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Abstract

Background: Abnormal DNA methylation leading to altered transcription of certain genes occurs frequently
in colorectal cancer (CRC). As with protein-coding genes, microRNAs (miRNAs) may be targeted for
methylation in CRC; however, the methylation state of miRNA genes in CRC, especially in primary lesions,
has not yet been completely elucidated. To understand the impact of DNA methylation on the miR-200c/141
cluster promoter, we investigated the methylation and expression of miR-141 in precancerous lesions and
colorectal cancer.

Methods: In this cross-sectional study, 208 colorectal tissue samples, including 34 tumor tissue samples, 60
precancerous lesions with matched normal adjacent tissues, and 20 normal tissue samples, were collected.
Promoter methylation of the miR-200c/141 cluster was studied using methylation-specific PCR. MiR-141
expression was examined using quantitative real-time PCR.

Results: Our findings showed that the miR-200c/141 cluster promoter region was most frequently hypermethylated
in colorectal tumors and adenomatous polyps, but unmethylated in hyperplastic polyp tissues (P < 0.001). DNA
methylation of the miR-200c/141 cluster and the tumor stage were significantly correlated (P = 0.002); however,
miR-141 expression difference between the tumor and polyp samples was not significant (p = 0.6).

Conclusions: The DNA methylation status of the miR-200c/141 cluster could serve as a progression marker
from benign polyps to colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the most common
malignant neoplasm of the gastrointestinal tract
(1). This type of cancer is the second and third most
common malignancy diagnosed in women and
men, respectively. It accounts for more than 1.2
million new cases each year (2) and 10 percent of
cancer-related deaths worldwide (3).

Pre-existing colonic polyps are the main source
for colorectal cancer generation; however, data
regarding epigenetic changes related to colorectal
polyps are limited (4, 5). Understanding the
prevalence and epigenetic mechanism of colorectal
polyps would help clarify the efficacy of a CRC
screening program. Therefore, updating the current
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knowledge in the scope of colorectal polyps and
CRC is essential.

MicroRNAs (miRNAs) serve as particular
targets of genomic lesions that are associated with
the silencing of tumor suppressor genes or activation
of specific oncogenes (6, 7). Both loss and gain of
miRNA function have been found to contribute to
cancer development via different mechanisms (8). It
has been well documented that miRNAs are
involved in the development of gastrointestinal
tumors, such as colorectal cancer (9-11).

The miR-200 family members are grouped into
potent tumor-suppressive MIRNAs (12). MiR-141,
an miR-200 family member, is located with miR-
200c on chromosome 12 (13). MiR-141 has been
identified to be associated with the organization of
cancer stem cells (CSCs) and epithelial-
mesenchymal transition (EMT) regulation,
although some researchers have shown that miR-
141 plays a dual role in the tumorigenicity of
gastrointestinal cancers, such as CRC (14-16). It
has also become apparent that several miRNAs are
controlled through epigenetic mechanisms, such as
DNA methylation (17). Previous reports indicate
that the miR-200 family is linked to aberrant DNA
methylation  patterns in multiple  human
malignancies (18, 19). This family is silenced by
aberrant CpG methylation of its promoter in a large
percentage of bladder tumors (20). Epigenetic
silencing of the miR-200 family, including miR-
200c, in gastric cancer cells has been shown
through experimental data (19).

Evidence suggests that miR-200 family
dysregulation induces EMT during carcinogenesis
through direct regulation of ZEB1 and ZEB2, and
downregulation of the miR-200 family in some
malignancies promotes progression and metastasis
(21). Although miR-200 family members have
been shown to both promote proliferation and
suppress metastasis during colorectal
tumorigenesis, the precise mechanism of action of
the miR-200 family in different tumor types and
stages is not clear (21, 22).

Early detection and clinical management of
precancerous polyps in the large bowel are
essential for CRC prevention and treatment. Here,
we examined the tissue-dependent methylation
status of the miR-200c/141 cluster promoter and

miR-141 expression in normal tissue, colorectal
polyps, and malignancies.

