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Abstract. In recent years, the cancer stem cell (CSC) theory
has provided a new angle in the research of cancer, and has
gradually gained significance. According to this theory,
the multiple drug resistance (MDR) of cancer is most likely
due to the resistance of CSCs, and a significant quantity of
research has been carried out into the MDR mechanisms of
CSC. Over time, some of these mechanisms have been gradu-
ally accepted, including ATP-binding cassette transporters,
aldehyde dehydrogenase, the CSC microenvironment and
epithelial to mesenchymal transition. In the present review, we
summarize these mechanisms in detail and review possible
appropriate therapy plans against CSCs based on CSC theory.
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1. Introduction

Cancer is a notable threat to human health with a rising inci-
dence rate; however, there is still no known cure. In recent
years, the cancer stem cell (CSC) theory was proposed, which
provided a new angle in the research of cancer, and gradually
gained significance. According to this theory, the multiple
drug resistance (MDR) of cancer is most likely due to the
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resistance of CSCs, which have received increasing attention
from oncologists around the world (1). Therefore, we intend
to review the common mechanisms of MDR in CSC, so as to
discuss possible relevant therapeutic strategies against cancer.

2. Cancer stem cells

The concept of CSCs was first raised by Park ef al (2) in
1971. The concept was that cancers are diseases driven by
a subpopulation of self-renewing CSCs, which possess the
ability to generate the diverse differentiated cell populations
that comprise the cancer mass (3). Since then, CSCs have
been identified and isolated from tumors of the hematopoietic
system, breast, lung, prostate, colon, brain, head and neck, and
pancreas.

Existing therapies have been developed largely against the
bulk population of tumor cells to shrink tumors. However,
most cancer cells only have limited proliferative potential;
an ability to shrink a tumor mainly reflects an ability to kill
these cells. Even therapies that cause complete regression of
tumors might spare sufficient CSCs to allow regrowth of the
tumors (4). Only therapies that are more specifically directed
against CSCs might result in more durable responses and even
a cure for metastatic tumors.

3. Mechanisms of CSC MDR

ATP-binding cassette (ABC) transporters. The ABC trans-
porter superfamily in humans includes at least 49 genes
grouped into seven families (from A to G) with various
functions, and at least 16 of these proteins are implicated in
cancer drug resistance (5). They bind ATP and use the energy
to drive the transport of various molecules across the plasma
membrane; since they can eject anti-cancer drugs from cells, it
may lead to the drug's resistance (6). Among the ABC proteins,
the most significant are glycoprotein P (P-gp), encoded by
the ABCBI [multidrug resistance protein 1 (MDRI1)] gene,
and breast cancer resistance protein (BCRP or ABCG2),
which was cloned from a mitoxantrone-resistant subline of
the breast cancer cell line MCF-7. BCRP confers resistance
to a number of chemotherapeutics, including mitoxantrone.
Other well-known proteins from the ABC family responsible
for MDR are MDR-related protein (MRP) 1 (ABCC1) and
MRP2 (ABCC2). ABC transporters are also expressed in
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normal stem cells to maintain a relatively stable intracellular
environment and to keep them in a quiescent state. In addition,
these transporters have certain other notable roles in normal
physiology in the transport of drugs across the placenta and
the intestine, and are essential components of the blood-brain
and blood-testis barriers. By using the energy from ATP
hydrolysis, these transporters actively efflux drugs from cells,
serving to protect them from cytotoxic agents.

Evidence for MDR of CSCs mediated by ABC transporters.
Numerous studies have demonstrated the role of ABC
transporters in CSC resistance. CD133-positive glioma stem
cells exhibited a notable effect on tumor resistance to chemo-
therapy, which is possibly as a result of their high expression of
ABCG?2/BCRPI (7). Similar results also were observed in the
CSCs of lung cancer (8), osteoma sarcomatosum (9), ovarian
cancer (10), prostatic carcinoma (11) and nasopharyngeal
carcinoma (12). Furthermore, the high ABC transporter levels
were associated with increased Akt signaling in drug-resistant
CSCs, and the Akt signaling was able to alter the subcellular
localization of BCRP transporters, thus determining drug
efflux in CSCs (13). In the same study, Akt signal inhibition by
P13K inhibitors not only suppressed cancer cell proliferation,
but also increased the sensitivity of drug-resistant cells (13).

