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cells. In the human body, there are many sources of stem 
cells, which include eye, brain, cord blood, bone marrow, 
skin, etc. It can be divided into embryonic (embryos; 
inner cell mass of blastocyst), somatic (human adult), and 
germinal (from primary germinal layers of the embryo) 
stem cells. The most common adult stem cells are hemato
poietic stem cells and mesenchymal stem cells.1

CANCER STEM CELLS

Cancer was always the most common cause of mortality 
in the past and is still today. In the past few decades, stem 
cell biology has provided new approaches and research 
into cancer biology.25 It is now believed that tumor 
cells have the stem cell properties of selfrenewal and 
differentiation to generate mature cells. These cells are 
called cancer stem cells (CSCs), which have the ability to 
produce distinct cell types that are found in their original 
tumor (Flow Chart 1).5,6 It is still unclear whether the 
CSCs are derived by transformation of stem cells or are 
due to differentiation of mature neoplastic cells.58 The 
CSCs were actually first discovered in the hematopoi
etic system.5,9,10 Cancer stem cellrich tumors have high 
metastatic rate and poor prognosis as they have increased 
resistance to chemotherapeutic agents.5,1113

It is generally accepted that cancer may arise from 
tissue stem cells through genetic and epigenetic changes 
and CSCs are recognized by the presence or absence of 
different cell surface markers.14

Cancer Stem Cells and Tumors

Cancer stem cells were first described in acute myeloid 
leukemia and subsequently have been identified in breast 
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ABSTRACT

Cell potency is the ability to differentiate into other cells. Stem 
cells are found in every organ and tissues in our body. They have 
the characteristics of self-renewal and differentiation to give rise 
to a mature type of cells making up organs and tissues. They 
can be totipotent, pluripotent, unipotent, and multipotent. Today, 
cancer stem cells (CSCs) have been gaining ground in several 
malignancies, such as acute myeloid leukemia, breast cancers, 
head and neck cancer. They also have the similar properties 
of tissue stem cells of self-renewal and regeneration of tissue. 
Gene alteration and mutation are thought to be involved in 
the formation of these CSCs. They may have a role in tumor 
metastasis and their understanding may help in the development 
of prognostic markers and therapeutic application.
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INTRODUCTION

Cancer, despite its recent treatment therapies, has been the 
most common cause of morbidity and mortality world
wide. Stem cells are being used for decades as one of the 
methods for cancer therapy.1 Stem cells are undifferenti
ated cells, which give rise to other cells. They have two 
unique characteristics: The ability to selfrenewal, which 
means that they can multiply and produce numerous 
cells of themselves, and the ability to differentiate, which 
means, it can change into two or more different types of 

Flow Chart 1: Cancer stem cell arising from stem cell, 
progenitor, and differentiated cell
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and central nervous system cancers, such as glioblastoma 
and medulloblastoma.15 The selfrenewal ability of stem 
cell is regulated by signals from the surrounding stem 
cells called niche, and the alteration in this niche signaling 
has been observed in human Tcell acute lymphoblastic 
leukemia and cervical and breast cancer. According to 
past literature and studies, it is proposed that breast 
cancers may arise from mammary stem cells that have 
undergone transformations or from the early progenitor 
cells.16

Head and neck cancer is the sixth most common 
cancer in the global population. Research on head and 
neck CSCs has started recently in the year 2007. Mortality 
rate in head and neck cancer is usually due to metastasis 
to lymph nodes and distant organs, and CSCs act as 
important purveyors of metastasis.1720

Cancer Stem Cells and Therapeutic Approach

Eradication of cancer is concerned with targeting and 
elimination of these CSCs sparing the normal stem cells. 
But, there are always challenges to implementing such 
strategies as both share similar properties of selfrenewal; 
however, with recent studies using animal models, these 
strategies can be approachable.16 Cancer stem cells are 
identified, which has brought important therapeutic 
implications. According to Gil et al,21 the resistance of 
these CSCs to chemotherapy may be caused by increased 
expression of proteins from the Bcell lymphoma 2 family, 
which actually leads to an increase in expression of mem
brane proteins, which are responsible for drug resistance.21

In tumors, CSCs play a role in three ways: Mutation 
of normal cells into cancer cells, ultimately leading to  
the primary tumor; they may also play a role in the recur
rence of the tumor and can migrate causing metastasis.1,22 
Gene expression profile of CSCs is different and by com
paring it with the bulk tumor population, normal stem 
cells, and tissues, there may be a possibility in identifying 
therapeutic targets that preferentially attack CSCs.2,15,23

