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I ABSTRACT

Cancer progression and metastasis is rarely or less studied phenomenon. It has been known that cancer stem cells are
the significant agents playing critical in metastasis and advanced tumorigenesis because of their heterogeneous
nature. Their changed molecular expression with the passage of time and induction of normal cells into cancerous
cells are correlated and determining these stem cell markers expression on CSCs can help to understand the
progression of cancer and resistance to chemotherapy approaches. Identification of these signaling pathways and
their modulation role are the key necessities for precise diagnosis and targeted therapeutic approaches development.
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In early 1875, Julius Cohnheim raised the theory
that stem cells may be derived from residues left
over from embryonic development (1). The
concept of stem cells was reported in 1994 (2). The
first time in 1977, blood stem cells were isolated
by John Dick et al, and in 2003, Michael Clarke
managed to find the stem cells of solid tumors such
as breast cancer (3). Cancer stem cells are
tumorigenesis and  produce  tumor by
differentiation into several types of cells and
because of their heterogeneous nature, these cells
remain in the tumor as a distinct population and
cause relapse and metastasis and producing new
tumors (4, 5). Breast cancer is the most common
type of cancer in women (6). Due to the
characteristics of stem cells, breast cancer stem
cells play an important role in the progress of
cancer through a process of self-renewal and
inducing a relapse of tumors, and by resistance to
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chemotherapy and radiotherapy (7, 8, 9, 10, 11).
CD29, CD24, CD44, CD49f are considered as some
of the important surface markers in BCSCs (12).
Breast cancer stem cells have expressed some of the
markers including CD44 and mutually, are negative
in some markers including CD24 (3, 13). CD44 is a
family of transmembrane glycoproteins in the cell
that lead to progression of malignancy and metastasis
of breast cancer (14) and CD49f is required to growth
and survival of tumor cells (15) and also, the activity
of the specific enzyme, aldehyde dehydrogenase
isoform 1 (ALDH1) of the group iso-enzyme is
considered as the other marker of BCSCs (12).

Literature Review

Given that the cancer stem cells are used in diagnosis,
invasion, metastasis, and recurrence of the tumor (16)
and CSCs play an important role in resistance to
chemotherapy and radiotherapy, so identifying the
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signaling pathways including Hedgehog Notch
and Wnt, that are involved in BCSC, is so
important (17). Wnt family is of secreted proteins
and in mammals, there are 19 members of the Whnit.
The Wnt signaling pathway activity is associated
with the expansion of stem cells. In human cancer,
it is often deregulated (18). The first time, the
important role of The Wnt signaling pathway was
identified in tumorigenesis of mammary glands,
associated with the MMTV virus in the position of
Int-1 (Wntl) and overexpressing of Wntl induces
tumorigenesis of mammary glands (19, 20). The
key role of B-catenin in regulating the
differentiation of stem cells and dysregulation of
this pathway and its relation to resistance to
radiotherapy and also, in 18% of mutations in the
APC gene, in the progression of breast cancer, has
been studied (21, 22, 23). When the ligand of Wnt
is connected to the protein receptor of Frizzled
attached to the membrane, the Frizzled receptor
activates the protein in the cytoplasm, thereby
inhibits glycogen synthase kinase 3, and this
makes separation of B-catenin from APC and B-
catenin accumulates in the nucleus and induces
expression of target genes of WNTL1 by
cooperation of transcription factors (24, 25, 26, 27,
28). The Hedgehog signaling pathway, as a
catalyst, involves in the embryonic development,
proliferation, and tumorigenesis and plays an
important role in breast cancer mammary glands
development and recurrence of breast cancer stem
cells (29). In mammals, there are 3 Hh members
including Desere, Sonic, and Indian (DHh, Shh,
IHh) all of which are of the secreted proteins (30).
In breast cancer, activation of the pathway in the
stem cells takes place using the ligand Shh and
expression of transcription factors GLI1 and GLI2
(31). In this way, after SHH binds to the Patched
receptor, PATCH naturally inhibits a trans-
membrane protein called SMO. When Shh is
connected to patch, the inhibitor of the protein smo
is removed and with the removal of this inhibitor,
an intracellular signaling cascade is waged and
form the expression of transcription factors (30).
The Notch signaling pathway controls the renewal
process of the epithelial cells in mammary glands
and breast cancer stem cells (32, 33, 34). The
Notch signaling pathway relies on a cell-cell
interaction. The Notch receptors involve in the
bio-functions such as cell proliferation,
differentiation, survival, and tumorigenesis of the
cells (35). There are 4 types of receptors Notch 1-
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4 and 5 ligands Jagged 1-2 and DLL 1, 2, 4 in
mammalian (36). After connection of protein Notch
to the ligand and activation of Notch in the
extracellular field, a part of Notch intracellular
domain (NICD) is cut by a protease called presenilin
1 and leads to release of NICD from plasma
membrane and then, NICD is introduced into nucleus
and together with the transcription factor CSL
influences on the expression of its target genes (37).
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Figure 1. Hedgehog signaling pathway (a), Notch
signaling pathway (b), Wnt signaling pathway (c)

