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Stem cells are determined as cells with the capability to perpetuate themselves through
self- renewal and to produce mature cells of a special tissue through differentiation.
Due to the tremendous clinical and biological significance of cancer stem cells (CSCs),
research related to these cells is rapidly evolving. Although a series of hypotheses
have been proposed about the origin of CSCs, their origin is yet to be discovered.
CSCs play a critical role in cancer creation, evolution, metastasis, and recurrence. The
existence of CSCs is deeply applied in cancer therapy, since they have a collection of
markers for detection and determination. This article reviews the characteristics of
CSCs in terms of their origin, their application in CSCs and cancer therapy, and their
isolation techniques.
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Introduction
Cancer is described as malignant cells that display excessive
and uncontrolled expansion of abnormal cells with functional
heterogeneity and proliferative. In tumor cells, the changes in shape,
size, nucleus/cytoplasm ratio, thickness, etc, are first studied and
morphological heterogeneity is further manifested.1–3
Given that at various stages of maturation, tumors contain
heterogeneous populations of cells and also the properties of normal
stem cells shared by cancer cells led to the speculation that tumors
may contain a cancer stem cell population that drives the growth of
the tumor.4
Cancer stem cells (CSCs) defined as a subpopulation of tumor
cells that possess stem cell characteristics of differentiation into
various cell types and unchecked self-renewal and high tumorigenic
activity.5,6 In cancer patients, high rates of therapeutic failure seen
correlates to accumulation of drug-resistant CSCs.6

was both interesting and unknowns for decades, because the usual
understanding was that any dividing cell gives rise to two identical
daughter cells with equal distribution in all cellular compartments.
Though, it is now obvious that natural stem cells and cancer stem cells
have an inherent ability to divide asymmetrically,9 generate two cells
with difference in chromatin and DNA, centrosome composition,
size, developmental potential, inheritance, protein content etc, the
molecular mechanisms of these processes have yet been completely
unclear.10 It was shown that multiple important regulators of the
asymmetric cell division act as tumor suppressors.11,12
According to the CSC hypothesis, similar to normal tissues, cancers
are hierarchically organized and cancer growth and progression are
driven by a small subpopulation of tumor cells with stem cell-like
properties, the CSCs13 (Figure 1).

Discussion
The CSCs theory

Though CSCs have properties similar to normal stem cells, but,
it is not obvious whether CSC arise through the transformation
from conversion of cancer cells to undifferentiated stem-like cells
or multipotent adult stem cells. CSC represents an important target
in cancer treatment for killing cancer cells or preventing cancer
recurrence because these cells have been recognized as tumorinitiating cells (TICs) or tumorigenic cells.8

Cancer stem cell (CSC) concept is one the hypothesis proposed
to explain the tumor cell heterogeneity. This hypothesis postulates
that, like to growth of normal proliferative tissues, growth of tumors
or development of a tumor clone is driven by a population of cells
endowed with both differentiation abilities and self-renewal; however,
self-renewal is typically deregulated in CSCs. CSCs, as with normal
stem cells, are longlasting and have self-renewal abilities. Also,
proliferative potential with stem cells as the common denominator
in regenerating normal tissues and human cancers are organized in a
hierarchical manner according to stages of differentiation. Although,
this does not necessarily mean that CSCs are always derived from
normal stem cells. A CSC is set apart from a normal stem cell in
that it has acquired the capacity for indefinite proliferation through
accumulated genetic mutations and epigenetic alterations. In this case,
tumorigenesis occurs, when signaling pathways that regulate normal
stem cell self-renewal are dysregulated.14

The concept of the stem cell hypothesis of cancer notices that only
a small subset of long-lived cells with dual potential can proliferate
unlimitedly, which gives rise to macroscopic metastases, and reinitiates
tumor formation upon serial transplantation of the low cell number
into immunocompromised mice. The dual potential of stem cells

