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ABSTRACT

Epigenetic modifications include DNA methylation, DNA demethylation along with the major role fulfilled by TET
protein. Epigenetic modifications refer to the regulation of gene expression without the alteration of the DNA
sequence. Some of the most common epigenetic modifications include DNA methylation and demethylation, as
well as the functional role of TET proteins. Epigenetic alterations are heritable traits, therefore one of the key
elements to understanding the mechanisms of cancer development is to further our knowledge on the role and

function of epigenetic modifications.

This mini-review takes into consideration the overview of the literature on the impact of epigenetic changes
in cancer development, especially in the development of CC. Researchers believe that certain compounds are
capable of inhibiting the process of DNA methylation and may play an important role in future cancer therapy.
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Introduction

Cervical cancer (CC) is one of the most common malig-
nancies among women worldwide. An important diag-
nostic method of CC is the Papanicolau test, also called
‘pap test. The test consists of collecting a sample of
cells from the cervix and assessing them for cytopatho-
logical changes, to diagnose the stage of the disease
[1]. Despite the low cost of research, low risk of com-
plications, high availability and low invasiveness of this
diagnostic method, morbidity and diagnosis of CC is
still high. Each year, there is about 500,000 new cases
of CC among women and 250,000 deaths [2, 3]. This
assessment takes into account exposure to risk factors
such as age, early onset of coitus, number of pregnan-
cies and deliveries [1]. There are also many studies link-
ing cigarette smoking and the use of oral contracep-
tives to the development of CC [1, 4].

Progressively more studies have been focusing on
epigenetics and its regulatory mechanism in the devel-
opment of cancer [5], as well as leukemia [6] and CC
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[7]. The understanding of epigenetic regulation in nor-
mal and cancer cells has been rapidly growing since
the beginning of the new millennium. This progression
of knowledge has been mainly due to new technologi-
cal developments and has opened the door to new
opportunities such as the development of epigenetic
therapies [5].

DNA methylation and demethylation

Epigenetic modifications, which include DNA methyla-
tion and histone modifications are included in the reg-
ulation of gene expression. Gene expression disorders
which may occur in any population, might contribute to
the emergence and progression of cancer [8]. Although
infection with human papillomavirus (HPV) is obliga-
tory, it is not the only factor contributing to the full
malignant transformation. Other factors such as epige-
netic modifications, might be risk factors for the devel-



opment of CC [2, 8]. It is still unclear how many differ-
ent factors are linked to the pathogenesis of CC [6].
The pattern of DNA methylation is determined
in the early stages of embryonic development and
maintained during the whole life of the DNA methyl-
transferases [9]. The normal genome is not subjected
to CpG island methylation, however, researchers have
observed excessive methylation of CpG islands and glo-
bal hypomethylation in tumorigenic transformed cells
[10]. During tumor formation, epigenotype cells are
significantly altered due to changes in DNA methyla-
tion. The possible changes in DNA methylation include
hypermethylation of CpG islands, hypomethylation of
genes normally methylated, transposition in cancer
cells and induction of chromosome instability [11].

Role of hypomethylation in cancer
Hypomethylation is the overexpression of oncogenes
due to the demethylation of promoter regions, caus-
ing excessive stimulation of cellular proliferation
[12]. Hypomethylation may lead to alterations in
gene expression, which can cause genomic instabil-
ity [5]- The genes altered by hypomethylation are
usually regulating growth, which is an important fac-
tor for the development of the organism or encod-
ing enzymes [13]. Hypomethylation is frequently
observed in solid tumors such as colorectal cancer or
gastric cancer [12, 13].

Role of hypermethylation in cancer

Research studies have shown that hypermethylation
of CpG islands is associated with transcriptional silenc-
ing of tumor suppressor genes and DNA repair genes
[10]. Inhibition of the expression of these genes causes
the cell to be deprived of the normal cell cycle, which
leads to cell proliferation and tumor growth [12]. Some
of the genes in which methylation is observed include:
BRCAI, p16, hMLH1, GSTP1 or APC [12, 13].

