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ABSTRACT 

Abnormal epigenetic modifications are a trademark of cancer, and endocrine system related organs cancers are 
without exception. Lately, studies have acknowledged an ever-growing number of epigenetic modifications in both 
DNA methylation and histone modifications in the endocrine system organs cancers. Novel ultra-deep sequencing 
and microarray technologies have permitted to study the genome-wide epigenetic patterns in some endocrine system 
organs cancer types such as parathyroid gland, adrenocortical, and breast carcinomas. However, up till now, in other 
types of cancer, such as the multiple endocrine neoplasia syndromes, thyroid cancer, the tumor information is scare 
to candidate genes alone. Future research are required to focus in this direction to cover the deepen understanding 
of the functional role of these epigenetic modifications in endocrine system cancers, as well as defining their possible 
clinical utilizations. 
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CARCINOGENESIS AND DNA METHYLATION 

DNA methylation refers to the addition or removal of a methyl group 
to a cytosine residue in the DNA sequence [1]. DNA methylation is 
controlled by DNA methyltransferase enzymes [2]. In genome wide 
association studies, overall reduction of DNA methylation (what so 
called DNA hypomethylation) are the main functionally associated 
when they occur in transcriptional regions of genes [3], resulting 
in different levels of transcription [4]. It is currently known that 
DNA hypomethylation plays a fundamental role in carcinogenesis 
via favoring mitotic recombination [5], leading to translocations, 
deletions, and chromosomal remodeling. The addition methyl 
groups (What so called DNA hypermethylation) is much more gene 
specific [6]. The sequences of DNA that are enriched for cytosine 
preceding a guanine (CpG dinucleotide) sites are called CpG islands 
which mainly located in the promoter region [7]. In particular, 
CpG islands occur in promoters of about half of all genes [8]. 
Hypermethylation of promoter CpG islands, that are approximately 
contains all active genes may lead to transcriptional silencing and 
consequently lead to a reduction in protein expression [9] (Figure 
1). Therefore, DNA hypermethylation of tumor suppressor genes is 
now documented as a process of silencing alternative to mutation 
or allelic loss in cancer development [10]. 

It is well documented that the hypermethylation of genes  
includes DNA repair,  cell,  carcinogen  metabolism,  program  
cell death, and cell-cell interactions [11], which have been 
implicated in carcinogenesis [12]. Hypermethylation can also 
reduce the transcription of microRNAs leading to induction of 
carcinogenesis [13]. However, it should be distinguished that DNA 
hypermethylation also occurs in normal physiological process [14], 
for example, during inactivation of the second X chromosome in 
females. The question is raised up is why aberrant DNA methylation 
occurrences is not fully understood. It was found that the DNA 
methylation profile of a number of genes is age dependent manner 
[15,16], while others are genes are methylated in a cancer-specific 
manner [17]. A carcinogenetic pathway of particular gene that is 
relevance to the reproductive system is the CpG island methylator 
phenotype (CIMP) dependent. CIMP+ cancers have different 
genetic, pathologic and clinical profile. Whether environmental 
factors such as carcinogens, diet (e.g., folic acid), or other 
unidentified causative agents contribute to DNA methylation still 
to be clarified and it's an area of interest research to be conducted. 

HISTONE MODIFICATIONS AND 
CARCINOGENESIS 

Histones are the protein biomolecules of chromatin, that the DNA 
is wound around (Figure 1). Histones can subjected to a number 
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of diverse of post-translational modifications. These modifications 
include  methylation,  acetylation  [18],  phosphorylation  [19], 
and ubiquitination [20]. Significantly, these post-translational 
modifications can affect the interactions between histones and 
DNA, resultant in changes of gene transcription, DNA replication, 
chromosomal organization and DNA repair [21]. Generally, 
Acetylation of histones is associated with activation of transcriptional 
[22]. Therefore, the deacetylation is involved in tumor suppressor 
genes silencing, which is critical in carcinogenesis [23]. Certainly, 
histone deacetylase enzyme inhibitors are fundamental in early 
phase clinical trials for the medication of various types of cancers, 
which show potential results and promising of future cancer 
treatment. 

EPIGENETIC ALTERATIONS IN TUMORS OF 
THE ENDOCRINE SYSTEM 

In the last 20 years, advances in the field of endocrine oncology have 
enabled the genetic basis of some hereditary endocrine tumors to be 
uncovered, and they have also contributed to increasing knowledge 
of certain sporadic diseases, and consequently the development of 
new diagnosis or treatment methods. In addition, the contribution 
of epigenetic mechanisms in tumor development has been widely 
described. In this review, we focus on those endocrine tumors where 
the role of certain epigenetic mechanisms (DNA methylation and 
histone modifications) has been demonstrated. Endocrine tumors 
affect parts of the body that secrete hormones and include adrenal 
gland tumor (adrenocortical carcinoma, ACC), islet cell tumors 
(gastrinoma, VIPoma, glucagonoma, and somatostatinoma), 
neuroendocrine tumors (such as pheochromocytoma), as 
parathyroid and thyroid carcinomas, among others. In the following 

sections, for the purpose of discussion, these endocrine tumors 
will be divided into those which are hereditary (multiple endocrine 
neoplasia (MEN) syndromes) and those which are sporadic (thyroid, 
parathyroid, breast and ovarian and prostate adrenocortical and 
lung neuroendocrine tumors and pheochromocytoma, and 
paraganglioma). 

TESTICULAR CANCER 

Testicular tumor (TC) is unusual cancer which comprises 1% of 
cancers in men. Nevertheless, it is the most frequent tumor in 
men in their 20s and 30s [24]. It is a real sterile problem which 
affects men throughout their reproductive period. Interestingly, 
the development of testicular cancer is associated with urogenital 
disorders [25]. Testicular cancer development also has been  
linked to hypospadia, cryptorchidism and low fertility. In fact, 
epidemiological studies dispute for an increased risk of testicular 
germ cell tumor in males who experience with fertility troubles [26]. 

EPIGENETIC MODIFICATION IN TESTICULAR 
CANCER 

DNA methylation plays a critical role during germ cell development. 
These epigenetic modifications rely on DNA methyltransferases 
(DNMTs). Among these enzymes, the expression profiles of 
DNMT3a and DNMT3l propose that they may function during 
embryonic germ cell development for the organization of de novo 
DNA methylation. On the other hand, DNMT1 and DNMT3b 
are found to increase apparently following the birth in male [27]. 
Thus it is assumed that these two enzymes may be implicated in the 
maintenance of DNA methylation patterns in the proliferating of 
spermatogonia. 
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Figure 1: DNA methylation and its role in transcriptional inactivation and cancer (A) and Histone modification (B) 
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DNA METHYLATION 

The major role of epigenetic modifications has been reported in 
carcinogenesis. Certainly, it has been found that DNA methylation 
is linked with repression the expression of tumor suppressor gene. 
This epigenetic alteration is one of the most frequently studied in 
the cancer research field, and has been documented as a major 
mechanism during testicular cancer progression [28,29]. The 
DNA methylation patterns seem to be associated with histological 
characteristics of the different types of testicular cancer. Dnmt1 was 
not expressed in seminoma, however it over expressed in embryonic 
carcinoma [30]. In contrast, the expression of Dnmt3a was found 
to be over expressed in testicular cancer compared to non-tumor 
testicular tissues [31]. The pattern of Dnmt3b expression has been 
extensively studied and demonstrated that it could be used as a 
prognostic biomarker for relapse of stage I seminomas [32] In 
addition, Dnmt3l was upregulated in the non-seminoma tumors 
[33]. 

HISTONE MODIFICATIONS 

The most important role of histone acetylation during the 
spermatogenesis is the histone H4 hyperacetylation during 
spermiogenesis [34]. This process seems to play a critical role for 
subtraction of histones and their replacement via protamines, 
which is a fundamental characteristic for nucleus condensation, and 
consequently formation of spermatozoa. There are several members 
divided in different subfamilies. Interestingly, choriocarcinomas 
displayed commonly high expression for all three classes I of 
HDAC isoforms [35]. In contrast with other types of cancers, no 
diagnostic or predictive values for HDAC1–3 in testicular cancer 
could be inferred [36]. 

IMPRINTING GENES IN TESTICULAR CANCER 

Genomic imprinting is one of epigenetic mechanism inducing 
functional differences between maternal and paternal genomes 
that play crucial role in mammalian embryonic  development. 
The differential methylation of CpG islands in critical regions of 
imprinted genes is the mechanism of the imprinting progression 
that differentiates maternal and paternal alleles [37]. Maternally 
expressed H19 is one of the most excellent-characterized imprinted 
genes. Expressions of imprinted genes, for instance H19, in the 
germ line become biallelic at day 11.5 during the embryonic 
development [38,39]. 

The 5′-region of H19 is usually methylated on the paternal allele in 
human genomes [40]. It has been shown that fetal spermatogonia 
are mainly unmethylated at the differentially methylated CpG 
regions of H19, while adult testicular germ cells show significant 
methylation at the same CpG regions [41]. These phenomena are 
considered as “DNA reprogramming”, which are seen in genome- 
wide of germ cells or pre-implantation embryos [42]. It has been also 
found that the complete epigenetic reprogramming occurs within 1 
day of the embryonic developmental period in mouse primordial 
germ cells after reaching the genital crest [41,43]. In addition, loss 
of allele-specific imprinted gene methylation has also been  seen 
in both male and female primordial germ cells of the mouse [44]. 
These data support the notion that pre-existing imprints are erased 
in the germ line by this stage. 

PROSTATE CANCER 

Prostate cancer is one of the most widespread cancers affect men 
with >1,100,000 new cases and 300,000 annual deaths globally [45]. 

The disease is more frequent among overage men, with a middle 
age at diagnosis about age above 60 years [45]. Prostate cancer is 
the main medical problem that requires urgent attention as the 
disease is indolent, shows prolonged latency in association with 
high morbidity and mortality [46]. Epigenetic modifications have 
found to plays critical roles in prostate cancer development and 
metastasis [47]. 

EPIGENETICS MODIFICATIONS IN PROSTATE 
CANCER 

Prostate cancer is one of the most frequent human malignancies 
and driven via genetic and epigenetic modifications [48]. Epigenetic 
modifications include DNA methylation, histone modifications, 
and microRNAs (miRNA) which produce heritable alterations in 
gene expression without changing the DNA sequence. Aberrant 
DNA methylation (hypomethylation and hypermethylation) is the 
most excellent characterized alteration in prostate cancer and leads 
to instability of genome and improper gene expression. Global and 
locus-specific alterations in chromatin rearrangement are associated 
with prostate cancer, suggesting a causative malfunction of 
histone-modifying enzymes. In addition, microRNA deregulation 
contributes to the carcinogenesis of prostate cancer, including 
interference with apoptosis and androgen receptor signaling 
pathways. There are significant relations between common genetic 
alterations and the epigenetic landscape change. 