Conclusion

Considering the characteristics of the stem cells, one
of the existing challenges is to identify the cancer
stem cells among the tumor cells. In this regard,
identifying the signaling pathways are considered as
the important agents in the progress of cancer stem
cells that can be considered as a means to diagnosis
as well as the therapeutic practices.

Conflict of Interest

Authors declare no conflict of interest.



Heidarzade et al., 2017. Journal of Genes and Cells, 3(1): p, 1-5
doi: 10.15562/gnc.48

References

JULIUS  COHNHEIM  (1839-1884)
EXPERIMENTAL PATHOLOGIST.
JAMA J Am Med Assoc [Internet]. 1968
Nov 11 [cited 2016 Nov 8];206(7):1561.
Available from:
http://jama.jamanetwork.com/article.aspx?
doi=10.1001/jama.1968.03150070099022
Lapidot T, Sirard C, Vormoor J, Murdoch
B, Hoang T, Caceres-Cortes J, et al. A cell
initiating human acute myeloid leukaemia
after transplantation into SCID mice.
Nature [Internet]. 1994 Feb 17 [cited 2016
Nov 8];367(6464):645-8. Available from;
http://www.nature.com/doifinder/10.1038/
367645a0

Al-Hajj M, Wicha MS, Benito-Hernandez
A, Morrison SJ, Clarke MF. Prospective
identification of tumorigenic breast cancer
cells. Proc Natl Acad Sci [Internet]. 2003
Apr 1 [cited 2016 Nov 8];100(7):3983-8.
Available from:
http://www.pnas.org/cgi/doi/10.1073/pnas.
0530291100

Chaffer CL, Weinberg RA. A Perspective
on Cancer Cell Metastasis. Science (80- )
[Internet]. 2011 Mar 25 [cited 2016 Nov
8];331(6024):1559-64. Awvailable from:
http://www.sciencemag.org/cgi/doi/10.112
6/science.1203543

Zhang P, Zhang Y, Mao L, Zhang Z, Chen
W. Side population in oral squamous cell
carcinoma possesses tumor stem cell
phenotypes. Cancer Lett [Internet]. 2009
May [cited 2016 Nov 8];277(2):227-34.

Available from:
http://linkinghub.elsevier.com/retrieve/pii/
S0304383508009464

Parkin DM, Bray F, Ferlay J, Pisani P.
Estimating the world cancer burden:
Globocan 2000. Int J Cancer [Internet].
2001 Oct 15 [cited 2016 Nov 8];94(2):153—
6. Available from:
http://doi.wiley.com/10.1002/ijc.1440

Al-Ejen F, Smart CE, Morrison BJ,
Chenevix-Trench G, Lopez JA, Lakhani
SR, et al. Breast cancer stem cells:
treatment resistance and therapeutic
opportunities. Carcinogenesis [Internet].
2011 May [cited 2016 Nov 8];32(5):650-8.

