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The Holy Grail of medical diagnosis is the identification of specific 
biomarkers for a predictive diagnosis or the accurate diagnostic 
confirmation of a pathologic process. Over the past decade, abundant 
data have confirmed that important epigenetic changes are at the base 
of many oncogenic processes and that different epigenetic signature 
might be of clinical utility as biomarkers of cancer.

Epigenetics, defined as phenotypic changes transmitted from one 
generation to another with no apparent alterations in structural DNA, 
is a common phenomenon in health and disease. Classical epigenetic 
mechanisms, including DNA methylation, histone modifications, and 
microRNA (miRNA) regulation, are among the major regulatory elements 
that control metabolic pathways at the molecular level. These epigenetic 
modifications regulate gene expression transcriptionally, and miRNAs 
suppress gene expression post-transcriptionally [1]. DNA methylation 
contributes to natural human variation [2]. Epigenetic changes in genes 
associated with age affect life expectancy and longevity [3]. Altered DNA 
methylation patterns may account for phenotypic changes associated with 
human aging, neurodegeneration and cancer [4-6].

Dramatic changes in epigenetic events are common in pathogenic 
genes associated with major problems of health and particularly in 
cancer. These genes and their products are fundamental targets for an 
efficient anti-tumoral treatment and for biomarkers of diagnosis and 
prognosis [7]. The impact of epigenetic events in oncogenic genes has 
been documented in many different types of cancer.

Epigenetic inactivation of multiple tumor suppressor genes plays 
an important role in the tumorigenesis of colorectal carcinoma (CRC) 
[8]. Changes in DNA methylation, whether hypo or hypermethylation, 
have been shown to be associated with the progression of CRC. 
Methylation changes substantially in the progression from normal 
mucosa to adenoma and to carcinoma [9]. Hypermethylation of several 
gene clusters has been termed CpG island methylator phenotype and 
appears to define a subgroup of colon cancer distinctly characterized 
by pathological, clinical, and molecular features. DNA methylation of 
multiple promoters may serve as a biomarker for early detection in stool 
and blood DNA and as a tool for monitoring patients with CRC. DNA 
methylation patterns may also be predictors of metastatic or aggressive 
CRC [10]. Nasopharyngeal carcinoma associated gene 6 (NGX6) is 
down-regulated in most colon cancer cell lines and tumor tissues. The 
sequence spanning positions -157 to +276 was identified as the NGX6 
promoter, in which no canonical TATA boxes were found, while two 
CAAT boxes and GC boxes were discovered. Dense methylation of 
the NGX6 promoter was associated with CRC and metastasis [11]. 
Serrated adenocarcinoma is a subset of CRC, which accounts for about 
10% of all CRCs and follows an alternative pathway in which serrated 
polyps replace the traditional adenoma as the precursor lesion to CRC. 
Serrated polyps form a heterogeneous group of colorectal lesions that 
includes hyperplastic polyps, sessile serrated adenoma, traditional 
serrated adenoma and mixed polyps. Serrated polyps exhibited a 
distinct genetic pattern, with KRAS and BRAF having an important 
contribution to its development, and also show microsatellite 
instability and the CpG island methylator phenotype [12]. Several 
miRNAs are already known to be dysregulated in CRCs and have 
been linked to biological processes involved in tumor progression and 

response to anti-cancer therapies (oxaliplatin, irinotecan, cetuximab, 
panitumumab, bevacizumab, aflibercept and regorafenib) [13]. In two 
clinical trial cohorts, a systematic biomarker discovery and validation 
approach identified miR-320e to be a novel prognostic biomarker that 
is associated with adverse clinical outcome in stage III CRC patients 
treated with 5-FU-based adjuvant chemotherapy [14].

CRC with microsatellite instability (MSI) displays unique clinic 
pathologic features including a mucinous pattern with frequent 
expression of the secreted mucins MUC2 and MUC5AC. MUC2 
and MUC5AC are frequently hypomethylated in CRC. MUC2 and 
MUC5AC hypomethylation was associated with MUC2 and MUC5AC 
protein expression, poor differentiation and microsatellite instability 
(MSI) status. MUC5AC hypomethylation was specific to MSI cancers, 
and it was associated with BRAF mutation and CpG island methylator 
phenotype [15].