THE ROLE OF HYPOMETHYLATION IN 
PROSTATE CANCER 

Hypomethylation is the  most  methylation  problem  that  is  
seen in a wide variety of cancers including prostate cancer [49]. 
Hypermethylation alterations seem to precede hypomethylation 
alterations, which are usually detected in cancers of late, stage  
and occur heterogeneously during prostate cancer development 
and metastatic dissemination [47]. Hypomethylation has been 
proposed to contribute to oncogenes is via several mechanisms 
including: activation of oncogenes for instance H-RAS and c-MYC, 
activation of latent retrotransposons, and through contributing to 
chromosome unsteadiness [50]. Modern reports have confirmed 
strong association between MYC upregulation in prostate cancer 
cell and clinical progression [51]. MYC plays a crucial role in 
androgen-dependent growth and subsequent its ectopic expression 
can stimulate androgen-independent growth in prostate cancer 
tissue [47]. 

THE ROLE OF HYPERMETHYLATION IN 
PROSTATE CANCER 

The majority of studies focused on DNA hypermethylation have 
been done in epigenetic field of prostate cancer [52]. Certainly, 
gene-silencing is found to be more frequent by hypermethylation 
of promoter region compared to mutations in carcinogenesis [53]. 
Many studies on different hypermethylated genes in different types 
of cancers propose the main part of the carcinogenesis [54]. 

At present, more than 100 genes have been detected for their 
frequencies of hypermethylation and for their critical role in 
prostate carcinogenesis [55-59]. Several of those hypermethylated 
genes are tumor suppressor genes that code for the proteins that 
control the cell cycle and/or endorse apoptosis. The roles of 
tumor suppressor genes in prostate cancer undergo into five main 
categories: cell cycle, DNA repair, apoptosis, invasion/metastasis, 
and corticosteroid hormonal response. Loss function of these 
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genes via promoter hypermethylation ultimately contributes to the 
carcinogenesis and pathogenesis of prostate cancer. 

THE ROLE OF HISTONE MODIFICATION IN 
PROSTATE CANCER 

Histone modifications play a critical role in normal and cancer 
cells, thereby orchestrating key of physiological and pathological 
processes [60]. In prostate cell lines, methylation of lysine 9 in 
histone 3 (H3K9) is associated with histone H3K4 methylation 
and repression of androgen receptor (AR) genes [47] is linked with 
AR gene activation in castration-resistant prostate cancer (CRPC) 
cell lines and tissues [47]. H3K4 is considerably methylated at the 
androgen receptor enhancer of the protooncogene (Ubiquitin- 
conjugating enzyme E2C) UBE2C gene in CRPC, which cause 
androgen receptor binding and expression of UBE2C mRNA 
[47].  Heat shock protein 90 is also found to play a critical role    
in  androgen-induced  and  -independent  nuclear  localization 
and activation of AR. Histone deacetylase 6 (HDAC6) regulates 
AR hypersensitivity and nuclear localization, mainly through 
modulating Tumor Necrosis Factor Receptor-Associated Protein-1 
(TRAP1) acetylation [61]. 

THE ROLE OF MICRORNAs IN PROSTATE 
CANCER 

The miRNAs are small, noncoding molecules of RNAs consist of 
18-22 nucleotides, bind to the 3' untranslated region of mRNAs 
[62]. They play a critical roles in post-transcriptional degradation 
or inhibition of target mRNA, depending on the level of 
complementary base pairing [63-65]. Thus, miRNAs play a vital 
role in the regulation of many cell and tissue functions for instance, 
cell differentiation, development, metabolism and cell cycle [66- 
68]. Aberrant expression of miRNAs is found to have critical 
impact on a variety of biological processes such as infection and 
cancer development [66,69,70]. 

The role of miRNAs in cellular differentiation, growth, and 
apoptosis of cancer cells via their targeting mRNA has been 
reported [71-73]. MiRNAs may be tumor suppressors or oncogenic 
molecule [74,75], with tumor suppressors being downregulated 
whereas, oncogenic being upregulated in cancers.  Commonly, 
the roles of miRNAs in the cancer has been emphasized by the 
fact that approximately 50% of all miRNA genes are located in 
the so called 'fragile sites', the cancer associated genomic regions 
that are frequently altered in cancer. A bulk of data has already 
been documented about aberrant expression of miRNAs in the 
cancers. The understanding of the functional consequences of 
these abnormalities have not been molecularly developed [76]. 

The role of miRNAs in prostate cancer is getting clearer via 
understanding the interactions between miRNAs and their 
targeted mRNAs and the consequential impact on carcinogenesis 
of the prostate cancer [77,78]. It is found that miRNAs and their 
targeted mRNA are aberrantly expressed in prostate cancers which, 
in turn, change the cellular invasion, growth, and metastatic 
potential of prostate cancer cells. The deregulations of certain 
miRNAs expressions are  now  considered  crucial  biomarkers  
for classification, prognosis and diagnosis, of prostate cancer 
[75,79,80]. All above mentioned data highlights the significance 
of the biology of miRNAs in prostate cancer. Their specific 
deregulations, and how one could control their expressions will 
possibly become novel roads through which newer therapeutic 
strategies might be developed for the medication of metastatic 

castrate resistant prostate cancer. Several types of miRNA play a 
crucial role in prostate cancer, for example, miRNA-488 [81], 
miRNA -221 and miRNA-222 [82]. 

OVARIAN CANCER 

Ovarian cancer comprises the most serious gynecological disease 
and the 7th top cause of cancer death in female [83]. Unluckily, 
patients with ovarian cancer are routinely diagnosed at late stage 
of cancer progression, when the cancer has been already spread 
into the abdominal cavity and complete surgical removal is not 
achievable. The prediction of an individual  who  at  a  higher  
risk of developing ovarian cancer possibly may permit lifestyle 
interventions [84], chemotherapy prevention [85,86]. The etiology 
of ovarian tumor is not well defined. Yet, general modulators of 
ovarian cancer risk include increasing of age [87] and reproductive 
function history [88]. Earlier pregnancies, increased number of 
pregnancies, oral contraceptives usages, tubal ligation in addition 
to hysterectomy have all been confirmed to be associated with a 
lower risk of ovarian cancer. To determine the epigenetic factors 
fundamental in this protective effect, it is of importance to have   
a accurate detection of the normal progenitor cells from which 
ovarian cancer develops. Nevertheless, the compromise on the 
initial point of ovarian cancer has not yet been approved. Normal 
human ovarian epithelial cell  lines  have been  extensively used  
in laboratory research approach. Lately, the fallopian tube cells 
implanted in the ovary or inclusion cysts have been projected as 
progenitors of ovarian cancerous cells. Additionally, a mullerian 
basis for ovarian cancer cells has also been argued for. 

CPG ISLAND METHYLATOR PHENOTYPE 
CRITERIA (CIMP) 

In 1999, two dissimilar types of colorectal cancers were documented 
and found to demonstrate low and high levels of tumor-specific 
methylation correspondingly. The latter type of cancer was found to 
display a “CpG island methylator phenotype” (CIMP) [89]. CIMP 
was reported to be negatively linked with genetic abnormalities in 
colorectal cancer [90,91] which imply that it can offer an alternative 
biological pathway for carcinogenesis [92]. Other cancers types 
which illustrate frequent and attendant deactivation of a number 
of genes via hypermethylation have also been designated as  
CIMP. Those cancers involve liver, gastric [93], leukaemia [94], 
lung, and ovarian cancers [95]. Differential expression of DNA 
methyltransferase (DNMT) genes in some ovarian cancer cell lines 
has been observed [96] and the modifications in DNMT mRNA 
expression might contribute to the development of the CIMP 
phenotype in ovarian cancer. However, the central mechanisms 
that contribute to aberrant DNA methylation in ovarian cancer 
cells are still less clear. 

Several studies established that patients with CIMP positive 
cancers have poorer  prognosis  probably  due  to  the  increases  
of their epigenetic plasticity. Therefore, it is of importance to 
establish the molecular basis of CIMP and confirm the present set 
of methylation biomarkers for CIMP detection. However, CIMP 
positive tumors are easier to be diagnosed at an early stage due to 
the aberrant DNA methylation which can be detected with high 
sensitivity [97]. Also, this phenotype may be competent to forecast 
outcome of medication in ovarian cancer patients [98,99]. In 
general, the compactness of methylated CpG sites within a locus in 
addition to the number of methylated loci were found to increase 
in late stages of ovarian cancer [100]. Although the duration of 
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progression-free survival following chemotherapy treatment was 
found to be significantly shorter for patients with high levels of 
DNA methylation compared to those with lower DNA methylation 
levels detection of CIMP tumors which may aid in treatment 
planning and outcome. 

METHYLATION OF IMPRINTED GENES IN 
OVARIAN CANCER 

Up till now, about 16 candidate tumor suppressor genes have been 
documented in ovarian cancer. Only 3 of those genes are confirmed 
to be imprinted, which include: pleiomorphic adenoma genelike 1 
(PLAGL1), ARHI (or DIRAS3), and paternally expressed 3 (PEG3) 
[101]. Those 3 genes are found to be down regulated in a significant 
fraction of ovarian cancers [102]. DNA hypermethylation of the 
CpG is one of the projected mechanisms underlying the observed 
downregulation [103]. In ovarian cancers, downregulation of 
functional alleles due to promoter hypermethylation has been 
reported in 10% and 26% of cases for PEG3 [104] and ARHI 
[102] correspondingly. Treatment of ovarian cancer with histone 
deacetylase inhibitors and demethylating drugs has been capable 
to aggravate expression of ARHI and PEG3 genes in ovarian cancer 
cell lines, which found to be associate with cell growth inhibition 
[105]. Taken together, these studies propose that cancers treatment 
with histone deacetylase inhibitors and demethylating  agents  
may provide particularly useful if epigenetic  transformations  
have impacted the imprinted genes. Up regulation of imprinted 
genes has also been implied in ovarian cancer for instance, over 
expression of IGF2 is often happening in serous ovarian cancer 
and the aberrant methylation of the IGF2-H19 locus is proposed as 
a fundamental event in ovarian tumorigenesis. 

HISTONE MODIFICATION 

Histone modifications consider another key mechanism of 
epigenetic regulation of gene expression [106]. It is known as covalent 
modifications of histone amino acids. Histone modifications involve 
enzyme catalyzed reactions  at  post-translational  modifications  
of N-terminal tails of histone proteins via mechanisms such as 
methylation, acetylation, phosphorylation and ubiquitinylation. 
In fact, different types of histone modifications can be occur on   
a single histone molecule, consequently, increasing combinatorial 
complexity of post-translational modifications [107]. 

Gene expression is identified through the pattern of related histone 
modifications, which is known as the histone codes [108]. Whereas 
loss of histone acetylation consequences to a denser chromatin 
conformation with loss of transcriptional activity [109] and histone 
H3/lysine K4 methylation is associated with active genes. Also, 
histone methylation can be linked to the methylation of DNA and 
therefore aberrant expression of gene in cancer cells [110]. 