Functional analytical techniques, modern genomics and
proteomics, have considerably deepened our knowledge in cancer
molecular biology.15 Studies on tumor heterogeneity and relevant
mechanisms have verified the presence of a unique portion of tumor
cells possessing unique self-renewal, proliferation and differentiation

Various methods have been employed to purify, identify,
characterize, and enrich CSCs in different tumor systems. For the first
time, in 1994 from acute myelogenous leukemia and later in solid
tumors of various organs, such as the brain, colon, liver and lung,
CSCs were discovered.6,7
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ability, called tumor initiating cells (TICs) or cancer stem (-like) cells
(CSCs).16,17 A number of several intracellular dyes and particular cell
surface markers are now utilized to isolate or detect CSCs from solid
tumors and haematopoietic malignancies. CSCs are believed to obtain
differentiation and self-renewal capabilities, and to give rise to more
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differentiated derivatives, which greatly comprise the bulk of tumor
tissues.18,19 Several experiments have also proposed an important role
of epithelial mesenchymal transition (EMT) programs in generating
cells with the traits of CSCs in various cancers.20

Figure 1 Features of human CSCs as assayed in immunodeficient mice. Hierarchically organized tumors possess CSCs (in purple) that can be fractionated
from the bulk non-CSC population (in blue) and then injected into immunocompromised mice to assess xenograft formation. Injection of CSCs yields tumors,
whereas injection of viable tumor cells that lacks the properties of CSCs will not produce a significant tumor mass. To determine whether the xenograft has
reestablished a hierarchy, it is necessary to separate the CSCs from the bulk of the xenograft and reinject the cells into secondary recipients. Because only the
CSC possesses long-term self-renewal capacity, it will regenerate the tumor, whereas injection of non CSCs will not reinitiate tumor growth.14

Origin of cancer stem cells
The CSC supposition about the origin of cancer is an updated copy
of “embryonal rest theory” proposed in more than 150 years ago that
accounts the likeness between a definite tumor, like teratocarcinomas,
and a developing embryo, which has enormous differentiation and
proliferative capacity.21,22 The defeat of common therapies to eradicate
cancer by a definitive method can be easily percepted by examining
the side effects of current cancer treatments and studying how they
vanish once the treatment is stopped.23

The origin of CSCs within solid tumors remains elusive; some
studies indicate that they may originate from a series of naturallyoccurring normal stem cells or from differentiated cells.24 Although
cancer-initiating cell and cancer stem cell are sometimes used
interchangeably, the initial cell that develops cancer is not necessarily
a cancer stem cell. The presence of CSCs was first introduced 40years
ago, although analysis of its details remains a secret until developing
advanced research tools.25 The best proof to verify the presence of
CSCs came from the research of hematological malignancies.26 Due
to the function of embryonic stem cells and self-renewal in adult cells,
like blood cells, the description of CSCs was revealed27 (Figure 2).

Citation: Dana H, Mahmoodi G, Marmari V, et al. An overview of cancer stem cell. J Stem Cell Res Ther. 2016;1(4):169‒174. DOI: 10.15406/jsrt.2016.01.00029

Copyright:
©2016 Dana et al.

An overview of cancer stem cell

171

Figure 2 Proposed model for the formation of CSCs. CSC may arise from the transformation of a normal Adult Stem Cells (ASC) or progenitor cell. Other
studies favor the option that CSCs may have taken advantage of cellular plasticity and originate from differentiated cells through a process of dedifferentiation.12