10.

11.

12.

13.

14.

www.imagpress.com

Available from:
http://www.carcin.oxfordjournals.org/lookup/
doi/10.1093/carcin/bgr028

Pajonk F, Vlashi E, McBride WH. Radiation
Resistance of Cancer Stem Cells: The 4 R’s of
Radiobiology = Revisited. ~ Stem  Cells
[Internet]. 2010 Feb 4 [cited 2016 Nov
8];28(4):639-48. Available from:
http://doi.wiley.com/10.1002/stem.318
Morrison R, Schleicher SM, Sun Y, Niermann
KJ, Kim S, Spratt DE, et al. Targeting the
mechanisms of resistance to chemotherapy
and radiotherapy with the cancer stem cell
hypothesis. J Oncol [Internet]. 2011 [cited
2016 Nov 8];2011:941876. Available from:
http://www.ncbi.nIm.nih.gov/pubmed/20981
352

Lin L, Fuchs J, Li C, Olson V, Bekaii-Saab T,
Lin J. STAT3 signaling pathway is necessary
for cell survival and tumorsphere forming
capacity in ALDH+/CD133+ stem cell-like
human colon cancer cells. Biochem Biophys
Res Commun [Internet]. 2011 Dec [cited 2016
Nov 8];416(3-4):246-51. Available from:
http://linkinghub.elsevier.com/retrieve/pii/SO
006291X11019462

Chuthapisith S, Eremin J, EI-Sheemey M,
Eremin O. Breast cancer chemoresistance:
Emerging importance of cancer stem cells.
Surg Oncol [Internet]. 2010 Mar [cited 2016
Nov  8];19(1):27-32.  Available  from:
http://linkinghub.elsevier.com/retrieve/pii/SO
96074040900005X

Ablett MP, Singh JK, Clarke RB. Stem cells
in breast tumours: Are they ready for the
clinic? Eur J Cancer [Internet]. 2012 Sep
[cited 2016 Nov  8];48(14):2104-16.
Available from:
http://linkinghub.elsevier.com/retrieve/pii/SO
959804912003036

Abraham BK, Fritz P, McClellan WM,
Hauptvogel P, Athelogou M, Brauch H.
Prevalence of CD44+/CD24—/low Cells in
Breast Cancer May Not Be Associated with
Clinical Outcome but May Favor Distant
Metastasis. Clin Cancer Res. 2005;11(3).
Ponta H, Sherman L, Herrlich PA. CDA44:
From adhesion molecules to signalling
regulators. Nat Rev Mol Cell Biol [Internet].
2003 Jan [cited 2016 Nov 8];4(1):33-45.
Available from:
http://www.nature.com/doifinder/10.1038/nr



Heidarzade et al., 2017. Journal of Genes and Cells, 3(1): p, 1-5
doi: 10.15562/gnc.48

15.

16.

17.

18.

19.

20.

21.

m1004

Cariati M, Naderi A, Brown JP, Smalley
MJ, Pinder SE, Caldas C, et al. Alpha-6
integrin is  necessary  for  the
tumourigenicity of a stem cell-like
subpopulation within the MCF7 breast
cancer cell line. Int J Cancer [Internet].
2008 Jan 15 [cited 2016 Nov
8];122(2):298-304.  Awvailable  from:
http://doi.wiley.com/10.1002/ijc.23103
Tirino V, Desiderio V, Paino F, De Rosa A,
Papaccio F, La Noce M, et al. Cancer stem
cells in solid tumors: an overview and new
approaches for their isolation and
characterization. FASEB J [Internet]. 2013
Jan 1 [cited 2016 Nov 8];27(1):13-24.
Available from:
http://www.fasebj.org/cgi/doi/10.1096/fj.1
2-218222

Velasco-Velazquez MA, Homsi N, De La
Fuente M, Pestell RG. Breast cancer stem
cells. Int J Biochem Cell Biol.
2012;44(4):573-7.

