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Abstract: Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide,
representing 13% of all cancers. The role of epigenetics in cancer diagnosis and prognosis is
well established. MicroRNAs in particular influence numerous cancer associated processes including
apoptosis, proliferation, differentiation, cell-cycle controls, migration/invasion and metabolism.
MiRNAs-137 and 342 are exon- and intron-embedded, respectively, acting as tumour-suppressive
microRNA via hypermethylation events. Levels of miRNAs 137 and 342 have been investigated here
as potential prognostic markers for colorectal cancer patients. The methylation status of miRNA-137
and miRNA-342 was evaluated using methylation-specific (MSP) polymerase chain reaction (PCR)
on freshly frozen tissue derived from 51 polyps, 8 tumours and 14 normal colon mucosa specimens.
Methylation status of miRNA-137 and miRNA-342 was significantly higher in tumour lesions
compared to normal adjacent mucosa. Surprisingly, the methylation frequency of miR-342 (76.3%)
among colorectal cancer patients was significantly higher compared to miR-137 (18.6%). Furthermore,
normal tissues, adjacent to the lesions (N-Cs), displayed no observable methylation for miRNA-137,
whereas 27.2% of these N-Cs showed miRNA-342 hypermethylation. MiRNA-137 hypermethylation
was significantly higher in male patients and miR-342 hypermethylation correlated with patient age.
Methylation status of miRNA-137 and miRNA-342 has both diagnostic and prognostic value in CRC
prediction and prevention.

Keywords: colorectal cancer; microRNA; methylation; miRNA-137; miRNA-342; precursor
colon/rectum polyps

1. Introduction

Colorectal cancer (CRC) is a major health burden comprising 13% of new cancer cases diagnosed
worldwide annually, ranking as the third most prevalent and fourth most frequent cause of
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cancer-related mortality. CRC is responsible for more than 600,000 deaths each year and morbidity
and mortality rates continue to increase, partly due to lack of appropriate and reliable early detection
methods [1–4]. In the majority of cases, CRC occur sporadically and is not related to genetic
predisposition or family history. However, 20–30% of patients have a positive family history of CRC
and 5% of these patients show Mendelian inheritance [5].

Early detection of non-invasive tumors using DNA/RNA-based methodologies remains an exciting
and emerging area of research into CRC screening methodologies. These methods are essential tools
for researchers and practitioners to characterize the noninvasive tumors, plan for individualized
treatments and track tumor treatment efficacy and prognosis in CRC. Of such technics, gene-specific
DNA methylation patterning is perhaps the most attractive [6]. DNA methylation mainly occurs in
CpG islands and as DNA methylation is more stable in comparison to mutations, it has been considered
as a favorable area for biomarker exploration and identification [1,5,6].

Genes affected by aberrant hypermethylation are not confined to classical coding-based tumour
suppressors; non-coding sequences such as microRNA genes are also affected and are significant players
in tumorigenesis [7,8]. DNA methylation has received significant recent attention as a promising tool
for cancer detection and prevention with promise for reducing mortality rates [8–11].

Eslamizadeh et al. (2018) [12] reported that microRNA expression levels correlate with different
stages of CRC, hence they could provide new insight into tumour development, whilst being suitable
and reliable biomarkers for CRC diagnosis and prognosis. Indeed, Feinberg and Vogelstein (1983) [13]
previously showed DNA hypomethylation (mainly at CpG islands) at the early stages of CRC, combined
by hypermethylation and inactivation of tumor suppressor or DNA repair genes.

Epigenetic changes have recently been associated with the normal mucosa aberrant crypt focus
(ACF)-adenoma-carcinoma sequence, which itself plays an important role in CRC development [14].
DNA methylation status, therefore, appears to be a fundamental factor in carcinogenesis of CRC process.
Specifically, it has previously been shown that hypermethylation of MMR genes results in MSI-sporadic
CRC; through CpG Island Methylator Phenotype (CIMP), this was linked with chromosomal instability
(CIN) in colon malignancy (where promoter methylation of GATA4, GATA5, p16 was previously
shown to result in chromosomal loss or gain); changes in methylation status have been reported in a
variety of genes relevant to these particular pathways [15–20]. Moreover, to date many studies have
highlighted the potential benefits of implementing DNA-based aberrant methylation status assays
in different biologic fluids as strategies for colorectal carcinoma early detection [21]. Lyberopoulou
et al. (2017) [22] studied the methylation profile of CRC-specific genes, vimentin (VIM) and secreted
frizzled-related protein 2 (SFRP2) in circulating tumor cells’ (CTCs) DNA. The authors confirmed
essential roles for VIM and SFRP2 in important signaling pathways such as growth, proliferation,
invasiveness, epithelial to mesynchymal (EMT) phenotype and stemness, using CTCs of CRC patients.
They also showed CTCs to be a promising tool in cancer diagnostics, particularly for VIM (76.9%
methylated, compared to the 53.8% in tissue samples).

It has been proposed that cancer cells rewire DNA methylation patterns of specific genes (either
in their promoter region or in the gene body) to induce expression of oncogenes, to support their
aggressiveness and silence the expression of tumor suppressors, for instance, to surmount apoptosis.
This phenomenon has been specifically (but not exclusively) reported in context of CRC [22].

MicroRNAs (miRNAs = miRs) control >30% of regulatory pathways related to human gene
expression and >500 miRs have been identified to date [23]. Growing bodies of evidence suggest that
miRNAs are commonly dysregulated in human malignancies including CRC [11,22–25].

miRNA-137, a 23 bp, highly conserved miRNA among vertebrates [26,27] is one of the
10% intragenic miRNAs located in 1p21.3 and is embedded within an expanded CG island of
a non-coding gene whose transcript is a lncRNA (AK094607; also called BRAMY2014205 and
MIR137HG, counted as primary miR-137 coding sequence) [28,29]. Its downregulation due to proximal
promoter hypermethylation has been reported in many cancer types including gastric cancer [30–32]
melanoma [33] neuroblastoma [34,35] squamous cell carcinoma of head and neck (SCCHN) [36–39]
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and CRC [40–43]. MiRNA-342 (a 21bp miRNA) is encoded within an intron of a protein-coding gene
(EVL) on chromosome 14q32.2. The 5‘UTR of EVL contains a dense CpG island. It has been proposed
previously that methylation status could be utilized as a non-invasive CRC biomarker [43–48]. MiR-137
and miR-342 are integral microRNAs implicated in as MSI-targeting microRNAs in CRC [49]. Taking
into consideration that MSI status is one of the fundamental main initial events in carcinogenesis
of colorectal lesions and tumor budding, we hypothesized the possibility of these two microRNAs
deregulation may be useful as a biomarkers for the early detection of pre-cancerous and malignant
lesions. As the role of miRNA-137/-342 promoter hypermethylation in colorectal lesions has not been
fully investigated properly, the preliminary objective of this study was to evaluate the methylation
status of miR-137 and miR-342 in different precursor and tumour lesions of colorectal tissues, tracing
any possible correlations of this occurrence with CRC risk factors and assessing any significant patterns
of methylation between CRC and normal colonic tissues.

2. Materials and Methods

2.1. Sampling

Specimens were obtained with patient consent during September 2016 to February 2017 from
random patient samples referred to the Research Institute for Gastroenterology and Liver Diseases
(RIGLD), Taleghani Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran, who had
undergone a colonoscopy procedure for either screening or polypectomy purposes. All procedures
performed in this study involving human participants were in accordance with the ethical standards of
the institutional research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Ethical approval was accepted on April 2016 by the ethical board of the
Research Institute of RIGLD (project identification code: 2347-231) and Informed consent was obtained
from all individual participants included in the study. In this study, 59 endoscopically-derived lesions
and 14 normal colonic mucosas were evaluated. Sampling was done randomly during colonoscopy
procedures, disregarding of lesion size, anatomic site and number of lesions in the affected colon. The
specimens were flash frozen in liquid nitrogen and stored at −80 ◦C for further evaluation. Non-Persian
patients and those who had positive history of chemo and radio therapies or cancer-related surgeries
were dismissed according to study exclusion criteria.