Metastasis is responsible for most cancer-related deaths and 
epigenetic changes contribute to the dissemination process. In 
melanoma, a hypomethylation event that reactivates a cryptic 
transcript of the Rab GTPase activating protein TBC1D16 was found to 
be a characteristic feature of the metastatic cascade. This short isoform 
of TBC1D16 exacerbates melanoma growth and metastasis both in 
vitro and in vivo. RAB5C is a new TBC1D16 target that regulates 
EGFR in melanoma cells. Epigenetic reactivation of TBC1D16-47KD 
is associated with poor clinical outcome, while conferring greater 
sensitivity to BRAF and MEK inhibitors [16].

The analysis of 409 cancer-related genes in HER2-positive breast 
cancer tissue samples revealed resistance to trastuzumab. The WNT 
pathway was potentially activated by aberrant methylation of its 
negative regulators, such as DKK3 and SFRP1, in 9 breast cancers. 
The AKT/mTOR pathway was activated by mutations of PIK3CA 
in 5 breast cancers. The Notch pathway was potentially activated by 
mutations of NOTCH1 and NOTCH2 in 4 breast cancers. The p53 
pathway was inactivated by mutations of TP53 in 13 breast cancers 
and potentially by aberrant methylation of its downstream genes in 10 
breast cancers. Cell adhesion was affected by mutations of CDH1 in 1 
breast cancer [17].

ANXA1 is overexpressed in familial breast cancer (BC) patients 
with BRCA1/2 mutations and this correlates with poor prognosis 
features: triple negative and poorly differentiated tumors. ANXA1 
might be a biomarker candidate for breast cancer survival prediction 
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in high risk groups such as HER2+ cases [18]. The steroid receptor 
coactivator SRC3 is essential for the transcriptional activity of estrogen 
receptor α. BC pathogenesis relies upon SRC3, which also has been 
implicated in endocrine resistance. SRC3 is post-translationally 
modified by phosphorylation. While total SRC3 is selectively found 
at enhancer regions, SRC3-pS543 is recruited to promoters of ERα 
responsive genes. SRC3-pS543 was associated with improved survival. 
Phosphorylation of SRC3 at S543 affects its genomic interactions on 
a genome-wide level, where SRC3-pS543 is selectively recruited to 
promoters of ERα-responsive genes. SRC3-pS543 is a prognostic 
marker, and a predictive marker of response to endocrine therapy [19]. 

HOXC6 is a homeobox-containing gene which is overexpressed in 
a variety of cancers including breast and prostate cancers. E2 induces 
HOXC6 expression in BC cells. HOXC6 expression is also induced upon 
exposure to BPA. Estrogen-receptor-alpha (ERα) and ER-coregulators 
such as MLL-histone methylases are bound to the HOXC6 promoter 
upon exposure to E2 or BPA, resulting in increased histone H3K4-
trimethylation, histone acetylation, and recruitment of RNA polymerase 
II at the HOXC6 promoter. HOXC6 overexpression induces expression 
of tumor growth factors and facilitates growth 3D-colony formation, 
indicating its potential roles in tumor growth [20].

The expression of protein tyrosine phosphatase PTPN12 is 
epigenetically regulated, and 5-Azacytidine (5-Azac) modifies the 
expression of PTPN12 in the MDA-MB-231 and BT-549 triple-
negative breast cancer cell lines [21].

Gadd45g (growth arrest and DNA-damage-inducible 45 gamma) 
is a stress-response protein, which has been implicated in several 
biological processes, including DNA repair, the cell cycle and cell 
differentiation. MiR-383 is a negative regulator of Gadd45g. Forced 
expression of miR-383 decreases the expression of Gadd45g through 
binding to the 3’ untranslated region (3’-UTR), whereas inhibition of miR-
383 increases Gadd45g expression. The presence of miR-383 increased the 
cellular sensitivity to DNA damage in breast cancer cells, which is rescued 
by ectopic expression of Gadd45g without the 3’-UTR [22].

Gene expression profiles and data of gene promoter methylation 
for a large panel of non-small cell lung cancer cell lines identified 578 
candidate genes with expression levels that were inversely correlated 
to the degree of DNA methylation. These candidate genes were 
differentially methylated in normal lung tissue versus non-small cell 
lung cancer tumors, and segregated by histologic and tumor subtypes. 
Genes related to the epithelial-to-mesenchymal transition, such as 
AXL, ESRP1, HoxB4, and SPINT1/2, were among the nearly 20% of the 
candidate genes that were differentially methylated between epithelial 
and mesenchymal cells. Greater numbers of genes were methylated 
in the mesenchymal cells and their expressions were upregulated by 
5-azacytidine treatment. Methylation of the candidate genes was
associated with erlotinib resistance in wild-type EGFR cell lines [23].

