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ABSTRACT

In spite of screening and vaccination programmes, cervical cancer has become a foremost reason of cancer related
deaths in women. Chemotherapy and surgery is involve in prolong survival in the patients but not give the
permanent cure to patients of cervical cancer. Radical surgery is the only option for the cervical cancer at their
advance stage, which also affects the childbearing capacity of the patients. Sometime it also results in the
recurrence of the disease. Therefore, there is an urgent requirement to develop novel therapeutics. Hypothesis of
CSCs have reported about a tumor possesses hierarchical cellular structure containing small subset of cells named
as cancer stem cells inducing tumorigenesis. Many studies have reported about the CSCs tumor — initiating
capacity, These CSCs play an important roles in metastasis of tumor, relapse and chemo radio-resistance. They are
considered for the better outcome because they involve in the initiation of tumor propagation. The most common
gynaecological malignancy is cervical carcinoma and in females it shows a high cancer mortality rate. Therefore,
cervical cancer stem cells has emerged as an keen player in investigation of cervical cancer. Herein, this review, we
have summarized CSCs and CCSCs as an emerging key role player in early diagnosis of cervical cancer and as a

therapeutic target in this cancer.
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CERVICAL CANCER

Cervical cancer is considered as the 4™ most common
cancer among all types of cancers in women. Ferlay et al.
(2013) has noticed 5,28,000 cases of cervical cancer, in
which 266,000 death were reported in 2012. HPV
infection has been considered as crucial reason of
cervical cancer.’ Walboomers et al. has reported HPV
infection in 99.7% of specimens of cervical cancer in
1999. All HPV (Human Papilloma Virus) infections do
not lead to cervical cancer, but it takes a long time
approximately10-15 years to cause cervical cancer by
HPV infection.”™ There are several other factors such as
multiple sexual partners, sexual activity at early stage,
use of oral contraceptives for long time, use of tobacco
and infection with Chlamydia trachomatis which aid to
the succession of HPV infection in cervical cancer.?!
Ferlay et al. have revealed the socioeconomic feature of
cervical cancer in 2012, it has been represented that 87%
cervical cancer related deaths in less developed
countries, in which only India has accounted for 25% in
2012.1

Routine screening procedures for the early detection of
precancerous lesions in the cervix and introduction of

vaccine against HPV have decreased the rate of cervical
cancer related deaths in developed countries. These
preventive procedures against HPV, later considered
unapproachable due to their high cost. Stages of cervical
cancer help in determining the treatment procedure
comprising of chemotherapy and radiotherapy, while
cancer at their advance stage demand surgical
procedures.

Many investigators have explained about the effect of
cancer stem cell theory in the origin of cancers. This
theory explains about distinctive patterns of cells in
tumor, named as cancer stem cells (CSCs). These cells
possess the capability to start and to increase the growth
of tumor. Bonnet and Dick (1997), first time, described
about the existence of cancer stem cells in acute myeloid
leukemia.®! After that, many experimental studies have
been demonstrated the role of CSCs in solid tumor of
different parts of body like breast!®, colonl™, brainf®,
pancreas™, prostate™®, lung™ and liver.*? CSCs show
the similarity to somatic stem cells due to their same
characteristics such as self-renewal properties and
differentiation to non-stem cancer cells. Whereas it is
well known that regulation of normal stem cells occur
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under the genetic and environmental stimulust®,
however, there are still not any evidences about the
response of CSCs towards these stimuli.™* Additionally,
it has been noticed that CSCs show the resistance
towards chemotherapy and radiotherapy, so these cells
have been known to play central role in relapse of
cancer. So, according to CSCs hypothesis, cancer is hard
to pin down until CSCs are removed.

ORIGIN OF CERVICAL CANCER

Three different types of cells involve in the composition
of the cervix. These cells are such as hard squamous cells
in the ectocervix, mucin secreting glandular cells in the
endocervix and the last parts represent the metaplastic
cells, present between the ectocervix and endocervix.
This zone is also named as transformation zone or
squamo-columnar junction. Ectocervix comprises of four
different layers such as Basal, parabasal, intermediate,
superficial. A process named as, exfoliation involves in
the continuous removal of cells from the superficial
layer.™! Basal layers, having actively dividing immature
epithelial cells, possessing stem like properties, involve
in the regeneration of these cells. Endocervix cells
possess cilia and secrete mucous, help in the movement
of spermatozoa. Cervical cancer origin starts in the
transformation zone. HPV infection occur in stem cells,
possess different gene expression profile of the epidermis

in the transformation zone.'®'"! Basal stem cell and
terminally differentiated cells involve in the formation of
cervical epithelium.*® When injury occurs in the
differentiated cells of cervical epithelium, basal stem
cells start to proliferate and differentiate and finally
replace the damaged cells. Differentiation ability of stem
cells play a key role in the origination of viral
particles.[lg] Infection of virus instructs the cells to start
symmetric division rather than asymmetric division. This
process allows the cells for the proliferation and
production of viral particles and finally inhibit their
differentiation activity™® High risk HPV involves in
increased proliferative activity and help in the production
of viral particles and prevent the differentiation
processes. Infection of virus directly does not lead to
cancer process, but it induces the proliferative activity of
infected cells. This process leads to mutation and loss of
DNA repair mechanisms activity, which finally results in
the HPV infection to induce cancer process (fig: 1).