Role of TET proteins

The family of TET (ten-eleven translocation, TET1, TET2
and TET3) proteins play an important role in the con-
version of 5-methylcytosine (5-mC) to 5-hydroxymeth-
ylocytosine (5-hmC) [7]. This family of enzymes has
significant biological functions in embryonic stem cells
and plays an important role in development, aging and
disease [14]. It has been observed that a reduction in
the concentration of 5-hmC is strongly correlated with
the development of cancer. In many studies, research-
ers have observed the loss of TET1 expression in color-
ectal cancer, gastric cancer and/or in CC [7, 8, 14-16].

Epigenetic “risk factors” and cervical
cancer

In a study conducted by Yin et. all (2016), STK31
hypomethylation was observed in the HPV16/18-
positive Hela, SiHa and Caski cell lines. In contrast,
HPV-negative cell lines exhibited hypermethylation
and silenced expression [17]. Li et. all (2015) discovered
that RASSF1A promoter hypermethylation increased
the risk of CC. These studies provide proof for a pos-
sible correlation between HPV infection and RASSF1A
promoter methylation in the development of CC [18].
Blanco-Luquin et. all (2015) observed significantly
longer disease-free survival and overall survival periods
in adenocarcinoma (of the uterine cervix) patients with
RASSFTA hypermethylation. Researchers suggest that
the involvement of DNA hypermethylation in CC varies
depending on the histological type and prognosis fac-
tors [19], similarly to TET2 in colorectal cancer [15].

A study by Narayan et. all (2004) showed the
involvement of BRCA1 gene by promoter hypermethyl-
ation or down-regulated expression in CC. Researchers
also observed important inactivation of genes in the
FA-BRCA pathway by epigenetic alterations. This sug-
gests that epigenetic modifications play a major role in
this pathway, and therefore in the development of CC
[20]. Jha et. all (2012) demonstrated significant hyper-
methylation of p73 and p53 genes by CC patients. They
also observed an important correlation between tested
genes with some risk factors parameters of CC [21].

Bronowicka-Ktys et. all (2016) showed the impor-
tant reduction of TET1 transcripts in tumoral tissues
compared to histopathologically unchanged tissues
of CC. Simultaneously, they observed the connection
between TET1, TET2 and TET3 transcripts with vari-
ous clinicopathological data [7]. Similar results were
observed in other studies, where a reduction of TET
family proteins was demonstrated in colorectal cancer
or radically lower levels of TET1 transcripts and pro-
teins were observed in gastric cancer [15, 16].

Conclusion

Advances in genetic and epigenetic research have pro-
vided us with appropriate knowledge regarding the
development of cancer. Many studies have shown that
the development of cancer such as CC, can be linked to
genetic and epigenetic factors. It is believed that epi-
genetic modifications may have an effect on the course
of a disease as well as the treatment. There is still
a growing interest on this topic, and a number of stud-
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jes suggest that understanding the role of epigenetic
mechanisms may become a key element in developing
cancer therapy and prognosis factors in the future.

Acknowledgements

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References

1.

218

Brown AJ, Trimble CL. New technologies for cervical can-
cer screening. Best practice & research Clinical obstetrics
& gynaecology. 2012 Apr;26(2):233-42.

. Narayan G, Murty V V. Integrative genomic approaches in

cervical cancer: implications for molecular pathogenesis.
Future oncology. 2010 Oct;6(10):1643-52.

. Jiménez-Wences H, Peralta-Zaragoza O, Fernédndez-Tila-

pa G. Human papilloma virus, DNA methylation and mic
roRNA expression in cervical cancer (Review). Oncology
reports. 2014 Jun;31(6):2467-76.

. Jabtonowska-Fudzinska D, Marszatek A, Szylberg t.

Tobacco smoking as a cofactor for the development of
cervical cancer. Przegla d lekarski. 2015 Jan;72(3):103-5.

. Ahuja N, Sharma AR, Baylin SB. Epigenetic Therapeutics:

A New Weapon in the War Against Cancer. Annual review
of medicine. 2016 Jan 14;67:73-89.

. Saavedra KP, Brebi PM, Roa JCS. Epigenetic alterations in

preneoplastic and neoplastic lesions of the cervix. Clinical
Epigenetics. 2012 Jan;4(1):13.

. Bronowicka-Ktys DE, Roszak A, Pawlik P, Sajdak S, Sowin-

ska A, Jagodzifski PP. The transcript levels of ten-ele-
ven translocation type 1-3 (TET1-3) are associated with
some clinicopathological features in cervical cancer. Work
awaits on the publication.