Isolation of CSCs and markers
FACS (Fluorescence-activated cell sorting), long term cell culture,
and MACS (magnetic cell sorting) are the basic techniques used to
isolate Cancer Stem Cells. CSCs enrichment can be accomplished
using the FACS technique, which is according to the expression
of specific proteins in cell culture, epigenetic changes, expression
pattern and cellular-level of markers such as CD44, CD133, CD 24
and ALDH1. CSC characteristics can be defined via copy number
variation, mRNA and miRNA expression analysis, and etc.
MACS (Magnetic Cell Sorting): This technique can isolate cells
based on the expression of specific stem cell markers like CD166. In
this method, prior to isolating, cell markers are labeled using a specific
magnetic Microbead like anti-or a monoclonal antibody CD166 which
is 106 times smaller than the cell’s size. Followed by labeling and
magnetic isolation, washing is performed. Then the marked cells are
isolated by positive selection.28
CSCs have a collection of markers for detection and determination.
For example, CD166 known as an activated leukocyte cell adhesion
molecule is an immunoglobulin protein and a special surface antigen
in lymphoid stem cells. Though, the function of CD166 is still to be
discovered, it is recognized as a marker for cancer tissues and is used
individually or combined with other markers to isolate stem cells from
many tumors like breast, colorectal, prostate, and etc (Table 1).29

Targeting CSCs
Radiotherapy, surgical resection and chemotherapy: These are
three main strategies for conventional cancer therapy. Targeting
CSCs is a new prospect for cancer therapy created by cancer stem
cell theory, therefore, an important part of cancer therapy should be
CSCtargeted therapy.30
The existence of CSCs has deep uses for cancer therapy.5 Whereas,
CSCs are more resistant to conventional therapies, compared
to differentiated cells constituting the tumor bulk, therefore the
combination of drugs directed against CSCs and conventional
chemotherapy would have the potential to overcome tumor resistance

that eventually improves patient survival and reduces relapse.31 It was
proposed that targeting CSCs could be gained by some strategies such
as inducing the differentiation, inhibiting the self-renewal signaling
and sensitizing them to chemotherapeutic agents.32–34
Table 1 Surface markers and phenotypes of different CSC
Cell surface marker

Tumor type and references

CD133

Brain,53 Lung,54 Ovarian,55 Pancreas,28 Colon56

CD34

Acute myeloid leukemia57

CD44

Colon,58 Prostate,59 Breast,60 Ovarian,61
Pancreas,58 Head and neck squmous cell
carcinoma62

CD45

Hepatocellular71

CD49

Prostate12

CD15

Glioblastoma,63 Medulloblastoma64

CD166

Breast,65 Colorectal,51 Prostate, Melanoma,
Bladder, Esophageal Squamous Cell Carcinoma52

CD326

Bladder, Breast, Prostate, Colon, Lung66

CD117

Lung12

CD90

Lung12

CD24

Pancreas,58 Ovarian67

CD26

Colon28

CD38

Acute myeloid leukemia57

CD20

Melonoma12

CD29

Breast60

CD271

Melonoma12

ALDH1

Breast,68 Gastric,69 Lung70
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CSCs are largely impressed by signals from microenvironment
and moreover rely on signal transduction pathways nearly related with
stem-cell biology, both of which are druggable targets.35,36 Detecting
the place of CSCs and monitoring their physiologic indexes in timely
is hard. So, expanding techniques that can be applied to study CSCs
will have a significant impact on therapy and clinical diagnosis for
cancer.
Capability to target CSC therapeutically dependents on identifying
the underlying survival signaling pathways and their unique cell
surface markers. For example, pathways mediated by Akt, Wnt,
PTEN, BMP, FGF, notch, and hedgehog are several key signaling
pathways which have been linked with maintenance and the selfrenewal of CSC.37 Targeting specific CSC-relevant signal transduction
pathways seems reasonable and promising; but; actually it indicates
a complex issue due to redundancy of the participating elements and
the extreme diversity.38
In most cancers, distant metastasis, tumor aggressiveness,
histologic grade and poor prognosis correlate with the ratio of
CSCs.39–47 For instance, in metastatic colorectal cancer for standard
first-line bevacizumab-based treatment, CD166 was shown to be a
predictive marker48–51 or in patients with gastric cancer, CD133- and
CD44- positive had a poorer survival rate than patients with CD133and CD44- negative.52
Several natural extracts are claimed to target CSCs. It was reported
that γ-tocotrienol can reduce the expression level of CSC surface
markers on prostate tumor cells. A new door for CSC targeting in
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cancer therapy research may be open by this finding and usage of
natural extracts targeting CSCs.