This fact revealed the concept that stem cells play central
role in Cervical cancer earlier than the concept of CSCs.
Thus, it may conclude that HPV infected stem cells give
rise to cancer stem cells. Different signaling pathways
related to stem like properties of cells such as
NOTCH™ Hedgehog®”, wnt?2, BMI? involved in
the cervical cancer.
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Figure 1: Description of Cervical cancer and CCSCs: Relation of carcinogenic HPV infection with causal effect
on cervical cancer- HPV related infection occur in ectoendocervical squamocolumnar junction of the cervix
progresses in the cervical cancer but it does not occur in columnar cells of endocervix and squamous cells of the
ectocervix. (Modified from the review of Huang R et al. 2016)

Carcinogenic HPV infection has a causal relation with
cervical carcinogenesis. However, when the cervix is
infected with carcinogenic HPV, HPV-related CINs and
cervical carcinomas are usually generated within a
specific cell population that is located in the
ectoendocervical squamocolumnar (SC) junction of the
cervix. They are typically not generated in the columnar
cells located within the endocervix and squamous cells
within the ectocervix. The HPV-related CINs and

cervical cancers maintain the genetic profile of the
junction cells, indicating their cellular hierarchy.
Progenitor cells located in the junction area infected with
carcinogenic HPV are likely to become pre-malignant
neoplastic stem cells that can propagate malignant
neoplastic stem cells (CCSCs), which propagate cervical
carcinoma clones. Therapeutically targeting these cells
may prevent the propagation of HPV-related CINs and
cervical carcinomas.
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CANCER STEM CELLS

Cancer stem cells are small number of groups of tumour
cells, having characteristics of tumorigenesis, self-
renewal®, multilineage differentiation potential, slow
cycling capacity.”*® In recent year, researches have
provided advanced method to identify tumor cells and
their progeny in vivo, which convinced about the
survival of CSCs.”?! CSCs divide asymmetrically and
give rise to two different daughter cells. One copy of this
cell make the entire genome of mother cells and the other
copy of daughter cell, show the similarity to stem cells.
CSCs comprise of self-renewal capacity and have ability
for tumor initiation.®” Due to asymmetrical division of
CSCs, tumor cells possess combination of CSCs and
their progenies, because of the significant phenotypic
characteristic and hetrogenity in functions of CSCs.!
Hence, CSCs play a central role in the starting stage of
cancer, cancer relapse and metastasis.*>*%], that’s why,
CSCs have considered as to improve the survival of
patients of cancer and also to prevent cancer relapse
processes.®*3® CSCs are quiescent cells and reside in
CSC niche, its result in the protection from damage from
anti-tumor therapies.®**">% An optimal balance is found
between activation, self-renewal and differentiation
processes for CSCs remain in CSCs niche.**! In the
stress condition, CSCs activate and recruit into other
tissues to differentiate and transform into malignant cells
(19).

Recent researches on in-vitro and in-vivo studies have
reported many stem cell specific markers to recognize
CSCs. There have been many CSCs markers identified as
cancer therapeutic targets. Whereas, the complex biology
of CSCs have emerged as a challenge.** An
associated difficulty arises that tumor cells show
dissimilarity among different patients, demonstrating that
CSCs markers are specific to their respective tumors. %!

CERVICAL CANCER STEM CELLS

The experimental limitation of functional assay have
invited the in-vitro studies and in-vivo studies to
illustrate about stem cell markers to identify cancer stem
cells. Hence, the identification of CSCs specific markers
become an attainable approach to identify CSCs,
whereas molecular assays are not enough to identify
CSCs.*! Recently stem cell markers for cervical CSCs
have been emerged as a novel marker to cure cervical
cancer. Herein, we described about the markers for
CCSCs, currently they act as potential targets in CCSC
studies.

CANCER STEM CELL MARKERS

Oct-4

Human containing the gene POU class 5 homeobox 1
(POUSF1) encodes transcription factor, named OCT4
(OCT3 and 3/4.). It maintains the pluripotency of stem
cells and also play a central role in embryonic
development.”"*® Cervical cancer tissue show the over-
expression of OCT4 in comparison to adjoining normal
tissues.” Studies on cancerous cells of cervical cancer

have revealed that over- expession of OCT4 is linked
with low-differentiated grade of cervical cancer cells and
positive lymph node metastasis. Clinical trial have
explained the positive correlation between over-
expression of OCT linked with radiotherapy resistance
and later it have been concluded that expression of OCT4
is an independent risk factor for survival of cervical
cancer patients.“** Additionally, an invitro study
confirmed that OCT4 involves in the promotion of tumor
prog[gtle]ssion and also inhibits apoptosis of cancerous
cell.

CD-133

Human gene prominin 1 (PROML1) encodes a 120KDa
pentaspanning transmembrane glycoprotein CD-133.54
It has been widely used as CSC marker in several
tumors®, such as melanoma®® 1ung® colon®”,
liver®®*  preast®! brain®, ovarion®*®* cancers. In
CSCs targeted therapy, CD-133 acts as a specific
Cervical Cancer Stem Cells markers. Many studies on
cervical cancer have shown that cervical-stem like cells
comprise of CD-133, which shows the resistance towards
radiation.[®¢®!