PRDM2, PRDM5, PRDM16 promoters are methylated and their 
expression is suppressed in lung cancer cells. Demethylation drug 
5-aza-2dC could upregulate the expression of PRDM2, PRDM5,
PRDM16 and suppress lung cancer cell growth [24].

KCNJ2/Kir2.1, a member of the classical inwardly rectifying 
potassium channel family, is commonly expressed in a wide range of 
tissues and cell types. Kir2.1 is associated with small-cell lung cancer 
(SCLC) multidrug resistance (MDR). KCNJ2/Kir2.1 was expressed 
in 44.23% (23/52) of SCLC tissues. Overexpression of KCNJ2/Kir2.1 
was correlated with the clinical stage and chemotherapy response in 
SCLC patients. Knockdown of KCNJ2/Kir2.1 expression using KCNJ2/
Kir2.1 shRNA in H69AR and H446AR cells inhibited cell growth and 

sensitized the cancer cells to chemotherapeutic drugs by increasing cell 
apoptosis and cell cycle arrest. Multidrug resistance protein 1 (MRP1/
ABCC1) interacts with KCNJ2/Kir2.1. KCNJ2/Kir2.1 modulates cell 
growth and drug resistance by regulating MRP1/ABCC1 expression 
and is simultaneously regulated by the Ras/MAPK pathway and miR-7 
[25]. 

Glutathione S-transferase 1 (GSTP1) inactivation is associated 
with CpG island promoter hypermethylation in prostate cancer (PC). 
Plasma mGSTP1 DNA is a potential prognostic marker in men with 
PC as well as a potential surrogate therapeutic efficacy marker for 
chemotherapy [26].

The RUNX gene family is involved in hematological malignancies. 
Epigenetic studies to elucidate RUNX inactivation in leukemia 
cell lines and samples from acute myeloid leukemia (AML), acute 
lymphocytic leukemia (ALL) and myelodysplastic syndrome (MDS) 
patients revealed that promoter DNA methylation of RUNX1, 2, and 3 
in 23 RUNX1 and RUNX2 gene promoters were mostly unmethylated 
in cell lines and clinical samples. Hypermethylation of RUNX3 was 
frequent among cell lines (74%) and highly variable among patient 
samples, with clear association with cytogenetic status. High frequency 
of RUNX3 hypermethylation (85%) was found in AML patients with 
inv(16)(p13.1q22) compared to other AML subtypes (31%). RUNX3 
hypermethylation was also frequent in ALL (100%) but low in MDS 
(21%). Hypermethylation of RUNX3 was correlated with low levels of 
protein, and treatment of cell lines with the DNA demethylating agent, 
decitabine, resulted in mRNA re-expression. Relapse-free survival of 
non-inv(16)(p13.1q22) AML patients without RUNX3 methylation 
was better than that of methylated cases. RUNX3 silencing is an 
important event in inv(16)(p13.1q22) leukemias [27].

miRNAs located at chromosome fragile sites play important roles 
in regulating critical genes associated with myeloma pathogenesis, 
disease progression and drug resistance. MiR-33b (chromosome 17p) 
is one of the dysregulated miRNAs in the sera of newly-diagnosed 
multiple myeloma (MM) patients. The expression of miR-33b is 
down-regulated in newly-diagnosed and relapsed MM patients 
compared to remission patients and health donors. Patients with 
del (13q), del (17p),t(4;14) and high-risk genetic abnormalities have 
lower expression levels of miR-33b compared to patients without 
those abnormalities. Patients with miR-33b low expression have 
shortened survival and might be associated with drug resistance to 
bortezomib-based treatment [28].

These are but a few examples of the vast repertoire that epigenetic 
biomarkers may provide for the clinical management of oncogenic 
processes. Furthermore, some modalities of cancer are susceptible to 
epigenetic therapy with epigenetic drugs, since epigenetic modifications 
are reversible and can be targeted by pharmacological intervention [6].
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