Therapeutic measures targeting MDR mediated by ABC
transporters. Theoretically, ABC transporter inhibitors could
reverse the chemotherapy resistance of CSCs and eliminate
tumors. Currently, its inhibitors have been developed to
the third generation. First-generation compounds included
drugs identified as ABCBI inhibitors, including verapamil
and cyclosporine, which were in clinical use to treat other
diseases. These inhibitors were combined with a range of
chemotherapy regimens for numerous types of cancer, but
the results were not satisfactory. The clinical results for
the second-generation inhibitors, including valspodar and
biricodar, were also disappointing. Fumitremorgin C and its
chemically synthesized derivatives including Kol43 have been
developed; certain studies have demonstrated a positive effect
in vitro, particularly for Ko143, which has high specificity and
low toxicity (14). Studies with Kol43 have also revealed that
inhibition of ABCG?2 allows for a greater absorption of certain
drugs across the intestine (14). In addition, the compound
GF120918 is an ABCBI inhibitor that has been demonstrated
to inhibit ABCG2 in vitro as well as in vivo (15). Compared
with those of previous generations, other inhibitors, including
zosuquidar (LY335979) and tariquidar (XR9576), have
higher inhibitory activity and selectivity, without affecting
the metabolism of chemotherapeutic drugs themselves, and
it is possible to overcome the resistance to CSCs. Moreover,
they have already been approved for clinical studies. Certain
drugs are in clinical use; for example, difluorinated curcumin
enhances the sensitivity of CD44*CD166* colon carcinoma
stem cells to the combination of 5-fluorouracil and oxaliplatin
by a mechanism that involves ABCG2 downregulation (15).
The crude extract of traditional Chinese medicine Schisandra
and its active ingredient deoxyschizandrin have the effect of
reversing MDR (16), and enhance the curative effect of vincris-
tine and adriamycin. Schisandrae Lignans inhibits the outflow
of intracellular drugs (17,18). Chai er al (19) considered that
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schizandrin had strong potential in terms of reversing MDR,
and that it could induce apoptosis and decrease the expres-
sion of P-gp and protein kinase C. Other medicines, including
salinomycin (20,21), nigericin and abamectin have a similar
effect. Nicardipine is also an inhibitor of ABCG2 (7).

Aldehyde dehydrogenase (ALDH). The ALDHs are a
family of nicotinamide adenine dinucleotide phosphate
[NAD (P)*]-dependent enzymes involved in detoxifying a
wide variety of aldehydes to weak carboxylic acids, leading to
increased protection of the cell against insult by environmental
chemicals and drugs. ALDHs are also regarded as a type of
biomarker for stem cells. They include the ALDHI family
(ALDHIAL, 1A2, 1A3, 1L1, 1L2), ALDH2 and ALDH3AI.
In particular, ALDH1A1 and ALDH3A1 have been shown to
play significant functional roles in stem cells (22), which was
demonstrated in hematopoietic stem cells, neural stem cells
and adipose tissue stem cells.

Evidence for MDR of CSCs mediated by ALDHs. ALDHI is a
CSC marker and its presence is strongly correlated with tumor
malignancy as well as self-renewal properties of stem cells
in various tumors, including breast cancer, hepatoma, colon
cancer and lung cancer (22). CSCs with a high expression of
ALDH have the characteristics of being chemotherapy-resis-
tant, which has been proven in breast cancer stem cells (23)
and head/neck squamous cell carcinoma stem cells (24). The
mechanism of ALDH expression of the gene may be associ-
ated with high Snail expression, since the knockdown of Snail
expression significantly decreases the expression of ALDHI,
inhibits cancer stem-like properties and blocks the tumori-
genic abilities of CD44*CD24 ALDHI" cells (24).

Therapeutic measures targeting MDR mediated by ALDHs. A
number of natural compounds are effective against CSCs and
lead to decreasing numbers of ALDH-positive cells (25). For
example, exposure of breast cancer cells to the dietary polyphe-
nols, curcumin and piperine, severely reduces mammosphere
formation (26), as do sulforaphane (27) and butein (28).