CD49F

Integrin alpha 6 (ITGA6) gene encodes a cell surface
protein, named as CD49f. It is mainly found in human
embryonic stem cells and mesenchymal stem cells.!®” %!
Moreover, some CCSC models presents high expression
of CD49f shows resistivity towards radiotherapy.®*

ALDH1

Aldehyde dehydrogenase 1 is found in the cytoplasm,
involve in metabolic processes. It catalyses the
dehydrogenation of aldehydes. It has the ability of self-
renewal and tumorogenesis,®™ mainly in breast
cancer."®™ Moreover, CSCs comprising ALDH1 stem
cell marker is found to be associated with successful
patients derived xenografts in primary breast cancer.l’”
Expression of ALDH1 shows poor survival rate in
tissues of patients.’”® Additionally in cervical cancer
cells, overexpression of ALDH1 is linked with elevated
level of cell proliferation, migration, sphere formation
and tumor progressiont’, showing ALDH1 shows
stemness character in cervical cancer.

ABCG2

ATP- binding cassette sub-family G member 2
(ABCG2), belong to ATP binding cassette (ABC) which
is drug efflux membrane transporter. ABCG2 is also
known as breast cancer resistance protein (BRCP). It acts
as multidrug resistance (MDR) in various types of cancer
and pumps out a large number of chemical compounds
from cells.™ It acts as molecular marker in a side
population phenotE/pe, which is a main characteristic
feature of CSCs."®"" Different therapeutic such as
Axitinib! and Icotinib™™ target and inhibit the activity
of ABCG2, which induces cellular sensitivity against
chemotherapy. As a result, ABCG2 has been considered
as CSC marker for cancer treatment.®’® In cervical
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cancer, Nrf2, the redox sensing factor involves in the
regulation of ABCG2 at transcriptional level.
Overexpression of Nrf2 and ABCG2 in cells show the
similar character as stem cells such as infinite cell
proliferation and apoptosis inhibition.®!

SOX2

SOX2, a key transcription factor, plays a crucial role in
explaining fate of stem cell as well as involve in the
embryonic development.®2#3 Over-expression of SOX2
have been observed in cervical carcinoma in comparison
to normal cervix tissue.®*® Additionally, Over-
expression of SOX2 is found to be associated with
poorly differentiated cervical cancer.®®! This fact
revealed that SOX2 acts as marker of undifferentiated
cervical cancer. Many in-vitro and in-vivo studies have
been reported that over-expression of SOX2 is linked
with increased proliferative activity of cells and
tumourigenisis®® in cervical cancer.®™ High expression
of SOX2 in tumor cells of cervical squamous patients of
cancer shows resistance towards radiation therapy.(®®

OSTEOPONTIN (OPN)

Malignant and tumour stromal cells secrete a chemokine-
like extracellular matrix protein named as Osteopontin
(OPN). It plays a central role in migration of tumour
cells and metastasis.®! Hypoxia up-regulates OPN, so
it is considered as an endogenous hypoxic marker.]
OPN binds to hypoxic regions in tumor tissue. Higher
expression of OPN shows resistance towards hypoxic
radiation.”! In the hypoxic condition, OPN modulate
HIF1la dependent VEGF expression for the promotion of
tumors angiogenesis.l®® Over-expression of OPN is also
responsible for poor survival in human cervical
cancer.’ OPN is also found in blood serum shows
higher expression level results in the lower survival rate
in cervical cancer patients.*!

BMI1

BMI1 maintains the stem cells characteristics by the
repression of differentiation specific genes. Cervical
cancer cell lines (SiHa, HeLa, C33a, CaSki) have shown
the up-regulated expression of BMI1, when they were
compared with normal epithelial of cervical cancer line.
Study on uterine cervical cancer tissue have also been
reported up-regulated expression. This report has also
been shown positive correlation with tumor size and
metastasis of lymph node.*

KLF4

KLF4 plays a crucial role in differentiation, when it is
over-expressed in basal cells of cervical epithelium.
Progression of cervical cancer decreases expression of
KLF4. P27Kip1 binds to promoter region (-435 and -60)
and reduces the growth of cell and inhibits the formation
of tumor via the ectopic expression of KLF4.%"

UTF1
During embryonic development UTF1 plays main role in
cell fate determination. Wu et al. found down regulated

expression of UTF1 is linked with progression of
cervical cancer.’® Decreased expression of UTF1 was
involved in  hypermethylation of  promoter.*”!
Interestingly, similar to UTF1 involved in the activation
of p27Kip 1, which bound to region-517 and 388 of
promoter to inhibit tumorigenesis in vivo and cell
proliferation in-vitro.