Conclusion
In spite of all the studies and analyses on CSCs, all strategies for
treatment are under-test theories. Due to the tremendous clinical and
biological significance of CSCs, research related to these cells is
rapidly evolving. CSCs have had a deep impact on our current view of
cancer treatment, prognosis, and diagnosis. According to experimental
evidences indicated compared to monotherapies, treatment strategies
based on the combination of conventional therapies targeting CSC
specific pathway inhibition and bulk tumor cells bear a promise
to improve cancer cure rates. CSC hypothesis does provide a new
prospect in cancer therapy. It is believed that there are a small
number of stem cells at the center of tumor sustaining malignant
tissue growth. Efficiency and success of the cancer treatment in the
first stage is measured by tumor mass cutting, however, cancer stem
cells can yet form very small part of tumors through their activity and
form new tumors. It should be considered that these cells induce only
tumor mass and are not able to produce new cells and do not have
role in disease progression and tumor growth, while the populations
of cancerous cells cause cancer, tumor growth and also recurrence of
the disease, out of sight and remain intact. If it is true, then it could
be explained why tumors are often restored even after they have been
almost destroyed by anticancer drugs (Figure 3). This also points to a
different strategy to develop anti-cancer drugs, suggesting that these
drugs must be chosen to destroy cancer stem cells and not for their
ability to kill just any cells or shrink tumors.

Figure 3 The success or failure of chemotherapy, interpretation is based on behavior cells within the tumor.71,72

Citation: Dana H, Mahmoodi G, Marmari V, et al. An overview of cancer stem cell. J Stem Cell Res Ther. 2016;1(4):169‒174. DOI: 10.15406/jsrt.2016.01.00029

An overview of cancer stem cell

Acknowledgements
None.

Conflict of interest
The author declares no conflict of interest.

References
1. Tang DG. Understanding cancer stem cell heterogeneity and plasticity.
Cell Res. 2012;22(3):457–472.
2. Kreso A, Dick JE. Evolution of the cancer stem cell model. Cell Stem
Cell. 2014;14(3):275–291.

Copyright:
©2016 Dana et al.

173

21. Cohnheim J. Ueber entzundung und eiterung. Path Anat Physiol Klin
Med. 1867;40:1–79.
22. Virchow R. Editorial. Virchows Arch Pathol Anat Physiol Med. 1885.
23. Sanchez Garcia I, Vicente Duenas C, Cobaleda C. The theoretical basis of cancer–stem–cell–based therapeutics of cancer: can it be put into
practice. Bioessays. 2007;29(12):1269–1280.
24. Shen S, Xia JX, Wang J. Nanomedicine–mediated cancer stem cell therapy. Biomaterials. 2016;74:1–18.
25. Bonnet D, Dick JE. Human acute myeloid leukemia is organized as a
hierarchy that originates from a primitive hematopoietic cell. Nature Medicine. 1997;3(7):730–737.

3. Li Q, Rycaj K, Chen X, et al. Cancer stem cells and cell size: A causal
link. Semin Cancer Biol. 2015;35:191–199.

26. Lapidot T, Sirard C, Vormoor J, et al. A Cell Initiating Human Acute
Myeloid Leukaemia after Transplantation into SCID Mice. Nature.
1994;367(6464):645–648.

4. Shimono Y, Zabala M, Cho RW, et al. Down regulation of miRNA–200c links breast cancer stem cells with normal stem cells. Cell.
2009;138(3):592–603.

27. Cammareri P, Lombardo Y, Francipane MG, et al. Isolation and culture
of colon cancer stem cells. Methods Cell Biol. 2008;86:311–324.

5. Reya T, Morrison SJ, Clarke MF, et al. Stem cells, cancer, and cancer
stem cells. Nature. 2001;414(6859):105–111.

28. O’Brien CA, Pollett A, Gallinger S, et al. A human colon cancer cell
capable of initiating tumour growth in immunodeficient mice. Nature.
2007;445(7123):106–110.