2.2. Genomic DNA Extraction

DNA extraction was performed utilizing Qiagen QIAamp DNA Mini Kit (Cat. 51324, Qiagen,
Germany) according to the manufacturer’s instructions. The concentration of the extracted DNA was
measured by Nanodrop (Labtech; UK) @260 and 280 nm.

2.3. Sodium Bisulfite Treatment

Each DNA template was incubated with sodium bisulfite solution in order to achieve two
distinctive and detectable template strands which are different merely upon their methylation status
using Qiagen EpiTect Bisulfite Kit (Cat. 59104, Qiagen, Germany).

2.4. Methylation-Specific Polymerase Chain Reaction (MSP)

Methylation-specific polymerase chain reaction (MSP) was conducted using two primer pairs;
each specifically designed to attach to methylated or unmethylated strands. Segments were amplified
in a total volume of 12.5 µL (Table 1) according to reactions profiles detailed in Table 2. Sequence,
relative length, GC content and annealing temperature of primers are shown in Table 3 [27].
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Table 1. Reagents and volumes utilized for preparing the polymerase chain reaction (PCR) master mix.

Final Concentration Volume/Reaction (µL) Reagent

Distilled Water 5.45 -
10x Hot Start Buffer 1.25 1x

5X Q buffer 2.5 1x
25 mM MgCl2 0.25 1.5–5 mM

dNTP * (10 mM of each) 0.25 200 µM of each dNTP
Primer Forward (M and U) 0.75 0.1–0.5 µM
Primer Reverse (M and U) 0.75 0.1–0.5 µM

Template 1.2 1 µg/100 µL reaction
Hot Start Taq Polymerase 0.1 2.5 units/reaction

Final Volume 12.5 -

* deoxyribonucleotide triphosphate.

Table 2. Thermocycler-optimized PCR program for miR-137 and miR-342 genes.

Steps Duration (sec.)
for miR-137

Temperature (◦C)
for miR-342

Duration (sec.)
for miR-342

Temperature
(◦C) for miR-342

Primary denaturation 15 95 15′ 95

Cycles
Denaturation 1 95 * 30 92 **

Annealing 35 56 * 45 64 **
Extension 1 72 * 30 72 **

Final Extension 10 72 10 72

* Number of cycles = 40, ** Number of cycles = 45.

Table 3. Methylation-specific PCR primer properties.

Annealing
Temperature (◦C) %CG Length Sequence Primer

53.2 57.9 19 5′-TAGCGGTAGTAGCGGTAGC-3′
miRNA-137-M*

(Forward)

52.4 47.6 21 5′-CTAATACTCTCCTCGACTACG-3 miRNA-137-M*
(Reverse)

52.4 47.6 21 5′-TAGTGGTAGTAGTGGTAGTGG-3′
miRNA-137-U*

(Forward)

51.1 40.9 22 5′-CTAATACTCTCCTCAACTACAC-3′ miRNA-137-U*
(Reverse)

71.15–80.47 44 43 5′-GCGGTCCCAAAAGGGTCAGTTATTTTCGTTCGTTTCGTTTTTC-3′ miRNA-342-M*
(Forward)

72.50–81.79 51 41 5′-GCGGTCCCAAAAGGGTCAGTAAATACGCGCGTTACTATTCG-3′ MiRNA-342-M*
(Reverse)

59.51 58.99- 35 45 5′-GCGGTCCCAAAAGGGTCAGTTATTTTTGTTTGTTTTGTTTTTTGT-3′ miRNA-342-U*
(Forward)

69.92–79.44 42 45 5′-GCGGTCCCAAAAGGGTCAGTTAAAATACACACATTACTATTCACC-3′ miRNA-342-U*
(Reverse)

* M: Methylated; U: Un-methylated; Underlined sequence: Universal.

CpG-methylated HeLa Genomic DNA (New England BioLabs; Cat.#N4007S) was utilized as
positive control for methylation, negative control was fully unmethylated DNA (EpiTect PCR control
DNA; Qiagen). Two separate temperature gradients were performed to assess optimal annealing
temperature for both forward and reverse primers (miR-137; 57 ◦C, miR-342; 63 ◦C). The specific band
size observed was 140 bp and 210 bp, respectively. PCR products were run on 2% agarose gels and
visualized via EtBr fluorescence (Figure 1).
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Figure 1. Case specimen methylation-specific polymerase chain reaction (MSP) for miR-137(A) and
miR-342(B) visualized using 2% agarose gel and 50 bp ladder. For each sample, two wells were arranged
named U and M wells. Presence of a band in M or U well illustrates methylation of the concordant
strand. Presence of two bands in both M and U wells show Hemi methylated alleles which are believed
to be due to contamination with the normal colonic mucosa.

2.5. Statistical Analysis

Dataset was analysed using SPSS.21 (manufacturer), utilizing descriptive analysis (including
chi-square and Fisher‘s exact test). Possible significant correlations between methylation status of
miR-137/-342 and demographic, pathologic, clinical, lifestyle and symptom-related features were
thereby evaluated (Supplementary Tables S1 and S2). Selected features were chosen following
consultation with an epidemiologist expert and were based on World Health Organization (WHO)
criteria for CRC [50]. Furthermore, the presence of any significant correlations between methylation
of miR-137 and miR-342 and quantitative traits such as patient’s age and BMI was evaluated using
independent t-test (Supplementary Table S3). Normalization of the quantitative traits was assessed
using one sample Kolmogorov–Smirnov test. Traits were also compared between distinct polyp
sub-types using one-way analysis of variance (ANOVA).

3. Results

The clinical, pathological, demographic and other characteristics of participants in this study are
shown in Table 4. Despite randomized sampling, the majority of samples (39%) were 1–10 mm diameters
and were the only lesions detected in the colon and rectum as a whole. Furthermore, the majority of
the patients were Farsi ethnics, primarily educated and not addicted to opium, smoking or alcohol
(Table 4 and supplementary Tables S1 and S2).

Synchronous assessment of dysplasia degree and the histological-pathological state of the samples
showed that except for invasive adenocarcinomas (concordant with tumour lesions), the majority of
the lesions had lower degrees of dysplasia, disregarding their defined sub-types (Figure 2), this finding
suggests that most cases evaluated in this study were in early carcinogenesis. According to our findings,
miR-137 and miR-342 methylation was significantly higher in tumour lesions in comparison with
their normal adjacent mucosa p = 0.002 and p = 0.02, respectively. The methylation frequency among
patients was 18.6% for miR-137 and 76.3% for miR-342. Although 27.27% of normal adjacent mucosa
specimens were also displayed methylated miR-342 regions, none showed methylation of for miR-137.
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Table 4. Frequency of the clinic-pathological features of the specimens.

Frequency (% and Number
Out of 59) Conditions Clinical-Pathological

Feature

Pathology report

Tubular adenomas 54.2%—(32)
Hyperplastic polyps 25.%—(15)

Invasive adenocarcinoma 11.9%—(7)
Villous, juvenile and ulcerative lesions 5.1%—(3)

Other serrated types 3.4%—(3)

Dysplasia degree Low-grade dysplasia 59.3%—(3–5)
High and moderate dysplasia 40.7%—(24)

Anatomic site and
location in colon

Rectum and sigmoid 40.7%—(24)
Descending colon 22%—(13)

Transverse colon and hepatic flexure 16.9%—(10)
Ascending colon 11.9%—(7)

Secom 8.5%—(5)

Sex
Male 49.2% (29)

Female 50.8% (30)

Age
17–45 yrs. 25.4% (15)
45–65 yrs. 45.8% (27)

More than 65 yrs. 28.8% (17)

Body mass index (BMI)
Normal (18.5–25) 27.1% (16)
Overweight (>25) 71.2% (42)

Underweight (<25) 1.7% (1)

Family history Positive 28.8% (17)
Negative 71.2% (42)

Diabetes
Positive 10.2% (6)

Negative 89.8% (53)

Hypertension Positive 16.9% (10)
Negative 83.1% (49)

Nonsteroidal
anti-inflammatory drugs Positive 20.3% (12)

(NSAIDs) intake Negative 79.7% (47)

Smoking Positive 23.7% (14)
Negative 76.3% (45)

