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Abstract: Colorectal cancer (CRC) is one of the most common cancers worldwide and the second leading 
cause of cancer-related mortality in western countries. Despite the high incidence, treatment options for 
advanced CRC remain limited and unsuccessful, resulting in a poor prognosis. Therefore, novel accurate 
diagnostic, prognostic and predictive biomarkers are clearly and urgently needed to detect advanced colon 
polyps and early stage CRC and to identify the most effective treatments for specific CRC patients. CRC 
is known to develop from early premalignant lesions to full blown cancer via a multi-step process involving 
a series of genetic mutations that accumulate over time. Recent improvement of our understanding of 
CRC biology and advances in genomic technologies has led to the identification of a variety of epigenetic 
alterations strongly involved in cancer initiation and progression. Among the epigenetic marks implicated 
in CRC the most widely studied are the global DNA hypomethylation, the promoter hypermethylation and 
the miRNAs dysregulations. Many evidence exist that such tumour associated alterations may serve as new 
potential biomarkers. Moreover, due the non-invasive, objective, and potential reproducible assessment, 
circulating epigenetic biomarkers have reached increasing attentions in the last few years. In this review, 
we attempt to analyze the existing most recent literature on the role of circulating DNA methylations and 
miRNAs alterations in CRC diagnosis and prognosis.
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Introduction

Colorectal cancer (CRC) is the second leading cause of 
cancer-related death in Western countries. 

Despite consistent improvements in screening strategies 
and the development of more effective treatments, 
the 5-year survival rates for advanced cancer is still 
unpromising (1). 

Classically, CRC has been considered a complex 
disease that arises as result of the accumulation of genetic 

alterations in key regulatory genes and pathways, including 
the RAS-MAPK pathway with KRAS, NRAS, and BRAF 
genes, Wnt and P13K pathways (2). Subsequently, it became 
clear that genetic mutations play, in fact, only a partial role 
in colorectal carcinogenesis. Epigenetic variations in cancer-
related genes and noncoding RNAs are now believed to be 
strongly involved in cancer initiation and progression. They 
occur widely across the genome and constitute an important 
cause of tumour heterogeneity. Nowadays, multiple ways 
for epigenetic modification are known to play pivotal 
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role in CRC including microsatellite instability, histone 
modifications, DNA methylation, chromatin remodelers and 
non-coding RNAs (3). Consequently, epigenetic alterations 
represent an attractive target either for epidemiological 
and physiopathological studies or for therapeutic response 
evaluation and drug design (4-6). Furthermore, they have 
been recently proposed as new diagnostic and prognostic 
biomarkers. In the present review, we will provide an 
overview of the clinical applications of the most extensively 
studied epigenetic alterations as diagnostic and prognostic 
biomarkers for CRC. In particular we focused on DNA 
methylation and microRNAs (miRNAs) which are the 
epigenetic biomarkers currently most studied in CRC.

DNA methylation

DNA methylation consists to the enzymatic addition of 
a methyl group to cytosine in 5-position. The process is 
catalyzed by DNA methyltransferases and usually entails a 
covalent linkage within a CG dinucleotide sequence, termed 
CpG transcription (7). In normal mammalian cells CpGs 
can be found as single dinucleotides spread throughout the 
genome or concentrated in large clusters conventionally 
known as “CpG islands” representing sequences of 200–500 
bases in length with greater than 50% GC content. In 
normal mammalian cells, the majority of the CpG sites are 
heavily methylated while CpG islands, usually located in the 
promoter regions of genes, are unmethylated. Interestingly, 
during cancer initiation, hyper-methylation within the 
promoter region may lead to inactivation of tumor-
suppressor genes, while generalized hypo-methylation 
is associated with genomic instability and chromosomal 
aberrations (8).

Global DNA hypomethylation

The global loss of DNA methylation predominantly affects 
CpG dinucleotides found in repetitive sequences of DNA, 
such as Long Interspersed Nucleotide Element 1 (LINE-1) 
and Alu repeats. 

LINE-1 repeats are distributed throughout the genome 
and occupy approximately 18% of the genome. LINE-
1 has retrotransposition activity, an ability through which, 
upon hypomethylation, LINE-1 can copy itself and 
mobilize new copies to novel genomic locations. Line-
1, as retrotransposon, heavily impacts the structure of the 
genome and may have adverse effects on genome stability 
thus contributing to cancer initiation and progression (9,10). 