FUTURE PROSPECTIVE

Since the past few years, incredible progress have been
done in the research area of CSCs. There are a lot of
things, still which have not covered in this field. No clear
evidence have been identified about the origin of CSCs.
Sometimes, HPV infection in epidermal stem cells may
or may not lead to cervical cancer. But it takes several
years to show the symptoms of cervical cancer. Gupta et
al. has reported a major constraint about CSC that they
cannot grow as pure population because they have the
intrinsic property to regain the characteristics of samples
from which they have been removed.**"

It gives unjustified importance to method of their
isolation. Additionally, there are many methods used to
separate CSCc in which only small set of CSCs have
been picked. The population of CSCs shows similar
characteristics but they are not identical. Sphere
formation assay shows minor increase in CD-133 activity
in CSCs of HelLa cell line while SP assay have shown
marked. Up-regulation in CD-133""% has been observed
that methods of isolation also affect the results of study.
Therefore, there is a pressing requirement of better
methods for separation of CSCs. As it has been noticed
that, amount of CSCs is linked with the severe stage of
disease, identification of CSCs may be advantageous for
the women undergoing routine screening of cervical
cancer. It is not only beneficial for early detection of
disease, but also provide primary fact about the grade of
disease. Many evidences have been shown about the
function of CSCs in diseases recurrence and
chemoresistance metastasis so there is an urgent need to
study them in broad detail in cervical cancer. The better
understanding of mechanisms of cervical cancer stem
cells improves the screening procedures and therapeutic
approaches, which finally results in the improved
outcome in the patients of cervical cancer.

CONCLUSION

Cancer comprises of small subset of CSCs possess
epithelial-mesenchymal phenotypes and non-stem cells
with epithelial traits. CSCs have recognized as a novel
target in treatment of cancer due to its ability of self-
renewal and tumorigenesis. Many evidences have
shown the existence of CSCs in cervical tumors. These
studies have been explained about the functional status
and contribution of stem/progenitor cell population in
cervical cancer. Several markers such as ABCG2, SOX2,
CD133, CD49f and ALDH1 have been identified for
CSC isolation as well as early diagnostic and better
therapeutic targets in cervical cancer.

WWW.ejpmr.com

193




Alok et al.

European Journal of Pharmaceutical and Medical Research

ACKNOWLEDGEMENTS
We thank all the members of the department of

Pathology (Era’s

Lucknow Medical College and

Hospital. Lucknow U.P. India).

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser
S, et al. GLOBOCAN 2012 v1.0, Cancer Incidence
and Mortality Worldwide: IARC Cancer Base. 2013;
11.

Walboomers JM, Jacobs MV, Manos MM, et al.
Human papillomavirus is a necessary cause of
invasive cervicalcancer worldwide. J Pathol. 1999;
189: 12-19.

Castellsagué X, Mufioz N, Chapter 3: Cofactors in
human papillomavirus carcinogenesis—role of parity,
oral contraceptives, and tobacco smoking. J Natl
Cancer Inst Monogr. 2003; 20-28.

Lobo NA, Shimono Y, Qian D, Clarke MF. The
biology of cancer stem cells. Annu Rev Cell Dev
Biol. 2007; 23: 675-699.

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.

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:
3983-3988.

O’Brien CA, Pollett A, Gallinger S, Dick JE. A
human colon cancer cell capable of initiating tumour
growth in immunodeficientmice. Nature. 2007; 445:
106-110.

Singh SK, Clarke ID, Terasaki M, et al.
Identification of a cancer stem cell in human brain
tumors. Cancer Res. 2003; 63: 5821-5828.

Li C, Heidt DG, Dalerba P, et al. Identification of
pancreatic cancer stem cells. Cancer Res. 2007; 67:
1030-1037.

Collins AT, Berry PA, Hyde C, et al. Prospective
identification of tumorigenic prostate cancer stem
cells. Cancer Res. 2005; 65: 10946— 10951.
Akunuru S, James Zhai Q, Zheng Y. Non-small cell
lung cancer stem/progenitor cells are enriched in
multiple distinct phenotypic subpopulations and
exhibit plasticity. Cell Death Dis. 2012; 3: 352.
Yang ZF, Ho DW, Ng MN, et al. Significance of
CD90+ cancer stem cells in human liver cancer.
Cancer Cell. 2008; 13: 153-166.

Dalerba P, Cho RW, Clarke MF. Cancer stem cells:
models and concepts. Annu Rev Med. 2007; 58:
267-284.

Li L, Xie T. Stem cell niche: structure and function.
Annu Rev Cell Dev Biol. 2005; 21: 605-631.
Higgins C. Understanding laboratory investigations:
A guide for nurses, midwives and health
professionals, 3rd edn. Wiley- Blackwell, 1ISBN:
2012; 978-0-470-65951-9.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Quade BJ, Yang A, Wang Y, et al. Expression of the
p53 homologue p63 in early cervical neoplasia.
Gynecol Oncol. 2001; 80: 24-29.

Herfs M, Yamamoto Y, Laury A, et al. A discrete
population of squamocolumnar junction cells
implicated in the pathogenesis of cervical cancer.
Proc Natl Acad Sci. 2012; 109: 10516-10521.

Sell S. On the stem cell origin of cancer. Am J
Pathol. 2010; 176: 2584—2594.

Thomas M, Narayan N, Pim D, et al. Human
papillomaviruses, cervical cancer and cell polarity.
Oncogene. 2008; 27: 7018—7030.

Maliekal TT, Bajaj J, Giri V, et al. The role of Notch
signaling in human cervical cancer: implications for
solid tumors. Oncogene. 2008; 27: 5110-5114.
Chaudary N, Pintilie M, Hedley D, et al. Hedgehog
pathway signaling in cervical carcinoma and
outcome after chemoradiation. Cancer. 2012; 118:
3105-3115.