Alcohol consumption Positive 15.3% (9)
Negative 84.7% (50)

Addiction
Positive 3.4% (2)

Negative 96.6% (57)

Regular exercise Positive 54.2% (32)
Negative 45.8% (27)

Fruit-vegetable intake Considerate 50.8% (30)
Inappropriate 49.2% (29)

Red meat intake
Considerate 37.3% (22)

Inappropriate 62.7% (37)

Normal specimens derived from non-lesion normal controls were entirely unmethylated.
Furthermore, we detected a significantly higher frequency of miR-137 methylation among males in
comparison with female CRC patients (p = 0.002). Also, there was a statistically significant positive
correlation between dysplasia degree and methylation status of miR-137 (0.016); 8.6% of the low
grade-dysplastic samples depicted methylated state. In addition, patients with positive family history
of colorectal cancer or other gastrointestinal-related cancers showed significantly higher frequencies of
miR-137 methylation in comparison with patients with no family history (p < 0.0001).
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For miR-342, independent t-test results indicated an age-related hypermethylation pattern
(p < 0.001). miRNA-342 status was also in positive correlation with the presence of chronic constipation
in patients (p = 0.021). The crosstabs evaluated are shown in Supplementary Table S3. Comparing
the miR-137 methylation status between different sub-types of lesions (according to their pathological
report sheet), we observed a higher methylation frequency among villous-type polyps (Table 5);
an observation that proposed miR-137 methylation could at least in a part depend on distinct aetiology
and pathway of villous-lesion formation (in comparison to non-villous types) and to a lesser degree,
on minor on dysplasia state and degree. On the other hand, we observed high miR-342 methylation
frequency for hyperplastic polyps (Table 5). These results strongly suggest distinct aberrant methylation
status positively correlating with CRC progression in miRNAs 137 and 342.

Table 5. Promoter methylation status of distinct colon lesions studied.

Pathology Report
miR-137 Methylation Status miR-342 Methylation Status

Methylation
Frequencies

Unmethylation
Frequencies

Methylation
Frequencies

Unmethylation
Frequencies

Tubular adenoma polyps 15.6% 84.4% 81.3% 18.8%
Villous adenoma polyps 100% 0% 50% 50%

Invasive
adenocarcinomas

polyp/masses
28.6% 71.4% 75.7% 14.3%

Ulcerated, juvenile and
retention polyps 20% 80% 20% 80%

Hyperplastic polyps 9.1% 90.9% 81.8% 18.2%
Other serrated polyps 0% 100% 100% 0%

Synchronous assessment of both miRNA loci together suggested 20.3% of patients were
methylation-intact for both genes, 64.4% were methylated for at least one of these loci and 15.3% were
methylated for both.

4. Discussion

In the recent era of research, efforts to configure and validate miRNA-based biomarkers have
evolved significantly due at least in a part to the fact that in comparison with classic gene biomarkers,



Biomolecules 2019, 9, 519 8 of 14

their alternation is much more tissue-specific. As a result, smaller evaluations can provide robust
indications of promising detection and prognostic methodologies. Their application is also more
accurate and less costly [44,51–55].

miRNA biomarker validation must involve thorough assessment using distinct precursor lesion
types. Therefore, we have provided evidence for the exon-embedded miR-137 and intron-embedded
miR-342 locus methylation status in tumour and polyp lesions of colon and rectum samples with
distinct pathological sub-types. Furthermore, in a case-control study, we compared this status between
tumour lesions and their adjacent normal mucosa. We also analysed normal colonic mucosa of a small
population of lesion-free, unaffected patients. In addition, an accurate, comprehensive assessment
of a possible correlation between demographic, pathological, clinical, lifestyle and symptom-related
features was conducted. Tumour suppressive roles of miR-137 and miR-342 and their epigenetic
roles in oral cancer and glioblastoma cell lines have been demonstrated previously [56–60]. Although
there are very few previous studies to which the role of miR-137 and miR-342 in triggering CRC is
referred, their downregulation has been reported in colon and gastric cancers [30,40]. Interestingly,
upregulations of miR-137 and miR-342 have been reported for oral squamous cell carcinoma and acute
promyelocytic leukaemia [61–64].

Chen et al. [65] through a follow-up cohort study demonstrated that miR-137 normal expression
levels correlate with better survival rates in CRC patients. This has also been suggested for SCCHN
patients and stage IV melanoma patients [36,66,67]. Ariel Bier et al. (2013), [59] detected promoter
hypermethylation of miR-137 in glioblastoma specimens. Although their relative sample size was small
(8 glioblastoma and 8 relevant normal), their methylation analysis technique was truly locus-specific
and quantitative, with higher specificity in comparison with the MSP technique we utilized in the
current study. However, this study used DNA extracted from formalin-fixed paraffin-embedded
(FFPE) tissues and it is believed that this would negatively influence the actual methylation status of
the tissue [67,68].

In another study by Balaguer et al. (2010) [40], average methylation levels were reported as
33.09% for adenomas, 31.67% for CRCs, 10.27% for normal adjacent mucosa (N-Cs) and 7.7% for
normal mucosa controls (N-Ns), respectively. Concordant with our study, methylation frequency of
miR-137 in tumours was significantly higher than their adjacent normal tissues (N-C) (P < 0.0001). This
observation indicates cancer-specificity of miR-137 (i.e., Methylation of miR-137 preferably happens in
neoplastic tissues and the methylation observed in normal mucosa is not due to aging) [69–74]. In both
studies, Methylation of miR-137 was not concordant with aging for N-N or N-C specimens. Incidence
of methylation in N-Cs and not in N-Ns could be an indication that methylation-related field defects
may exist in CRC.

In our study, we did not detect any significant differences in methylation levels of polyp and tumour
specimens (p = 0.141) which is concordant with the Blaguer group’s study (p = 0.8352); this observation
recommends that methylation of this miR-137 is an early event in colorectal carcinogenesis. Taking
into account that epigenetic modifications are highly influenced by lifestyle and geographical traits
of different populations, we excluded patients of non-Persian nationality from our study. Which is
considered an improvement on the Balaguer et al. study [40], which utilized samples taken from
two distinct populations (Japanese and Spanish), a factor that certainly causes errors and bias in
referring the methylation status solely to cancer (especially due to indistinct mixture proportions of
two populations).

Tissue-specificity of miRNA-137 has been previously and separately demonstrated [29,40],
in colorectal cancer and oral lichen planus (OLP) syndrome, confirming that miRNA-137 could have
value for CRC screening. MiR-137 was selected for this study due to its fundamental role in cell
cycle control [71]; in addition, promoter hypermethylation of miR-137 in colorectal carcinoma tissues
had been reported [40,41]. Langevin et al. in 2010 showed significant correlation between miR-137
methylation status and female sex (p = 0.007) [38,39]. Inversely, in the current study this event
was shown to be correlated with male sex (p = 0.002), which is in agreement with the Dang et al.
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study [29]. This illustrates cancer-specificity of miR-137 epigenetic signatures despite its common
down-regulation in most of the cancer types. Therefore, the level of this down-regulation and its
correlation with demographic factors such as sex and age has different implications in different cancer
types. Gender-related hypermethylation could be due to sex hormone effects and physiological
differences among target organs in both sexes.

To our knowledge, no study has previously shown any correlation between family history of
CRC and degree of dysplasia with methylation status of miR-137. Bandres et al. (2009) [72] evaluated
the methylation status of miR-137 in colorectal cancer cell lines and primary colorectal tumours
and their adjacent normal tissues using MSP technic [72–75] identifying field defects in colorectal
carcinogenesis. Regarding the high frequency of hypermethylation in miRNA loci, they proposed
aberrant microRNA-methylation as a promising and putative tumour marker. MiR-137 methylation
was observed for all tumour specimens (31 of 31) and 23% of (7 of 31) normal adjacent tissues.
However, we observed 37.5% of tumour specimens to be methylated and no methylated normal
adjacent specimens were observed. Unfortunately, this study did not manage to evaluate polyps which
are defined as precursors of CRC.

