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Abstract 

Laryngeal squamous cell carcinoma (LSCC) is one of the most commonly diagnosed malignancies in the head and neck region with 
an increased incidence rate worldwide. Cancer stem cells (CSCs) are a group of cells with eternal life or infinite self-renewal ability, 
which have high migrating, infiltrative, and metastatic abilities. Though CSCs only account for a small proportion in tumors, the 
high resistance to traditional therapy exempts them from therapy killing and thus they can reconstruct tumors. Our current 
knowledge, about CSCs in the LSCC, largely depends on head and neck studies with a lack of systematic data about the evidences of 
CSCs in tumorigenesis of LSCC. 
Certainly, the combination of therapies aimed at debulking the tumour (e.g. surgery, conventional chemotherapy, radiotherapy) 
together with targeted therapies aimed at the elimination of the CSCs might have a positive impact on the long-term outcome of 
patients with laryngeal cancer (LC) in the future and may cast a new light on the cancer treatment. 
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Introduction 

    Laryngeal squamous cell carcinoma (LSCC), 
originating from laryngeal epithelial tissue, is one of the 
most commonly diagnosed malignancies in the head and 
neck region with an increased incidence rate in middle-
aged and elderly men, worldwide [1-3]. For early stage 
and localized LSCC, surgery, radiation, chemotherapy, 
and combination therapy are among the routine 
therapeutic techniques, however, radio-chemotherapy, 
the only therapeutic strategy for advanced and 
metastasized cases, has only limited effectiveness in 
treatment of late stage cancers. Despite considerable 
improvements in the laryngeal carcinoma treatment, 
which improved the quality of patients’ life, the survival 

rates remained unchanged during more than three 
decades [4]. Therefore, novel and further efforts are 
required for complete understanding of mechanisms 
underlying laryngeal carcinogenesis and for development 
of more accurate and effective diagnostic, prognostic and 
therapeutic applications against laryngeal cancer (LC) [2]. 

Identification and characterization 

    Experimental evidence for the existence of CSCs was 
obtained in different tumor types (such as myeloblastic 
leukemia, breast cancer, brain, prostate, colon, lung). 
These studies consist in the dissociation of human 
tumors into individual cells, maintained in suspension 
and then separated according to markers present on their 
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surface, and then transplanted into NOD/SCID 
(nonobese diabetic/severe combined immunodeficient) 
mice. CSCs are identified based on their ability to 
replicate the tumorigenesis even when transplanted in 
low numbers in experimental models. For example, a cell 
of 105 cells of acute myeloid leukemia expresses the 
surface marker CD34+ and CD38+ and it is able to give 
rise to the histological heterogeneity of the disease into 
SCID animals [5-8].  
 
    Since the first descriptions of the CSCs, few article for 
laryngeal cancer, as well as few review for head and neck 
cancer, have been published. Given the lack of systematic 
data on CSCs in the LC, our current knowledge largely 
depends on data inferred from head and neck studies. 
The reported identification of a population of stem-like 
cells in head and neck cancer was in 2007 [9]. 
Isolation and identification of CSCs properties constitute 
a major experimental challenge. These properties include 
the efflux of vital dyes by multidrug transporters, 
enzymatic functions, the sphere-forming capacity in low 
attachment conditions, and the expression of cell-surface 
antigens. Two different approaches to identify CSCs 
within tumors have been proposed: the first one tracks 
specific surface markers that are selectively expressed on 
CSCs but not on the bulk of tumor cells; the second 
approach exploits some functional characteristics, such as 
a unique pattern of staining with certain dyes, to identify 
stem-like cells. In particular this latter method is used for 
the detection by dual-wavelenght flow cytometry of the 
so-called side population (SP) on the basis of the ability 
of these cells to efflux the fluorescent dye Hoechst 33342 
[10]. The SP cells seem to be an enriched source of stem 
cells [11], represent only a small fraction of the whole cell 
population and given their ability to efflux drugs, they 
represent the multi-drug resistant cell fraction within 
tumors [12, 13].  
    Currently, the most authoritative method for sorting 
CSCs is by first identifying the specific markers of CSCs. 
Cell separation has allowed us to identify and isolate 
specific CSCs in different types of human cancer, 
through specific combinations of cell surface markers and 
transplantation into immunodeficient mice. Stem cell 
populations with specific markers are the only cell 
populations that are able to give rise to tumours within in 
vivo mouse models that recapitulate their original 
phenotype [14]. Such markers would have important 
potential as predictors for local tumor control. CD133 
and CD44 expression, and aldehyde dehydrogenase 
(ALDH) activity are the CSCs markers that have been 
identified in LSCC. 
    The study of CSCs in LC is still in the primary stage. 
Prince et al. have reported that CD44+ cancer cells are 
detected in the primary laryngeal carcinoma.  
 