The acetylation of histone is found to be regulated via two 
opposite classes of enzymes. Histone acetyltransferases catalyze the 
addition of acetyl groups to specific lysine residues of histone and 
histone deacetylases (HDACs), which removes acetyl groups [111]. 
The later is the mechanism through which HDACs can control 
transcription of gene is by regulating acetylation of DNA sequence- 
specific transcription factors such as E2F, Sp3 and p53. Histone 
deacetylation has been associated to reduce DNA binding or 
transcriptional activity. Accordingly, HDACs are considering the 
vital regulator of cell growth, differentiation and apoptosis [112]. 
Up to now, there are 18 members of human HDACs enzymes have 
been documented and classified into four main classes depending 

on the homology to yeast HDACs in addition to phylogenetic  
tree analysis [113]. HDACs1–3 are found to be up regulated in 
ovarian cancer tissues and thought to play a critical role in ovarian 
carcinogenesis [114]. 

MICRORNAs AND OVARIAN CANCER 

Recently, a new epigenetic phenomenon has been emerged and 
defined as posttranscriptional gene down regulation through small 
non-protein-coding RNA molecules called microRNAs (miRNAs) 
[115]. MiRNA are known bind to the 3′ UTR region of targeted 
mRNA resulting in rapid inhibition of the mRNA translation [116] 
and afterward through the formation of RNA-induced silencing 
complexes [117]. This biological process causes degradation of the 
mRNA transcript [118]. In a number of cases, miRNA can also 
enhance the degradation of the targeted mRNA transcript [119]. 
This mechanism of genetic ruling is crucial in the underlying 
processes of cell growth and differentiation. Although miRNAs are 
vital in normal cell function [120], their aberrant expressions have 
been associated to the development of cancer [121]. Thus, miRNA 
expression profiles are promising to be the key expectations for 
cancer diagnosis and treatment [122]. 

Newly, miRNAs expression profiles have been documented in 
ovarian tumors, for example miR-141, miR-200a, miR-200b, miR- 
200c and have been found to be up regulated in ovarian cancer 
tissues [123]. On the other hand, miR-140, miR-145, miR-125b1, 
and miR-199a, were found to be most miRNAs down regulated 
among above mentioned miRNAs [122]. Moreover, it was thought 
that miRNA signatures of ovarian cancer might also distinguish 
these tumors based on ovarian cancers histologic subtypes: low and 
high-grade malignancies [124]. Significant down regulation of miR- 
143, miR-145 and miR-34c as well as up regulation of miR-29b and 
miR-29a are found in patients with BRCA1/2 abnormalities when 
compared to those of lacking demonstrable BRCA1/2 aberrations 
[125,126]. Furthermore, decreased expression  of  miR-34b*/c  
was found to be critical in the progression of ovarian cancer at 
late stages [126]. Based on the above mentioned information, it 
became obvious that miRNAs play critical roles in both normal 
and pathologic ovarian function via targeting the expression of 
specific genes. 

EPIGENETIC MODIFICATIONS IN THYROID 
CANCER 

A variety of genes involved in the regulation of cell proliferation 
and invasion in addition to specific genes in thyroid differentiation 
are epigenetically modified in thyroid tumor are well acknowledged 
[127]. For examples of those genes are thyroid transcription factor-1 
(TTF-1) [128], TIMP3 [129], RASSF1A [130] and PTEN [131]. 
Cumulative epigenetic modification play a critical role in the 
progressions from indolent well-differentiated thyroid carcinomas 
(WDTC) to metastasizing carcinomas, via a spectrum of poorly 
differentiated to undifferentiated thyroid carcinoma. 

ABERRANT GENE METHYLATION IN THYROID 
CANCER 

Aberrant DNA methylation of protooncogenes and tumor 
suppressor genes are reported in thyroid cancer, and it found to 
occur in other human cancers. Certain specific tumor suppressor 
genes in the thyroid are DAPK, PTEN, RAPβ2, RAP1GAP, 
RASSF1A, SLC5A8, and TIMP3. 
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PTEN was known as a tumor suppressor gene, it is mutated in 
several types of cancers. PTEN encodes phosphatidylinositol 3,   
4, 5 triphosphate 3 phosphatase protein. This gene is negatively 
regulates signaling pathway of the AKT/PKB and is plays a  
critical role in the regulation of cell cycle, opposing cell rapid cell 
division and growth [132]. Aberrant DNA methylation of PTEN is 
frequently reported in FTC and PTC [131]. 

The RASSF1A gene encodes a protein similar to the RAS effectors 
protein (28). The deregulations of RASSF1A mRNA expression are 
associated with cancer, and aberrant DNA methylation has been 
acknowledged as a central mechanism underlie in the inactivation 
of this gene [130,133]. In contradiction of FTC, only a small ratio 
of PTC harbored the aberrant methylation of RASSF1A, which 
may play a critical role in thyroid carcinogenesis, independent of 
the BRAF/MAPK kinase (MEK) MAPK pathway [133]. 

TIMP3 is a tissue inhibitor of metalloproteinase enzyme, which 
inhibits the cell growth, invasion, angiogenesis, and metastasis    
of numerous tumors [134]. TIMP3 gene has been found to be 
hyper¬methylated in thyroid cancer [129,135]. It is also associated 
with lymph node metastasis and extra thyroidal invasion [135]. 
The RAP1GAP gene encodes a type of GTPase activating protein 
which decreases the activity of the RAS related protein. RAP1GAP 
is involved in the regulation of oncogenic and mitogenic pathways 
in thyroid cells [136,137]. 

RAP1 plays a vital role in the activation of the BRAF MEK ERK 
pathway and regulation of the ERK dependent pathway [138- 
140]. The immunohisto¬chemistry method  findings  revealed  
the downregulation of RAP1GAP gene in PTC [141] associated 
with its proliferation and invasion in thyroid tumor cell lines 
[142]. In addition, DNA hypomethylation plays a crucial role in 
carcinogenesis; yet, its role is not clearly understood. Only one 
study reported the global patterns of aberrant DNA methylation in 
thyroid cancer subtypes via DNA methylation arrays [143]. 262 and 
352 genes were found to be hypermethylated in PTC whereas, 13 
and 21 genes were hypomethylated in FTC. Additionally, 280 and 
393 hypo¬methylated genes and 86 and 131 hypermethylated genes 
were determined, which were identified in anaplastic and MTC, 
correspondingly. Among these genes, four oncogenes including 
DPPA2, INSL4, NOTCH4 and TCL1B were commonly regulated 
by hypomethylation [143]. 

HISTONE MODIFICATION IN THYROID 
CANCER 

Unluckily, little studies about the histone modifications present  
in thyroid cancer and the association between those modifications 
and thyroid toumors behavior is presently available. However, 
recently, only one study reported global levels of histones 
acetylation alteration in thyroid cancer tissues [144]. They found 
that the levels of acetylated H3 at residue K18 were lower in 
undifferentiated cancers with respect to differentiated cancers, 
signifying that acetylation is switched off in the thyroid tumor 
transition. Hypermethylation of the thyroid transcription factor-1 
(TTF-1), that is critical for thyroid carcinogenesis, concomitantly 
with decreased acetyl-H3-K9 and increased dimethyl-H3-K9, has 
been seen in a subset of thyroid cancer cells that had lost the 
expression of TTF-1 [128]. Furthermore, it has recently been 
confirmed that the enhancer of zeste homolog 2 (EZH2), a histone 
lysine methyltransferase belonging to the polycomb group protein 
family, is particularly upregulated in ATC, and it directly plays a 
critical role to transcriptional silencing of PAX8 gene and ATC 

differentiation [145]. 

THE ROLE OF MICRORNAS IN THYROID 
CANCER 

MicroRNAs (miRNAs) are a group of small endogenous non- 
coding RNAs controlling gene expression in various biological 
processes, including differentiation, proliferation and apoptosis 
[146].  The alterations in miRNA expression are thought to be      
a key regulator of cancer progress and development of thyroid 
cancer [147]. MicroRNAs are short molecules of 19-23 nucleotide 
that able to block translation of target mRNA or degradation of 
mRNA through complementary binding to the 3’- untranslated 
region (UTR) of mRNAs. Increasing evidence has suggested the 
contribution of miRNAs in human carcinogenesis [148,149]. The 
deregulation of miRNA expression is proposed to be an essential 
regulator of malignancies and progression [150]. As a result of its 
repression effect, deregulation of certain miRNA may possibly 
lead to the downregulation of tumor suppressor gene and/or 
upregulation of oncogenes [151]. Thus, these molecular alterations 
favor cell differentiation, proliferation and apoptosis. Profiling of 
MicroRNA in human cancers has revealed signatures associated 
with cancer diagnosis, prognosis, staging, and response to therapy 
[152,153]. The roles of miRNAs in the development of various 
types of cancers, differentiated thyroid cancer and various types  
of thyroid cancers have been reported [147,154]. These findings 
strongly suggested critical roles for specific miRNAs in the 
progression and development of thyroid cancer. 

EPIGENETIC TARGETS FOR TREATMENT OF 
THYROID CANCER 

The anomalies in the epigenetic regulation of chromatin structure 
and function can cause aberrant gene expression and cancer 
initiation and development [155]. As a result, epigenetic therapies 
plan to reinstate normal chromatin modification patterns via the 
inhibition of a variety of mechanism of the epigenetic machinery 
[156]. DNA methyltransferase and Histone deacetylase inhibitors 
consider the first acknowledged epigenetic therapies; nevertheless, 
these agents have pleiotropic property and it remains less clear how 
they direct to therapeutic responses. More newly, drugs that inhibit 
histone methyltransferases were developed, maybe representing 
more specific agents. 

The above mentioned findings together reveal that complex 
epigenetic patterns, including DNA methylation, histone 
modifications and miRNA abnormalities contribute to thyroid 
cancer progression and drug resistance. The assessing epigenetic 
modification profile may provide valuable predictive information 
for thyroid cancer. Accordingly, reversing epigenetic modifications 
may nearby itself as a promising treatment modality. While genetic 
deletions, mutations or allelic losses are irreversible, epigenetic 
abnormalities are potentially correctable and can be reversed 
[157,158]. In this scenario, a number of drugs that inhibit DNMT 
or HDAC action are nowadays in clinical practice or under trial. 
In preclinical studies, different DNMT inhibitors, for instance 
azacitidine were found to evoke DNA hypomethylation and reverse 
chemoresistance of platinum-resistant thyroid cancer cells [159,160] 
laying the fundamental concept for the clinical assessment of 
DNMT inhibitors for chemotherapy re-sensitization in thyroid 
cancer patients [161]. 