Grady et al. (2008) [75] reported that has-miR-342 expression was silenced due to aberrant
methylation in a CpG island of the 5‘ region of its target sequence (EVL). They conducted MSP on
CRC and non-CRC cell lines separately and methylation of miR-342 was exclusively seen in CRC cell
lines [75,76]. They then used MSP to assess the miR-342 methylation status of 9 adenomas, 42 CRC
samples and their normal adjacent mucosa. They observed that 76% of tumours and 67% of adenomas
were methylated; an observation that was in concordance with our results. They also detected 56%
methylation in their normal adjacent mucosa, an observation that indicates methylation-related field
defect phenomenon and is ascertained by our study. No demographic features were assessed in
their study.

Age-related hypermethylation and miRNA-dysregulation due to aging have been reported for
many genes in various cellular contexts [77–85]. Moreover, emerging evidence supports the existence
of epigenetic changes in other age-related conditions such as age-related macular degeneration,
here associated with aberrant histone modifications and alterations in chromatin structure. Indeed an
age-related effect has been corroborated in the current study for miR-342 hypermethylation in CRC.

The positive correlation between miR-342 hypermethylation and the presence of chronic
constipation suggests that due to the slower shedding rate of epithelial cells of the GI-track in
these patients, apoptosis is prolonged, and the possibility of cancer-related changes enhanced.

One of the limitations of questionnaire-based assessments is lack of patient compliance. Moreover,
inaccessibility to a homogenous statistical population from the aspects of lesion type, disease duration
and type/duration of a patient’s proneness to detrimental environmental factors (such as alcohol,
smoking, drug use, etc.) limits the robustness of results; increasing the sample size improving
methodological accuracy when selecting a particular population is highly recommended [86,87].
In order to ensure the possibility of using miR-137 and miR-342 methylation status as a non-invasive
early detection biomarker, it would be important to first repeat the study using blood samples
obtained from the same lesion-bearing patients. Moreover, evaluating the methylation status of other
down-regulated microRNAs in a panel may provide much more specific and sensitive results in early
diagnosis of CRC epigenomics [88,89]. Ultimately, due to complex and heterogeneous pathways
included in down-regulation of tumour suppressor genes in cancerous tissues, assessing the expression
level of these miRNA loci in the same specimens could elucidate whether the methylation observed
has caused its potential relative downregulation or not.

5. Conclusions

Our study strongly suggests that miR-137 and miR-342 are frequently methylated in CRC; therefore,
they are a good supplement for previous studies and could be useful for better understanding of
miRNA regulatory mechanisms in CRC. Results would help better appraise these putative biomarkers
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for detecting the lesions with higher malignancy potential, especially in the pre-symptomatic stage.
This research shows an age-related effect for miR-342 hypermethylation in CRC but for a comprehensive
and accurate assessment of the impact of age- and indeed sex-related factors on methylation status in
CRC-related malignancies, age-matched and sex-matched controls are essential. However, research
in this area is currently limited to the logistical/cultural difficulties associated with obtaining ideal
sample sets.
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9/10/519/s1.

Author Contributions: Conceptualization, E.K., V.C. and H.A.A.; methodology, E.K., H.A.A., V.C., R.M., and
M.A.B.; software, E.K. validation, E.K., H.A.A., M.H. and M.A.B.; formal analysis, E.K., M.A.B., S.S., S.I., M.A.B.
and H.A.A; investigation, E.K., V.C., R.M. and H.A.A.; resources, H.A.A. and M.A.B.; data curation, E.K., and
H.A.A.; writing—original draft preparation, E.K. and H.A.A; writing—review and editing, M.H., C.Y., and M.A.B.;
visualization, E.K., M.H., S.S., S.I. and M.A.B.; supervision, H.A.A. and M.A.B.; project administration, H.A.A.
and M.A.B.; funding acquisition, H.A.A. and M.A.B.

Funding: “This research was funded by the Research Institute for Gastroenterology and Liver Diseases at the
Shaheed Beheshti University of Medical Sciences (Tehran, Iran), grant number 2347-231” and “The APC was
funded by The University of West England- Bristol, UK”.

Acknowledgments: We would like to thank all patients who participated in the study which was conducted with
the support of the Gastroenterology and Liver Disease Research Centre at the Shaheed Beheshti University of
Medical Science, Tehran, Iran.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Galanopoulos, M.; Tsoukalas, N.; Papanikolaou, I.S.; Tolia, M.; Gazouli, M.; Mantzaris, G.J. Abnormal DNA
methylation as a cell-free circulating DNA biomarker for colorectal cancer detection: A review of literature.
World J. Gastrointest. Oncol. 2017, 9, 142–152. [CrossRef] [PubMed]

2. Testa, U.; Pelosi, E.; Castelli, G. Colorectal Cancer: Genetic Abnormalities, Tumor Progression, Tumor
Heterogeneity, Clonal Evolution and Tumor-Initiating Cells. Med. Sci. 2018, 6, 31. [CrossRef] [PubMed]

3. Clark, S.K. Management of genetically determined colorectalcancer. Surgeon 2019, 17, 165–171. [CrossRef]
[PubMed]

4. Mármol, I.; Sánchez-de-Diego, C.; Pradilla Dieste, A.; Cerrada, E.; Rodriguez Yoldi, M.J. Colorectal Carcinoma:
A General Overview and Future Perspectives in Colorectal Cancer. Int. J. Mol. Sci. 2017, 18, 197. [CrossRef]
[PubMed]

5. Khan, S.A.; Morris, M.; Idrees, K.; Gimbel, M.I.; Rosenberg, S.; Zeng, Z.; Li, F.; Gan, G.; Shia, J.; laquaglia, M.P.;
et al. Colorectal Cancer in the Very Young: A Comparative Study of Tumor Markers, Pathology and Survival
in Early Onset and Adult Onset Patients. J. Pediatr. Surg. 2016, 51, 1812–1817. [CrossRef] [PubMed]

6. Li, K.; Li, Z.; Wei, H.; Hu, J.; Jiao, L.; Zhang, J.; Xiong, Y. Identification of gene-specific DNA methylation
signature for Colorectal Cancer. Cancer Genet. 2018, 5–11, 228–229. [CrossRef] [PubMed]

7. Wang, H.; Wu, J.; Meng, X.; Ying, X.; Zuo, Y.; Liu, R.; Pan, Z.; Kang, T.; Huang, W. MicroRNA-342 inhibits
colorectal cancer cell proliferation and invasion by directly targeting DNA methyltransferase 1. Carcinogenesis
2011, 32, 1033–1042. [CrossRef]

8. Ye, J.-J.; Cao, J. MicroRNAs in colorectal cancer as markers and targets: Recent advances. World J. Gastroenterol.
2014, 20, 4288–4299. [CrossRef]

9. Hur, K. MicroRNAs: Promising biomarkers for diagnosis and therapeutic targets in human colorectal cancer
metastasis. BMB Rep. 2015, 48, 217–222. [CrossRef]

10. Yang, Y.; Gu, X.; Zhou, M.; Xiang, J.; Chen, Z. Serum microRNAs: A new diagnostic method for colorectal
cancer. Biomed. Rep. 2013, 1, 495–498. [CrossRef]

11. Liu, H.N.; Liu, T.T.; Wu, H.; Chen, Y.J.; Tseng, Y.J.; Yao, C.; Weng, S.Q.; Dong, L.; Shen, X.Z. Serum microRNA
signatures and metabolomics have high diagnostic value in colorectal cancer using two novel methods.
Cancer Sci. 2018, 109, 1185–1194. [CrossRef] [PubMed]

http://www.mdpi.com/2218-273X/9/10/519/s1
http://www.mdpi.com/2218-273X/9/10/519/s1
http://dx.doi.org/10.4251/wjgo.v9.i4.142
http://www.ncbi.nlm.nih.gov/pubmed/28451061
http://dx.doi.org/10.3390/medsci6020031
http://www.ncbi.nlm.nih.gov/pubmed/29652830
http://dx.doi.org/10.1016/j.surge.2019.03.003
http://www.ncbi.nlm.nih.gov/pubmed/30935877
http://dx.doi.org/10.3390/ijms18010197
http://www.ncbi.nlm.nih.gov/pubmed/28106826
http://dx.doi.org/10.1016/j.jpedsurg.2016.07.015
http://www.ncbi.nlm.nih.gov/pubmed/27558481
http://dx.doi.org/10.1016/j.cancergen.2018.05.003
http://www.ncbi.nlm.nih.gov/pubmed/30553473
http://dx.doi.org/10.1093/carcin/bgr081
http://dx.doi.org/10.3748/wjg.v20.i15.4288
http://dx.doi.org/10.5483/BMBRep.2015.48.4.007
http://dx.doi.org/10.3892/br.2013.109
http://dx.doi.org/10.1111/cas.13514
http://www.ncbi.nlm.nih.gov/pubmed/29363233