Though CD44+ cancer cells only account for less than 
10%, they have very high tumor-formation ability in 
vitro. Some experimental results have indicated that 
CD133 is one of the markers for laryngeal carcinoma 
stem cells [9,15,16]. 
    The role of the markers in LC progression is not clear 
yet and above all no markers have been defined yet as the 
most adequate for the characterization of the niches of 
tumor stem cells. Likely, several combinations of these 
markers would allow a more appropriate characterization 
of CSCs in LC. It should be also ascertained those most 
closely related to prognosis and to therapeutic treatment 
resistance. So, it could be possible to delineate a more 
correct stratification of patients at risk, speculating also to 
directly interfere with the activity of these molecules, as is 
the case in other malignancies, in order to establish more 
personalized therapeutic strategies. 
    Therefore, the study and identification of cell surface 
markers is central, to their ability to be used in the future 
to distinguish healthy tissue from diseased tissue. The 
molecular characterization of the purified stem cells, 
through the analysis of the protein genetic profile, will 
place the foundation for studies that could elucidate the 
molecular and cellular mechanisms that regulate self-
renewal and differentiation, in homeostasis and in cancer.  
Although laryngeal CSCs research is only in the initial 
stage, there have been several investigations providing 
insights into the true identification and characterization 
of larynx CSCs (Fig. 1).  
    Luzar et al. provided the initial evidence for the 
existence of CSCs in LSCC through demonstration of 
increased human telomerase reverse transcriptase 
(hTERT) expression in LSCC specimens [17]. hTERT 
was demonstrated to induce stemness characteristics and 
promote metastasis and recurrence in distinct cancer 
types [18]. Therefore, detection of hTERT 
overexpression might be evaluated as the first clue for 
involvement of CSLCs in the process of laryngeal 
carcinogenesis. 
 
 

 
 
 
Figure 1  
Laryngeal CSCs are characterized by their stem cell-like 
properties including self-renewal and they carry distinct surface 
markers [1].  
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After identification of CD133, an apical plasma 
membrane protein with a molecular weight of 117 kDa, 
as a surface marker for isolation of stem cells from 
distinct tissues and tumors [19, 20],  Zhou et al. analyzed 
the expression status of CD133 in Hep2 cells, a well 
characterized cell line used in LSCC research, and 
isolated CD133 positive cells to investigate their in vitro 
proliferation and differentiation ability [21]. CD133 
positive cells constitute only a small population within 
the tumor. They have the potential to induce tumor 
formation in animal models even when injected as few as 
100 cells [22,23]. CD133 enriched cell populations have 
been also demonstrated to have increased potential for 
self-renewal and multi-lineage differentiating ability in 
vivo [2]. Zhou et al. explored CD133 expression in Hep-
2 cell population through immunocytochemistry and 
flow cytometry analysis, and found that less than <5% of 
cells in the Hep-2 cells expressed CD133. Moreover, 
immuno-magnetic separation of CD133 positive cells 
and their in vitro analysis demonstrated their capacity for  
self-renewal, increased proliferation, and multilineage 
differentiation [21]. This finding pointed CD133 as a 
promising marker for cancer stem cells in LSCC [1]. 
    CSCs possess ability to reconstitute the cellular 
heterogeneity found in the original tumor. The plasticity 
potential of malignant cells has been also described in 
epithelial tumours as a mechanism that allows the 
epithelial cells to transdifferentiate into mesenchymal 
cells through the process EMT (epithelial-mesenchymal 
transition). CSCs in LSCC also have a plasticity potential 
to bidirectional switch between the EMT and epithelial 
phenotypes, through both EMT and the reverse process 
of MET (mesenchymal-epithelial transition) [24-26].     
    The analysis of the existing literature suggests a 
crosstalk between LSCC cells and other cells of the 
tumour microenvironment results in EMT. The invasive 
phenotype of cells that have undergone EMT allows 
them to penetrate the lymphatic and/or angiogenic 
vasculature.  
 