Ahmed AA, et al. OPEN ACCESS Freely available online 

J Clin Cell Immunol, Vol.11 Iss.7 No:605 7 

 

 

EPIGENETIC GENETIC MODIFICATIONS OF 
THYROID CANCER 

Cancer as a epigenetic genetic arises as a result of fundamental 
defects in the regulation of cell division [162], and its study therefore 
has significance not only for public health, but also for our basic 
understanding of cell biology [163]. In the recent review, a literature 
review the terms “epigenetic” patterns in thyroid cancer, follicular 
thyroid carcinoma (FTC), medullary thyroid cancer (MTC), 
anaplastic thyroid cancer (ATC), DNA methylation in thyroid 
cancer, miRNA expression in thyroid cancer [164] ‘epigenetic 
patterns in cancer and the current understanding of epigenetic 
patterns in thyroid cancer was studied [165]. Recently, cancer 
genomics is provided as a power full performance into genetic 
alterations and signaling pathways involved in thyroid cancer [166]. 
In addition, the current researchers showed the importance of 
epigenetic modifications and the different types of mechanisms in 
thyroid cancer [167]. Therefore, the thyroid carcinoma conceders 
as most frequent endocrine tumor of the endocrine organs [168]. 
As well as its incidence rate has progressively increased over the 
last years. More than 95% of thyroid carcinoma is derived from 
follicular cells in which are considered invasive type of tumor 
[169]. The molecular pathogenesis of thyroid cancer residue to be 
clarify, despite of activating the RET, RAS and BRAF oncogenes 
have been well described [170]. The Increasing the evidence from 
recent studies demonstrates that acquired epigenetic abnormalities 
participating with genetic alteration results in modified patterns of 
gene expression and function [171]. A typically DNA methylation 
has been established in the CpG regions and microRNAs 
(miRNAs) expression profile recognized in cancer development 
[172]. Current studies showed the novel genes that have the type of 
DNA promoter methylation in papillary, follicular, medullary, and 
anaplastic thyroid cancer [173]. Anaplastic thyroid cancer (ATC), 
term referring to undifferentiated subtypes, is considered to be 
potential and associated with poor prognosis [168]. Traditional 
treatment including surgery, chemotherapy and radioiodine 
therapy has been used for thyroid cancer [174]. However, these do 
not provide any significant reduction of the overall mortality rate 
[175]. 

DNA methylation, the most commonly studied epigenetic 
mechanism, is altered in thyroid cancer. Current technological 
advances have allowed the identification of novel differentially 
methylated regions, methylation signatures and potential 
biomarkers. Though, despite recent improvement in grouping 
methylation alterations in thyroid cancer [162]. 

EPIGENETIC GENETIC MODIFICATIONS OF 
ADRENOCORTICAL CANCER 

Adrenocortical carcinoma (ACC) is a rare and often lethal cancer, 
the frequencies of affecting are about one person per million per 
year worldwide [176]. About 75% of patients with ACC ultimately 
develop metastases and improvement on the few accessible 
standard-of-care medical therapies; outline an  incredible  need 
for an improved understanding of the molecular biology of this 
disease [177]. Even though it has long been known that ACC is 
characterized by particular histological and genetic features such as 
high mitotic activity, chromosomal instability, and over expression 
of IGF2, only in the last two decades of genomics has the molecular 
landscape of ACC been more thoroughly characterized  [178].  
The human adrenal cortex, included in adaptive responses to 
stress, fluid homeostasis, and secondary sexual traits, arises from 

a tightly regulated development of a zone and cell type-specific 
secretory pattern [179]. However, the molecular mechanisms 
controlling adrenal zonation, particularly postnatal zona reticularis 
development, which produce adrenal androgens in a lifetime- 
specific manner, remain poorly understood [179]. Epigenetic events, 
including DNA and histone modifications as well as regulation by 
noncoding RNAs, are crucial in establishing or maintaining the 
expression pattern of particular genes and consequently contribute 
to the stability of a certain differentiation status [180]. Recent 
evidence points to epigenetic as another regulatory layer that 
could participate to establishing the adrenal zone-specific pattern 
of enzyme expression [181]. Ultimately, improved understanding 
of the epigenetic factors involved in adrenal development and 
function could lead to novel therapeutic interventions [182]. 
EPIGENETIC GENETIC MODIFICATIONS OF 
PITUITARY CANCER 

Pituitary cancer is a rare type of malignant intracranial neoplasm 
defined as distant metastasis of pituitary adenoma [183]. Although, 
the frequency of pituitary adenoma is low because only 0.1% to 
0.2% of PAs finally develop into PCs, the diagnosis is poor and 
66% of patients die within the first year [184]. Wide majority of 
pituitary cancer are benign and behave consequently; however, a 
part are invading and are more aggressive, with a very small part 
being frankly malignant [185]. The cellular pathways that drive 
transformation in pituitary neoplasms are poorly described, and 
recent classification methods are not reliable correlates of clinical 
behavior [186]. Recently, the techniques in epigenetics research, that 
investigate the modifications in gene expression without changes to 
the genetic code [187], provide a new aspect to describe tumors, 
and may hold implications for prognostication and management 
[188]. The genetic pattern of pituitary adenomas (PAs) is various 
and numerous of the identified cases remain not understand 
pathogenetic mechanism [189]. 

EPIGENETIC TARGETS FOR TREATMENT OF 
THYROID CANCER 

The anomalies in the epigenetic regulation of chromatin structure 
and function can cause aberrant gene expression and cancer 
initiation and development [155]. As a result, epigenetic therapies 
plan to reinstate normal chromatin modification patterns via the 
inhibition of a variety of mechanism of the epigenetic machinery 
[156]. DNA methyltransferase and Histone deacetylase inhibitors 
consider the first acknowledged epigenetic therapies; nevertheless, 
these agents have pleiotropic property and it remains less clear how 
they direct to therapeutic responses. More newly, drugs that inhibit 
histone methyltransferases were developed, maybe representing 
more specific agents. 

EPIGENETIC GENETIC MODIFICATIONS OF 
PANCREATIC CANCER 

Recently, the genetic researches have advanced our understanding 
of pancreatic cancer at a mechanism and translational level [190]. 
Genetic concepts and tools are increasingly starting to be applied 
to clinical practice, specifically for accuracy diagnostics and therapy 
[191]. However, an epigenomics technique is rapidly emerging as a 
promising conceptual and methodological pattern for advancing 
the knowledge of this disease [192]. Moreover, the current researches 
have uncovered potentially actionable pathways, which provide for 
the prediction that future characterization for pancreatic cancer 
will involve the potent testing of epigenomic therapeutics [193]. 
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Hence, epigenomics promises to generate a significant amount of 
new knowledge of both biological and medical importance [194]. 

EPIGENETIC GENETIC MODIFICATIONS OF 
LUNG CANCER 

Worldwide, lung cancer is the majority cause of cancer associated 
with mortality [195]. Tumorigenesis includes a many steps  
process resulting from the interactions of genetic, epigenetic, and 
environmental factors [196]. Genome-wide association studies and 
sequencing studies have recognized several epigenetic modifications 
correlating with the progress of lung cancer [163]. Epigenetic 
mechanisms, fundamentally including aberrant DNA methylation, 
histone modification, and noncoding RNAs (ncRNAs), are 
genetic and reversible modifications that are involved in some 
essential biological processes and influence cancer biomarks  
[197]. Recently, the scientific advancements have a permitted to 
detecting the regions that undergo variety patterns of methylation 
[198]. It has been elucidated that the dominated on changes in 
gene expression is not directed only by transcription factors and 
that epigenetic alterations are also involved in this process [199]. 
Moreover, epigenetic modifications have been demonstrated to be 
significantly in cancer progress [200]. 

EPIGENETIC GENETIC MODIFICATIONS OF 
THYMUS CANCER 

In spite of enormous social and scientific attempts, fatness rates 
continue to promote worldwide [201]. However, genetic factors 
participate to obesity progress; genetics alone cannot explain the 
current epidemic [202]. Obesity is fundamentally the consequence 
of complex genetic-environmental interactions [203]. Proof suggests 
that contemporary lifestyles trigger epigenetic changes, which can 
dysregulate energy balance and thus contribute to obesity [204]. The 
hypothalamus plays a crucial role in the regulation of body weight, 
via developed network of neuronal systems [205]. Modifications in 
the activity of these neuronal pathways have been involved in the 
pathophysiology of obesity [206]. 

CONCLUSION AND FUTURE DIRECTIONS 

Cancer epigenetic provider to the scholars a visualization both above 
and beyond the view of genotype (For instance DNA sequencing) 
influencing the phenotype without intervention of any other key 
players. Thus, allowing researchers to illustrate the involvedness  
of interactions accessible from the genes to the cellular fate. The 
observable fact that the mechanisms can be reversed offers the 
process a range of flexibility not expected before. This interesting 
flexibility of biological distinctiveness is also very attractive for both 
clinical cancer monitoring and management aspects and prognosis 
as well. 

Although a number of genes that undergo aberrant epigenetic 
deactivation associated with endocrine system organs cancers are 
growing, a number of questions necessitate to be addressed before 
we fully understand the biologic implication and outcome of this 
process. For example, what is the mechanism underlying selective 
methylation of genes involved in endocrine system organs cancers 
which increases the activity and expression of DNMTs enzymes? 
Why do hypomethylation and hypermethylation are take place   
in in endocrine system organs cancer cells? Is there an active 
demethylation mechanism to elucidate for hypomethylation? or it 
is caused by reduced hypermethylation? 

Abundance of evidence indicates that the detection of DNA 

methylation can serve up as a talented cancer biomarker. However, 
up till now, in endocrine system organs cancers some gene reveals 
adequate specificity and sensitivity in the detection of in endocrine 
system organs cancers to assurance further testing as a cancer 
biomarker in patients’ body fluids. Further researches are strongly 
recommended to center on identification of novel aberrantly 
methylated genes by high-throughput screening techniques such as 
CpG island microarray assays as the gateway in the direction of 
cancer biomarker confirmation. Moreover, in in endocrine system 
organs cancers methylation fingerprint comprise several genes may 
be more precise than that of individual genes in the early diagnosis 
and risk measurement of in endocrine system organs cancers and 
molecular detection of reseated specimens. 

Prior to completely identify the etiology and consequences of 
global hypomethylation in in endocrine system organs cancers, the 
therapeutics targeting DNMTs in cancer must be used with caution. 
Ideal therapeutics is that can selectively activate a set of methylated 
genes without unwanted demethylating to the rest of the genome. 
Known the close association between histone deacetylation and 
DNA methylation in epigenetic deactivation, a combination of 
both DNMT inhibitors and histone deacetylation inhibitors may 
be an successful strategy for the treatment of in endocrine system 
organs cancer patients. 

CONFLICT OF INTERESTS 

The authors declare that there is no conflict of interests. 

ACKNOWLEDGMENT 

The authors thank Mr. Yagoub Musa Adam for provide us the free 
internet. 

REFERENCES 

1. Patkin EL. DNA methylation differs between sister chromatids, and 
this difference correlates with the degree of differentiation potential. 
Mol Reprod Dev. 2015. 

2. Kobayashi Y, Absher DM, Gulzar ZM, Young SR, McKenney JK, Peehl 
DM, et al. (2011) DNA methylation profiling reveals novel biomarkers 
and important roles for DNA methyltransferases in prostate cancer. 
Genome Re 21 (7), 1017-27. 