In addition, the role of chemical synthesis of the drug
in inhibiting ALDH has also been studied. The specific
ALDH inhibitor diethylaminobenzaldehyde may increase
the sensitization of ALDH"CD44* cells to chemotherapy/
radiotherapy (23). Disulfiram is capable of inhibiting ALDH
and enhancing the sensitization of cancer cells to chemo-
therapy (29). All-trans-retinoic acid treatment results in a
50-60% reduction in ALDH activity and proteins of both
isozymes, ALDH1A1 and ALDH3A1, leading to the increased
sensitization of ALDHI* cancer cells to chemotherapy.

Microenvironment

Mechanisms of the microenvironment influencing MDR of
CSCs. Normal adult stem cells are regulated by molecular
cues provided by neighboring connective tissue cells, mainly
mesenchymal (fibroblast-like) cells and vascular cells; these
stromal cells contribute to the stem cell niche. CSCs often
appear to be present in and influenced by a similar micro-
environment, which has been proven in brain cancer (30),
squamous cell carcinoma (31), bladder cancer (32), leukemia
(33,34) and colorectal cancer (35). The tumor microenviron-
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ment has been recognized as a major factor influencing the
growth of cancer and impacting the outcome of therapy. Thus,
niche cells have become an attractive target for chemothera-
peutic agents (36). Targeted therapies through the production
of secreted factors which might drive tumor growth and
MDR may be available (37). Hypoxia has been considered as
a major feature of the tumor microenvironment and a poten-
tial contributor to the MDR and enhanced tumorigenicity of
CSCs (38). The acidic microenvironment around hypoxia cells
is combined with the activation of a subset of proteases that
contribute to metastasis (39). Due to aberrant angiogenesis
and the inaccessible location, hypoxic cells are less likely to
accumulate therapeutic concentrations of chemotherapeutics,
which lead to MDR. Therefore, targeting the CSC niche in
combination with chemotherapy may provide a promising
strategy for eradicating CSCs.

Therapeutic measures targeting MDR mediated by the
microenvironment. Treatment of animals with DC101, an
antibody of the vascular endothelial growth factor (VEGF)
receptor, leads to a transient increase in oxygenation and
deeper penetration of molecules into experimental tumors.
An increased response of tumors to combined treatment
with chemotherapy and anti-angiogenic agents has been
demonstrated (40). Bevacizumab, another type of antibody
to VEGF receptor, was reported to have a similar effect
(41). Agents that damage existing blood vessels in tumors
may also influence the response to chemotherapy. Vascular
disrupting agents (including tumor necrosis factor, flavone
acetic acid and its derivatives, and tubulin-binding agents
including combretastatin A-4 disodium phosphate) directly
damage the established tumor endothelium and have been
shown to increase vessel permeability and drug delivery (42).
Certain other medicines, for example histamine, a selective
endothelin receptor A antagonist and botulinum neurotoxin
type A, increase tumor blood flow and have been shown to
promote in vivo tumor perfusion and to delay tumor growth
when combined with cyclophosphamide (10). However, there
also is some dispute. Injecting vascular-disrupting agents
prior to chemotherapy may be problematic since it could
result in reduced blood flow and increased interstitial fluid
pressure, which together could impair the delivery of drugs
to tumors and lessen the curative effect (42).

Epithelial to mesenchymal transitions (EMT). EMT is a
process involving the dissolution of endothelial cell-cell
junctions and loss of apico-basolateral polarity of endothelial
cells, resulting in the formation of migratory mesenchymal
cells with invasive properties. The loss of polarity and gain
of motile characteristics of mesenchymal cells during embry-
onic development has prompted comparisons with metastatic
cancer cells during malignant progression (43). Notably, these
properties have also been ascribed to normal stem cells and
CSCs. Cancer is a disease of abnormal wound healing and
tissue repair, which is accompanied by pathophysiological
EMT in adult tissues. Accordingly, EMT is able to trigger
reversion to a CSC-like phenotype, providing an association
between EMT, CSCs and MDR (44). In addition, a previous
study has demonstrated that CSCs and EMT-type cells could
play critical roles in drug resistance (45).
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AMP-activated kinase (AMPK) inhibits EMT; however,
the diabetes drug metformin may activate AMPK, which
results in the elective killing of CSCs in combination with
chemotherapy (46). However, it was unclear whether the posi-
tive results were a result of the combination with metformin.
In addition, histone deacetylase (HDAC) is another significant
molecule in EMT, and HDAC promotes EMT by inhib-
iting E-cadherin (47). Certain HDAC inhibitors, including
trichostatin A and vorinostat, induce the differentiation of
mesenchymal-like cancer cells and CSCs, which could trigger
apoptotic responses or chemosensitize these cells to other ther-
apies. Furthermore, HDACs affect the activity of non-histone
substrates, including HIF-1 and NF-kB, which have been
implicated in driving EMT and drug resistance.