Biomolecules 2019, 9, 519 11 of 14

12. Eslamizadeh, S.; Heidari, M.; Agah, S.; Faghihloo, E.; Ghazi, H.; Mirzaei, A.; Akbari, A. The role of MicroRNA
signature as diagnostic biomarkers in different clinical stages of colorectal cancer. Cell J. 2018, 20, 220–230.
[CrossRef] [PubMed]

13. Feinberg, A.P.; Vogelstein, B. Hypomethylation distinguishes genes of some human cancers from their
normal counterparts. Nature 1983, 301, 89–92. [CrossRef] [PubMed]

14. Yamashita, K.; Dai, T.; Dai, Y.; Yamamoto, F.; Perucho, M. Genetics supersedes epigenetics in colon cancer
phenotype. Cancer Cell 2003, 4, 121–131. [CrossRef]

15. Goel, A.; Boland, C.R. Epigenetics of colorectal cancer. Gastroenterology 2012, 143, 1442–1460.e1. [CrossRef]
16. Luo, L.; Chen, W.D.; Pretlow, T.P. CpG island methylation in aberrant crypt foci and cancers from the same

patients. Int. J. Cancer 2005, 115, 747–751. [CrossRef]
17. Subramaniam, M.M.; Chan, J.Y.; Soong, R.; Ito, K.; Yeoh, K.G.; Wong, R.; Guenther, T.; Will, O.; Chen, C.L.;

Kumarasinghe, M.P.; et al. RUNX3 inactivation in colorectal polyps arising through different pathways of
colonic carcinogenesis. Am. J. Gastroenterol. 2009, 104, 426–436. [CrossRef]

18. Wendt, M.K.; Johanesen, P.A.; Kang-Decker, N.; Binion, D.G.; Shah, V.; Dwinell, M.B. Silencing of epithelial
CXCL12 expression by DNA hypermethylation promotes colonic carcinoma metastasis. Oncogene 2006, 25,
4986–4997. [CrossRef]

19. Umetani, N.; Takeuchi, H.; Fujimoto, A.; Shinozaki, M.; Bilchik, A.J.; Hoon, D.S. Epigenetic inactivation of
ID4 in colorectal carcinomas correlates with poor differentiation and unfavorable prognosis. Clin. Cancer Res.
2004, 10, 7475–7483. [CrossRef]

20. Goel, A.; Nagasaka, T.; Arnold, C.N.; Inoue, T.; Hamilton, C.; Niedzwiecki, D.; Compton, C.; Mayer, R.J.;
Goldberg, R.; Bertagnolli, M.M.; et al. The CpG island methylator phenotype and chromosomal instability
are inversely correlated in sporadic colorectal cancer. Gastroenterology 2007, 132, 127–138. [CrossRef]

21. Notterman, D.A.; Alon, U.; Sierk, A.J.; Levine, A.J. Transcriptional gene expression profiles of colorectal
adenoma, adenocarcinoma, and normal tissue examined by oligonucleotide arrays. Cancer Res. 2001, 61,
3124–3130. [PubMed]

22. Lyberopoulou, A.; Galanopoulos, M.; Aravantinos, G.; Theodoropoulos, G.E.; Marinos, E.;
Efstathopoulos, E.P.; Gazouli, M. Identification of Methylation Profiles of Cancer-related Genes in Circulating
Tumor Cells Population. Anticancer Res. 2017, 1105–1112. [CrossRef]

23. Lima, C.R.; Gomes, C.C.; Santos, M.F. Role of microRNAs in endocrine cancer metastasis. Mol. Cell.
Endocrinol. 2017, 456, 62–75. [CrossRef] [PubMed]

24. Orang, A.V.; Barzegari, A. MicroRNAs in Colorectal Cancer: From Diagnosis to Targeted Therapy. Asian Pac.
J. Cancer Prev. 2014, 15, 6989–6999. [CrossRef] [PubMed]

25. To, K.K.; Tong, C.W.; Wu, M.; Cho, W.C. MicroRNAs in the prognosis and therapy of colorectal cancer: From
bench to bedside. World J. Gastroenterol. 2018, 24, 2949–2973. [CrossRef] [PubMed]

26. Slattery, M.L.; Lee, F.Y.; Pellatt, A.J.; Mullany, L.E.; Stevens, J.R.; Samowitz, W.S.; Wolff, R.K.; Herrick, J.S.
Infrequently expressed miRNAs in colorectal cancer tissue and tumour molecular phenotype. Mod. Pathol.
2017, 30, 1152–1169. [CrossRef] [PubMed]

27. Rajewsky, N. microRNA target predictions in animals. Nat. Genet. 2006, 38, S8–S13. [CrossRef] [PubMed]
28. Ushijima, T.; Suzuki, H. The Origin of CIMP, at Last. Cancer Cell 2019, 35, 165–167. [CrossRef] [PubMed]
29. Dang, J.; Bian, Y.Q.; Sun, J.Y.; Chen, F.; Dong, G.Y.; Liu, Q.; Wang, X.W.; Kjems, J.; Gao, S.; Wang, Q.T.

MicroRNA-137 promoter methylation in oral lichen planus and oral squamous cell carcinoma. J. Oral Pathol.
Med. 2013, 42, 315–321. [CrossRef]

30. Chen, Q.; Chen, X.; Zhang, M.; Fan, Q.; Luo, S.; Cao, X. miR-137 is frequently down-regulated in gastric
cancer and is a negative regulator of Cdc42. Dig. Dis. Sci. 2011, 56, 2009–2016. [CrossRef]

31. Lim, B.; Kim, H.J.; Heo, H.; Huh, N.; Baek, S.J.; Kim, J.H.; Bae, D.H.; Seo, E.H.; Lee, S.L.; Song, K.S.; et al.
Epigenetic silencing of miR-1271 enhances MEK1 and TEAD4 expression in gastric cancer. Cancer Med. 2018,
7, 3411–3424. [CrossRef] [PubMed]

32. Yap, T.; Seers, C.; Koo, K.; Cheng, L.; Vella, L.J.; Hill, A.F.; Reynolds, E.; Nastri, A.; Cirillo, N.; McCullough, M.
Non-invasive screening of a microRNA-based dysregulation signature in oral cancer and oral potentially
malignant disorders. Oral Oncol. 2019, 96, 113–120. [CrossRef] [PubMed]