To date LINE-1 methylation levels have been intensively 
studied in almost all human cancer types and used as 
surrogate biomarkers to estimate the DNA methylation 
level across the genome in cancer tissues and in white blood 
cells. Recently, a meta-analysis including 19 unique articles 
published between 2004 and 2014 has been performed 
in order to evaluate the association between blood and 
tissue LINE-1 hypomethylation and cancer risk (11). The 
quantitative analysis, performed on 2,554 cancer patients 
and 3,553 healthy controls, demonstrated that the mean 
methylation level in cancer patients was 6.4% lower than 
in healthy controls. A subgroup analysis by specific cancer 
types revealed that LINE-1 hypomethylation increases at a 
statistically significant level in colorectal and gastric cancer 
but not in hepatocellular carcinoma (HCC). In particular, 
in the subgroup analysis on CRC studies, including 693 
patients and 481 controls, the LINE-1 methylation levels 
were 8.3% lower in patients than in controls (95% CI: 
−10.56 to −6.10, P<0.001).

Interesting, studies on colorectal and gastric cancer 
investigated LINE-1 methylation in tissue speciments, 
while included studies on HCC evaluated the association 
in peripheral leukocytes. Accordingly, the meta-analysis 
strongly confirmed that an association between LINE-
1 hypomethylation and increased cancer risk exist but 
is proven only in tissue samples both fresh/frozen and 
formalin-fixed paraffin-embedded (FFPE) tissues and not 
in blood samples. In another well powered cross-sectional 
study, King and coauthors reported a statistically significant 
inverse relationship between LINE-1 methylation in colon 
tissue and adenoma risk for the lowest methylation quartile 
compared to the highest (adjusted OR: 2.26, 95% CI: 1.11–
4.58, P=0.02) (12). The same analysis performed on blood 
failed to reveal a statistically significant association although 
the overall pattern of odds ratio for increased risk showed a 
trend across increasing methylation quartiles (adjusted OR: 
1.39, 95% CI: 0.67–2.89, P=0.37). A weak correlation was 
found between blood and tissue methylation levels (r =0.36).

These finding were in concordance with previous 
evidences demonstrating that, in bladder and colon cancer, 
the global hypomethylation detected in tumor tissues was 
not found in blood samples (13,14).

On the contrary, Walters et al. (15) reported strong 
evidence of an association between high levels of LINE-1 
methylation in white blood cells and increased risk of CRC 
(OR: 2.34, 95% CI: 1.48–3.70, P<0.001).

To date, many studies have also evaluated the association 
between LINE-1 hypomethylation and clinical outcome. 
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Overall, studies on tissue LINE-1 methylation consistently 
demonstrated that LINE-1 hypomethylation was associated 
with higher CRC-specific mortality especially in early stage 
cancer (16-18) while evidence coming from studies on 
circulating LINE-1 are still lacking. 

Promoter hypermethylation

Diagnostic role of circulating biomarkers
Aberrant gene promoter methylation in the plasma 
or serum of patients with CRC has been shown great 
promise as potential diagnostic indicator of CRC. To 
date, a lot of hypermethylated genes have been reported 
in CRC, but only few have been included in commercial  
blood-based test.

SEPT9 is one of the most widely studied genes. The 
first works to evaluate methylated SEPT9 in the plasma 
of CRC patients were published in 2008 (19,20). In 
these preliminary reports on research kits the SEPT9 
assay already exhibited high sensitivity and specificity for 
CRC detection. After the improvement of the method 
and subsequent availability of the first generation 
commercialized product (Epi proColon 1.0, Epigenomics 
AG, Berlin) and, subsequently of the second-generation 
one (Epi proColon 2.0), the detection sensitivity increased 
from about 60–70% to about 70–90%, while the specificity 
increased from 80–90% to above 90% (21). Notably, 
second-generation Epi proColon SEPT9 assay exhibited a 
better sensitivity and almost equal specificity to that of the 
most commonly used standard guaiac-based fecal occult 
blood test (gFOBT) (22). More specifically, the second 
generation SEPT9 assay showed a clear advantage over 
gFOBT test in detecting right-sided CRCs with sensitivities 
of 94.4% and 50% respectively. With respect to the first 
generation assay, the new kit implies fewer handling steps, 
fewer reagents and a reduced overall processing time. More 
importantly, the procedure includes three independent 
PCR replicates instead of two, which explains the enhanced 
sensitivity. However, methylated SEPT9 of both first and 
second generation have shown a limited sensitivity for the 
detection of advanced adenomas (27.4%), underscoring the 
need for further improvement of this test in population-
based screening setting (23).