6. Yoo YD, Han DH, Jang JM, et al. Molecular characteristics of cancer
stem–like cells derived From human breast cancer cells. Anticancer Res.
2013;33(3):763–777.

29. Fanali C, Lucchetti D, Farina M, et al. Cancer stem cells in colorectal
cancer from pathogenesis to therapy: Controversies and perspectives.
World J Gastroenterol. 2014;20(4):923–942.

7. Wang H, Somers GW, Bashirullah A, et al. Aurora–A acts as a tumor
suppressor and regulates self–renewal of Drosophilia neuroblasts. Genes
Dev. 2006;20:3453–3463.

30. Chen LS, Wang AX, Dong B, et al. A new prospect in cancer therapy: targeting cancer stem cell to eradicate cancer. Chin J Cancer.
2012;31(12):564–572.

8. Nozak T, Nishiitsutsuji R, Ohura K. Stem cell like molecular and morphological properties in a subpopulation of human oral cancer cells. J
Oral Biol. 2016;3(1):1–4.

31. Liu S, Dontu G, Wicha MS. Mammary stem cells, self renewal pathways, and carcinogenesis. Breast Cancer Res. 2005;7(3):86–95.

9. Knoblich JA. Mechanisms of asymmetric stem cell division. Cell.
2008;132(4):583–597.

32. Zhou BB, Zhang H, Damelin M, et al. Tumour–initiating cells: challenges and opportunities for anticancer drug discovery. Nat Rev Drug Discov. 2009;8(10):806–823.

10. Neumuller RA, Knoblich JA. Wicked views on stem cell news. Nat Cell
Biol. 2009;11(6):678–679.

33. Kawasaki BT, Hurt EM, Mistree T, et al. Targeting cancer stem cells with
phytochemicals. Mol Interv. 2008;8(4):174–184.

11. Gonzalez C. Spindle orientation, asymmetric division and tumour suppression in Drosophila stem cells. Nat Rev Genet. 2007;8(6):462–472.

34. Li Y, Wicha MS, Schwartz SJ, et al. Implications of cancer stem cell
theory for cancer chemoprevention by natural dietary compounds. J Nutr
Biochem. 2011;22(9):799–806.

12. Mansouri A, Abbaszadegan MR, Gholamin M. A Review on the biology
of cancer stem cells. Stem Cell Discovery. 2014;4(4):83–89.
13. Wei P, Niu M, Pan S, et al. Cancer stem–like cell: a novel target for
nasopharyngeal carcinoma therapy. Stem Cell Res Ther. 2014;5(2):44.
14. O’Brien CA, Kreso A, Jamieson CH. Cancer stem cells and self–renewal. Clin Cancer Res. 2010;16(12):3113–3120.
15. Hanahan H, Weinberg RA. Hallmarks of cancer: the next generation.
Cell. 2011;144(5):646–674.
16. Nguyen LV, Vanner R , Dirks P, et al. Cancer stem cells: an evolving
concept. Nat Rev Cancer. 2012;12(2):133–143.

35. Borovski T, E Melo DS, Vermeulen L, et al. Cancer stem cell niche: the
place to be. Cancer Res. 2011;71(3):634–639.
36. De Sousa E Melo, Vermeulen L, Richel DJ, et al. Targeting Wnt signaling in colon cancer stem cells. Clin Cancer Res. 2010;17(4):647–653.
37. Tu LC, Foltz G, Lin E, et al. Targeting stem cells–clinical implications
for cancer therapy. Curr Stem Cell Res Ther. 2009;4(2):147–153.
38. Brivanlou AH, Darnell JE. Signal transduction and the control of gene
expression. Science. 2002;295(5556):813–818.

17. Medema JP. Cancer stem cells: the challenges ahead. Nat Cell Biol.
2013;15(4):338–344.

39. Lin EH, Hassan M, Li Y, et al. Elevated circulating endothelial progenitor marker CD133 messenger RNA levels predict colon cancer recurrence. Cancer. 2007;110(3):534–542.