3. Zhang W, Barger CJ, Link PA, Mhawech-Fauceglia P, Miller A, Akers 
SN, et al. DNA hypomethylation-mediated activation of Cancer/Testis 
Antigen 45 (CT45) genes is associated with disease progression and 
reduced survival in epithelial ovarian cancer. Epigenetics. 2015. 

4. Liang YX, Mo RJ, He HC, Chen JH, Zou J, Han ZD, et al. Aberrant 
hypomethylation-mediated CD147 overexpression promotes 
aggressive tumor progression in human prostate cancer. Oncol Rep. 
2015;33(5):2648-2654. 

5. Yelina N, Diaz P, Lambing C, Henderson IR. Epigenetic control of 
meiotic recombination in plants. Sci China Life Sci. 2015;58 (3):223- 
231. 

6. Florl AR, Steinhoff C, Müller M, Seifert HH, Hader C, Engers R, et al. 
Coordinate hypermethylation at specific genes in prostate carcinoma 
precedes LINE-1 hypomethylation. Br J Cancer. 2004;91(5):985-994. 

7. Pinney SE. Mammalian Non-CpG methylation: Stem cells and beyond. 
Biology (Basel). 2014;3(4):739-751. 

8. Vavouri T, Lehner B. Human genes with CpG island promoters have 
a distinct transcription-associated chromatin organization. Genome 
Biology. 2012;13 (11):R110-R110. 



Ahmed AA, et al. OPEN ACCESS Freely available online 

J Clin Cell Immunol, Vol.11 Iss.7 No:605 9 

 

 

9. Park JY. Promoter hypermethylation in prostate cancer. Cancer. 
2010;17(4):245-255. 

10. Bilgrami SM, Qureshi SA, Pervez S, Abbas F. Promoter 
hypermethylation of tumor suppressor genes correlates with tumor 
grade and invasiveness in patients with urothelial bladder cancer. 
Springerplus. 2014;3:178. 

11. Talukdar FR, Ghosh SK, Laskar RS, Monda. Epigenetic, genetic and 
environmental interactions in esophageal squamous cell carcinoma 
from northeast India. PLoS One. 2013;8(4):e60996. 

12. Sharma, R. et al. Hypermethylation of carcinogen metabolism genes, 
CYP1A1, CYP2A13 and GSTM1 genes in head and neck cancer. Oral 
Dis. 2010;16(7):668-673. 

13. Suzuki H, Maruyama R, Yamamoto E, Kai M. DNA methylation and 
microRNA dysregulation in cancer. Mol Oncol. 2012;6 (6):567-578. 

14. Moore LD. DNA methylation and its basic function. 
Neuropsychopharmacology. 2013;38(1):23-38. 

15. Jung M, Pfeifer GP. Aging and DNA methylation. BMC Biol. 
2015;13:7. 

16. Maegawa S, Hinkal G, Kim HS, Shen L, Zhang L, Zhang J, et al. 
Widespread and tissue specific age-related DNA methylation changes 
in mice. Genome Res. 2010;20(3):332-340. 

17. Devaney JM, Wang  S, Funda S, Long J, Taghipour  DJ, Tbaishat R,  
et al. Identification of novel DNA-methylated genes that correlate 
with human prostate cancer and high-grade prostatic intraepithelial 
neoplasia. Prostate Cancer Prostatic Dis. 2013;16(4):292-300. 

18. Karczmarski J, Ruble T, Paziewaska A, Mikula M, Bujko M, Kober P, 
et al. Histone H3 lysine 27 acetylation is altered in colon cancer. Clin 
Proteomics. 2014;11(1):24. 

19. Matsuda S. Absolute quantification of acetylation and phosphorylation 
of the histone variant H2AX upon ionizing radiation reveals distinct 
cellular responses in two cancer cell lines. Radiat Environ Biophys. 
2015. 

20. Qin W, Wolf P, Liu N, Link S, Smets M, Mastra FL, et al. DNA 
methylation requires a DNMT1 ubiquitin interacting motif (UIM) and 
histone ubiquitination. Cell Res. 2015. 

21. Hunt CR, Ramnarain D, Horikoshi N, Iyengar P, Pandita RK, Shay 
JW, et al. Histone modifications and DNA double-strand break repair 
after exposure to ionizing radiations. Radiat Res. 2013;179(4):383-392. 

22. Kamieniarz K, Izzo A, Dundr D, Tropberger P, Ozretic L, Kirfel J, et al. 
A dual role of linker histone H1.4 Lys 34 acetylation in transcriptional 
activation. Genes Dev. 2012;26 (8):797-802. 

23. Zhang Z, Dingxie Liu, Murugan AK, Liu Z, Xing Z. Histone 
deacetylation of NIS promoter underlies BRAF V600E-promoted NIS 
silencing in thyroid cancer. Endocr Relat Cancer. 2014;21(2):161-173. 

24. Ziglioli F, Maestroni U, Dinale F, Ciuffreda M, Cortellini P. Carcinoma 
in situ (CIS) of the testis. Acta Biomed. 2011;82(2):162-169. 

25. Olesen IA, Sonne SB, Hoei-Hansen CE, Meyts ERD, Skakkebaek NE. 
Environment, testicular dysgenesis and carcinoma in situ testis. Best 
Pract Res Clin Endocrinol Metab. 2007;21(3):462-478. 

26. Burns WR, Sabanegh E, Dada R, Rein B, Agarwal A. Is male infertility 
a forerunner to cancer? Int Braz J Urol. 2010;36(5):527-536. 

27. Godmann M, Lambrot R, Kimmins S. The dynamic epigenetic program 
in male germ cells: Its role in spermatogenesis, testis cancer, and its 
response to the environment. Microsc Res Tech. 2009;72(8):603-619. 

28. Manton KJ, Douglas ML, Netzel-Arnett S, Fitzpatrick DR, Nicol DL, 
Boyd AW, et al. Hypermethylation of the 5' CpG island of the gene 
encoding the serine protease Testisin promotes its loss in testicular 
tumorigenesis. Br J Cancer. 2005;92(4):760-769. 

29. Ellinger J, Albers P, Perabo FG, Müller FC, von Ruecker A, Bastian PJ, 
et al. CpG island hypermethylation of cell-free circulating serum DNA 
in patients with testicular cancer. J Urol. 2009;182(1):324-329. 

30. Omisanjo OA, Biermann K, Hartmann S, Heukamp LC, Sonnack  
V, Hild A, et al. DNMT1 and HDAC1 gene expression in impaired 
spermatogenesis and testicular cancer. Histochem Cell Biol. 
2007;127(2):175-181. 

31. Yamada S, Kohu K, Ishii T, Ishidoya S, Hiramatsu M, Kanto S, et al. 
Gene expression profiling identifies a set of transcripts that are up- 
regulated inhuman testicular seminoma. DNA Res. 2004;11(5):335- 
344. 

32. Arai E, Nakagawa T, Wakai-Ushijima S, Fujimoto H, Kanai Y. DNA 
methyltransferase 3B expression is associated with poor outcome of 
stage I testicular seminoma. Histopathology. 2012;60(6B):E12-E18. 

33. Minami K. DNMT3L is a novel marker and is essential for the growth 
of human embryonal carcinoma. Clin Cancer Res. 2010;16(10):2751- 
2719. 

34. Dhar S, Thota A, Rao MRS. Insights into role of bromodomain, 
testis-specific (Brdt) in acetylated histone H4-dependent chromatin 
remodeling in mammalian spermiogenesis. J Biol Chem. 
2012;287(9):6387-6405. 

35. Gryder BE, Sodji QH, Oyelere AK. Targeted cancer therapy: Giving 
histone deacetylase inhibitors all they need to succeed. Future Med 
Chem. 2012;4(4):505-524. 

36. Fritzsche FR, Hasler A, Bode PK, Adams H, Seifert HH, Sulser T, et al. 
Expression of histone deacetylases 1, 2 and 3 in histological subtypes 
of testicular germ cell tumours. Histol Histopathol. 2011;26(12):1555- 
1561. 

37. Barlow DP. Methylation and imprinting: From host defense to gene 
regulation? Science. 1993;260(5106):309-310. 

38. Szabo PE, Mann JR. Biallelic expression of imprinted genes in the 
mouse germ line: Implications for erasure, establishment, and 
mechanisms of genomic imprinting. Genes Dev. 1995;9(15):1857- 
1868. 

39. Villar AJ. Developmental regulation of genomic imprinting during 
gametogenesis. Dev Biol. 1995;172(1):264-271. 

40. Jinno Y, Sengoku K, Nakao M, Tamate K, Miyamoto T, Matsuzaka T, 
et al. Mouse/human sequence divergence in a region with a paternal- 
specific methylation imprint at the human H19 locus. Hum Mol Gen. 
2005;5(8):1155-1161. 

41. Kerjean A, Dupont JM, Vasseur C, Tessier DL, Cuisset L, Pàldi A, et 
al. Establishment of the paternal methylation imprint of the human 
H19 and MEST/PEG1 genes during spermatogenesis. Hum Mol 
Genet. 2000;9(14):2183-2187. 

42. Reik W, Dean W, Walter J. Epigenetic reprogramming in mammalian 
development. Science. 2001;293(5532):1089-1093. 

43. Lee J, Inoue K, Ono R, Ogonuki N, Kohda T, Kaneko-Ishino T,  et  
al. Erasing genomic imprinting memory in mouse clone embryos 
produced from day 11.5 primordial germ cells. Development. 
2002;129(8):1807-1817. 

44. Tada T, Tada M, Hilton K, Barton SC, Sado T, Takagi N, et al. 
Epigenotype switching of imprintable loci in embryonic germ cells. 
Dev Genes Evol. 1998;207(8):551-561. 

45. Tao ZQ, Shi AM, Wang KX, Zhang WD. Epidemiology of prostate 
cancer: Current status. Eur Rev Med Pharmacol Sci. 2015;19(5):805- 
812. 

46. Chang AJ, Autio KA, Roach M, Scher  HI.  High-risk  prostate  
cancer [mdash] classification and therapy. Nat Rev Clin Oncol. 
2014;11(6):308-323. 



Ahmed AA, et al. OPEN ACCESS Freely available online 

J Clin Cell Immunol, Vol.11 Iss.7 No:605 10 

 

 

47. (INVALID CITATION). 

48. Jeronimo C, Bastian PJ, Bjartell A, Carbone GM, Catto JWF, Clark 
SJ, et al. Epigenetics in prostate cancer: Biologic and clinical relevance. 
Eur Urol. 2011;60(4):753-766. 

49. Zelic R, Fiano V, Grasso C, Pettersson A, Tos AG, Merletti F, et al. 
Global DNA hypomethylation in prostate cancer development and 
progression: A systematic review. Prostate Cancer Prostatic Dis. 
2015;18(1):1-12. 