Reya T, Clevers H. Wnt signalling in stem
cells and cancer. Nature [Internet]. 2005
Apr 14 [cited 2016 Nov 8];434(7035):843—
50. Available from:
http://www.nature.com/doifinder/10.1038/
nature03319

Rijsewijk F, Schuermann M, Wagenaar E,
Parren P, Weigel D, Nusse R. The
Drosophila homology of the mouse
mammary oncogene int-1 is identical to the
segment polarity gene wingless. Cell
[Internet]. 1987 Aug [cited 2016 Nov
8];50(4):649-57. Available from:
http://linkinghub.elsevier.com/retrieve/pii/
0092867487900389

Tsukamoto AS, Grosschedl R, Guzman
RC, Parslow T, Varmus HE. Expression of
the int-1 gene in transgenic mice is
associated  with  mammary  gland
hyperplasia and adenocarcinomas in male
and female mice. Cell [Internet]. 1988 Nov
[cited 2016 Nov  8];55(4):619-25.
Available from:
http://linkinghub.elsevier.com/retrieve/pii/
0092867488902206

Woodward WA, Chen MS, Behbod F,
Alfaro MP, Buchholz TA, Rosen JM.
WNT/beta-catenin  mediates  radiation
resistance of mouse mammary progenitor

22.

23.

24,

25.

26.

27.

www.imagpress.com

cells. Proc Natl Acad Sci [Internet]. 2007 Jan
9 [cited 2016 Nov 8];104(2):618-23.
Available from:
http://www.pnas.org/cgi/doi/10.1073/pnas.06
06599104

Debeb BG, Xu W, Woodward WA. Radiation
Resistance of Breast Cancer Stem Cells:
Understanding the Clinical Framework. J
Mammary Gland Biol Neoplasia [Internet].
2009 Mar 28 [cited 2016 Nov 8];14(1):11-7.
Available from:
http://link.springer.com/10.1007/s10911-009-
9114-z

Chen MS, Woodward WA, Behbod F,
Peddibhotla S, Alfaro MP, Buchholz TA, et al.
Whnt/beta-catenin mediates radiation
resistance of Scal+ progenitors in an
immortalized mammary gland cell line. J Cell
Sci [Internet]. 2007 Feb 1 [cited 2016 Nov
8];120(3):468-77. Available from:
http://jcs.biologists.org/cgi/doi/10.1242/jcs.0
3348

Ugolini F, Charafe-Jauffret E, Bardou V-J,
Geneix J, Adélaide J, Labat-Moleur F, et al.
WNT pathway and mammary carcinogenesis:
Loss of expression of candidate tumor
suppressor gene SFRP1 in most invasive
carcinomas except of the medullary type.
Oncogene [Internet]. 2001 Sep 13 [cited 2016
Nov 8];20(41):5810-7. Available from:
http://www.nature.com/doifinder/10.1038/sj.
onc.1204706

Veeck J, Geisler C, Noetzel E, Alkaya S,
Hartmann A, Knuchel R, et al. Epigenetic
inactivation of the secreted frizzled-related
protein-5 (SFRP5) gene in human breast
cancer is associated with unfavorable
prognosis. Carcinogenesis [Internet]. 2008
May 1 [cited 2016 Nov 8];29(5):991-8.
Available from:
http://www.carcin.oxfordjournals.org/cgi/doi/
10.1093/carcin/bgn076

Suzuki H, Toyota M, Carraway H, Gabrielson
E, Ohmura T, Fujikane T, et al. Frequent
epigenetic inactivation of Wnt antagonist
genes in breast cancer. Br J Cancer [Internet].
2008 Jul 22 [cited 2016 Nov 8];99(2):384—
384. Available from:
http://www.nature.com/doifinder/10.1038/sj.
bjc.6604507

Geyer FC, Lacroix-Triki M, Savage K,
Arnedos M, Lambros MB, MacKay A, et al.