Molecular signaling pathways

Hedgehog (Hh) signaling pathway. Previous studies have
suggested that the Hh pathway is essential for the maintenance
of CSCs in various human cancer types including pancreatic
cancer (48), gastric cancer (49) and colorectal cancer (50). It
is also responsible for treatment resistance of cancer cells.
Thus, inhibitors such as cyclopamine and GDC-0449 (51), that
obstruct the Hh signaling pathway, may cause depletion of
CSCs, overcome MDR, and enhance the curative effect. Tang
et al (48) observed that epigallocatechin-3-gallate (EGCQG)
inhibited the components of the sonic hedgehog (SHh)
pathway (SMO, Ptch, Glil and Gli2) and Gli transcriptional
activity, and the combination of quercetin with EGCG had
synergistic inhibitory effects on the self-renewal capacity of
CSCs through attenuation of TCF/LEF and Gli activities. The
authors suggested that therapeutics targeting the SHh pathway
might improve the therapeutic outcome of patients with
pancreatic cancer by targeting CSCs.

Notch signaling pathway. The Notch signaling pathway plays
crucial roles in embryonic development and the proliferation,
differentiation and apoptosis of stem cells. Specifically, Notch
functions as an oncogenic protein in most human cancers
including cervical, lung, colon, head and neck, prostate and
pancreatic cancer, while it acts as a tumor suppressor in
skin cancer, hepatocellular carcinoma and small cell lung
cancer (52).

Fan et al (53) used G-secretase inhibitors (GSIs) to block
the Notch pathway in glioblastoma, resulting in reduced
neurosphere growth and clonogenicity in vitro, reduced
expression of putative CSC markers and reduced tumor
growth in vivo. Thus, they suggested that GSIs which block
the Notch pathway might be useful chemotherapeutic reagents
to target CSCs. MRK-03 has a similar effect on breast cancer
stem cells (54).

Wnt and other signaling pathways. The Wnt signaling pathway
is another developmental pathway involved in multiple
biological processes including embryogenesis, development,
cell proliferation, survival and differentiation. However,
oncogenic mutations or deactivation of the tumor suppressor
may result in the dysregulation of the Wnt/f-catenin
pathway in CSCs, which induces neoplastic proliferation.
Small molecule inhibitors include existing drugs such as
nonsteroidal anti-inflammatory drugs (NSAIDs) or natural
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compounds, and molecular-targeted agents such as the cAMP
response-element binding protein (CBP)/B-catenin antagonist
ICG-001. These inhibitors interfere with the Wnt pathway
and harvest a therapeutic effect. Takahashi-Yanaga et al (55)
demonstrated that CBP/B-catenin antagonist ICG-001 was
able to target and eliminate drug-resistant leukemic stem
cells in vivo and in vitro.

Other mechanisms. Other mechanisms are also involved
in the MDR of CSCs; for example, microRNAs, which
are single-stranded 19-25 nucleotide short RNAs, play
a significant role in the regulation of MDR (56). CSCs
differentiation-inducing agents also improve the efficacy of
treatment in combination with chemotherapy (57).

4. Conclusion

Due to poor chemotherapy efficacy in most cancer types,
particularly in the case of metastases, we should change our
view of the development of drug resistance in cancer and try to
develop chemotherapy based on the CSC model. However, there
also are certain unresolved issues concerning therapy aimed
directly at CSCs. For example, ABC transporters and ALDHs
are markers of normal stem cells, and the inhibition of these
molecules in CSCs may result in them occurring in normal stem
cells, consequently leading to severe side effects. In addition, it
is still unclear which ALDH isozymes contribute to the ALDH
activity and whether this is the same among all tissue-specific
stem cells. It is even claimed that before CSCs can be clearly
identified, therapeutic approaches designated to target them may
actually cause more harm than good in glioblastoma multiforme
patients (58). All these issues remain to be solved in the future.