Discussion 
 

    In recent years, comprehensive treatment measures 
such as laryngeal surgery, radiotherapy, chemotherapy, 
and gene therapy have gained a higher 5-year survival rate 
for patients with LC, but 30% to 40% of them still died 
of tumor recurrence or metastasis [27]. Hence, there is an 
urgent need to explore the mechanism of origin, 
invasion, as well as metastasis of the in order to design 
new treatment methods. 
During the past decade, a stem-cell-like subset of cancer 
cells has been identified in many malignancies. These 
cells, referred to as cancer stem cells (CSCs), are of 
particular interest because they are believed to be the 
clonogenic core of the tumor and therefore represent the 

cell population that drives growth and progression [28, 
29]. 
    Although there have been important improvements 
recently on cancer diagnosis and therapy, LSCC still 
remains to be one of the leading causes of cancer deaths 
among men. For especially late stage LSCC cases, 
treatment strategies commonly fail to give positive 
clinical outcome, which necessitates understanding the 
underlying mechanisms of LSCC carcinogenesis and 
developing novel therapy tools based on the enlightened 
pathogenic processes [3]. 
    Although CD133 is proposed as an effective surface 
molecule for isolation of laryngeal CSLCs, additional 
biomarkers are needed for true identification and 
characterization of CSLCs, which will provide the 
opportunity to determine appropriate gene and miRNA 
expression signatures associated with these cells through 
utilization of oligonucleotide microarray technologies, 
qRT-PCR, and similar methods. Analysis of specific 
signaling pathways involved in acquisition and 
maintenance of CSLC properties implicated in 
pathologic processes will let the discovery of new drugs 
for treating LSCC and development of novel therapeutic 
strategies with the help of further studies needed in this 
field [1]. The elimination or inhibition of these CSCs can 
be considered a new conceptual framework for cancer 
treatment [3]. 
 
Conclusions 
 
Laryngeal cancer stem cells appear to play a major role in 
tumour recurrence and metastatic spread, common 
causes of the high morbidity and death.  
Certainly, the combination of therapies aimed at 
debulking the tumour (e.g. surgery, conventional 
chemotherapy, radiotherapy) together with targeted 
therapies aimed at the elimination of the CSCs and EMT 
might have a positive impact on the long-term outcome 
of patients with laryngeal cancer (LC) in the future and 
may cast a new light on the cancer treatment. 
 
References 

 
1. Guzel E, Karatas OF, Ozgurses ME, Ozen M. New 

Insights into Laryngeal Squamous Cell Carcinoma: 
Cancer Stem-Like Cells Cancer Research Frontiers. 
2015; 1:138-148.  

2. Yu D, Liu Y, Yang J, Jin C, Zhao X, Cheng J, et al. 
Clinical implications of BMI-1 in cancer stem cells 
of laryngeal carcinoma. Cell Biochem Biophys. 
2015; 71:261-9. 

3. Greco A, Rizzo MI, De Virgilio A, Gallo A, Fusconi 
M, Pagliuca G, Martellucci S, Turchetta R, De 
Vincentiis M. Cancer stem cells in laryngeal cancer:  
 



Senses Sci 2016; 3 (1):163166

www.sensesandsciences.com 

what we know. Eur Arch Otorhinolaryngol. 2015 
Nov 19. [Epub ahead of print]. 

4. Wan G, Zhou L, Xie M, Chen H, Tian J.
Characterization of side population cells from
laryngeal cancer cell lines. Head Neck. 2010;
32:1302-9.

5. Reya T, Morrison SJ, Clarke MF, Weissman IL.
Stem cells, cancer, and cancer stem cells. Nature
2001; 414:105-11.

6. Griffin JD, Lowenberg B. Clonogenic cells in acute
myeloblastic leukemia. Blood. 1986, 68:1185-95.

7. Bonnet D, Dick JE. Human acute myeloid
leukemia is organized as a hierarchy that originates
from a primitive hematopoietic cell. Nat Med.
1997, 3:730-737.

8. Hanahan D, Weinberg RA. The hallmarks of
cancer. Cell. 2000; 100:57-70.

9. 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; 104:973-978.

10. Goodell MA, Brose K, Paradis G, Gonner AS,
Mulligan RC. Isolation and functional properties of
murine hematopoietic stem cells that are replicating
in vivo. J Exp Med. 1996; 183:1797–1806.