Cancer stem cell biomarkers are used as a tool to 
identify CSCs as well as become target of many drugs 
developed for its cure. In recent years, many markers 
have been identified, which include CD133, CD44, 
ABCG2, and some other cell surface proteins. CD133 is 
a glycosylated protein used for the identification of brain 
tumor, lung, pancreatic, liver, prostate, colorectal, and 
head and neck cancers. CD44 has been used to identify 
cancers of the breast, pancreas, head and neck, ovarian, 
and colon. ABCG2 plays a role in the maintenance of 
stem cell phenotype and helps in identifying cancers of 
lung, liver, brain, prostrate, etc.24 There are many other 
noncarbohydrate stem cell markers, which are also CSC 
markers, such as Bmi1, CD29, CD44, CD90, CD117, 

Nestin.25 Natural compounds, such as salinomycin, 
curcumin, sulforaphane have also been found in recent 
years to have the ability to kill CSCs.24

Cancer Stem Cells and Its Response  
to Chemotherapy

The response to chemotherapy becomes an issue when 
there is a recurrence of the tumor. The recurrent tumor 
may arise due to the survival of CSCs present within 
the primary tumor despite chemotherapy and surgical 
removal. There are several antineoplastic drugs available 
and the CSCs are protected against it by various defense 
mechanisms, which are CSC intrinsic and CSC extrinsic. 
CSCintrinsic mechanism involves deoxyribonucleic acid 
(DNA) repair, expression of drug pumps, and altered cell 
cycle, whereas CSCextrinsic mechanism involves the 
effect of tumor microenvironment on CSCs.14,26

Cancer Stem Cells and Its Response  
to Radiotherapy

Radiotherapy either alone or in combination with chemo
therapy has curative potential in head and neck cancers 
and other solid tumors. They also help in the control of 
local recurrences of the primary tumor (Flow Chart 2). 
According to past studies, radiotherapy involves DNA 
amount in both CSC and nonCSC compartments, but 
damage repair was more robust in CSC and nonCSC 
population who underwent apoptosis more after the 
radiation.14,27

Targeting CSCs and Surface Markers

Cancer stem cells are ideal for treatment of cancer by 
targeting cytotoxic drugs and stem cell surface markers. 
A specific surface marker like CD133 that is a marker 
of primitive hematopoietic and neural stem cells seen 
in hepatocellular and gastric cancer is considered as an 
important CSCassociated marker. According to previous 
reports, CD133+ CDCs have strong resistance to chemo
therapy and radiotherapy.2832

Flow Chart 2: Cancer stem cells in response to chemotherapy  
and radiotherapy
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CONCLUSION

Research and studies in the past suggest that tumor is 
formed due to the development of CSCs by deregulation 
of normal cells or tissue stem cells. The discovery of CSCs 
in various tumors has provided new approaches for the 
medical professions in understanding cancer biology. Its 
unique properties add a great promising venture toward 
more effective cancer treatment and improving the  
mortality and modality in the future.

REFERENCES

 1. Sagar J, Chaib B, Sales K, Winslet M, Seifalian A. Role of stem 
cells in cancer therapy and cancer stem cells: a review. Cancer 
Cell Int 2007 Jun;7(9):111.

 2. Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, 
cancer, and cancer stem cells. Nature 2001 Nov;414(6859): 
105111.

 3. Dick JE. Stem cell concepts renew cancer research. Blood 2008 
Dec;112(13):47934807.

 4. Clevers H. The cancer stem cell: premises, promises and chal
lenges. Nat Med 2011 Mar;17(3):313319.

 5. Kosovsky M. Culture and assay systems utilized for cancer 
stem cell research. Bdbiosciences.com 2012:0108.

 6. Alison MR, Islam S, Wright NA. Stem cells in cancer: Instiga
tors and propagators? J Cell Sci 2010 Jul;123(Pt 14):23572368.

 7. Chaffer CL, Brueckamnn I, Scheel C, Kaestli A, Wiggins PA, 
Rodrigues LO, Brooks M, Reinhardt F, Su Y, Polyal K, et al. 
Normal and neoplastic nonstem cells can spontaneously 
convert to a stemlike state. Proc Natl Acad Sci USA 2011 
May;108(19):79507955.

 8. Clarke MF, Dick JE, Dirks PB, Eaves CJ, Jamieson CHM, 
Jones DL, Visvader J, Weissman IL, Wahl GM. Cancer stem 
cells – perspectives on current status and future directions: 
AACR Workshop on cancer stem cells. Cancer Res 2006 
Oct;66(19):93399344.

 9. Lapidot T, Sirard C, Vormoor J, Murdoch B, Hoang T, Caceres
Cortes J, Minden M, Paterson B, Caligiuri MA, Dick JE. A cell 
initiating human acute myeloid leukemia after transplantation 
into SCID mice. Nature 1994 Feb;367(6464):645648.