Samarzija I, Beard P. Hedgehog pathway regulators
influence cervical cancer cell proliferation, survival
and migration. Biochem Biophys Res Commun.
2012; 425: 64-69.

Kreso A and Dick JE. Evolution of the cancer stem
cell model. Cell Stem Cell. 2014; 14: 275-291.
Velasco-Velazquez MA, Yu Z, Jiao X and Pestell
RG. Cancer stem cells and the cell cycle: targeting
the drive behind breast cancer. Expert Review of
Anticancer Therapy. 2009; 9: 275-279.

Fitzgerald TL and McCubrey JA. Pancreatic cancer
stem cells: Association with cell surface markers,
prognosis, resistance, metastasis and treatment.
Advances in Biological Regulation. 2014; 56: 45-50.
Yang L, Ren Y, Yu X, Qian F, Bian BS, Xiao HL,
Wang WG, Xu SL, Yang J, Cui W, Liu Q, Wang Z,
Guo W, et al. ALDH1A1 defines invasive cancer
stem-like cells and predicts poor prognosis in
patients with esophageal squamous cell carcinoma.
Modern Pathology. 2014; 27: 775-783.

Driessens G, Beck B, Caauwe A, Simons BD and
Blanpain C. Defining the mode of tumour growth by
clonal analysis. Nature. 2012; 488: 527-530.

Chen J, Li Y, Yu TS, McKay RM, Burns DK,
Kernie SG and Parada LF. A restricted cell
population propagates glioblastoma growth after
chemotherapy. Nature. 2012; 488: 522-526.
Schepers AG, Snippert HJ, Stange DE, van den
Born M, van Es JH, van de Wetering M and Clevers
H. Lineage tracing reveals Lgr5+ stem cell activity
in mouse intestinal adenomas. Science. 2012; 337:
730-735.

Morrison SJ and Kimble J. Asymmetric and
symmetric stem-cell divisions in development and
cancer. Nature. 2006; 441: 1068-1074.

Tang DG. Understanding cancer stem cell
heterogeneity and plasticity. Cell research. 2012; 22:
457-472.

Enderling H. Cancer stem cells and tumor
dormancy. Advances in experimental medicine and
biology. 2013; 734: 55-71.

WWW.ejpmr.com

194




Alok et al.

European Journal of Pharmaceutical and Medical Research

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

Li L and Bhatia R. Stem cell quiescence. Clinical
cancer research. 2011; 17: 4936-4941.

Zeuner A, Francescangeli F, Contavalli P, Zapparelli
G, Apuzzo T, Eramo A, Baiocchi M, De Angelis
ML, Biffoni M, Sette G, Todaro M, Stassi G and De
Maria R. Elimination of quiescent/slow-proliferating
cancer stem cells by Bcl-X inhibition in non-small
cell lung cancer. Cell Death & Differentiation. 2014;
21:1877-88.

Mertins SD. Cancer stem cells: a systems biology
view of their role in prognosis and therapy.
Anticancer Drugs. 2014; 25: 353-367.

Zeuner A, Francescangeli F, Contavalli P, Zapparelli
G, Apuzzo T, Eramo A, Baiocchi M, De Angelis
ML, Biffoni M, Sette G, Todaro M, Stassi G and De
Maria R. Elimination of quiescent/slow-proliferating
cancer stem cells by Bcl-XL inhibition in non-small
cell lung cancer. Cell Death & Differentiation. 2014;
21:1877-1888.

Kleffel S and Schatton T. Tumor dormancy and
cancer stem cells: two sides of the same coin?
Advances in experimental medicine and biology.
2013; 734: 145-179.

Flesken-Nikitin A, Hwang CI, Cheng CY,
Michurina TV, Enikolopov G and Nikitin AY.
Ovarian surface epithelium at the junction area
contains a cancer-prone stem cell niche. Nature.
2013; 495: 241-245.

Giancotti FG. Mechanisms governing metastatic
dormancy and reactivation. Cell. 2013; 155:
750-764.

Medema JP and Vermeulen L. Microenvironmental
regulation of stem cells in intestinal homeostasis and
cancer. Nature. 2011; 474: 318-326.

Shestopalov 1A and Zon LI. Stem cells: The right
neighbour. Nature. 2012; 481: 453-455.
Pattabiraman DR and Weinberg RA. Tackling the
cancer stem cells - what challenges do they pose?
Nature reviews Drug discovery. 2014; 13: 497-512.
Chen K, Huang YH and Chen JL. Understanding
and targeting cancer stem cells: therapeutic
implications and challenges. Acta Pharmacologica
Sinica. 2013; 34: 732-740.

Besancon R, Valsesia-Wittmann S, Puisieux A,
Caron de Fromentel C and Maguer-Satta V. Cancer
stem cells: the emerging challenge of drug targeting.
Current Medicinal Chemistry. 2009; 16: 394-416.
Plaks V, Kong N and Werb Z. The cancer stem cell
niche: how essential is the niche in regulating
stemness of tumor cells? Cell stem cell. 2015; 16:
225-238.

Valent P, Bonnet D, De Maria R, Lapidot T,
Copland M, Melo JV, Chomienne C, Ishikawa F,
Schuringa JJ, Stassi G, Huntly B, Herrmann H,
Soulier J, Roesch A, Schuurhuis GJ, Wohrer S, et al.
Cancer stem cell definitions and terminology: the
devil is in the details. Nature Reviews Cancer. 2012;
12: 767-775.

