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Abstract
Epigenetic regulation mechanisms in stem cells are crucial for self-renewal
and differentiation capacities, however these abilities are deregulated in cancer
stem cells (CSCs), which are able to induce and maintain the tumor growth. Due
to cancer stem cells share physiologic properties with their normal counterparts,
there is a rationale to evaluate epigenetic regulation mechanisms that drive the
unpaired self-renewal and differentiation abilities resulting in cancer. DNA and
histone methylation plays a relevant role in the gene expression regulation of
components belong to cell signaling pathways involved in self-renewal CSCs
such as Wnt, Notch and Hg. In this review, we make an overview of epigenetic
mechanisms to regulate the highly CSCs tumorigenicity methylation-mediated.
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Cancer stem cells
Cancer still be a significant human public disease in whole
world. Into the tumor, there are highly heterogenic cell populations
that shown different cancer hallmarks such as resisting cell death,
epithelial-mesenchymal transition (EMT), mutations in tumor
suppressor proteins and oncoprotiens [1]. Furthermore, epigenetic
mechanisms also have relevant impact to drive the carcinogenesis
and contribute to get cells with unlike level of differentiation resulting
cells with different properties and capabilities including their
tumorigenic potential. Taken together, these hallmarks sustained the
cancer stem cells (CSC) or “Tumor Initiation Cells (TIC)” model,
which in addition to have highly potential to induce and maintain
tumor growth, these cells are able to rinse cells with different level of
differentiation and also with high cell proliferation rate to form the
tumor mass. Self-renewal, potential of differentiation and quiescent
state are some representative capabilities of CSC that share with
their normal counterparts[2]. The origin of CSCs remain unknown,
however there are some theories including niche environment,
accumulation of mutations in crucial genes as tumor suppressor and
oncogenes, which are related with apoptosis evasion, drug resistance,
drug exclusion mechanisms mediated by ABC bomb [3], active
DNA repair system and key proteins involved in signal transduction
pathways promoting self-renewal and cell proliferation such as Wnt,
Notch and Hg pathways [4]. Pluripotent associated transcription
factors such as OCT-4, SOX-2, NANOG, MYC regulate the embryonic
stemness including their pluripotency to differentiation, however
these factors have been expressed in adult CSC from several tumors
[5] such as pancreatic intraepithelial neoplasia [6], lung cancer [7],
breast cancer [8], brain cancers [9], hepatocellular carcinoma [10].
The expression of pluripotent markers into tumors could explain the
presence of undifferentiated cancer cells which are related with poor
prognosis.
In contrast, there are some studies that show the presence of
non-leukemogenic cancer cells with rarely ability to induce tumor
generation in specific conditions [11-14]. Under clonal evolution
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theory, all cancer cells have the capacity to induce tumor growth.
Thus, there is the possibility that cancer cells could be reprogrammed
to become TICs by epigenetic and genetic changes which are related
with the heterogenicity among cancer cells [15].
In a specific manner, in melanoma the tumorigenic ability is
not restricted to small population of this neoplaisa, but interestingly
these cells are widely shared among phenotypically diverse cells.
Also, these distinct melanoma cells form tumors that recapitulated
the phenotypic diversity of the tumor which they derived, suggesting
that these tumorigenic melanoma cells undergo reversible changes
in markers expression in vivo [15]. Studies in melanomas obtained
from patients, can be observed and a broad range of markers turn
on and turn off into lineages of tumorigenic cells, phenomenon
named “phenotypic plasticity” [15,16]. However, there are several
groups that still evaluating the presence of CSCs in different cancers
including hematopoietic malignances and solid tumors [17].
These characteristics and functions of CSC and/or TIC including
their thinning differences could be related with the resting time of
quiescent stem cells increasing the rate of mutation in key genes,
but also epigenetic mechanisms which can regulate gene expression
related with stemness and tumorigenicity.
Epigenetic of CSC
The CSC and their normal counterparts share some characteristics
including some epigenetic gene expression regulation such as
