancer and may avoid inducing PTX-resistant cells. In
glioma, IFNB can suppress the cell proliferation, self-renewal
and tumorigenesis of CSCs; induce the terminal differentiation
of CSCs to mature oligodendroglia-like cells and exhibit syner-
gistic cytotoxicity with temozolomide on glioma CSCs.® All the
above results indicate that IFN may be a potential therapeutic
agent targeting CSCs.

Telomerase Inhibitors

Shortening of telomeres with each cell division eventually
leads to cell cycle arrest and apoptosis. Telomere length can
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be maintained by telomerase, a reverse transcriptase which
consists of an RNA primer sequence and a telomere reverse
transcriptase (TERT). Telomerase activity has been detected in
almost 90% of human cancers while most normal somatic cells
are telomerase-negative.* Telomerase plays an important role
in cancer development and has been a target for cancer therapy.
Imetelstat, a synthetic lipid-conjugated 13-base oligonucleotide
N3'P5'-thio-phosphoramidate, is complementary to the template
region of telomerase RNA and acts as a competitive enzyme
inhibitor by binding and blocking the active site of the enzyme.
This specific telomerase inhibitor has been used in clinical for
treatment of multiple myeloma (MM), chronic lymphocytic
leukemia, non-small cell lung cancer and breast cancer.® In
a study by Brennan et al.,, long treatment of imetelsta (for 2
weeks) resulted in telomerase inhibition, decreased cell colony
formation and shorten telomere length in CD138-negitive CSCs
of MM cell lines and primary MM cells. Short-term imetelstat
treatment for 72 h, even with no telomere shortening, also
resulted in colony formation inhibition of CSCs in MM cell
lines and primary cells.®® By short-term imetelstat treatment, the
proportion of CD138- CSCs decreased by approximately 40%
and the ALDH* population decreased from 1.3% to less than
0.4% in unsorted NCI-H929 MM cells and the expression of
stem genes OCT3/4, NANOG, SOX2 and BMII, and Notch
target gene HES1 were inhibited in CD138- NCI-H929 CSCs,
indicating that short-term imetelstat can suppress the self-renewal
and induce differentiation of MM CSCs. These results show
that short-term imetelstat treatment inhibiting the self-renewal
of MM CSCs is independent of telomere length shortening. In
vivo, imetelstat treatment significantly prolonged the survival
of NOD/SCID mice with MM engraftment injected by NCI-
H929 cells.® In another study, imetelstat treatment resulted in
telomerase inhibition and telomere shortening in MCF7 and
MDA-MB231 breast cancer cells and PANCI pancreatic cancer
cells; in vitro long imetelstat treatment (several weeks) resulted
in depletion of CSCs and cell growth inhibition in these breast
and pancreatic cancer cells and pretreatment with imetelstat
decrease the tumorigenicity of PANCI and MDA-MB231
cells.®” In primary glioblastoma TICs, imetelstat treatment can
also produce a dose-dependent inhibition of telomerase.®® In a
study of Marian et al., in vitro long-term imetelstat treatment
on GBM TICs led to telomere shortening, growth arrest and
eventual cell death, and had synergic effect with radiation and
temozolomide; the average volume of subcutaneous tumors
derived from glioblastoma TICs in imetelstat treated animals
was more than 10-fold lower than that of the control animals;
moreover, by intraperitoneal injection, imetelstat penetrated the
blood-brain barrier and inhibited telomerase activity in animals
with orthotopic xenograft tumors of glioblastoma TICs.*® Taken
together, these studies indicate that imetelstat can target CSCs
and being a prospective candidate agent for eradication of cancer.

All-Trans Retinoic Acid

All-trans retinoic acid (ATRA), a naturally occurring com-
pound derived from vitamin A, plays a role in cell growth,
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differentiation and apoptosis and has been applied in therapy
of hematological malignancies and some solid tumors.® Being
a potent differentiating agent, ATRA is a promising drug in
eradicating CSCs. It has been shown that low concentrations
of ATRA (10 M) can induce glioblastoma multiforme CSCs
differentiate into glial and neuronal lineages and high doses of
ATRA (40 wM) can resulte in apoptosis of glioblastoma mul-
tiforme CSCs in an MAPK-dependent manner.’® In another
study, agonists for the retinoid X receptor, retinoic acid recep-
tor and peroxisome proliferator-activated receptor (PPAR)-v,
reduced the survival of mammospheres generated from breast
cancer tissues and breast cancer MCF7 cell line by suppress-
ing the activity of pro-inflammatory nuclear factor-k B (NFkB)/
interleukin-6 (IL6) axis which is hyperactive in breast cancer-
derived mammospheres, while had no effect on survival of mam-
mospheres from normal mammary gland or non-tumorigenic
MCEF10 breast cell lines.” In head and neck squamous carci-
noma CSCs (HNSC CSCs), ATRA can suppress the expression
of the stem cell markers Oct4, Sox2, Nestin and CD44 and
inhibite the proliferation of HNSC CSCs in vitro and in vivo.
Furthermore, ATRA treatment can promote the sensitization of
HNSC CSCs to cisplatin. Downregulation of Wnt/B-catenin
signaling may be one of the molecular mechanisms of ATRA
targeting HNSC CSCs.”? These results indicate that ATRA
combined with conventional anticancer therapy may be a novel