18. Bjerkvig R, Tysnes BB, Aboody KS, et al. Opinion: the origin of the cancer stem cell: current controversies and new insights. Nat Rev Cancer.
2005;5(11):899–904.

40. Liu G, Yuan X, Zeng Z, Tunici P, Ng H, et al. Analysis of gene expression and chemo resistance of CD133+cancer stem cells in glioblastoma.
Mol Cancer. 2006;5:67.

19. Bu Y, Cao D. The origin of cancer stem cells. Front Biosci (Schol Ed).
2012;4:819–830.

41. Wang LM, Kevans D, Mulcahy H, et al. Tumor budding is a strong and
reproducible prognostic marker in T3N0 colorectal cancer. Am J Surg
Pathol. 2009;33(1):134–141.

20. Gupta PB, Onder TT, Jiang G, et al. Identification of selective inhibitors of cancer stem cells by high–throughput screening. Cell.
2009;138(4):645–659.

42. Hermann PC, Huber SL, Herrler T, et al. Distinct populations of cancer
stem cells determine tumor growth and metastatic activity in human pancreatic cancer. Cell Stem Cell. 2007;1(3):313–323.

Citation: Dana H, Mahmoodi G, Marmari V, et al. An overview of cancer stem cell. J Stem Cell Res Ther. 2016;1(4):169‒174. DOI: 10.15406/jsrt.2016.01.00029

An overview of cancer stem cell

Copyright:
©2016 Dana et al.

174

43. Mehra N, Penning M, Maas J, et al. Progenitor marker CD133 mRNA
is elevated in peripheral blood of cancer patients with bone metastases.
Clin Cancer Res. 2006;12(16):4859–4866.

58. Dallas MR, Liu G, Chen WC, et al. Divergent roles of CD44 and
carcinoembryonic antigen in colon cancer metastasis. FASEB J.
2012;26(6):2648–2656.

44. Mimeault M, Batra SK. New advances on critical implications of tumor–
and metastasis–initiating cells in cancer progression, treatment resistance and disease recurrence. Histol Histopathol. 2012;25(8):1057–1073.

59. Tang C, Ang BT, Pervaiz S. Cancer stem cell: target for anticancer therapy. FASEB J. 2007;21(14):3777–3785.

45. Zeppernick F, Ahmadi R, Campos B, et al. Stem cell marker CD133
affects clinical outcome in glioma patients. Clin Cancer Res.
2008;14(1):123–129.
46. Horst, D, Kriegl L, Engel J, et al. CD13 expression is an independent
prognostic marker for low survival in colorectal cancer. Brit J Cancer.
2008;99(8):1285–1289.
47. Maeda S, Shinchi HH, Kurahara HY, et al. CD133 expression is correlated with lymph node metastasis and vascular endothelial growth factor–C
expression in pancreatic cancer. Brit J Cancer. 2008;98(8):1389–1397.
48. Levin TG, Powell AE, Davies PS, et al. Characterization of the intestinal
cancer stem cell marker CD166 in the human and mouse gastrointestinal
tract. Gastroenterology. 2010;139(6):2072–2082.
49. Weidle UH, Eggle D, Klostermann S, et al. ALCAM/CD166:Cancer–related Issues. Cancer Genomics Proteomics. 2010;7(5):231–244.
50. Tachezy M, Zander H, Gebauer F, et al. Activated leukocyte cell adhesion molecule (CD166)–Its prognostic power for colorectal cancer patients. J Surg Res. 2012;177(1):e15–e20.