Acknowledgements

The current study was supported by the National Natural
Science Foundation of China (grant no. 81101909) and
the Doctoral Program of Higher Education (Specialized
Research Fund) of China (grant no. 20110072120055).

References

1. Reya T, Morrison SJ, Clarke MF and Weisssman IL: Stem cells,
cancer, and cancer stem cells. Nature 414: 105-111, 2001.

2. Park CH, Bergsagel DE and McCulloch EA: Mouse myeloma
tumor stem cells: a primary cell culture assay. J Natl Cancer
Inst 46: 411-422, 1971.

3. Gupta PB, Chaffer CL and Weinberg RA: Cancer stem cells:
mirage or reality? Nat Med 15: 1010-1012, 20009.

4. Merlos-Sudrez A, Barriga FM, Jung P, et al: The intestinal
stem cell signature identifies colorectal cancer stem cells and
predicts disease relapse. Cell Stem Cell 8: 511-524, 2011.

5. Fletcher JI, Haber M, Henderson MJ and Norris MD: ABC
transporters in cancer: more than just drug efflux pumps. Nat
Rev Cancer 10: 147-156, 2010.

6. Gottesman MM: Mechanisms of cancer drug resistance. Annu
Rev Med 53: 615-627,2002.

7.Jin Y, Bin ZQ, Qiang H, et al: ABCG?2 is related with the grade
of glioma and resistance to mitoxantone, a chemotherapeutic
drug for glioma. J Cancer Res Clin Oncol 135: 1369-1376, 2009.

8. Wang B, Yang H, Huang YZ, Yan RH, Liu FJ and Zhang JN:
Biologic characteristics of the side population of human small
cell lung cancer cell line H446. Chin J Cancer 29: 254-260, 2010.

9. Adhikari AS, Agarwal N, Wood BM, et al: CD117 and Stro-1
identify osteosarcoma tumor-initiating cells associated with
metastasis and drug resistance. Cancer Res 70: 4602-4612, 2010.

DI and ZHAO: MULTIPLE DRUG RESISTANCE OF CANCER STEM CELLS

10. Hu L, McArthur C and Jaffe RB: Ovarian cancer stem-like
side-population cells are tumourigenic and chemoresistant. Br J
Cancer 102: 1276-1283, 2010.

11. Tokar EJ, Qu W, Liu J, er al: Arsenic-specific stem cell selection
during malignant transformation. J Natl Cancer Inst 102:
638-649, 2010.

12. Wang J, Guo LP, Chen LZ, Zeng YX and Lu SH: Identification
of cancer stem cell-like side population cells in human nasopha-
ryngeal carcinoma cell line. Cancer Res 67: 3716-3724,2007.

13. Hu C, Li H, Li J, et al: Analysis of ABCG2 expression and
side population identifies intrinsic drug efflux in the HCC
cell line MHCC-97L and its modulation by Akt signaling.
Carcinogenesis 29: 2289-2297, 2008.

14. Allen JD, van Loevezijn A, Lakhai JM, et al: Potent and specific
inhibition of the breast cancer resistance protein multidrug
transporter in vitro and in mouse intestine by a novel analogue of
fumitremorgin C. Mol Cancer Ther 1: 417-425, 2002.

15. Cisternino S, Mercier C, Bourasset F,Roux F and Scherrmann JM:
Expression, up-regulation, and transport activity of the
multidrug-resistance protein Abcg2 at the mouse blood-brain
barrier. Cancer Res 64: 3296-3301, 2004.

16. Qin XQ, Liang YG, Gao HZ, et al: Reversing mechanism
of schizandrin A on multi-drug resistance of K562/ADR,
HL60/ADR, MCF-7/ADR cell lines. Chin Pharmacol Bull 27:
329-334, 2011.

17.Huang M, Jin J, Sun H, and Liu GT: Reversal of
P-glycoprotein-mediated multidrug resistance of cancer
cells by five schizandrins isolated from the Chinese herb
Fructus Schizandrae. Cancer Chemother Pharmacol 62:
1015-1026, 2008.

18. Slaninova I, Brezinova L, Koubikova L and Slanina J:
Dibenzocyclooctadiene lignans overcome drug resistance in lung
cancer cells - study of structure-activity relationship. Toxicol In
Vitro 23:1047-1054, 2009

19. Chai S, To KK and Lin G: Circumvention of multi-drug resistance
of cancer cells by Chinese herbal medicines. Chin Med 5: 26,2010.