Heidarzade et al., 2017. Journal of Genes and Cells, 3(1): p, 1-5
doi: 10.15562/gnc.48

28.

29.

30.

31.

32.

33.

B-Catenin pathway activation in breast
cancer is associated with triple-negative
phenotype but not with CTNNB1 mutation.
Mod Pathol [Internet]. 2011 Feb 12 [cited
2016 Nov 8];24(2):209-31. Auvailable
from:
http://www.nature.com/doifinder/10.1038/
modpathol.2010.205

Furuuchi K, Tada M, Yamada H, Kataoka
A, Furuuchi N, Hamada J, et al. Somatic
Mutations of the APC Gene in Primary
Breast Cancers. Am J Pathol [Internet].
2000 Jun [cited 2016 Nov 8];156(6):1997—
2005. Available from:
http://linkinghub.elsevier.com/retrieve/pii/
S0002944010650729

Beachy PA, Karhadkar SS, Berman DM.
Tissue repair and stem cell renewal in
carcinogenesis. Nature [Internet]. 2004
Nov 18 [cited 2016 Nov 8];432(7015):324—
31. Available from:
http://www.nature.com/doifinder/10.1038/
nature03100

Sasaki H, Nishizaki Y, Hui C, Nakafuku M,
Kondoh H. Regulation of Gli2 and Gli3
activities by an amino-terminal repression
domain: implication of Gli2 and Gli3 as
primary mediators of Shh signaling.
Development. 1999;126(17).

Liu S. Hedgehog Signaling and Bmi-1
Regulate Self-renewal of Normal and
Malignant Human Mammary Stem Cells.
Cancer Res [Internet]. 2006 Jun 15 [cited
2016 Nov 8];66(12):6063—-71. Available
from:
http://cancerres.aacrjournals.org/cgi/doi/10
.1158/0008-5472.CAN-06-0054

Li Song L, Miele L. Role of Notch
signaling in cell-fate determination of
human mammary stem/progenitor cells.
Women’s Oncol Rev [Internet]. 2005 Mar
1 [cited 2016 Nov 8];5(1):9-11. Available
from:
http://www.tandfonline.com/doi/abs/10.10
80/14733400500089633

Politi K, Feirt N, Kitajewski J. Notch in
mammary gland development and breast
cancer. Semin Cancer Biol [Internet]. 2004
Oct [cited 2016 Nov 8];14(5):341-7.
Available from:
http://linkinghub.elsevier.com/retrieve/pii/
S1044579X04000306

34.

35.

36.

37.

www.imagpress.com

Farnie G, Clarke RB. Mammary Stem Cells
and Breast Cancer—Role of Notch Signalling.
Stem Cell Rev [Internet]. 2007 Aug 23 [cited
2016 Nov 8];3(2):169-75. Available from:
http://link.springer.com/10.1007/s12015-007-
0023-5

Lagadec C, Vlashi E, Della Donna L,
Dekmezian C, Pajonk F. Radiation-Induced
Reprogramming of Breast Cancer Cells. Stem
Cells [Internet]. 2012 May [cited 2016 Nov
8];30(5):833-44. Available from:
http://doi.wiley.com/10.1002/stem.1058
Haapasalo A, Kovacs DM. The Many
Substrates of Presenilin/y-Secretase. J
Alzheimer’s Dis. 2011;25(1):3-28.

Fortini ME. Signalling: y-Secretase-mediated
proteolysis in cell-surface-receptor signalling.
Nat Rev Mol Cell Biol [Internet]. 2002 Sep
[cited 2016 Nov 8];3(9):673-84. Available
from:
http://www.nature.com/doifinder/10.1038/nr
m910