50. McKee TC, Tricoli JV. Epigenetics of prostate cancer. Methods Mol 
Biol. 2015;1238:217-234. 

51. Gao L, Schwartzman J, Gibbs A, Lisac R, Kleinschmidt R, Wilmot B, 
et al. Androgen receptor promotes ligand-independent prostate cancer 
progression through c-Myc upregulation. PLoS One. 2013;8(5):e63563. 

52. Bastian PJ. Molecular biomarker in prostate cancer: The role of CpG 
island hypermethylation. Eur Urol. 2004;46(6):698-708. 

53. Yang M Park J. DNA methylation in promoter region as biomarkers in 
prostate cancer. In Cancer Epigenetics (Dumitrescu, R.G. and Verma, 
M. eds). 2012;pp: 67-109. 

54. Esteller M. Epigenetics in cancer. N Engl J Med. 2008;358:1148 -1159. 

55. Li LC, Carroll PR, Dahiya R. Epigenetic changes  in  prostate  
cancer: Implication for diagnosis and treatment. J Natl Cancer Inst. 
2005;97(2):103-115. 

56. Park JY. Promoter hypermethylation in prostate cancer. Cancer 
Control. 2010;17(4):245-255. 

57. Kristensen H, Haldrup C, Strand S, Mundbjerg K, Mortensen MM, 
Thorsen K, et al. Hypermethylation of the GABRE~miR-452~miR-224 
promoter in prostate cancer predicts biochemical recurrence after 
radical prostatectomy. Clin Cancer Res. 2014;20(8):2169-2181. 

58. Kelavkar UP, Harya NS, Hutzley J, Bacich DJ, Monzon FA, Chandran 
U, et al. DNA methylation paradigm shift: 15-lipoxygenase-1 
upregulation in prostatic intraepithelial neoplasia and prostate cancer 
by atypical promoter hypermethylation. Prostaglandins Other Lipid 
Mediat. 2007;82(1-4):185-197. 

59. Murphy TM. In silico analysis and DHPLC screening strategy identifies 
novel apoptotic gene targets of aberrant promoter hypermethylation in 
prostate cancer. Prostate. 2011;71(1):1-17. 

60. Crea F, Clermont PL, Mai A, Helgason CD. Histone modifications 
stem cells and prostate cancer. Curr Pharm Des. 2014;20(11):1687- 
1697. 

61. Ai J, Wang Y, Dar JA, Liu J, Liu L, Nelson JB, et al. HDAC6 Regulates 
androgen receptor hypersensitivity and nuclear localization via 
modulating Hsp90 acetylation in castration-resistant prostate cancer. 
Mol Endocrinol. 2009;23(12)1963-1972. 

62. Wach S, Nolte E, Szczyrba J, Stöhr R, Hartmann A, Ørntoft T, et al. 
MicroRNA profiles of prostate carcinoma detected by multiplatform 
microRNA screening. Int J Cancer. 2012;130(3):611-621. 

63. Xu B, Niu X, Zhang X, Tao J, Wu D, Wang Z, et al. miR-143 decreases 
prostate cancer cells proliferation and migration and enhances their 
sensitivity to docetaxel through suppression of KRAS. Mol Cell 
Biochem. 2011;350(1-2):207-213. 

64. Vella MC. The C. elegans  microRNA  let-7  binds  to  imperfect  let-
7 complementary sites from the lin-41 3'UTR. Genes Dev. 
2004;18(2):132-137. 

65. Doench JG, Sharp PA. Specificity of microRNA target selection in 
translational repression. Genes Dev. 2004;18(5):504-511. 

66. Coppola V, Maria RD, Bonci D. MicroRNAs and prostate cancer. 
Endocr Relat Cancer. 2010;17(1):F1-17. 

67. Stefani G, Slack FJ. Small non-coding RNAs in animal development. 
Nat Rev Mol Cell Biol. 2008;9(3):219-230. 

68. Gangaraju VK, Lin H. MicroRNAs: Key regulators of stem cells. Nat 
Rev Mol Cell Biol. 2009;10(2):116-125. 

69. Baltimore D, Boldin MP, O'Connell RM, Rao DS, Taganov KD, et  
al. MicroRNAs: New regulators of immune cell development and 
function. Nat Immunol. 2008;9(8):839-845. 

70. Cullen BR. Viral and cellular messenger RNA targets of viral 
microRNAs. Nature. 2009:457(7228):421-425. 

71. Kloosterman WP, Plasterk RH. The diverse functions of microRNAs 
in animal development and disease. Dev Cell. 2006;11(4):441-450. 

72. Baranwal S, Alahari SK. miRNA control of tumor cell invasion and 
metastasis. Int J Cancer. 2010;126(6):1283-1290. 

73. Pang Y, Lin HY, Sørensen KD, Ogunwobi OO, Kumar N, Chornokur 
G, et al. MicroRNAs and prostate cancer. Acta Biochimica et 
Biophysica Sinica. 2010;42(6):363-369. 

74. Vrba L, Jensen TJ, Garbe JC, Heimark RL, Cress AE, Dickinson S, et 
al. Role for DNA methylation in the regulation of miR-200c and miR- 
141 expression in normal and cancer cells. PLoS One. 2010;5(1):e8697. 

75. Pang Y, Young CYF, Yuan H. MicroRNAs and prostate cancer. Acta 
Biochim Biophys Sin (Shanghai). 2010;42(6):363-369. 

76. Aqeilan RI, Calin GA, Croce CM. miR-15a and miR-16-1 in cancer: 
Discovery, function and future perspectives. Cell Death Differ. 
2010;17(2):215-220. 

77. Shi XB, Xue L, Yang J, Ma AH, Zhao J, Xu M, et al. An androgen- 
regulated miRNA suppresses Bak1 expression and induces androgen- 
independent growth of prostate cancer cells. Proc Natl Acad Sci U S 
A. 2007;104(50):19983-19988. 

78. Lu Z, Liu M, Stribinskis V,  Klinge CM, Ramos KS, Colburn NH,    
et al. MicroRNA-21 promotes cell transformation by targeting the 
programmed cell death 4 gene. Oncogene. 2008;27(31):4373-4379. 

79. Mattie MD, Benz CC, Bowers J, Sensinger K, Wong L, Scott GK, et al. 
Optimized high-throughput microRNA expression profiling provides 
novel biomarker assessment of clinical prostate and breast cancer 
biopsies. Mol Cancer. 2006;5:24. 

80. Porkka KP, Pfeiffer MJ, Waltering KK, Vessella RL, Tammela TLJ. 
MicroRNA expression profiling in prostate cancer. Cancer Res. 
2007;67(13):6130-6135. 

81. Sikand K, Slaibi JE, Singh R, Slane SD, Shukla GC. miR 488* inhibits 
androgen receptor expression in prostate carcinoma cells. Int J Cancer. 
2011;129(4):810-819. 

82. Galardi S, Mercatelli M, Giorda E, Massalini S, Frajese GV, Ciafrè 
SA, et al. miR-221 and miR-222 expression affects the proliferation 
potential of human prostate carcinoma cell lines by targeting p27Kip1. 
J Biol Chem. 2007;282(32):23716-23724. 

83. Gao J, Yang X, Zhang Y. Systematic lymphadenectomy in the treatment 
of epithelial ovarian cancer: A meta-analysis of multiple epidemiology 
studies. Jpn J Clin Oncol. 2015;45(1):49-60. 

84. Beesley VL, Price MA. Loss of lifestyle: Health behaviour and weight 
changes after becoming a caregiver of a family member diagnosed with 
ovarian cancer. Support Care Cancer. 2011;19(12):1949-1956. 

85. Hancke K, Isachenko V, Isachenko E, Weiss JM. Prevention of ovarian 
damage and infertility in young female cancer patients awaiting 
chemotherapy--clinical approach and unsolved issues. Support Care 
Cancer. 2011;19(12):1909-1919. 

86. Kehoe S. Screening for ovarian cancer. Maturitas. 2015. 

87. Suidan RS, Leitao MM, Zivanovic O, Gardner GJ, Roche KCL, 
Sonoda Y, et al. Predictive value of the Age-Adjusted Charlson 



Ahmed AA, et al. OPEN ACCESS Freely available online 

J Clin Cell Immunol, Vol.11 Iss.7 No:605 11 

 

 

 
Comorbidity Index on perioperative complications and survival in 
patients undergoing primary debulking surgery for advanced epithelial 
ovarian cancer. Gynecol Oncol. 2015. 

88. Modugno F, Ness RB, Allen GO, Schildkraut JM, Davis FG, Goodman 
MT, et al. Oral contraceptive use, reproductive history, and risk of 
epithelial ovarian cancer in women with and without endometriosis. 
Am J Obstet Gynecol. 2004;191(3):733-740. 

89. Teschendorff AE, Menon U, Maharaj AG, Ramus SJ, Gayther SA, 
Apostolidou S, et al. An epigenetic signature in peripheral blood 
predicts active ovarian cancer. PLoS One. 2009;4(12):e8274. 

90. Feng Y, Wang Z, Bao Z, Yan W, You G, Wang Y, et al. SOCS3 promoter 
hypermethylation is a favorable prognosticator and a novel indicator 
for G-CIMP-positive GBM patients. PLoS One. 2014;9(3):e91829. 

91. Goel A, Nagasaka T, Arnold CN, Inoue T, Hamilton C, Donna 
Niedzwiecki, et al. (2007) The CpG island methylator phenotype and 
chromosomal instability are inversely correlated in sporadic colorectal 
cancer. Gastroenterology 132 (1), 127-38. 

92. Wajed SA. DNA methylation: an alternative pathway to cancer. Ann 
Surg. 2001;234(1):10-20. 

93. Toyota M, Ahuja N, Suzuki H, Itoh F, Ohe-Toyota M, Imai K, et al. 
Aberrant methylation in gastric cancer associated with the CpG island 
methylator phenotype. Cancer Res. 1999;59(21)l5438-15442. 

94. Roman-Gomez J, Velasco AJ, Agirre X, Castillejo JA, Navarro G, 
Calasanz MJ, et al. CpG  island  methylator  phenotype  redefines  
the prognostic effect of t(12;21) in childhood acute lymphoblastic 
leukemia. Clin Cancer Res. 2006;12(16):4845-4850. 

95. Strathdee G, Appleton K, Illand M, Millan DWM,  Sargent J, Paul    
J, et al. Primary ovarian carcinomas display multiple methylator 
phenotypes involving known tumor suppressor genes. Am J Pathol. 
2001;158(3):1121-1127. 

96. Bai X, Song Z, Fu Y, Yu Z, Zhao L, Zhao H, et al. Clinicopathological 
significance and prognostic value of DNA methyltransferase 1, 3a, 
and 3b expressions in sporadic epithelial ovarian cancer. PLoS One. 
2012;7(6):e40024. 

97. Koukoura O. DNA methylation profiles in ovarian cancer: Implication 
in diagnosis and therapy (Review). Mol Med Rep. 2004;10(1):3-9. 