Nichols J, Zevnik B, Anastassiadis K, Niwa H,
Klewe- Nebenius D, Chambers I, Scholer H and

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Smith A. Formation of pluripotent stem cells in the
mammalian embryo depends on the POU
transcription factor Oct4. Cell. 1998; 95: 379-391.
Boyer LA, Lee TI, Cole MF, Johnstone SE, Levine
SS, Zucker JP, Guenther MG, Kumar RM, Murray
HL, Jenner RG, Gifford DK, Melton DA, Jaenisch R
and Young RA. Core transcriptional regulatory
circuitry in human embryonic stem cells. Cell. 2005;
122: 947-956.

Yang Y, Wang Y, Yin C and Li X. Clinical
significance of the stem cell gene Oct-4 in cervical
cancer. Tumour biology: the journal of the
International ~ Society for Oncodevelopmental
Biology and Medicine. 2014; 35:; 5339- 5345.

Shen L, Huang X, Xie X, Su J, Yuan J and Chen X.
High Expression of SOX2 and OCT4 Indicates
Radiation Resistance and an Independent Negative
Prognosis in Cervical Squamous Cell Carcinoma.
The journal of histochemistry and cytochemistry.
2014; 62: 499-509.

Wang YD, Cai N, Wu XL, Cao HZ, Xie LL and
Zheng PS. OCT4 promotes tumorigenesis and
inhibits apoptosis of cervical cancer cells by miR-
125h/BAK1 pathway. Cell death & disease. 2013; 4:
e760.

Shmelkov SV, St Clair R, Lyden D and Rafii S.
AC133/ CD133/Prominin-1. The international
journal of biochemistry & cell biology. 2005; 37:
715-719.

Medema JP. Cancer stem cells: the challenges
ahead. Nature cell biology. 2013; 15: 338-344.
El-Khattouti A, Selimovic D, Haikel Y, Megahed
M, Gomez CR, Hassan M. Identification and
analysis of CD133(+) melanoma stem-like cells
conferring resistance to taxol: An insight into the
mechanisms of their resistance and response. Cancer
letters. 2014; 343: 123-133.

Lai CY, Schwartz BE, Hsu MY. CD133+ melanoma
subpopulations contribute to perivascular niche
morphogenesis and  tumorigenicity  through
vasculogenic mimicry. Cancer research. 2012; 72:
5111-5118.

Cui F, Wang J, Chen D, Chen YJ. CD133 is a
temporary marker of cancer stem cells in small cell
lung cancer, but not in non-small cell lung cancer.
Oncology reports. 2011; 25: 701-708.

Sahlberg SH, Spiegelberg D, Glimelius B,
Stenerlow B, Nestor M. Evaluation of cancer stem
cell markers CD133, CD44, CD24: association with
AKT isoforms and radiation resistance in colon
cancer cells. PloS one. 2014; 9: e94621.

Zhang L, Li H, Ge C, Li M, Zhao FY, Hou HL, Zhu
MX, Tian H, Zhang LX, Chen TY, Jiang GP, Xie
HY, Cui Y, Yao M, Li JJ. Inhibitory effects of
transcription factor lkaros on the expression of liver
cancer stem cell marker CD133 in hepatocellular
carcinoma. Oncotarget. 2014; 5: 10621-10635.

Chai S, Tong M, Ng KY, Kwan PS, Chan YP, Fung
TM, Lee TK, Wong N, Xie D, Yuan YF, Guan XY,
Ma S. Regulatory role of miR-142-3p on the

WWW.ejpmr.com

195




Alok et al.

European Journal of Pharmaceutical and Medical Research

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

functional hepatic cancer stem cell marker CD133.
Oncotarget. 2014; 5: 5725- 5735.

Liu TJ, Sun BC, Zhao XL, Zhao XM, Sun T, Gu Q,
Yao Z, Dong XY, Zhao N, Liu N. CD133+ cells
with cancer stem cell characteristics associates with
vasculogenic mimicry in triple-negative breast
cancer. Oncogene. 2013; 32: 544-553.

Cheng JX, Liu BL and Zhang X. How powerful is
CD133 as a cancer stem cell marker in brain
tumors? Cancer treatment reviews. 2009; 35:
403-408.

Ji YI, Lee BY, Kang YJ, Jo JO, Lee SH, Kim HY,
Kim YO, Lee C, Koh SB, Kim A, Lee JY, Jung MH,
Ock MS, Cha HJ. Expression patterns of Thymosin
beta4 and cancer stem cell marker CD133 in ovarian
cancers. Pathology oncology research. 2013; 19:
237-245.

Kim KH, Kang YJ, Jo JO, Ock MS, Moon SH, Suh
DS, Yoon MS, Park ES, Jeong N, Eo WK, Kim HY,
Cha HJ. DDX4 (DEAD box polypeptide 4)
colocalizes with cancer stem cell marker CD133 in
ovarian cancers. Biochemical and biophysical
research communications. 2014; 447: 315- 322.
Zhou Q, Chen A, Song H, Tao J, Yang H, Zuo M.
Prognostic value of cancer stem cell marker CD133
in ovarian cancer: a meta-analysis. International
journal of clinical and experimental medicine. 2015;
8: 3080-3088.