Since combining multiple biomarkers has become a 
trend in CRC detection and screening, several authors 
evaluated the diagnostic performance of SEPT9 assay along 
with other blood-based candidate methylated genes. The 
association of SEPT9 with TAC1 methylation assay yielded 

a sensitivity of 73.1% and a specificity of 92.3% (24) while 
its association with TMEFF2 and ALX4, further increased 
both sensitivity (80.7%) and specificity (90.0%) (25). More 
importantly, Tanzer and coauthors recently demonstrated 
that the combination of SEPT9 with ALX4 led to a 
sensitivity of 71% and a specificity of 95% for advanced 
adenomas, thus supporting SEPT9/ALX4 as a biomarker for 
precancerous lesions (26).

Apart from SEPT9 the role of methylation in CRC 
detection has been investigated for a number of genes 
including HJC1, CYCD2, PAX5, RB1, SRBC, NPY, PENK, 
WIF1, ALX4, HLFT, HPP1, MLH1, APC, CDKN2A/P16h, 
TMEFF2, NGFR, FRP2, NEUROG1, and RUNX3. Studies 
evaluating serum or plasma methylated biomarkers different 
from SEPT9 showed modest diagnostic performance with 
sensitivities between 33% (SRBC) and 97% (CYCD2) and 
specificities between 37% (CYCD2) and 100% [helicase-
like transcription factor (HLTF), HPP1 and MLH1], no one 
of the candidates showing a good combination of sensitivity 
and specificity (27). 

Recently, Li and coauthors performed a systematic 
review and meta-analysis to establish the sensitivity and 
specificity of hypermethylated blood-based biomarkers 
for CRC detection. After an initial search including 981 
articles, 39 were finally included in the meta-analysis 
accounting for a total of 3,853 patients and 6,431 controls. 
Single and combined genes were targeted, and serum or 
plasma samples from patients with early and advanced stages 
were used. Data from subgroup analysis showed that the 
pooled sensitivity was higher for studies evaluating SEPT9 
methylation than for studies evaluating genes different 
from SEPT9 (75% vs. 58%) while the pooled specificity was 
almost comparable (0.89 vs. 0.91). No significant difference 
among other subgroups including multiple target genes 
vs. single target gene and qPCR based methods vs. other 
methods were observed (28).

Prognostic role of circulating biomarkers
A small number of circulating methylated genes appear to 
have diagnostic potential for CRC, but far fewer exhibit 
convincing prognostic relevance. To date, the most studied 
candidate biomarkers are the methylation status of p16, 
HLTF and O6-Methylguanine-DNA-methyltransferase 
(MGMT) (29-31). In view of its prominent role as tumour 
suppressor, the silencing of p16, subsequent to its promoter 
methylation, has been suggested to contribute to CRC 
carcinogenesis. Accordingly, many studies have tried to 
assess whether the p16 promoter hypermethylation may 
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represent a prognostic marker for CRC. Some investigations 
reported a correlation between p16 promoter methylation 
and poorer survival in patients with CRC while others, 
despite having observed a trend of positive effect, found 
it not statistically significant. In order to quantitatively 
analyze the association between p16 hepermethylation and 
prognosis in CRC patients Jiang and coauthors performed 
a meta-analysis on the overall and disease free survival 
including 16 studies for a total of 3,968 patients for the first 
end-point and six studies for a total of 1,091 patients for the 
second end-point. The meta-analysis demonstrated that p16 
hypermethylation is significantly associated with both poor 
overall and disease free survival (HR: 1.64, 95% CI: 1.3–2.0 
and HR: 1.9, 95% CI: 1.2–3.2 respectively) thus suggesting 
a decisive confirmation of the adverse prognostic effect of 
p16 promoter methylation in CRC (32). 

The methylation of HLTF in cfDNA has been shown to 
strongly correlate with tumor size, lymph node metastasis, 
histological grading and tumor stage. It was also initially 
found to be associated with an increased risk of disease 
recurrence (RR: 2.5, 95% CI: 1.1–5.6, P=0.023) (33) and 
with increased risk of death (RR: 3.4, 95% CI: 1.4–8.1; 
P=0.007) (30). However, a later validation study by same 
authors failed to replicate such prognostic significance (34).