20. Gupta PB, Onder TT, Jiang G, et al: Identification of selective
inhibitors of cancer stem cells by high-throughput screening.
Cell 138: 645-659, 2009.

21. Riccioni R, Dupuis ML, Bernabei M, et al: The cancer stem
cell selective inhibitor salinomycin is a p-glycoprotein inhibitor.
Blood Cells Mol Dis 45: 86-92, 2010.

22. Ma I and Allan AL: The role of human aldehyde dehydrogenase
in normal and cancer stem cells. Stem Cell Rev 7: 292-306, 2011.

23. Croker AK and Allan AL: Inhibition of aldehyde dehydrogenase
(ALDH) activity reduces chemotherapy and radiation resistance
of stem-like ALDHhiCD44* human breast cancer cells. Breast
Cancer Res Treat 133: 75-87,2012.

24. Chen YC, Chen YW, Hsu HS, et al: Aldehyde dehydrogenase 1 is
a putative marker for cancer stem cells in head and neck squamous
cancer. Biochem Biophys Res Commun 385: 307-313, 2009.

25. Januchowski R, Wojtowicz K and Zabel M: The role of aldehyde
dehydrogenase (ALDH) in cancer drug resistance. Biomed
Pharmacother 67: 669-680, 2013.

26. Kakarala M, Brenner DE, Korkaya H, et al: Targeting breast
stem cells with the cancer preventive compounds curcumin and
piperine. Breast Cancer Res Treat 122: 777-785, 2010.

27.Li Y, Zhang T, Korkaya H, et al: Sulforaphane, a dietary
component of broccoli/broccoli sprouts, inhibits breast cancer
stem cells. Clin Cancer Res 16: 2580-2590, 2010.

28. Cioce M, Gherardi S, Viglietto G, et al: Mammosphere-forming
cells from breast cancer cell lines as a tool for the identification
of CSC-like- and early progenitor-targeting drugs. Cell Cycle 9:
2878-2887, 2010.

29. Wickstrom M, Danielsson K,Rickardson L, et al: Pharmacological
profiling of disulfiram using human tumor cell lines and human
tumor cells from patients. Biochem Pharmacol 73: 25-33, 2007.

30. Calabrese C, Poppleton H, Kocak M, et al: A perivascular niche
for brain tumor stem cells. Cancer Cell 11: 69-82, 2007.

31. Atsumi N, Ishii G, Kojima M, Sanada M, Fujii S and Ochiai A:
Podoplanin, a novel marker of tumor-initiating cells in human
squamous cell carcinoma A431. Biochem Biophys Res
Commun 373: 36-41, 2008.

32. He X, Marchionni L, Hansel DE, er al: Differentiation of a highly
tumorigenic basal cell compartment in urothelial carcinoma.
Stem Cells 27: 1487-1495, 20009.

33. Colmone A, Amorim M, Pontier AL, Wang S, Jablonski E and
Sipkins DA: Leukemic cells create bone marrow niches that
disrupt the behavior of normal hematopoietic progenitor cells.
Science 322: 1861-1865, 2008.



34.

35.

36.

37.
38.

39.
40.

41.

42.

43.

44.

45.

46.

Lane SW, Scadden DT and Gilliland DG: The leukemic stem cell
niche: current concepts and therapeutic opportunities. Blood 114:
1150-1157, 2009.

Vermeulen L, De Sousa E Melo F, van der Heijden M, et al: Wnt
activity defines colon cancer stem cells and is regulated by the
microenvironment. Nature Cell Biol 12: 468-476, 2010.

Basak GW, Srivastava AS, Malhotra R and Carrier E: Multiple
myeloma bone marrow niche. Curr Pharm Biotechnol 10:
345-346,2009.

Ostman A: The tumor microenvironment controls drug sensi-
tivity. Nat Med 18: 1332-1334, 2012.

Vinogradov S and Wei X: Cancer stem cells and drug resistance:
the potential of nanomedicine. Nanomedicine (Lond) 7: 597-615,
2012.

Harris AL: Hypoxia - a key regulatory factor in tumour growth.
Nat Rev Cancer 2: 38-47,2002.