Lopez J, Poitevin A, Mendoza-Martinez V, Perez-
Plasencia C, Garcia-Carranca A. Cancer-initiating
cells derived from established cervical cell lines
exhibit  stem-cell markers and increased
radioresistance. BMC cancer. 2012; 12: 48.
Kumazawa S, Kajiyama H, Umezu T, Mizuno M,
Suzuki S, Yamamoto E, Mitsui H, Sekiya R, Shibata
K, Kikkawa F. Possible association between stem-
like hallmark and radioresistance in human cervical
carcinoma cells. The journal of obstetrics and
gynaecology research. 2014; 40: 1389-1398.

Yu KR, Yang SR, Jung JW, Kim H, Ko K, Han
DW, Park SB, Choi SW, Kang SK, Scholer H, Kang
KS. CD49f enhances multipotency and maintains
stemness through the direct regulation of OCT4 and
SOX2. Stem cells. 2012; 30: 876-887.

Jeter CR, Yang T, Wang J, Chao HP, Tang DG.
Concise Review: NANOG in Cancer Stem Cells and
Tumor Development: An Update and Outstanding
Questions. Stem cells. 2015; 33: 2381-2390. 68.
Douville J, Beaulieu R, Balicki D. ALDH1 as a
functional marker of cancer stem and progenitor
cells. Stem cells and development. 2009; 18: 17-25.
Ginestier C, Hur MH, Charafe-Jauffret E, Monville
F, Dutcher J, Brown M, Jacquemier J, Viens P,
Kleer CG, Liu S, Schott A, Hayes D, Birnbaum D,
Wicha MS, Dontu G. ALDHL1 is a marker of normal
and malignant human mammary stem cells and a
predictor of poor clinical outcome. Cell stem cell.
2007; 1: 555-567.

Neumeister V, Agarwal S, Bordeaux J, Camp RL,
Rimm DL. In situ identification of putative cancer

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

stem cells by multiplexing ALDH1, CD44 and
cytokeratin identifies breast cancer patients with
poor prognosis. The American journal of pathology.
2010; 176: 2131-2138.

Charafe-Jauffret E, Ginestier C, Bertucci F, Cabaud
O, et al. ALDHL1- positive cancer stem cells predict
engraftment of primary breast tumors and are
governed by a common stem cell program. Cancer
research. 2013; 73: 7290-7300.

Yao T, Wu Z, Liu Y, Rao Q, Lin Z. Aldehyde
dehydrogenase 1 (ALDH1) positivity correlates with
poor prognosis in cervical cancer. The Journal of
international medical research. 2014; 42: 1038-1042.
Rao QX, Yao TT, Zhang BZ, Lin RC, Chen ZL,
Zhou H, Wang LJ, Lu HW, Chen Q, Di N, Lin ZQ.
Expression and functional role of ALDH1 in
cervical carcinoma cells. Asian Pacific journal of
cancer prevention. 2012; 13: 1325-1331.

Stacy AE, Jansson PJ, Richardson DR. Molecular
pharmacology of ABCG2 and its role in
chemoresistance. Molecular pharmacology. 2013;
84: 655-669.

hou S, Schuetz JD, Bunting KD, Colapietro AM,
Sampath J, Morris JJ, Lagutina 1, Grosveld GC,
Osawa M, Nakauchi H, Sorrentino BP. The ABC
transporter Bcrpl/ABCG2 is expressed in a wide
variety of stem cells and is a molecular determinant
of the side-population phenotype. Nature medicine.
2001; 7: 1028-1034.

Jonker JW, Freeman J, Bolscher E, Musters S, Alvi
AJ, Titley I, Schinkel AH, Dale TC. Contribution of
the ABC transporters Bcrpl and Mdrla/lb to the
side population phenotype in mammary gland and
bone marrow of mice. Stem cells. 2005; 23:
1059-1065.

Wang F, Mi YJ, Chen XG, Wu XP, Liu Z, Chen SP,
Liang YJ, Cheng C, To KK, Fu LW. Axitinib
targeted cancer stemlike cells to enhance efficacy of
chemotherapeutic drugs via inhibiting the drug
transport function of ABCG2. Molecular medicine.
2012; 18: 887-898.

Wang DS, Patel A, Shukla S, Zhang YK, Wang Y/,
Kathawala RJ, Robey RW, Zhang L, Yang DH,
Talele TT, Bates SE, Ambudkar SV, Xu RH, Chen
ZS. lcotinib  antagonizes = ABCG2-mediated
multidrug resistance, but not the pemetrexed
resistance mediated by thymidylate synthase and
ABCG2. Oncotarget. 2014; 5: 4529-4542.

Ding XW, Wu JH, Jiang CP. ABCG2: a potential
marker of stem cells and novel target in stem cell
and cancer therapy. Life sciences. 2010; 86:
631-637.

Jia Y, Chen J, Zhu H, Jia ZH, Cui MH. Aberrantly
elevated redox sensing factor Nrf2 promotes cancer
stem cell survival via enhanced transcriptional
regulation of ABCG2 and Bcl-2/Bmi-1 genes.
Oncology reports. 2015; 34: 2296-2304.