MGMT encodes the DNA-repair protein O-alkylguanine 
(O6-AG) DNA alkyl-transferase (AGT) which can 
remove the natural occurring toxic lesions from O6-
guanine in DNA. MGMT protect cells against these 
lesions, transferring the alkyl group to one of the internal 
cysteine residues on each repair protein. One MGMT 
molecule is inactivated for each lesion that is repaired (35).  
Accordingly, epigenetic silencing of MGMT which occurs 
as a consequence of promoter methylation creates a 
preconditioned genetic field for colorectal carcinogenesis 
and may thus represent a predisposing factor for cancer 
development. Between 2003 and 2010, five studies 
investigated the prognostic role of MGMT promoter 
methylation in CRC but with inconsistent results due to 
limited statistical power (n<200) (36-40). Finally, in 2011, 
analyzing a database of 855 CRC in two large prospective 
studies, Shima and coauthors concluded that MGMT 
alteration was not associated with patient prognosis  
in CRC (41). 

Recently, Liu and colleagues performed a prospective 
study (42), involving 165 CRC patients, to explore the 
prognostic potential of seven candidate methylated genes 
selected for having resulted more methylated in CRC 
patients as compared to healthy controls (24). Such genes 

were: T-cell differentiation protein (MAL), SEPT9, 
tachykinin-1 (TAC1), nel-like type 1 (NELL1), cellular 
retinoic acid binding protein 1 (CRABP1), somatostatin 
(SST) and eyes absent homolog 4 (EYA4). In univariate 
analysis, cancer-specific survival was significantly influenced 
not only by traditional clinic-pathological parameters and 
serum CEA, but also by serum methylation levels of MAL 
and SST. In multivariate Cox analysis adjusted for all other 
significant factors, serum methylated SST (mSST) remained 
a significant and independent predictor of poor prognosis. 
Patients with high serum mSST were noted to have a 
higher risk of cancer-related mortality (HR: 1.96, 95% CI: 
1.06–3.62, P=0.031), higher risk of CRC recurrence (HR: 
2.60, 95% CI: 1.37–4.94, P=0.003) compared to patients 
with low methylation levels. Such results were confirmed 
in a subsequent study performed by the same authors in 
an independent cohort of 150 CRC patients (43). Notably, 
SST, encoding a well-characterized gastrointestinal 
neuroendocrine and growth-regulatory peptide, acts as 
a tumor suppressor gene and possesses potent antitumor 
abilities. It exerts antitumor effects by multiple mechanisms 
including the induction of cell cycle arrest and apoptosis, 
the control of cell proliferation and the inhibition of cell 
invasion. The epigenetic involvement of SST gene silencing 
in CRC is supported by observations that SST methylation 
levels in tumor tissues are significantly higher than that in 
adjacent normal mucosa of CRC patients or normal mucosa 
from healthy controls (44) and that hypermethylation was 
found in percentages ranging from 88% to 100% in primary 
tumours (42,44).

miRNAs

miRNAs are short non-coding RNA fragments of 19–22 
nucleotides in length involved in post-transcriptional 
regulation of gene expression. In physiological conditions, 
miRNAs can regulate a hundreds of biological pathways 
which among the others include cell differentiation, 
proliferation and survival. Altered miRNA expression 
has been associated with known disease processes or 
conditions including cancer. By targeting either oncogenes 
or tumor suppressor genes, miRNAs have shown to play an 
important role in the multistep processes of carcinogenesis 
and have hence be proposed as new potential diagnostic 
prognostic and predictive biomarkers in cancer research. 
Interesting, miRNAs can be actively released from cancer 
cells and can been found in detectable levels in body fluids 
(45,46). Moreover, circulating miRNAs are remarkably 
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stable and consistent among individuals. Accordingly, 
tumor derived miRNAs in serum or plasma emerged as 
potentially non-invasive and reliable new cancer diagnostic  
biomarkers (47).

A number of studies have demonstrated that some 
miRNAs are abnormally expressed in CRC plasma or serum 
samples. Unfortunately, due to the lack of standardized 
protocols for miRNAs extraction, normalization and 
quantification, available results in literature remain still 
poor reproducible. 

Thus, in the follow paragraph we reported the results 
from studies that assessed the diagnostic and prognostic 
role of different miRNAs in CRC by selecting candidates 
in a screening phase and by confirming their potential in 
a validation phase. Most promising miRNAs have been 
summarized in Tables 1,2.