Segers J, Di Fazio V, Ansiaux R, et al: Potentiation of cyclo-
phosphamide chemotherapy using the anti-angiogenic drug
thalidomide: importance of optimal scheduling to exploit
the 'normalization' window of the tumor vasculature. Cancer
Lett 244: 129-135, 2006.

Sandler A, Gray R, Perry MC, et al: Paclitaxel-carboplatin alone
or with bevacizumab for non-small-cell lung cancer. N Engl
J Med 355: 2542-2550, 2006.

Horsman MR and Siemann DW: Pathophysiologic effects of
vasculartargeting agents and the implications for combination
with conventional therapies. Cancer Res 66: 11520-11539,
2006.

Yang J and Weinberg RA: Epithelial-mesenchymal transition:
at the crossroads of development and tumor metastasis. Dev
Cell 14: 818-829, 2008.

Polyak K and Weinberg RA: Transitions between epithelial and
mesenchymal states: acquisition of malignant and stem cell
traits. Nat Rev Cancer 9: 265-273, 2009.

Voulgari A and Pintzas A: Epithelial-mesenchymal transition
in cancer metastasis: mechanisms, markers and strategies
to overcome drug resistance in the clinic. Biochim Biophys
Acta 1796: 75-90, 2009.

Rattan R, Ali Fehmi R and Munkarah A: Metformin: an
emerging new therapeutic option for targeting cancer stem cells
and metastasis. J Oncol 2012: 928127, 2012.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 9: 289-293, 2015

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

293

Singh A and Settleman J: EMT, cancer stem cells and drug
resistance: an emerging axis of evil in the war on cancer.
Oncogene 29: 4741-4751, 2010.

Tang SN, Fu J, Nall D, Rodova M, Shankar S and Srivastava RK:
Inhibition of sonic hedgehog pathway and pluripotency main-
taining factors regulate human pancreatic cancer stem cell
characteristics. Int J Cancer 131: 30-40, 2012.

Song Z, Yue W, Wei B, ef al: Sonic hedgehog pathway is
essential for maintenance of cancer stem-like cells in human
gastric cancer. PLoS One 6: e17687, 2011.

Merchant AA and Matsui W: Targeting Hedgehog - a cancer
stem cell pathway. Clin Cancer Res 16: 3130-3140, 2010.

Singh BN, Fu J, Srivastava RK and Shankar S: Hedgehog
signaling antagonist GDC-0449 (Vismodegib) inhibits
pancreatic cancer stem cell characteristics: molecular mech-
anisms. PLoS One 6: €27306, 2011.

Xia J, Chen C, Chen Z, Miele L, Sarkar FH and Wang Z:
Targeting pancreatic cancer stem cells for cancer therapy.
Biochim Biophys Acta 1826: 385-399, 2012.

Fan X, Khaki L, Zhu TS, er al: NOTCH pathway blockade
depletes CD133-positive glioblastoma cells and inhibits growth
of tumor neurospheres and xenografts. Stem Cells 28: 5-16,
2010.

Kondratyev M, Kreso A, Hallett RM, et al: Gamma-secretase
inhibitors target tumor-initiating cells in a mouse model of
ERBB?2 breast cancer. Oncogene 31: 93-103, 2011.
Takahashi-Yanaga F and Kahn M: Targeting Wnt signaling:
can we safely eradicate cancer stem cells? Clin Cancer Res 16:
3153-3162, 2010.

Sarkar FH, Li Y, Wang Z, Kong D and Ali S: Implication of
microRNAs in drug resistance for designing novel cancer
therapy. Drug Resist Updat 13: 57-66, 2010.

Arrieta O, Gonzdlez-De la Rosa CH, Aréchaga-Ocampo E,
et al: Randomized phase II trial of all-trans-retinoic acid with
chemotherapy based on paclitaxel and cisplatin as first-line
treatment in patients with advanced non-small-cell lung cancer.
J Clin Oncol 28: 3463-3471, 2010.

Sze CI, Su WP, Chiang MF, Lu CY, Chen YA and Chang NS:
Assessing current therapeutic approaches to decode potential
resistance mechanisms in glioblastomas. Front Oncol 3: 59,
2013.


https://www.spandidos-publications.com/10.3892/etm.2014.2141