98. Zuberi M. RASSF1 and PTEN Promoter hypermethylation influences 
the outcome in epithelial ovarian cancer. Clinical Ovarian and Other 
Gynecologic Cancer. 2014;7(1–2):33-39. 

99. Stefanou DT, Bamias A, Episkopou H, Kyrtopoulos SA, Likka M, 
Kalampokas T, et al. Aberrant DNA damage response pathways may 
predict the outcome of platinum chemotherapy in ovarian cancer. 
PLoS One. 2004;10(2):e0117654. 

100. Wei SH, Chuan-Mu C, Gordon S, Jaturon H, Chi-Ren S, 
Farahnaz R, et al. Methylation microarray analysis of late-stage ovarian 
carcinomas distinguishes progression-free survival in patients and 
identifies candidate epigenetic markers. Clin Cancer Res. 2002;8:2246- 
2252. 

101. Asadollahi R, Hyde CA, Zhong XY. Epigenetics of ovarian 
cancer: from the lab to the clinic. Gynecol Oncol. 2010;118:81-87. 

102. Bast RC, Hennessy B, Mills GB. The biology of ovarian cancer: 
new opportunities for translation. Nat Rev Cancer. 2009;9:415-428. 

103. Kwon MJ, Shin YK. Epigenetic regulation of cancer-associated 
genes in ovarian cancer. Int J Mol Sci. 2011;12:983-1008. 

104. Feng W,  Marquez RT,  Liu J, Lu KH, Issa JP,  Fishman DM,   
et al. Imprinted tumor suppressor genes ARHI and PEG3 are the 
most frequently down-regulated in human ovarian cancers by loss of 
heterozygosity and promoter methylation. Can. 2008;112:1489-1502. 

105. Chen MY, Yu Y, Rosner G, Atkinson E, Fu S, Kavanagh J, et al. 
Synergistic inhibition of ovarian cancer cell growth with demethylating 
agents and histone deacetylase inhibitors. Can Res. 2007;67:681. 

106. Ballestar E, Esteller M. The epigenetic breakdown of cancer 
cells: from DNA methylation to histone modifications. Prog Mol 
Subcell Biol. 2005;38:169-181. 

107. Latham JA Dent SY. Cross-regulation of histone modifications. 
Nat Struct Mol Biol. 2007;14:1017-1024. 

108. Karlic R, Chung HR, Lasserre J, Vlahoviček K, Vingron M. 
Histone modification levels are predictive for gene expression. Proc 
Natl Acad Sci. 2010;107:2926-2931. 

109. Mutskov V, Felsenfeld G. Silencing of transgene transcription 
precedes methylation of promoter DNA and histone H3 lysine 9. 
EMBO J. 2004;23:138-149. 

110. Abbosh PH, Montgomery JS, Starkey JS, Novotny Ml. 
Dominant-negative histone H3 lysine 27 mutant derepresses silenced 
tumor suppressor genes and reverses the drug-resistant phenotype in 
cancer cells. Can Res. 2006;66: 5582-5591. 

111. Glozak MA. Acetylation and deacetylation of non-histone 
proteins. Gene. 2005;363:15-23. 

112. Glozak MA, Seto E. Histone deacetylases and cancer. Oncogene. 
2007;26:5420-5432. 

113. Gregoretti IV, Lee, YM, Goodson HV. Molecular evolution of 
the histone deacetylase family: functional implications of phylogenetic 
analysis. J Mol Biol 2004;338:17-31. 

114. Jin KL. Expression profile of histone deacetylases 1, 2 and 3 in 
ovarian cancer tissues. J Gynecol Oncol. 2008;19;185-190. 

115. Schickel R, Boyerinas B, Park SM, Peter ME, et al. MicroRNAs: 
Key players in the immune system, differentiation, tumorigenesis and 
cell death. Oncogene. 2008;27(45):5959-5974. 

116. Costa PM, Lima MC. MicroRNAs as molecular targets for 
cancer therapy: On the modulation of microRNA expression. Pharma. 
2013;6:1195-1220. 

117. Palmero EI. Mechanisms and role of microRNA deregulation 
in cancer onset and progression. Genet Mol Biol. 2011;34:363-370. 

118. Gregory RI, Shiekhattar R. MicroRNA Biogenesis and Cancer. 
Can Res. 2005;65:3509-3512. 

119. Valencia-Sanchez MA. Control of translation and mRNA 
degradation by miRNAs and siRNAs. Genes Dev. 2006;20:515-524. 

120. Wu J, Bao J, Yuan S, Tang C, Zheng H. Two miRNA clusters, 
miR-34b/c and miR-449, are essential for normal brain development, 
motile ciliogenesis, and spermatogenesis. Proc Natl Acad Sci. 
2014;111:1-7. 

121. Ha TY. MicroRNAs in human diseases: From cancer to 
cardiovascular disease. Immune Netw. 2011;11:135-154. 

122. Iorio MV. MicroRNA signatures in human ovarian cancer. Can 
Res. 2007;67:8699-8707. 

123. Brozovic, A. The miR-200 family differentially regulates 
sensitivity to paclitaxel and carboplatin in human ovarian carcinoma 
OVCAR-3 and MES-OV cells. Mol Oncol. 2015. 

124. Yang H. MicroRNA expression profiling in human ovarian 
cancer: miR-214 induces cell survival and cisplatin resistance by 
targeting PTEN. Can Res. 2008;68:425-433. 

125. Lee CH, Subramanian S, Beck AH, et al. MicroRNA profiling 
of BRCA1/2 mutation-carrying and non-mutation-carrying high-grade 
serous carcinomas of ovary. PLoS One. 2009;4:7314. 



Ahmed AA, et al. OPEN ACCESS Freely available online 

J Clin Cell Immunol, Vol.11 Iss.7 No:605 12 

 

 

126. Corney DC. Frequent downregulation of miR-34 family in 
human ovarian cancers. Clin Can Res. 2010;16:119-128. 

127. Catalano MG. Epigenetics modifications and therapeutic 
prospects in human thyroid cancer. Front Endocrinol. 2012;3:40. 

128. Kondo T, Nakazawa T, Ma D, Niu D, Mochizuki K, Kawasaki 
T, et al. Epigenetic silencing of TTF-1/NKX2-1 through DNA 
hypermethylation and histone H3 modulation in thyroid carcinomas. 
Lab Invest. 2009;89:791-799. 

129. Hoque MO. Quantitative assessment of promoter methylation 
profiles in thyroid neoplasms. J Clin Endocrinol Metab. 2005;90;4011- 
4018. 

130. Schagdarsurengin U, et al. Frequent epigenetic silencing of the 
CpG island promoter of RASSF1A in thyroid carcinoma. Can Res 
2002;62:698-701. 

131. Alvarez-Nunez F. PTEN promoter methylation in sporadic 
thyroid carcinomas. Thyroid. 2006;16:17-23. 

132. Cantley LC, Neel BG. New insights into tumor suppression: 
PTEN suppresses tumor formation by restraining the phosphoinositide 
3-kinase/AKT pathway. Proc Natl Acad Sci. 1999;96:4240-4245. 

133. Xing M. Early occurrence of RASSF1A hypermethylation and 
its mutual exclusion with BRAF mutation in thyroid tumorigenesis. 
Can Res. 2004;64:1664-1668. 

134. Qi JH, Ebrahem EQ, Moore N, Murphy  G,  Claesson-  
Welsh L, Bond M, et al. A novel function for tissue inhibitor of 
metalloproteinases-3 (TIMP3): inhibition of angiogenesis by blockage 
of VEGF binding to VEGF receptor-2. Nat Med. 2003;9:407-415. 

135. Hu S, Liu D, Tufano RP, Carson KA, Rosenbaum E, Cohen Y, 
et al. Association of aberrant methylation of tumor suppressor genes 
with tumor aggressiveness and BRAF mutation in papillary thyroid 
cancer. Int J Can. 2006;119:2322-2329. 

136. De Falco V. RET/Papillary Thyroid Carcinoma Oncogenic 
Signaling through the Rap1 Small GTPase. Can Res. 2007;67:381-390. 

137. Gao L, Feng Y, Bowers R, Becker-Hapak M, Gardner J, Council 
L. et al. Ras-associated protein-1 regulates extracellular signal-regulated 
kinase activation and migration in melanoma cells: two processes 
important to melanoma tumorigenesis and metastasis. Can Res. 
2006;66:7880-7888. 

138. Wang Z. Rap1-Mediated Activation of Extracellular Signal- 
Regulated Kinases by Cyclic AMP Is Dependent on the Mode of Rap1 
Activation. Molecular and Cellular Biol. 2006;26:2130-2145. 

139. Zhang L. Identification of a putative tumour suppressor gene 
Rap1GAP in pancreatic cancer. Can Res. 2006;66:898-906. 

140. Zhang Z, Mitra RS, Henson BS, Datta NS, McCauley LK, 
Kumar P, et al. Rap1GAP inhibits tumor growth in oropharyngeal 
squamous cell carcinoma. Am J Pathol. 2006;168:585-596. 

141. Nellore A. Loss of Rap1GAP in papillary thyroid cancer. J Clin 
Endocrinol Metab. 2009;94:1026-1032. 

142. Tsygankova OM. Downregulation of Rap1GAP contributes to 
Ras transformation. Mol Cell Biol. 2007;27:6647-6658. 

143. Rodriguez-Rodero S, Fernández AF, Fernández-Morera JL, 
Santos PC, Bayon GF, Ferrero C, et al. DNA methylation signatures 
identify biologically distinct thyroid cancer subtypes. J Clin Endocrinol 
Metab. 2013;98:2811-2821. 

144. Puppin C. Levels of histone acetylation in thyroid tumors. 
Biochem Biophys Res Commun. 2011;411:679-683. 

145. Borbone E. Enhancer of Zeste Homolog 2 Overexpression Has 
a Role in the Development of Anaplastic Thyroid Carcinomas. The 
Journal of Clinical Endocrinology and Metabolism. 2011;96:1029- 
1038. 

146. Harapan H, Andalas M. The role of microRNAs in the 
proliferation, differentiation, invasion, and apoptosis of trophoblasts 
during the occurrence of preeclampsia—A systematic review. Tzu Chi 
Medical J. 2005;27:54-64. 

147. Li, X, Abdel-Mageed AB, Mondal D, Kandil E. MicroRNA 
expression profiles in differentiated thyroid cancer, a review. Int J Clin 
Exp Med. 2013;6:74-80. 

148. Hung CH. MicroRNAs in hepatocellular carcinoma: 
carcinogenesis, progression, and therapeutic target. Biomed Res Int. 
2014;486407. 

149. Jansson MD, Lund AH. MicroRNA and cancer. Molecular 
Oncol 2012;6:590-610. 

150. Nana-Sinkam SP, Croce CM. MicroRNA regulation of 
tumorigenesis, cancer progression and interpatient heterogeneity: 
towards clinical use. Genome Biol. 2014;15: 445. 

151. Zhang B, Pan X, Cobb GP, Anderson TA. microRNAs as 
oncogenes and tumor suppressors. Developmental Biol. 2007;302:1- 
12. 