Diagnostic role of circulating miRNAs

The role of circulating miRNAs as biomarkers for the 
diagnosis of CRC has been recently assessed by Carter 
and coauthors who performed a careful systematic review 
and meta-analysis of studies evaluating plasma or serum 
miRNAs in the diagnosis of CRC (64). The literature search 
was performed in the timeframe between January 2002 and 
April 2016 and finally included 19 articles for a total of 6,010 
patients (3,454 CRC patients and 2,556 healthy controls). 
Twelve (48-50,52-56,58-61) out of these 19 articles used 
high throughput technologies to identify candidate miRNAs 
in a discovery cohort and then qRT-PCR to validate the 
performance of selected miRNAs in at least one independent 
validation cohort. The main characteristics and results of 
these studies are reported in Table 1 along with those of three 
further article structured in a similar manner and published 
after the meta-analysis (51,57,62). Notably three upregulated 
miRNAs, miR-19a-3p, miR-21 and miR-92, were identified 
as promising diagnostic biomarker by more than one study 
and always with AUC higher than 0.80. Moreover, although 
numerous single miRNAs showed to distinguish patients 
with CRC from healthy controls with high sensitivity and 
specificity, the combination of most dysregulated miRNAs 
into a panel usually reached better diagnostic performance. 

Prognostic role of circulating miRNAs

Since it has been demonstrated that several miRNAs are 
closely correlated with CRC cell proliferation, invasion, 
lymph node metastases and advanced clinical stage, a 

number of studies investigated the role of most dysregulated 
miRNAs as prognostic biomarkers for CRC survival.

One of most extensively investigated miRNA is miR-21 
whom tissue expression was reported to be independently 
associated with poor prognosis by two meta-analyses (65,66). 
The first study demonstrating that high levels of serum 
(rather than tissue) miR-21 indicate a poor prognosis in 
patients with CRC, was published in 2013 by Toiyama and 
coauthors (67). In a large validation cohort of 186 CRC 
patients, serum miR-21 expression levels were found to be 
associated with tumor size, distant metastasis and advanced 
TNM stage. Importantly, the authors demonstrated that 
serum miR-21 levels significantly correlated with matched 
tissue expression levels (r=0.32; 95% CI: 0.17–0.45; 
P<0.001) thus supporting its use as non-invasive biomarker. 
Moreover, contrarily to tissue miR-21, whose expression 
in tumours was statistically significantly compromised by 
other clinical factors including pathological stage and grade, 
serum miR-21 was an independent prognostic factor for 
overall survival (HR: 4.12, 95% CI: 1.10–15.4; P=0.03) (67). 

Most relevant studies aimed to identify circulating 
miRNAs as clinical outcome predictors by using a two-
step approach as for studies on diagnostic miRNAs are 
summarized in Table 2 (51,53,56,57,63). Each of the five 
studies summarized found each own best candidate with no 
reproducible results. 

Conclusions

Considering the substantial role of epigenetic alteration in 
CRC initiation and progression, extensive research has been 
undertaken over the last decade to identify new biomarkers 
for CRC. The assessment of epigenetic biomarkers in 
serum or plasma has shown the potential to become a viable 
non-invasive alternative to the current, poor effective, 
screening strategy, especially for those tumors such as CRC 
characterized by poor adherence rate. Nevertheless, our 
understanding of CRC epigenetics in blood is still far from 
being elucidated and both biological and methodological 
challenges need further evaluation (68,69).

Aberrant DNA methylation and dysregulation of 
miRNAs expression have been the most studied traits of 
epigenetic alteration in CRC, and it is widely recognised 
that global hypomethylation, promoter hypermethylation 
as well as miRNAs alterations can have a role in CRC 
diagnosis and prognostication. Continued investigation of 
these promising classes of biomarkers promises to lead to 
a high performance tool that can be used to prevent and 
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manage patients with CRC. At present, however, only few 
studies have been conducted with methodological rigor as 
to ensure the reliability of results while most of literature 
comprises initial exploratory studies that suffered from 
methodologic weaknesses, including small sample size, 
non-clear patient information, lack of replication, and poor 
statistical analysis (70-72). 

To date a general consensus has been reached only for 
one application which is the use of SEPT9 methylation 
assay for the early diagnosis of CRC but encouraging 
results have also been found for some diagnostic miRNAs 
including miR-19a-3p, miR-21 and miR-92. Further 
studies on the associated mechanisms behind miRNAs 
dysregulations and DNA methylation are needed to 
identify new reliable prognostic biomarkers to be tested 
in large validation studies. From the data presented here 
it is reasonable to expect that a multi-markers approach 
might provide a better tool than a single biomarker in both 
diagnosis and prognostication of CRC. 
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