33. Bemis, L.T.; Chen, R.; Amato, C.M.; Classen, E.H.; Robinson, S.E.; Coffey, D.G.; Erickson, P.F.; Shellman, Y.G.;
Robinson, W.A. MicroRNA-137 targets microphthalmia-associated transcription factor in melanoma cell
lines. Cancer Res. 2008, 68, 1362–1368. [CrossRef] [PubMed]

http://dx.doi.org/10.22074/cellj.2018.5366
http://www.ncbi.nlm.nih.gov/pubmed/29633600
http://dx.doi.org/10.1038/301089a0
http://www.ncbi.nlm.nih.gov/pubmed/6185846
http://dx.doi.org/10.1016/S1535-6108(03)00190-9
http://dx.doi.org/10.1053/j.gastro.2012.09.032
http://dx.doi.org/10.1002/ijc.20936
http://dx.doi.org/10.1038/ajg.2008.141
http://dx.doi.org/10.1038/sj.onc.1209505
http://dx.doi.org/10.1158/1078-0432.CCR-04-0689
http://dx.doi.org/10.1053/j.gastro.2006.09.018
http://www.ncbi.nlm.nih.gov/pubmed/11306497
http://dx.doi.org/10.21873/anticanres.11423
http://dx.doi.org/10.1016/j.mce.2017.03.015
http://www.ncbi.nlm.nih.gov/pubmed/28322989
http://dx.doi.org/10.7314/APJCP.2014.15.17.6989
http://www.ncbi.nlm.nih.gov/pubmed/25227782
http://dx.doi.org/10.3748/wjg.v24.i27.2949
http://www.ncbi.nlm.nih.gov/pubmed/30038463
http://dx.doi.org/10.1038/modpathol.2017.38
http://www.ncbi.nlm.nih.gov/pubmed/28548123
http://dx.doi.org/10.1038/ng1798
http://www.ncbi.nlm.nih.gov/pubmed/16736023
http://dx.doi.org/10.1016/j.ccell.2019.01.015
http://www.ncbi.nlm.nih.gov/pubmed/30753821
http://dx.doi.org/10.1111/jop.12012
http://dx.doi.org/10.1007/s10620-010-1536-3
http://dx.doi.org/10.1002/cam4.1605
http://www.ncbi.nlm.nih.gov/pubmed/29862663
http://dx.doi.org/10.1016/j.oraloncology.2019.07.013
http://www.ncbi.nlm.nih.gov/pubmed/31422202
http://dx.doi.org/10.1158/0008-5472.CAN-07-2912
http://www.ncbi.nlm.nih.gov/pubmed/18316599


Biomolecules 2019, 9, 519 12 of 14

34. Wood, H. MicroRNA-132 master regulator of neuronal health? Nat. Rev. Neurol. 2018, 14, 508–509. [CrossRef]
[PubMed]

35. Takwi, A.A.; Wang, Y.M.; Wu, J.; Michaelis, M.; Cinatl, J.; Chen, T. miR-137 regulates the constitutive
androstane receptor and modulates doxorubicin sensitivity in parental and doxorubicin-resistant
neuroblastoma cells. Oncogene 2014, 33, 3717–3729. [CrossRef] [PubMed]

36. Langevin, S.M.; Stone, R.A.; Bunker, C.H.; Lyons-Weiler, M.A.; LaFramboise, W.A.; Kelly, L.; Seethala, R.R.;
Grandis, J.R.; Sobol, R.W.; Taioli, E. MicroRNA-137 promoter methylation is associated with poorer overall
survival in patients with squamous cell carcinoma of the head and neck. Cancer 2011, 117, 1454–1462.
[CrossRef] [PubMed]

37. Li, B.; Kyung, H.M. Identification of eight meta-signature miRNAs as potential biomarkers for oropharyngeal
cancers. Cancer Genet. 2019, 233–234, 75–83. [CrossRef] [PubMed]

38. Langevin, S.M.; Stone, R.A.; Bunker, C.H.; Grandis, J.R.; Sobol, R.W.; Taioli, E. MicroRNA-137 promoter
methylation in oral rinses from patients with squamous cell carcinoma of the head and neck is associated
with gender and body mass index. Carcinogenesis 2010, 31, 864–870. [CrossRef]

39. Lim, Y.; Sun, C.X.; Tran, P.; Punyadeera, C. Salivary epigenetic biomarkers in head and neck squamous cell
carcinomas. Biomark. Med. 2016, 10, 301–313. [CrossRef]

40. Balaguer, F.; Link, A.; Lozano, J.J.; Cuatrecasas, M.; Nagasaka, T.; Boland, C.R.; Goel, A. Epigenetic silencing
of miR-137 is an early event in colorectal carcinogenesis. Cancer Res. 2010, 70, 6609–6618. [CrossRef]

41. Kaur, S.; Lotsari-Salomaa, J.E.; Seppänen-Kaijansinkko, R.; Peltomäki, P. MicroRNA Methylation in Colorectal
Cancer. Adv. Exp. Med. Biol. 2016, 937, 109–122. [CrossRef] [PubMed]

42. Menigatti, M.; Staiano, T.; Manser, C.N.; Bauerfeind, P.; Komljenovic, A.; Robinson, M.; Jiricny, J.; Buffoli, F.;
Marra, G. Epigenetic silencing of monoallelically methylated miRNA loci in precancerous colorectal lesions.
Oncogenesis 2013, 2, e56. [CrossRef]

43. Alonso, S.; González, B.; Alibés, A.; Perucho, M. Analysis of Somatic DNA Methylation Alterations of Genes
Encoding Cell Surface Metallopeptidases in Colorectal Cancer. In Proteases and Cancer. Methods in Molecular
Biology; Cal, S., Obaya, A., Eds.; Humana Press: New York, NY, USA, 2018; Volume 1731. [CrossRef]

44. Huang, Z.; Huang, D.; Ni, S.; Peng, Z.; Sheng, W.; Du, X. Plasma microRNAs are promising novel biomarkers
for early detection of colorectal cancer. Int. J. Cancer 2010, 127, 118–126. [CrossRef] [PubMed]

45. Kokuda, R.; Watanabe, R.; Okuzaki, D.; Akamatsu, H.; Oneyama, C. MicroRNA-137-mediated Src oncogenic
signaling promotes cancer progression. Genes Cells 2018, 23, 8. [CrossRef] [PubMed]

46. Oneyama, C.; Okada, M. MicroRNAs as the fine-tuners of Src oncogenic signalling. J. Biochem. 2015, 157,
431–438. [CrossRef] [PubMed]

47. Slezak-Prochazka, I.; Kluiver, J.; Jong, D.D.; Kortman, G.; Halsema, N.; Poppema, S.; Kroesen, B.-J.; van den
Berg, A. Cellular localization and processing of primary transcripts of exonic microRNAs. PLoS ONE 2013, 8,
e76647. [CrossRef] [PubMed]

48. Louloupi, A.; Ntini, E.; Liz, J.; Ørom, U.A. Microprocessor dynamics shows co- and post-transcriptional
processing of pri-miRNAs. RNA 2017, 23, 892–898. [CrossRef]

49. Smith, A.R.; Marquez, R.T.; Tsao, W.; Pathak, S.; Roy, A.; Ping, J.; Wilkerson, B.; Lan, L.; Meng, W.;
Neufeld, K.L.; et al. Tumor suppressive microRNA-137 negatively regulates Musashi-1 and colorectal cancer
progression. Oncotarget 2015, 6, 12558–12573. [CrossRef]

50. Bellizzi, A.M.; Frankel, W.L. Colorectal cancer due to deficiency in DNA mismatch repair function: A review.
Adv. Anat. Pathol. 2009, 16, 405–417. [CrossRef]

51. Egawa, J.; Nunokawa, A.; Shibuya, M.; Watanabe, Y.; Kaneko, N.; Igeta, H.; Someya, T. Resequencing and
association analysis of MIR137 with schizophrenia in a Japanese population. Psychiatry Clin. Neurosci. 2013,
67, 277–279. [CrossRef]

52. Kuswanto, C.N.; Sum, M.Y.; Qiu, A.; Sitoh, Y.Y.; Liu, J.; Sim, K. The impact of genome wide supported
microRNA-137 (MIR137) risk variants on frontal and striatal white matter integrity, neurocognitive
functioning, and negative symptoms in schizophrenia. Am. J. Med. Genet. B Neuropsychiatr. Genet.
2015, 168B, 317–326. [CrossRef]