Adachi K, Suemori H, Yasuda SY, Nakatsuji N,
Kawase E. Role of SOX2 in maintaining

WWW.ejpmr.com

196




Alok et al.

European Journal of Pharmaceutical and Medical Research

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

pluripotency of human embryonic stem cells. Genes
to cells. 2010; 15: 455-470.

Fong H, Hohenstein KA, Donovan PJ. Regulation of
self-renewal and pluripotency by Sox2 in human
embryonic stem cells. Stem cells. 2008; 26:
1931-1938.

Ji J, Zheng PS. Expression of Sox2 in human
cervical carcinogenesis. Human pathology. 2010;
41:1438-1447.

Ji J, Wei X, Wang Y. Embryonic stem cell markers
Sox-2 and OCT4 expression and their correlation
with WNT signal pathway in cervical squamous cell
carcinoma. International journal of clinical and
experimental pathology. 2014; 7: 2470-2476.

Cai C, Tan G, Yu Q, Luan F, Yu L, Wang Y.
Expression of SOX2 in cervical intraepithelial
neoplasia and cervical cancer and its clinical
significance. Nan fang yi ke da xue xue bao. 2013;
33:128-130.

Ji J, Ning FR, Liu HJ, Wei X, Zhao J, Wang YL.
Effect of Sox2 on proliferation of cervical squamous
cancer cell line SiHa [Article in Chinese]. Sichuan
da xue xue bao Yi xue ban. 2014; 45: 785-788.

Shen L, Huang X, Xie X, Su J, Yuan J, Chen X.
High Expression of SOX2 and OCT4 Indicates
Radiation Resistance and an Independent Negative
Prognosis in Cervical Squamous Cell Carcinoma.
The journal of histochemistry and cytochemistry.
2014; 62: 499-509.

Weber CE, Kothari AN, Wai PY, Li NY, Driver J,
Zapf MA, Franzen CA, Gupta GN, Osipo C, Zlobin
A, Syn WK, Zhang J, Kuo PC, Mi Z. Osteopontin
mediates an MZF1-TGF-betal-dependent
transformation of mesenchymal stem cells into
cancer-associated fibroblasts in breast cancer.
Oncogene. 2015; 34: 4821-4833.

Sakaguchi H, Fujimoto J, Hong BL, Tamaya T.
Clinical implications of osteopontin in metastatic
lesions of uterine cervical cancers. Cancer letters.
2007; 247: 98-102.

Wohlleben G, Scherzad A, Guttler A, Vordermark
D, Kuger S, Flentje M, Polat B. Influence of
hypoxia and irradiation on osteopontin expression in
head and neck cancer and glioblastoma cell lines.
Radiation oncology. 2015; 10: 167.

Huang X, Qian Y, Wu H, Xie X, Zhou Q, Wang Y,
Kuang W, Shen L, Li K, Su J, Shen L, Chen X.
Aberrant expression of osteopontin and E-cadherin
indicates radiation resistance and poor prognosis for
patients with cervical carcinoma. The journal of
histochemistry and cytochemistry. 2015; 63: 88-98.
Raja R, Kale S, Thorat D, Soundararajan G, Lohite
K, Mane A, Karnik S, Kundu GC. Hypoxia-driven
osteopontin contributes to breast tumor growth
through modulation of HIFlalpha-mediated VEGF-
dependent angiogenesis. Oncogene. 2014; 33:
2053-2064.

Cho H, Hong SW, Oh YJ, Kim MA, Kang ES, Lee
JM, Kim SW, Kim SH, Kim JH, Kim YT, Lee K.
Clinical significance of osteopontin expression in

95.

96.

97.

98.

99.

cervical cancer. Journal of cancer research and
clinical oncology. 2008; 134: 909-917.

Bracken AP, Dietrich N, Pasini D, et al. Genome-
wide mappingof polycomb target genes unravels
their roles in cell fate transitions. Genes Dev. 2006;
20: 1123-1136.

Zhang X, Wang C-X, Zhu C, et al. Overexpression
of Bmi-1in uterine cervical cancer: correlation with
clinicopathology and prognosis. Int J Gynecol
Cancer, 20: 1597-1603.

Yang WT, Zheng PS. ruppel-like factor 4 functions
as a tumor suppressor in cervical carcinoma. Cancer.
2012; 118: 3691-3702.

Wu XL, Zheng PS. Undifferentiated embryonic cell
transcriptionfactor-1 (UTF1) inhibits the growth of
cervical cancer cells by transactivating p27kipl.
Carcinogenesis. 2013; 34: 1660-1668.

Guenin S, Mouallif M, Deplus R, et al. Aberrant
promoter methylation and expression of UTF1
during cervical carcinogenesis. PLoS One. 2012;
http://dx.doi.org/10.1371/journal.pone.0042704.

100.Gupta PB, Fillmore CM, Jiang G, et al. Stochastic

state transitions give rise to phenotypic equilibrium
in populations of cancer cells. Cell. 2011; 146:
633-644.

101.Wang K, Zeng J, Luo L, et al. Identification of a

cancer stem cell-like side population in the HelLa
human cervical carcinoma cell line. Oncol Lett.
2013; 6: 1673-1680.

WWW.ejpmr.com

197



http://dx.doi.org/10.1371/journal.pone.0042704