Materials and methods

Study Population

In this cross-sectional study, colorectal samples
(n=208) were collected from individuals referred
to Taleghani Hospital, Tehran, Iran in 2015 and
2016. Informed consent was given by the
participants and the demographic and clinical data,
including age, gender, BMI, diabetes state,
smoking status, inflammatory bowel disease
(IBD), blood pressure, and family history were
collected using a standard questionnaire. The
questionnaire was completed by a trained research
scientist through an interview. All subjects also
received colonoscopies. All the tissue samples
were histologically examined by a pathologist and
divided into groups including adenomatous
polyps, hyperplastic polyps, and tumor specimens.
Tumor tissues were categorized at stages I, 11, and
[ using the Tumor-Node-Metastasis criteria from
the American Joint Committee for Cancer. The
characteristic and clinicopathologic parameters are
summarized in Table 1. This research project was
performed under the approval of the Ethics
Committee of the Research Center for
Gastroenterology and Liver Diseases, Shahid
Beheshti University of Medical Sciences, Tehran,
Iran (ethics code:
IR.SBMU.RIGLD.REC.1395.925).

DNA Extraction and Methylation-Specific PCR (MSP)
The specimens were snap-frozen in liquid nitrogen
and stored at —70 °C until used. Genomic DNASs
were extracted from the frozen tissues with
QlAamp DNA Mini kit (Qiagen, Germany)
according to the manufacturer’s protocol and then
stored. The promoter methylation states of miR-
200c-141 cluster were determined by MSP.
Methylation-specific PCR primer sequences
were 5-TTCGGGAGTAGTTCGGTTC-3’

(forward) and 5'-
AATTAAACTATACCGCCCCG-3' (reverse) for
methylated miR-141 and 5'-

GGTTTGGGAGTAGTTTGGTTT-3" (forward)
and 5-AAAT TAAACTATACCACCCCAC-3'
(reverse) for the unmethylated form (18).
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Aliquots of the extracted DNA were
converted by the Qiagen EpiTect Bisulfite kit
(Qiagen, Hilden, Germany) following the
manufacturer's  guidelines. Then, PCR
amplification with  MSP  primers was
performed using 11 pl of master mix and 1.5
ul of bisulfite-converted DNA in a final
reaction mixture of 12.5uL. The master mix
included 0.5 pL of the forward primer (10
pmol concentration), 0.5 pl of the reverse
primer (10 pmol concentration), 1.25 pl of 10x
MSP PCR buffer, 0.25uL of 10 mM dNTP
mix, 0.5 pL of Mg, 2.5 uL of Q PCR buffer,
7.4 ul of nuclease-free H20O, and 0.1 pL of
HotStart Taq DNA Polymerase (Qiagene,
Germany).
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For each DNA sample, the PCR was performed
with both methylated and unmethylated primer pairs.
The PCR conditions were: a preliminary denaturation
at 94 °C for 7 min, then 36 cycles of 94 °C for 40 s
(denaturation), 58.5 °C for 40 s (annealing), 72 °C for
40 s (extension), and the final elongation for 10 min.
The MSP products were confirmed with 2% agarose
gel electrophoresis, stained with a green viewer, and
visualized with a UV transilluminator. A human
control DNA set containing both bisulfite-converted
methylated and unmethylated DNAs and an
unconverted unmethylated DNA (Qiagen, Germany)
were used to detect methylated and unmethylated
sequences. Several examples of methylated and
unmethylated samples (tumor and polyp tissue) are
shown in Figure 1A.
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Fig. 1. A) representative 2% agarose gel electrophoresis for identification of miR-200c/141 cluster methylation status in colorectal
specimens, M and UN indicate methylated and unmethylated states, number 1 represents a tumor tissue, number 2 showed a
hyperplastic polyp tissue and number 3 showed adenoma polyp tissue, respectively. L: 100 bp ladder, B) miR-141 expression in polyp
and adjacent tissues C) miR-141 expression in tumors and adjacent controls D) miR-141 expression in tumor and polyp tiSSUES.