60. Al Hajj M, Wicha MS, Benito Hernandez A, et al. Prospective identification of tumorigenic breast cancer cells. Proc Natl Acad Sci U S A.
2003;100(7):3983–3988.
61. Bapat SA, Mali AM, Koppikar CB, et al. Stem and progenitor like cells
contribute to the aggressive behavior of human epithelial ovarian cancer.
Cancer Res. 2005;65(8):3025–3029.
62. Boman BM, Wicha MS. Cancer Stem cells: a step toward the cure. J Clin
Oncol. 2008;26(17):2795–2799.
63. Singh SK, Hawkins C, Clarke ID, et al. Identification of human brain
tumour initiating cells. Nature. 2004;432(70150:396–401.
64. Read TA, Fogarty MP, Markant SL, et al. Identification of CD15 as a
marker for tumor–propagating cells in a mouse model of medulloblastoma. Cancer Cell. 2009;15(2):135–147.
65. Ihnena M, Kohler N, Kerstenc JF, et al. Expression levels of activated leukocyte cell adhesion molecule (ALCAM/CD166) in primary
breast carcinoma and distant breast cancer metastases. Dis Markers.
2010;28(2):71–78.

51. Ofori Acquah SF, King JA. Activated leukocyte cell adhesion molecule:
a new paradox in cancer. Transl Res. 2008;151(3):122–128.

66. Patriarca C, Macchi RM, Marschner AK, et al. Epithelial cell adhesion
molecule expression (CD326) in cancer: a short review. Cancer Treat
Rev. 2012;38(1):68–75.

52. Wakamatsu Y, Sakamoto N, Oo HZ, et al. Expression of cancer stem cell
markers ALDH1, CD44 and CD133 in primary tumor and lymph node
metastasis of gastric cancer. Pathol Int. 2012;62(2):112–119.

67. Kristiansen G, Denkert C, Schlüns K, et al. CD24 is expressed in ovarian
cancer and is a new independent prognostic marker of patient survival.
Am J Pathol. 2002;161(4):1215–1221.

53. Fang JS, Deng YW, Li MC, et al. Isolation and identification of brain
tumor stem cells from human brain neuroepithelial tumors. Zhonghua Yi
Xue Za Zhi. 2007;87(5):298–303.

68. Zhong Y, Lin Y, Shen S, et al. Expression of ALDH1 in breast invasive
ductal carcinoma: an independent predictor of early tumor relapse. Cancer Cell Int. 2013;13(1):60.

54. Eramo A, Lotti F, Sette G, et al. Identification and expansion of the
tumorigenic lung cancer stem cell population. Cell Death Differ.
2008;15(3):504–514.

69. Wakamatsu Y, Sakamoto N, Oo HZ, et al. Expression of cancer stem cell
markers ALDH1, CD44 and CD133 in primary tumor and lymph node
metastasis of gastric cancer. Pathol Int. 2012;62(2):112–119.

55. Landen CN, Goodman B, Katre AA, et al. Targeting aldehyde dehydrogenase cancer stem cells in ovarian cancer. Mol Cancer Ther.
2010;9(12):3186–3199.

70. Wei D, Peng JJ, Gao H, et al. ALDH1 Expression and the prognosis of
lung cancer:a systematic review and meta–analysis. Heart Lung Circ.
2015;24(8):780–788.

56. Deonarain MP, Kousparou CA, Epenetos AA. Antibodies targeting cancer stem cells: a new paradigm in immunotherapy? MAbs. 2009;1(1):12–
25.

71. Kure S, Matsuda Y, Hagio M, et al. Expression of cancer stem cell
markersin pancreatic intraepithelial neoplasias and pancreatic ductal
adenocarcinomas. Int J Oncol. 2012;41(4):1314–1324.

57. Soltanian S, Matin MM. Cancer stem cells and cancer therapy. Tumor
Biology. 2012;32(3):425–440.

72. Watt FM, Driskell RR. The therapeutic potential of stem cells. Philos
Trans R Soc Lond B Biol Sci. 2010;365(1537):155–163.

Citation: Dana H, Mahmoodi G, Marmari V, et al. An overview of cancer stem cell. J Stem Cell Res Ther. 2016;1(4):169‒174. DOI: 10.15406/jsrt.2016.01.00029