approach to eradicate CSCs.
Monoclonal Antibodies

CSCs express some specific cell surface markers such as CD133,
CD24, CD44, EpCAM, etc. An anti-CD133 monoclonal
antibody (mAb) showed a dose-dependent cytotoxic effect on
FEMX-I melanoma cells which express CD133 while having
no effect on human MA-11 breast carcinoma cells which do not
express CD133.% In vitro pretreated with single-walled carbon
nanotubes (SWNTs) conjugated with CD133 monoclonal anti-
body (anti-CD133) and then irradiated with near-infrared laser
light, CD133 positive cells in glioblastoma (GBM-CD133"),
which display cancer stem cell-like characteristics, were selectively
targeted and eradicated, whereas CD133" cells in glioblastoma
(GBM-CD133") remained viable.”* More over, the self-renewal
and tumor-initating capability of GBM-CD133* treated with
localized hyperthermia was significantly blocked.” In another
study, a bispecific EpCAMxCD3 antibody linking tumor cells
and T lymphocytes significantly retarded the tumor growth of
BxPC-3 pancreatic carcinoma xenografts.” Since CD133 and
EpCAM are common surface markers of CSCs, these mono-
clonal antibodies may also have cytotoxic effects on CSCs. It is
worth noting that normal stem cells and CSCs share some of the
same surface markers; in order to avoid killing normal stem cells,
it is necessary to find more specific surface markers of CSCs and
perform a topical application for these antibodies.

Self-renewal pathway inhibition by monoclonal antibody also
can target CSCs. Notchl inhibition by a Notchl monoclonal
antibodies (mAbs) specifically binding to the negative regula-
tory region of human Notchl leads to decreased self-renewal
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ability of CSCs and tumor growth inhibition in xenograft models
derived from triple negative breast cancer (TNBC) Sum149 cell
line and TNBC patient primary cancer cells and has synergistic
effect with docetaxel.”® Moreover, Notchl mAbs also resultes in
decreased tumor incidence upon re-implantation and a delay in
tumor recurrence of the TNBC cells. TNBC is very aggressive
and currently there is no specific therapeutic stratge,inhibition
of self-renewal pathway by Notchl mAbs may provide a novel
anticancer therapy on TNBC.

Conclusions

Despite that there is still some debate about the CSC hypothesis,
there is no doubt that a small proportion of cancer cells shows
stem-like cell characteristics and is resistance to chemotherapy
and radiation treatment, resulting in tumor relapse after antican-
cer therapy. Therapies targeting CSCs combined with chemother-
apy and radiation therapy bring new hopes in cancer eradication.
This paper reviews recent studies in this area. The strategies in
this article include targeting CSCs and those which targeting
CD133 positive cells, SP cells, drug-resistant cells, radioresistant
cells or ALDH positive cells; these cells are all regarded as can-
cer stem-like cells. Although the developed strategies of targeting

cancer stem-like cells have great advantages on cancer treatment,
several issues need to be extensively studied in the future. Because
some signaling pathways and cell surface markers exist in CSCs
and normal stem cells are the same, how do we avoid destroying
normal stem cells when signaling pathways inhibitors or mAbs
specific for cell surface markers are used? What are the mecha-
nisms of each developed strategy targets CSCs? How do we com-
bine these agents targeting CSCs with conventional chemo- or
radio-therapies to treat cancers? Differentiation treatment is an
ideal strategy in cancer therapy and has been successfully applied
in the treatment of leukemia,”” some strategies targeting CSCs
can induce the differentiation of CSCs to a certain extent or into
non-CSCs, can we induce the differentiation of CSCs to normal
tissue cells? Can we convert CSCs to normal stem cells by regu-
lating the self-renewal of CSCs? All these are worthy of explora-
tion in the future. Finally, since most of the recently developed
strategies were tested only in vitro and/or in animal models,
what are their effective doses and their toxic effects in humans?
Clinical trials for these strategies are also required before their
clinical application in the future.
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