RNA Isolation and Real-time PCR analysis

The total RNAs were isolated from human
colorectal tissues using the miRNeasy Mini Kit
(Qiagen, Hilden, Germany). RNA concentration
and quality were determined by the NanoDrop
system (NanoDrop Technologies). The purified
total RNA was stored at -70 °C for subsequent use.
The cDNA was synthesized using 5 pg of total
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RNA with RB cDNA Synthesis kit (RNA
biotechnology Co, Iran). The cDNA fragments
were used as the templates to amplify miR-141
using a specific miR-141 primer (RNA
biotechnology Co, Iran) and 2X RB sybr master
mix (RNA biotechnology Co, Iran) according to
the manufacturer’s guidelines. The qPCR was
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performed on a 7500 Real-Time PCR System
(Applied Biosystem, USA). Real time PCR
amplifications were performed at 94 °C for 4 min,
followed by 40 cycles at 95 °C for 30 s, 58 °C for
40 s, and 72 °C for 40 s. The analysis was
performed using U6 as an endogenous control and
results were calculated by the 2-AACT method.

Statistical Analyses

Statistics were analyzed with IBM SPSS statistical
software, version 19 (SPSS Inc, Chicago, IL).
Quantitative data was described as the mean + standard
deviation (SD). Correlations between
clinicopathological factors and methylation status of the
miR-200¢/141 cluster promoter were compared by
Chi-square ()2) or Fisher’s exact tests and one-way
ANOVA. GraphPad Prism software version 7
(Graph Pad Inc., USA) was used for statistical

analysis of miR-141 expression. The t-test was
used to examine the miR-141 expression levels
between groups. P values < 0.05 were considered
statistically significant.

Results

General Statistical Information

This study was performed on 208 fresh/frozen
colorectal tissues and adjacent samples from 58
male and 56 female subjects. The samples were
14.9, 36.8, 30.7, and 17.5 percent hyperplastic
polyps, adenomas, colorectal tumors, and normal
tissues, respectively.

The mean ages of the patients with polyps,
tumors, and normal tissues were 58.6 +12.7,
61+13.7, and 57.3+9.2 years, respectively.
Demographic and clinicopathological
characteristics are shown in Table 1.

Table 1. Demographic and clinicopathological characteristics of the study subjects

. Polyp Tumor Normal

Variables (N=60) (N=32) (N=20) P value
Age (years; X + SD) ** 58.6+12.7 61+13.7 57.349.2 0.54
BMI (Kg/m2; x + SD) ** 25.242.8 249429 26.3+3.8 0.26
Sex, n (%)* 0.19
Female 27 (45.0%) 21 (61.8%) 8 (40.0%)
Male 33 (55.0%) 13(38.2%) 12 (60.0%)
FH n (%)* 0.50
No 47 (78.3%) 28 (82.4%) 18 (90.0%)
Yes 13 (21.7%) 6(17.6%) 2 (10.0%)
Smoking n (%6)* 0.10
No 54 (90.0%) 25 (73.5%) 17 (85.0%)
Yes 6 (10.0%) 9 (26.5%) 3(15.0%)
Location n (%6)* 0.008
Colon 51 (85.0%) 19 (55.9%) 14 (70.0%)
Rectum 9 (15.0%) 15 (44.1%) 6 (30.0%)
IBD n (%)* 0.14
No 53 (88.3%) 28 (82.4%) 20 (100.0%)
Yes 7 (11.7%) 6 (17.6%) 0 (0.0%)
HB n (%0)* 057
No 48 (80.0%) 30 (88.2%) 16 (80.0%)
Yes 12 (20.0%) 4(11.8%) 4 (20.0%)
Diabetes n (%6)* 0.74
No 51 (85.0%) 28 (82.4%) 18 (90.0%)
Yes 9 (15.0%) 6 (17.6%) 2 (10.0%)

Data are presented as number (%), X £ SD, and P value; BMI: Body Mass Index; FH: Family History; IBD: Inflammatory Bowel
Disease; HB: High Blood Pressure; *, y2 test; **, One-way ANOVA

Correlations between the methylation of the miR-
200c/141 cluster promoter and Clinical Characteristics
No significant correlations were found
between the miR-200c¢/141 cluster promoter

DNA methylation state and patient
demographic data, including BMI, family
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history (FH), diabetes, high blood pressure (HBP), respectively. We found that stages | and Il
and inflammatory bowel disease (IBD) (Table 2). samples were mostly methylated, while those in
Of the 34 tumor tissue samples obtained from stage 111 were mostly unmethylated.
colorectal cancer patients, 8 (23.5%), 17 (50%), This difference was statistically significant (P =
and 9 (26.5%) were in stages I, Il, and llI, 0.002, Table 2).
Table 2. Correlation between miR-200c/141 cluster promoter methylation status and clinicopathological properties of the study subjects.
Methylation status P value
Variables M U ¥2 test  Fisher’s exact test