chromatin remodeling factors, DNA methylation, microRNAs
and post-translational modifications such as phosphorylation,
acetylation, ubiquitination, and SUMOylation [18]. We will take up
the methylation epigenetic regulations in cancer stem cells.
Self-renewal, cell differentiation and proliferation are crucial
activities that are deregulated in CSCs. In addition to understand
the mechanisms related with the high tumorigenic capacity of CSCs,
it is necessary knowing the cellular and molecular rules that drive
uncontrolled self-renewal and aberrant differentiation to design new
and accurate therapeutics strategies to help patients with cancer.
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In humans, DNA methylation is generated by DNA
methyltransferase 1 (DNMT1) and maintained by DNMT3A and
DNMT3B [19, 20]. In mice leukemia model, using knockout of
Dntm1, further pre-leukemia development is blocked compare to
Dnmt1wild type. This role could be explained in part for possible
hypomethylation of tumor suppressor genes. Trough ChIP assay
using H3K27me3 antibodies, Trowbridge and collaborators found
that the Enhancer Zeste Homologue 2 (EZH2)-regulated target genes
are depressed in Dntm1 haplo-insufficient mice model, suggesting
that Polycomb gene (PcG) complex might cooperate with DNA
methylation to regulate leukemia stem cell functions such as to
induce tumor growth [21].
PcG, it has been considered as a relevant complex for gene
expression regulation including cancer. Upregulation of EZH2
promotes several cancer progression such as prostate, ovarian and
breast cancer [22,23]. In ovarian cancer, there is a direct relationship
by the EZH2 expression in the side population (SP) tested, a subset
enriched in CSCs [24]. In breast cancer, a high level of EZH2
expression induces a spreading out of TICs demonstrated by the
mammosphere formation assay. This effect is mediated in part or
the aberrant accumulation of β-catenin mediated by RAF1-ERK
activation upon EZH2 overexpression. It is known that canonic
Wnt- β-catenin pathway is close related with self-renewal capacity of
stem cells. Additionally, RAD51 a component of DNA damage repair
system, is downregulted in response of an increase of EZH2 leading
specific genomic instability and tumor progression [25].
Components of PcG complex, including EZH2, are decreased in
pancreatic cancer cells treated with difluorinated-curcimin (CDF).
This event is related with a decrease of pancreactic CSC markers
such as CD44, EpCAM and also the transcription factor OCT-4.
Furthermore, falling EZH2 expression is associated with reducing of
Notch. Interesting, also under CDF treatment, there is an increase
of the micro RNA-101 (miR-101), which belong to panel of tumorsuppressors miRNAs. Taken together, these findings demonstrate
that these epigenetic molecular CDF-effects result in ablation of
pancreatic CSCs in vitro and in vivo assays [26]. Similar results are
obtained by 3-Dezaneplanocin A (DZNeP), which it has been used
for the treatment of several cancers. Under the treatment of DZNeP,
like CDF as EZH2 inhibitor, a depression in sphere formation of
LNCaP and DU145 prostate cancer cell lines is observed. It means
that DZNeP has a cytotoxic effect on CSCs [27].
Both hypoxia-inducible factor-1α (HIF-1α) and HIF-2α are
expressed in gliomastoma cells where they have an effect on CSC
activities including the sphere formation and promote CD133,
OCT-4, NANOG and MYC expression [28,29]. The hypoxia CSC
microenvironment factors the expression and activity of the histone
methyltransferase mixed-lineage leukemia (MLL1) and it enhance
hypoxia responses. Using a shRNA MML-1 in glioma cells, a
diminishing if HIF-2α expression and ablation of glioma sphere
formation was observed, and also a decreasing of glioma stem cells
represented by the measure of CD133-positive cells was observed.
Actually MLL-1 and the marker CD133 co-localized in glioma sphere
cells [30]. These observations suggest the relevant role of MLL-1 in
the tumorigenic of CSCs.
In addition of EZH2 effect on CSCs, it also be relevant the
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opposite effect of histone demethylases as LSD1/KMD1 that suppress
gene expression by converting di-methylated to mono and unmethylated H3K4. However, the expression of LSD1 is related with
pluripotent markers OCT-4, SOX-2 and NANOG expression which
are also expressed in most of CSCs. Transient knockdown of LSD1
decrease expression of these pluripotent stem markers followed by the
growth inhibition of pluripotent cancer cells such as teratocarcinoma,
embryonic carcinoma and seminoma [31].