 10. Bonnet D, Dick JE. Human acute myeloid leukemia is orga
nized as a hierarchy that originates from a primitive hema
topoietic cell. Nat Med 1997 Jul;3(7):730737.

 11. Dean M, Fojo T, Bates S. Tumor stem cells and drug resistance. 
Nat Rev Cancer 2005 Apr;5(4):275284.

 12. Bao S, Wu Q, McLendon RE, Hao Y, Quig S, Hjelmeland AB, 
Dewhirst MW, Bignet DD, Rich JN. Glioma stem cells promote 
radioresistance by preferential activation of the DNA damage 
response. Nature 2006 Dec;444(7120):756760.

 13. Hermann PC, Huber SL, Herrier T, Aicher A, Ellwart JW, 
Guba M, Bruns CJ, Heeschen C. Distinct populations of cancer 

stem cells determine tumor growth and metastatic activity in 
human pancreatic cancer. Cell Stem Cell 2007 Sep;1(3):313323.

 14. Tabarestani S, GhafouriFard S. Cancer stem cells and response 
to therapy. Asian Pac J Cancer Prev 2012;13(12):59475954.

 15. Spillane JB, Henderson MA. Cancer stem cells: A review. ANZ 
J Surg 2007 Jun;77(6):464468.

 16. Wicha MS, Liu S, Dontu G. Cancer stem cells: an old idea – A 
paradigm shift. Cancer Res 2006 Feb;66(4):18831890.

 17. Mitra D, Malkoski SP, Wang XJ. Cancer stem cells in head 
and neck cancer. Cancers 2011 Jan;3(1):415427.

 18. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 
2002. CA Cancer J Clin 2005 MarApr;55(2):74108.

 19. Prince ME, Sivanandan R, Kaczorowski A, Wolf GT, Kaplan MJ,  
Dalerba P, Weissman IL, Clarke MF, Ailles LE. Identification 
of a subpopulation of cells with cancer stem cell properties 
in head and neck squamous cell carcinoma. Proc Natl Acad 
Sci USA 2007 Jan;104(3):973978.

 20. Lo WL, Kao SY, Chi YK, Wong YK, Chang RC. Outcomes 
of oral squamous cell carcinoma in Taiwan after surgical 
therapy: factors affecting survival. J Oral Maxillofac Surg 2003 
Jul;61(7):751758.

 21. Gil J, Stembalska A, Pesz KA, Sasiadek MM. Cancer stem cells: 
The theory and perspectives in cancer therapy. J App Genet 
2008;49(2):193199.

 22. Jordan CT, Guzman ML, Noble M. Cancer stem cells. N Engl 
J Med 2006 Sep;355(12):12531261.

 23. Pardal R, Clarke MF, Morrison SJ. Applying the prin
ciples of stemcell biology to cancer. Nat Rev Cancer 2003 
Dec;3(12):895902.

 24. Hu Y, Fu L. Targeting cancer stem cells: a new therapy to cure 
cancer patients. Am J Cancer Res 2012 Apr;2(3):340356.

 25. Karsten U, Goletz S. What makes cancer stem cell markers 
different? Springerplus 2013;2:301.

 26. MaugeriSacca M, Vigneri P, De Maria R. Cancer stem cells and 
chemosensitivity. Clin Cancer Res 2011 Aug;17(15):49424947.

 27. Krause M, Yaromina A, Eicheler W, Koch U, Baumann M. 
Cancer stem cells: Targets and potential biomarkers for radio
therapy. Clin Cancer Res 2011 Dec;17(23):72247229.

 28. Han L, Shi S, Gong T, Zhang Z, Sun X. Cancer stem cells: 
Therapeutic implications and perspectives in cancer therapy. 
Acta Pharm Sin B 2013 Apr;3(2):6575.

 29. Baumann M, Krause M, Thamne H, Trott K, Zips D. Cancer 
stem cells and radiotherapy. Int J Radiat Biol 2009 May;85(5): 
391402.

 30. Rappa G, Fodstad O, Lorico A. The stem cellassociated antigen 
CD133 (Prominin1) is a molecular therapeutic target for meta
static melanoma. Stem Cells 2008 Dec;26(12):30083017.

 31. Mizrak D, Brittan M, Alison M. CD133 molecule of the 
moment. J Pathol 2008 Jan;214(1):39.

 32. Liu G, Yuan X, Zeng Z, Tunici P, Ng H, Abdulkadir IR, Lu L,  
Irvin D, Black KL, Yu JS. Analysis of gene expression and 
chemoresistance of CD133+ cancer stem cells in glioblastoma. 
Mol Cancer 2006 Dec;5:67.