. Ciesielski P, Jozwiak P, Krzeslak A. Biatka TET a modyfika-

cje epigenetyczne w nowotworach TET proteins and epi-
genetic modifications in cancers. Postepy Hig Med Dosw.
2015;69:1371-83.

. Robertson KD. DNA methylation and human disease.

Nature reviews Genetics. 2005 Aug;6(8):597-610.

. Yang H-J. Aberrant DNA methylation in cervical carcino-

genesis. Chinese journal of cancer. 2013 Jan;32(1):42-8.

. Forma E, Szymczyk A, Krzedlak A. Wybrane ksenoestroge-

ny i ich wptyw na zdrowie cztowieka. 2013;40(1):79-97.

. tukasik M, Karmalska J, Szutowski MM, tukaszkiewicz J.

Wptyw metylacji dna na funkcjonowanie genomu. BIU-
LETYN Wydziatu Farmaceutycznego Warszawskiego Uni-
wersytetu Medycznego. 2009;2:13-8.

. Sulewska A, Niklinska W, Kozlowski M, Minarowski L,

Naumnik W, Niklinski J, et al. DNA methylation in states
of cell physiology and pathology. Folia Histochemica et
Cytobiologica. 2007;45(3):149-59.

Journal of Medical Science 2016;85(3)

14.

20.

21.

Chen H-F, Wu K-J. Epigenetics, TET proteins, and hypo-
xia in epithelial-mesenchymal transition and tumorigene-
sis. BioMedicine. 2016 Mar;6(1):1.

. Rawtuszko-Wieczorek AA, Siera A, Horbacka K, Horst N,

Krokowicz P, Jagodzinski PP. Clinical significance of DNA
methylation mRNA levels of TET family members in colo-
rectal cancer. Journal of cancer research and clinical onco-
logy. 2015 Aug;141(8):1379-92.

. Frycz BA, Murawa D, Borejsza-Wysocki M, Marciniak R,

Murawa P, Drews M, et al. Decreased expression of ten-
-eleven translocation 1 protein is associated with some
clinicopathological features in gastric cancer. Biomedici-
ne and Pharmacotherapy. 2014;68:209-12.

. Yin F-F, Wang N, Bi X-N, Yu X, Xu X-H, Wang Y-L, et al.

Serine/threonine kinases 31(STK31) may be a novel cellu-
lar target gene for the HPV16 oncogene E7 with potential
as a DNA hypomethylation biomarker in cervical cancer.
Virology journal. 2016 Jul;13(1):60.

. Li J-Y, Huang T, Zhang C, Jiang D-J, Hong Q-X, Ji H-H, et

al. Association between RASSF1A Promoter Hypermethy-
lation and Oncogenic HPV Infection Status in Invasive
Cervical Cancer: a Meta-analysis. Asian Pacific journal of
cancer prevention : APJCP. 2015 Jul;16(14):5749-54.

. Blanco-Luquin 1, Guarch R, Ojer A, Pérez-Janices N, Mar-

tin-Sanchez E, Maria-Ruiz S, et al. Differential role of gene
hypermethylation in adenocarcinomas, squamous cell car-
cinomas and cervical intraepithelial lesions of the uterine
cervix. Pathology international. 2015 Sep;65(9):476-85.
Narayan G, Arias-Pulido H, Nandula S V, Basso K, Sugirt-
haraj DD, Vargas H, et al. Promoter hypermethyla-
tion of FANCF: disruption of Fanconi Anemia-BRCA
pathway in cervical cancer. Cancer research. 2004
May;64(9):2994-7.

Jha AK, Nikbakht M, Jain V, Sehgal A, Capalash N, Kaur
J. Promoter hypermethylation of p73 and p53 genes in
cervical cancer patients among north Indian population.
Molecular biology reports. 2012 Sep;39(9):9145-57.

Acceptance for editing: 2016-06-10
Acceptance for publication: 2016-06-23

Correspondence address:

Dorota E. Bronowicka-Ktys

Department of Biochemistry and Molecular Biology,
Poznan University of Medical Sciences

6 Swigcickiego Street, 60-781 Poznan, Poland
phone: +48 61 854 65 14

fax: +48 61 854 65 10

email: d.e.bronowicka@gmail.com