Conclusion
For better understanding CSCs biology, it is necessary to know
must of mechanism that regulate their stemness and tumorigenicity.
In this overview about epigenetic gene expression regulation focused
in DNA and histone methylation, we remark the crucial role of these
mechanisms to favor the CSCs deregulated self-renewal capacity
and their highly tumorigenicity. However, it is clear that not only
DNA and histone methylation, which are close related, are relevant
epigenetic mechanisms; other histone modifications and miRNAs
are also implicated. Finally, in addition to several researchers, we
are convinced that epigenetic factors related with CSCs have to be
considered as therapeutic targets to prevent and eradicate cancer in
patients.

Acknowledgment
This work was supported by the Consejo Nacional de Ciencia y
Tecnología (CONACyT) grant 179894. Also I thank to Dr. Federico
Centeno Cruz for his critically reading and also for his useful
comments.
References
1. Hanahan D, Weinberg RA . Hallmarks of cancer: the next generation. Cell.
2011; 144: 646-674.
2. Reya T, Morrison SJ, Clarke MF, Weissman IL . Stem cells, cancer, and
cancer stem cells. Nature. 2001; 414: 105-111.
3. Bomken S, Fiser K, Heidenreich O, Vormoor J . Understanding the cancer
stem cell. Br J Cancer. 2010; 103: 439-445.
4. Clarke MH, John E. Dick, Peter B. Dirks, Connie J. Eaves, Catriona H.M,
Leanne Jones D, et al. Jamieson et al., Cancer stem cells-perspectives on
current status and future directions: AACR Workshop on cancer stem cells.
Cancer Res. 2006. 66:9339-44.
5. Ben-Porath I, Thomson MW, Carey VJ, Ge R, Bell GW, Regev A, et al. An
embryonic stem cell-like gene expression signature in poorly differentiated
aggressive human tumors. Nat Genet. 2008; 40: 499-507.
6. Sanada Y, Yoshida K, Ohara M, Oeda M, Konishi K, Tsutani Y.
Histopathologic evaluation of stepwise progression of pancreatic carcinoma
with immunohistochemical analysis of gastric epithelial transcription factor
SOX2: comparison of expression patterns between invasive components
and cancerous or nonneoplastic intraductal components. Pancreas. 2006;
32: 164-170.
7. Barr MP, Gray SG, Hoffmann AC, Hilger RA, Thomale J, O’Flaherty JD, et
al. Generation and characterisation of cisplatin-resistant non-small cell lung
cancer cell lines displaying a stem-like signature. PLoS One. 2013; 8: e54193.
8. Chung SS, Giehl N, Wu Y, Vadgama JV . STAT3 activation in HER2overexpressing breast cancer promotes epithelial-mesenchymal transition
and cancer stem cell traits. Int J Oncol. 2014; 44: 403-411.
9. Galatro TF, Uno M, Oba-Shinjo SM, Almeida AN, Teixeira MJ, Rosemberg S,
et al. Differential expression of ID4 and its association with TP53 mutation,
SOX2, SOX4 and OCT-4 expression levels. PLoS One. 2013; 8: e61605.

Austin J Cancer Clin Res 1(1): id1007 (2014) - Page - 02

Austin Publishing Group

Elizabeth Ortiz Sánchez
10. Marfels C, Hoehn M, Wanger E, Günther M. Characterization of in vivo
chemosresistant human hepatocellular carcinoma cells with transendothelial
differentiation capacities. BMC Cancer. 2013. 13:176.
11. Singh SK, Hawkins C, Clarke ID, Squire JA, Bayani J, Hide T, et al.
Identification of human brain tumour initiating cells. Nature. 2004; 432: 396401.
12. Ricci-Vitiani L, Lombardi DG, Pilozzi E, Biffoni M, Todaro M, Peschle C, et al.
Identification and expansion of human colon-cancer-initiating cells. Nature.
2007; 445: 111-115.
13. Read TA, Fogarty MP, Markant SL, McLendon RE, Wei Z, Ellison DW, et al.
Identification of CD15 as a marker for tumor-propagating cells in a mouse
model of medulloblastoma. Cancer Cell. 2009; 15: 135-147.
14. Oravecz-Wilson KI, Philips ST, Yilmaz OH, Ames HM, Li L, Crawford BD,
et al. Persistence of leukemia-initiating cells in a conditional knockin model
of an imatinib-responsive myeloproliferative disorder. Cancer Cell. 2009; 16:
137-148.
15. Quintana E, Shackleton M, Foster HR, Fullen DR, Sabel MS, Johnson TM,
et al. Phenotypic heterogeneity among tumorigenic melanoma cells from
patients that is reversible and not hierarchically organized. Cancer Cell. 2010;
18: 510-523.
16. Meacham CE, Morrison SJ . Tumour heterogeneity and cancer cell plasticity.
Nature. 2013; 501: 328-337.
17. Ortiz-Sánchez Elizabeth, González-Montoya José Luis, Langley Elizabeth,
García-Carrancá Alejandro. Cancer Stem Cells in Solid Tumors, Markers and
Therapy. Rakesh K. Srivastava, SharmilaShankar, editors. In: Stem Cells and
Human Diseases. Editorial Springer. 2012; 117-148.
18. Kouzarides T . Chromatin modifications and their function. Cell. 2007; 128:
693-705.
19. Chédin F . The DNMT3 family of mammalian de novo DNA methyltransferases.
Prog Mol Biol Transl Sci. 2011; 101: 255-285.
20. Bestor TH, Ingram VM . Two DNA methyltransferases from murine
erythroleukemia cells: purification, sequence specificity, and mode of
interaction with DNA. Proc Natl Acad Sci U S A. 1983; 80: 5559-5563.
21. Trowbridge JJ, Sinha AU, Zhu N, Li M, Armstrong SA, Orkin SH.
Haploinsufficiency of Dnmt1 impairs leukemia stem cell function through