152. Calin GA, Croce CM. MicroRNA signatures in human cancers. 
Nat Rev Can. 2007;6:857-866. 

153. Allegra A, Alonci A, Campo S, Penna G. Circulating 
microRNAs: New biomarkers in diagnosis, prognosis and treatment of 
cancer (review). Int J Oncol. 2012;41:897-912. 

154. Samimi H. MicroRNAs networks in thyroid cancers: focus on 
miRNAs related to the fascin. J Diabetes Metab Disord. 2013;12:31. 

155. Sharma S. Epigenetics in cancer. Carcinogenesis. 2010;31:27- 
36. 

156. Popovic R, Licht JD. Emerging epigenetic targets and therapies 
in cancer medicine. Cancer Discov. 2012;2:405-413. 

157. Kafri T. Developmental pattern of gene-specific DNA 
methylation in the mouse embryo and germ line. Genes Dev. 
1992;6:705-714. 

158. Issa JP. CpG-island methylation in aging and cancer. Curr Top 
Microbiol Immunol. 2000;249:101-118. 

159. Liebner DA, Shah MH. Thyroid cancer: pathogenesis and 
targeted therapy. Ther Adv Endocrinol Metab. 2011;2:173-195. 

160. Tsou JA, Hagen JA, Carpenter CL, Laird-Offringa IA. DNA 
methylation analysis: A powerful new tool for lung cancer diagnosis. 
Oncogene. 2002;21:5450-5461. 

161. Suzuki H, Gabrielson E, Chen W, Anbazhagan R, Engeland 
MV, Weijenberg MP, et al. A genomic screen for genes upregulated by 
demethylation and histone deacetylase inhibition in human colorectal 
cancer. Nat Genet. 2002;31:141-149. 

162. Guo M, Peng Y, Gao A, Du C, Herman JG. Epigenetic 
heterogeneity in cancer. Biomark Res. 2019;7:23. 

163. Roberti A, Valdes AF, Torrecillas R, Fraga MF, Fernandez AF. 
Epigenetics in cancer therapy and nanomedicine. Clin Epigenetics. 
2019;11: 81. 

164. Pstrąg N, Ziemnicka K, Bluyssen H, Wesoły J. Thyroid cancers 
of follicular origin in a genomic light: in-depth overview of common 
and unique molecular marker candidates. Mol Cancer. 2018;17:116. 

165. Grimm D, Bauer J, Wise P, Kruger M, Simonsen U, Wehland 
M, et al. The role of SOX family members in solid tumours and 
metastasis Semin Cancer Biol. 2019;S1044-579X. 

166. Tirrò E, Martorana F, Romano C, Vitale SR, Motta G, 
Gregorio SD, et al. Molecular Alterations in Thyroid Cancer: From 
Bench to Clinical Practice. Genes. 2019;10:709. 



Ahmed AA, et al. OPEN ACCESS Freely available online 

J Clin Cell Immunol, Vol.11 Iss.7 No:605 13 

 

 

167. Chatterjee A,  Rodger  EJ,  Eccles  MR.  Epigenetic  drivers  
of tumourigenesis and cancer metastasis. Semin Cancer Biol. 
2018;51:149-159. 

168. Gallardo E, Medina J, Sanchez JC, Viudez A, Grande E, Porras 
I, et al. SEOM clinical guideline thyroid cancer (2019). Clin Transl 
Oncol; 2020;22:223-235. 

169. Ahmed AA, Essa MEA. Potential of epigenetic events in human 
thyroid cancer. Cancer genetics;2019. 

170. Laetitia G, Sven S, Fabrice J. (2020) Combinatorial therapies 
in thyroid cancer: An overview of preclinical and clinical progresses. 
Cells. 2020;9:830. 

171. Nebbioso, A. Tambaro FP, Dell'Aversana C, Altucci L. Cancer 
epigenetics: Moving forward. PLoS genetics. 2018;14:e1007362. 

172. Mahmood N, Rabbani SA. DNA Methylation Readers and 
Cancer: Mechanistic and Therapeutic Applications. Front Oncol. 
2019;9:489. 

173. Zafon C, Gil J, González BP, Jordà M (2019) DNA methylation 
in thyroid cancer. Endocrine-related Cancer. 2019;26:R415-R439. 

174. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, 
Alfano CM, et al. Cancer treatment and survivorship statistics, 2019. 
CA: A cancer journal for clinicians. 2019; 69:363-385. 

175. Yoo SK, Song YS, Lee KE, Hwang J, Kim HH, Jung G, et al. 
Integrative analysis of genomic and transcriptomic characteristics 
associated with progression of aggressive thyroid cancer. Nat Commun. 
2019;10:2764. 

176. Jouinot A, Bertherat J. Management of endocrine disease: 
Adrenocortical carcinoma: Differentiating the good from the poor 
prognosis tumors. Eur J Endocrinol. 2018;178:R215-R230. 

177. Krzyszczyk P, Acevedo A, Davidoff EJ, Timmins LM, Berrios 
IM, Patel M, et al. The growing role of precision and personalized 
medicine for cancer treatment. Technology.2018;6:79-100. 

178. Pittaway JF, Guasti L. Pathobiology and genetics of adrenocortical 
carcinoma. J Mol Endocrinol. 2019; 62:R105-R119. 

179. Baquedano MS, Belgorosky, A. Human adrenal cortex: 
epigenetics and postnatal functional zonation. Horm Res 
Paediatr.2018;89:331-340. 

180. Liu CF, Tang WHW. Epigenetics in Cardiac Hypertrophy and 
Heart Failure. JACC Basic Transl Sci. 2019;4:976-993. 

181. Gottschalk MG, Domschke K, Schiele MA. Epigenetics 
underlying susceptibility and resilience relating to daily life stress, work 
stress, and socioeconomic status. Frontiers in Psychiatry. 2020;11:163. 

182. Liu CF, Tang WW. Epigenetics in Cardiac Hypertrophy and 
Heart Failure. JACC: Basic to Translational Science. 2019;4:976-993. 

183. Xu, L. Khaddour K, Chen J, Rich KM, Perrin RJ, Campian JL. 
Pituitary carcinoma: Two case reports and review of literature. World 
Journal of Clinical Oncology. 2020;11: 91. 

184. De Sousa SM, McCormack AI. Aggressive pituitary tumors and 
pituitary carcinomas 2018. 

185. Hauser BM, Lau B, Gupta S, Bi WL. The epigenomics of 
pituitary adenoma. Frontiers in endocrinology. 2019;10:290. 

186. Rindi G, Klimstra  DS,  Ardekani  BA,  Asa  SL,  Bosman  
FT, Brambilla E, et al. A common classification framework for 
neuroendocrine neoplasms: an International Agency for Research  
on Cancer (IARC) and World Health Organization (WHO) expert 
consensus proposal. Mod Pathol. 2018; 31:1770-1786. 

187. Dubois M, Guaspare C. From cellular memory to the memory 
of trauma: Social epigenetics and its public circulation. Soc Sci Info. 
2020;59:144-183. 

188. 188. Trouillas J, Rea MLJ, Vasiljevic A, Raverot G, Roncaroli F, 
Villa C. How to classify the pituitary neuroendocrine tumors (PitNET) 
s in 2020. Cancers. 2020;12:514. 

189. Renner U, Ciato D, Stalla GK. Recent advances in understanding 
corticotroph pituitary tumor initiation and progression. F1000Res. 
2018; 7. 

190. Søreide K, Primavesi F, Labori KT, Watson MM, Stattner S. 
Molecular biology in pancreatic ductal adenocarcinoma: implications 
for future diagnostics and therapy. Eur Surg. 2019;51:126-134. 

191. Li H, Yang Y, Hong W, Huang M, We M, Zhao X. Applications 
of genome editing technology in the targeted therapy of human 
diseases: mechanisms, advances and prospects. Signal Transduct 
Target Ther. 2020;5:1. 

192. Lomberk G, Dusetti N, Iovanna J, Urrutia R. Emerging 
epigenomic landscapes of pancreatic cancer in the era of precision 
medicine. Nat Commun. 2019;10:1-10. 

193. Kaissis GA, Ziegelmayer S, Lohöfer FK, Harder FN, Jungmann 
F, Sasse D, et al. Image-based molecular Phenotyping of pancreatic 
ductal adenocarcinoma. J CLin Med. 2020;9:724. 

194. Orth M, Metzger P, Gerum S, Meyrele J, Schneider G, Belka C, 
et al. Pancreatic ductal adenocarcinoma: biological hallmarks, current 
status, and future perspectives of combined modality treatment 
approaches. Rad Oncol. 2019;14:141. 

195. Barta JA, Powell CA, Wisnevesky JP. Global epidemiology of 
lung cancer. Ann Glob Health. 2019;85. 

196. Pop S, Enciu AM, Tarcomnicu I, Gille E, Tanase C. 
Phytochemicals in cancer prevention: modulating epigenetic 
alterations of DNA methylation. Phytochem Rev. 2019;18:1005-1024. 

197. Cheng Y, He C, Wang M, Ma X, Mo F, Yang S, et al. Targeting 
epigenetic regulators for cancer therapy: mechanisms and advances in 
clinical trials. Signal Transduct Target Ther. 2019;4:62. 

198. McSwiggin HM, O’Doherty AM. Epigenetic reprogramming 
during spermatogenesis and male factor infertility. Reproduction. 
2018;156:R9-R21. 

199. Chen S, Yang J, Wei Y, Wei X. Epigenetic regulation of 
macrophages: from homeostasis maintenance to host defense. Cell 
Mol Immunol. 2019;1-14. 

200. Budak M, Yildiz, M. Epigenetic modifications and potential 
treatment approaches in lung cancers. Lung cancer-strategies for 
diagnosis and treatment. Intech Open. 2018; 115-135. 

201. Fox A, Feng W, Asal V. What is driving global obesity trends? 
Globalization or “modernization”? Global Health. 2019;15:32. 

202. Di Cesare M, Soric M, Bovet P, Miranda JJ, Bhutta Z, Stevens 
GA, et al. The epidemiological burden of obesity in childhood: a 
worldwide epidemic requiring urgent action. BMC Med. 2019;17:212. 

203. Obri A, Claret M. The role of epigenetics in hypothalamic energy 
balance control: implications for obesity. Cell stress. 2019;3:208. 

204. Kopp W. How western diet and lifestyle drive the pandemic  
of obesity and civilization diseases. Diabetes Metab Syndr Obes. 
2019;12:2221. 

205. Marousez L, Lesage J, Eberle D. Epigenetics: Linking Early 
Postnatal Nutrition to Obesity Programming? Nutrients. 2019;11:2966. 

206. Niccolai E, Boem F, Russo E, Amedei A. The Gut–Brain Axis 
in the Neuropsychological Disease Model of Obesity: A Classical 
Movie Revised by the Emerging Director “Microbiome”. Nutrients. 
2019;11:156.. 