53. Fang, Z.; Tang, J.; Bai, Y.; Lin, H.; You, H.; Jin, H.; Lin, L.; You, P.; Li, L.; Dai, Z.; et al. Plasma levels of
microRNA-24, microRNA-320a, and microRNA-423-5p are potential biomarkers for colorectal carcinoma. J.
Exp. Clin. Cancer Res. 2015, 34, 86. [CrossRef]

http://dx.doi.org/10.1038/s41582-018-0049-0
http://www.ncbi.nlm.nih.gov/pubmed/30026503
http://dx.doi.org/10.1038/onc.2013.330
http://www.ncbi.nlm.nih.gov/pubmed/23934188
http://dx.doi.org/10.1002/cncr.25689
http://www.ncbi.nlm.nih.gov/pubmed/21425146
http://dx.doi.org/10.1016/j.cancergen.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/30578154
http://dx.doi.org/10.1093/carcin/bgq051
http://dx.doi.org/10.2217/bmm.16.2
http://dx.doi.org/10.1158/0008-5472.CAN-10-0622
http://dx.doi.org/10.1007/978-3-319-42059-2_6
http://www.ncbi.nlm.nih.gov/pubmed/27573897
http://dx.doi.org/10.1038/oncsis.2013.21
http://dx.doi.org/10.1007/978-1-4939-7595-2_24
http://dx.doi.org/10.1002/ijc.25007
http://www.ncbi.nlm.nih.gov/pubmed/19876917
http://dx.doi.org/10.1111/gtc.12610
http://www.ncbi.nlm.nih.gov/pubmed/29962093
http://dx.doi.org/10.1093/jb/mvv036
http://www.ncbi.nlm.nih.gov/pubmed/25862810
http://dx.doi.org/10.1371/journal.pone.0076647
http://www.ncbi.nlm.nih.gov/pubmed/24073292
http://dx.doi.org/10.1261/rna.060715.117
http://dx.doi.org/10.18632/oncotarget.3726
http://dx.doi.org/10.1097/PAP.0b013e3181bb6bdc
http://dx.doi.org/10.1111/pcn.12047
http://dx.doi.org/10.1002/ajmg.b.32314
http://dx.doi.org/10.1186/s13046-015-0198-6


Biomolecules 2019, 9, 519 13 of 14

54. Chang, P.Y.; Chen, C.C.; Chang, Y.S.; Tsai, W.S.; You, J.F.; Lin, G.P.; Chen, T.W.; Chen, J.S.; Chan, E.C.
MicroRNA-223 and microRNA-92a in stool and plasma samples act as complementary biomarkers to increase
colorectal cancer detection. Oncotarget 2016, 7, 10663–10675. [CrossRef]

55. Carter, J.V.; Galbraith, N.J.; Yang, D.; Burton, J.F.; Walker, S.P.; Galandiuk, S. Blood-based microRNAs as
biomarkers for the diagnosis of colorectal cancer: A systematic review and meta-analysis. Br. J. Cancer 2017,
116, 762–774. [CrossRef]

56. Kozaki, K.; Imoto, I.; Mogi, S.; Omura, K.; Inazawa, J. Exploration of tumor-suppressive microRNAs silenced
by DNA hypermethylation in oral cancer. Cancer Res. 2008, 68, 2094–2105. [CrossRef]

57. Endo, H.; Muramatsu, T.; Furuta, M.; Uzawa, N.; Pimkhaokham, A.; Amagasa, T.; Inazawa, J.; Kozaki, K.
Potential of tumor-suppressive miR-596 targeting LGALS3BP as a therapeutic agent in oral cancer.
Carcinogenesis 2013, 34, 560–569. [CrossRef]

58. Tonouchi, E.; Muramatsu, T.; Furuta, M.; Uzawa, N.; Pimkhaokham, A.; Amagasa, T.; Inazawa, J.; Kozaki, K.
miR-3140 suppresses tumor cell growth by targeting BRD4 via its coding sequence and downregulates the
BRD4-NUT fusion oncoprotein. Sci. Rep. 2018, 8, 4482. [CrossRef]

59. Bier, A.; Giladi, N.; Kronfeld, N.; Lee, H.K.; Cazacu, S.; Finniss, S.; Xiang, C.; Poisson, L.; de-Carvalho, A.C.;
Slavin, S. MicroRNA-137 is downregulated in glioblastoma and inhibits the stemness of glioma stem cells by
targeting RTVP-1. Oncotarget 2013, 4, 665–676. [CrossRef]

60. Su, R.; Cao, S.; Ma, J.; Liu, Y.; Liu, X.; Zheng, J.; Chen, J.; Liu, L.; Cai, H.; Li, Z.; et al. Knockdown of SOX2OT
inhibits the malignant biological behaviors of glioblastoma stem cells via up-regulating the expression of
miR-194-5p and miR-122. Mol. Cancer 2017, 16, 171. [CrossRef]

61. Liu, M.; Lang, N.; Qiu, M.; Xu, F.; Li, Q.; Tang, Q.; Chen, J.; Chen, X.; Zhang, S.; Liu, Z.; et al. miR-137 targets
Cdc42 expression, induces cell cycle G1 arrest and inhibits invasion in colorectal cancer cells. Int. J. Cancer
2011, 128, 1269–1279. [CrossRef]

62. Qadir, M.; Parveen, A.; Ali, M. Cdc42: Role in Cancer Management. Chem. Biol. Drug Des. 2015, 86, 432–439.
[CrossRef]

63. Garzon, R.; Liu, S.; Fabbri, M.; Liu, Z.; Heaphy, C.E.; Callegari, E.; Schwind, S.; Pang, J.; Yu, J.; Muthusamy, N.;
et al. MicroRNA-29b induces global DNA hypomethylation and tumour suppressor gene re-expression in
acute myeloid leukaemia by targeting directly DNMT3A and 3B and indirectly DNMT1. Blood 2009, 113,
6411–6418. [CrossRef]

64. Chen, Y.L.; Zhang, Z.X.; Shou, L.H.; Di, J.Y. Regulation of DNA methylation and tumour suppression gene
expression by miR-29b in leukaemia patients and related mechanisms. Eur. Rev. Med. Pharm. Sci. 2018, 22,
158–165. [CrossRef]

65. Chen, D.L.; Wang, D.S.; Wu, W.J.; Zeng, Z.L.; Luo, H.Y.; Qiu, M.Z.; Ren, C.; Zhang, D.S.; Wang, Z.Q.;
Wang, F.H.; et al. Overexpression of paxillin induced by miR-137 suppression promotes tumour progression
and metastasis in colorectal cancer. Carcinogenesis 2013, 34, 803–811. [CrossRef]

66. Luo, C.; Tetteh, P.W.; Merz, P.R.; Dickes, E.; Abukiwan, A.; Hotz-Wagenblatt, A.; Holland-Cunz, S.; Sinnberg, T.;
Schittek, B.; Schadendorf, D.; et al. miR-137 inhibits the invasion of melanoma cells through downregulation
of multiple oncogenic target genes. J. Investig. Dermatol. 2013, 133, 768–775. [CrossRef]

67. Chen, X.; Liu, S.; Zhao, X.; Ma, X.; Gao, G.; Yu, L.; Yan, D.; Dong, H.; Sun, W. Long noncoding RNA ILF3-AS1
promotes cell proliferation, migration, and invasion via negatively regulating miR-200b/a/429 in melanoma.
Biosci. Rep. 2017, 37. [CrossRef]

68. Hamilton, M.G.; Roldán, G.; Magliocco, A.; McIntyre, J.B.; Parney, I.; Easaw, J.C. Determination of the
methylation status of MGMT in different regions within glioblastoma multiforme. J. Neuro-Oncol. 2011, 102,
255–260. [CrossRef]

69. Binabaj, M.M.; Bahrami, A.; ShahidSales, S.; Joodi, M.; Joudi Mashhad, M.; Hassanian, S.M.; Anvari, K.;
Avan, A. The prognostic value of MGMT promoter methylation in glioblastoma: A meta-analysis of clinical
trials. J. Cell. Physiol. 2018, 233, 378–386. [CrossRef]

70. Kang, N.; Choi, S.Y.; Kim, Y.K.; Yoo, I.F.; Han, D.H.; Lee, D.S.; Kim, Y.S.; Hong, S.H.; Kang, J.H.; Lee, K.Y.;
et al. Silencing of miR-137 by aberrant promoter hypermethylation in surgically resected lung cancer. Lung
Cancer 2015, 89, 99–103. [CrossRef]