Austin J Cancer Clin Res - Volume 1 Issue 1 - 2014
ISSN : 2381-909X | www.austinpublishinggroup.org
Sánchez © All rights are reserved

Submit your Manuscript | www.austinpublishinggroup.org

derepression of bivalent chromatin domains. Genes Dev. 2012; 26: 344-349.
22. Varambally S, Dhanasekaran SM, Zhou M, Barrette TR, Kumar-Sinha C,
Sanda MG, et al. The polycomb group protein EZH2 is involved in progression
of prostate cancer. Nature. 2002; 419: 624-629.
23. Kleer CG, Cao Q, Varambally S, Shen R, Ota I, Tomlins SA, et al. EZH2 is a
marker of aggressive breast cancer and promotes neoplastic transformation
of breast epithelial cells. Proc Natl Acad Sci U S A. 2003; 100: 11606-11611.
24. Rizzo S, Hersey JM, Mellor P, Dai W, Santos-Silva A, Liber D, et al. Ovarian
cancer stem cell-like side populations are enriched following chemotherapy
and overexpress EZH2. Mol Cancer Ther. 2011; 10: 325-335.
25. Chang CJ, Yang JY, Xia W, Chen CT, Xie X . EZH2 promotes expansion of
breast tumor initiating cells through activation of RAF1-β-catenin signaling.
2011; 19: 86-100.
26. Bao B, Ali S, Banerjee S, Wang Z, Logna F, Azmi AS, et al. Curcumin
analogue CDF inhibits pancreatic tumor growth by switching on suppressor
microRNAs and attenuating EZH2 expression. Cancer Res. 2012; 72: 335345.
27. Crea F, Hurt EM, Mathews LA, Cabarcas SM, Sun L, Marquez VE, et al.
Pharmacologic disruption of Polycomb Repressive Complex 2 inhibits
tumorigenicity and tumor progression in prostate cancer. Mol Cancer. 2011;
10: 40.
28. Li Z, Bao S, Wu Q, Wang H, Eyler C, Sathornsumetee S, et al. Hypoxiainducible factors regulate tumorigenic capacity of glioma stem cells. Cancer
Cell. 2009; 15: 501-513.
29. Heddleston JM, Li Z, McLendon RE, Hjelmeland AB, Rich JN . The
hypoxic microenvironment maintains glioblastoma stem cells and promotes
reprogramming towards a cancer stem cell phenotype. Cell Cycle. 2009; 8:
3274-3284.
30. Heddleston JM, Wu Q, Rivera M, Minhas S, Lathia JD, Sloan AE, et al.
Hypoxia-induced mixed-lineage leukemia 1 regulates glioma stem cell
tumorigenic potential. Cell Death Differ. 2012; 19: 428-439.
31. Wang J, Lu F, Ren Q, Sun H, Xu Z, Lan R, et al. Novel histone demethylase
LSD1 inhibitors selectively target cancer cells with pluripotent stem cell
properties. Cancer Res. 2011; 71: 7238-7249.

Citation: Ortiz-Sánchez E. Overview: Epigenetic Regulation in Cancer Stem Cells by Methylation. Austin J
Cancer Clin Res 2014;1(1): 1007.

Austin J Cancer Clin Res 1(1): id1007 (2014) - Page - 03