11. Challen GA, Little MH. A side order of stem cells:
the SP phenotype. Stem Cells. 2006; 24:3-12.

12. Hirschmann-Jax C, Foster AE, Wulf GG, Goodell
MA, Brenner MK. A distinct "side population" of
cells in human tumor cells: implications for tumor
biology and therapy. Cell Cycle. 2005; 4:203-5.

13. Song J, Chang I, Chen Z, Kang M, Wang CY.
Characterization of side populations in HNSCC:
highly invasive, chemoresistant and abnormal Wnt
signaling. PLoS One. 2010; 5:e11456.

14. 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 leukaemia after transplantation into
SCID mice. Nature. 1994; 367:645-648.

15. Huang CX, Zhu Y, Duan GL, Yao JF, Li ZY, Li D,
Wang QQ. Screening for MiRNAs related to
laryngeal squamous carcinoma stem cell radiation.
Asian Pac J Cancer Prev. 2013; 14:4533-7.

16. Suer I, Karatas OF, Yuceturk B, Yilmaz M, Guven
G, Buge O, Cansiz H, Ozen M. Characterization of
Stem-Like Cells Directly Isolated From Freshly
Resected Laryngeal Squamous Cell Carcinoma
Specimens. Curr Stem Cell Res Ther. 2014; 9:347-
53.

17. Luzar B, Poljak M, Marin IJ, Fischinger J, Gale N.

Quantitative measurement of telomerase catalytic 
subunit (hTERT) mRNA in laryngeal squamous cell 
carcinomas. Anticancer Res. 2001; 21:4011-5. 

18. Chung SS, Aroh C, Vadgama JV. Constitutive
activation of STAT3 signaling regulates hTERT and
promotes stem cell-like traits in human breast
cancer cells. PLoS One. 2013; 8:e83971.

19. Schneider M, Huber J, Hadaschik B, Siegers GM,
Fiebig HH, Schuler J. Characterization of colon
cancer cells: a functional approach characterizing
CD133 as a potential stem cell marker. BMC
Cancer. 2012; 12:96.

20. Wei XD, Zhou L, Cheng L, Tian J, Jiang JJ,
Maccallum J. In vivo investigation of CD133 as a
putative marker of cancer stem cells in Hep-2 cell
line. Head Neck. 2009; 31:94-101.

21. Zhou L, Wei X, Cheng L, Tian J, Jiang JJ. CD133,
one of the markers of cancer stem cells in Hep-2 cell
line. Laryngoscope. 2007; 117:455-60.

22. Singh SK, Clarke ID, Terasaki M, Bonn VE,
Hawkins C, Squire J, et al. Identification of a cancer
stem cell in human brain tumors. Cancer Res. 2003;
63:5821-8.

23. Rocco A, Liguori E, Pirozzi G, Tirino V, Compare
D, Franco R, et al. CD133 and CD44 cell surface
markers do not identify cancer stem cells in primary
human gastric tumors. J Cell Physiol. 2012;
227:2686-93.

24. Liang X. Biological Characteristics of Stem-Like
Cells in Oral Squamous Cell Carcinoma.
Dissertation for the degree philosophiae doctor at
the University of Bergen. 18 July, 2013.

25. Marjanovic ND, Weinberg RA, Chaffer CL. Cell
plasticity and heterogeneity in cancer. Clin Chem,
2013. 59:168-79.

26. Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A,
Zhou AY, Brooks M, Reinhard F, Zhang CC,
Shipitsin M, Campbell LL, Polyak K, Brisken C,
Yang J, Weinberg RA. The epithelial-mesenchymal
transition generates cells with properties of stem
cells. Cell. 2008; 133:704-15.

27. Yu D, Jin C, Liu Y, Yang J, Zhao Y, Wang H, Zhao
X, Cheng J, Liu X, Liu C. Clinical implications of
cancer stem cell-like side population cells in human
laryngeal cancer. Tumour Biol. 2013; 34:3603-
3610. 

28.  Vermeulen L, de Sousa e Melo F, Richel DJ,
Medema JP. The developing cancer stem-cell
model: clinical challenges and opportunities. Lancet
Oncol. 2012; 13:e83-9.

29. Behbod F, Rosen JM. Will cancer stem cells provide
new therapeutic targets? Carcinogenesis. 2005;
26:703–711.