71. Singh, D.K.; Bose, S.; Kumar, S. Regulation of expression of microRNAs by DNA methylation in lung cancer.
Biomarkers 2016, 21, 589–599. [CrossRef]

http://dx.doi.org/10.18632/oncotarget.7119
http://dx.doi.org/10.1038/bjc.2017.12
http://dx.doi.org/10.1158/0008-5472.CAN-07-5194
http://dx.doi.org/10.1093/carcin/bgs376
http://dx.doi.org/10.1038/s41598-018-22767-y
http://dx.doi.org/10.18632/oncotarget.928
http://dx.doi.org/10.1186/s12943-017-0737-1
http://dx.doi.org/10.1002/ijc.25452
http://dx.doi.org/10.1111/cbdd.12556
http://dx.doi.org/10.1182/blood-2008-07-170589
http://dx.doi.org/10.26355/eurrev_201801_14113
http://dx.doi.org/10.1093/carcin/bgs400
http://dx.doi.org/10.1038/jid.2012.357
http://dx.doi.org/10.1042/BSR20171031
http://dx.doi.org/10.1007/s11060-010-0307-5
http://dx.doi.org/10.1002/jcp.25896
http://dx.doi.org/10.1016/j.lungcan.2015.05.011
http://dx.doi.org/10.3109/1354750X.2016.1171906


Biomolecules 2019, 9, 519 14 of 14

72. Bandres, E.; Agirre, X.; Bitarte, N.; Ramirez, N.; Zarate, R.; Roman-Gomez, J.; Prosper, F.; Garcia-Foncillas, J.
Epigenetic regulation of microRNA expression in colorectal cancer. Int. J. Cancer 2009, 125, 2737–2743.
[CrossRef]

73. Stevens, J.R.; Herrick, J.S.; Wolff, R.K.; Slattery, M.L. Identifying factors associated with the direction and
significance of microRNA tumour-normal expression differences in colorectal cancer. BMC Cancer 2017, 17,
707. [CrossRef]

74. Hamfjord, J.; Stangeland, A.M.; Hughes, T.; Skrede, M.L.; Tveit, K.M.; Ikdahl, T.; Kure, E.H. Differential
expression of miRNAs in colorectal cancer: Comparison of paired tumor tissue and adjacent normal mucosa
using high-throughput sequencing. PLoS ONE 2012, 7, e34150. [CrossRef]

75. Grady, W.M.; Parkin, R.K.; Mitchell, P.S.; Lee, J.H.; Kim, Y.H.; Tsuchiya, K.D.; Washington, M.K.; Paraskeva, C.;
Willson, J.K.; Kaz, A.M. Epigenetic silencing of the intronic microRNA hsa-miR-342 and its host gene EVL in
colorectal cancer. Oncogene 2008, 27, 3880–3888. [CrossRef]

76. Lin, J.; Chuang, C.C.; Zuo, L. Potential roles of microRNAs and ROS in colorectal cancer: Diagnostic
biomarkers and therapeutic targets. Oncotarget 2017, 8, 17328–17346. [CrossRef]

77. Issa, J.; Vertino, P.M.; Boehm, C.D.; Newsham, I.F.; Baylin, S.B. Switch from monoallelic to biallelic human
IGF2 promoter methylation during aging and carcinogenesis. Proc. Natl. Acad. Sci. USA 1996, 93,
11757–11762. [CrossRef]

78. Le Stunff, C.; Castell, A.L.; Todd, N.; Mille, C.; Belot, M.P.; Frament, N.; Brailly-Tabard, S.; Benachi, A.;
Fradin, D.; Bougnères, P. Fetal growth is associated with CpG methylation in the P2 promoter of the IGF1
gene. Clin. Epigenet. 2018, 10, 74. [CrossRef]

79. Zheng, Q.H.; Ma, L.W.; Zhu, W.G.; Zhang, Z.Y.; Tong, T.J. p21Waf1/Cip1 plays a critical role in modulating
senescence through changes of DNA methylation. J. Cell. Biochem. 2006, 98, 1230–1248. [CrossRef]

80. Hassler, M.R.; Klisaroska, A.; Kollmann, K.; Steiner, I.; Bilban, M.; Schiefer, A.I.; Sexl, V.; Egger, G.
Antineoplastic activity of the DNA methyltransferase inhibitor 5-aza-2’-deoxycytidine in anaplastic large
cell lymphoma. Biochimie 2012, 94, 2297–2307. [CrossRef]

81. Lanceta, J.; Rough, R.A.; Liang, R.; Wang, E. MicroRNA group disorganization in aging. Exp. Gerontol. 2010,
45, 269–278. [CrossRef]

82. Kranjc, T.; Ostanek, B.; Marc, J. Bone microRNAs and Ageing. Curr. Pharm. Biotechnol. 2017, 18, 210–220.
[CrossRef] [PubMed]

83. Wang, F.; Ma, Y.; Wang, H.; Qin, H. Reciprocal regulation between microRNAs and epigenetic machinery in
colorectal cancer. Oncol. Lett. 2017, 13, 1048–1057. [CrossRef]

84. Wang, D.; Liu, J.; Huo, T.; Tian, Y.; Zhao, L. The role of microRNAs in colorectal liver metastasis: Important
participants and potential clinical significances. Tumour Biol. 2017, 39. [CrossRef] [PubMed]

85. Yang, H.; Li, Q.; Niu, J.; Li, B.; Jiang, D.; Wan, Z.; Yang, Q.; Jiang, F.; Wei, P.; Bai, S. microRNA-342-5p and
miR-608 inhibit colon cancer tumorigenesis by targeting NAA10. Oncotarget 2016, 19, 2709–2720. [CrossRef]

86. Ramassone, A.; Pagotto, S.; Veronese, A.; Visone, R. Epigenetics and MicroRNAs in Cancer. Int. J. Mol. Sci.
2019, 19, 459. [CrossRef]

87. Lawler, M.; Alsina, D.; Adams, R.A.; Anderson, S.A.; Brown, G.; Fearnhead, N.S.; Fenwick, S.W.; Halloran, S.P.;
Hochhauser, D.; Hull, M.A.; et al. Critical research gaps and recommendations to inform research prioritisation
for more effective prevention and improved outcomes in colorectal cancer. Gut 2018, 67, 179–193. [CrossRef]
[PubMed]

88. Draht, M.X.G.; Goudkade, D.; Koch, A.; Grabsch, H.I.; Weijenberg, M.P.; van Engeland, M.; Melotte, V.;
Smits, K.M. Prognostic DNA methylation markers for sporadic colorectal cancer: A systematic review. Clin.
Epigenet. 2018, 10, 35. [CrossRef] [PubMed]

89. Nikolouzakis, T.K.; Vassilopoulou, L.; Fragkiadaki, P.; Mariolis Sapsakos, T.; Papadakis, G.Z.; Spandidos, D.A.;
Tsatsakis, A.M.; Tsiaoussis, J. Improving diagnosis, prognosis and prediction by using biomarkers in CRC
patients. Oncol. Rep. 2018, 39, 2455–2472. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/ijc.24638
http://dx.doi.org/10.1186/s12885-017-3690-x
http://dx.doi.org/10.1371/journal.pone.0034150
http://dx.doi.org/10.1038/onc.2008.10
http://dx.doi.org/10.18632/oncotarget.14461
http://dx.doi.org/10.1073/pnas.93.21.11757
http://dx.doi.org/10.1186/s13148-018-0506-z
http://dx.doi.org/10.1002/jcb.20838
http://dx.doi.org/10.1016/j.biochi.2012.05.029
http://dx.doi.org/10.1016/j.exger.2009.12.009
http://dx.doi.org/10.2174/1389201018666170203091828
http://www.ncbi.nlm.nih.gov/pubmed/28164757
http://dx.doi.org/10.3892/ol.2017.5593
http://dx.doi.org/10.1177/1010428317709640
http://www.ncbi.nlm.nih.gov/pubmed/28651498
http://dx.doi.org/10.18632/oncotarget.6458
http://dx.doi.org/10.3390/ijms19020459
http://dx.doi.org/10.1136/gutjnl-2017-315333
http://www.ncbi.nlm.nih.gov/pubmed/29233930
http://dx.doi.org/10.1186/s13148-018-0461-8
http://www.ncbi.nlm.nih.gov/pubmed/29564023
http://dx.doi.org/10.3892/or.2018.6330
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Sampling 
	Genomic DNA Extraction 
	Sodium Bisulfite Treatment 
	Methylation-Specific Polymerase Chain Reaction (MSP) 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