Age (year) 0.45 0.57

Under 50 12 (18.2%) 7 (25.0%)

Upper 50 54 (81.8%) 21 (75.0%)

Sex (n%) 0.55 0.65

Female 35(53.0%) 13 (46.4%)

Male 31 (47.0%) 15 (53.6%)

BMI (Kg/m2) 0.61

18-23.9 15 (22.7%) 8 (28.6%)

24-29.9 42 (63.6%) 18 (64.3%)

30-35.9 9(136%) 2(7.1%)

FH (n%) 0.35 0.41

No 51 (77.3%) 24 (85.7%)

Yes 15 (22.7%) 4 (14.3%)

Diabetes (n%) 0.36 0.54

No 54 (81.8%) 25 (89.3%)

Yes 12 (18.2%) 3(10.7%)

HB (n%) 0.64 0.77

No 54 (81.8%) 24 (85.7%)

Yes 12 (18.2%) 4 (14.3%)

Smoking (n%o) 0.34 0.36

No 57 (86.4%) 22 (78.6%)

Yes 9(13.6%) 6 (21.4%)

Position (n%o) 0.14 0.19

Colon 52 (78.8%) 18 (64.3%)

Rectum 14 (21.2%) 10 (35.7%)

IBD (n%) 0.22 0.33

No 55 (83.3%) 26 (92.9%)

Yes 11 (16.7%) 2 (7.1%)

Stage (n%) 0.002 0.007

Stage |, I 23(85.2%) 2 (28.6%)

Stage I 4(14.8%) 5(71.4%)

M and U indicate Methylated and Unmethylated statuses, respectively; P value of less than 0.05 is considered significant.
Data are presented as number (%), X £ SD, and P value; BMI: Body Mass Index; FH: Family History; IBD: Inflammatory Bowel
Disease; HB: High Blood Pressure

Correlations between miR-200c/141 cluster

methylation and colorectal specimen type

The miR-200c/141 cluster promoter was adenocarcinoma specimens, while it was mostly
methylated in approximately 80% of the unmethylated in the hyperplastic samples. The
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methylation status of miR-200c/141 cluster
correlated significantly with the tissue sample
type P <0.001, Table 3).

Table 3. miR-200c/141 cluster methylation and colorectal
specimen types

Type Methylation status P value
M u P <0.001*
Normal 5(25.0%) 15 (75.0%)
Adenoma

32(76.2%) 10 (23.8%)
Hyperplastic ¢ (35396) 11 (64.7%)

Tumor 28(80.0%) 7 (20.0%)
*; According to 2 test

Expression of miR-141 in the Samples of Patients
No significant difference in miR-141 expression
was found between polyps and control tissues (P
= 0.07, Fig. 1B) or between tumor and control
tissues (P = 0.19, Fig. 1C).

miR-141 expression was 0.77-fold less in tumors
than in polyps; however, this difference was not
significant (P = 0.63, Fig. 1D).

Discussion

DNA methylation is an important mechanism of
inactivating tumor suppressor genes such as miR-
141 (23, 24). miR-141 methylation may participate
in CRC progression. Colorectal cancer can arise
from polyps; therefore, the identification of
mechanisms that correlate with CRC generation it
is critical (25).

In the current study, the miR-200c/141 cluster
promoter methylation profile in colon cancer
tissues was characterized in an Iranian population.
We found the miR-200c/141 cluster promoter was
hypermethylated in colorectal tumors and
adenomatous polyps, but not in hyperplastic
polyps or normal tissues.

We also found that miR-141 expression was
less in tumors than in polyp but the difference was
not statistically significant.

Previous studies have demonstrated this cellular
plasticity is controlled by the miR-200 family,
which plays a fundamental role in EMT
suppression by directly silencing ZEB
transcription factors (26, 27).

The evidence supports the idea that the
imbalanced expression between ZEB transcription
factors and the miR-200 family could promote
EMT and development of epithelial cancers (28).
Also, reports have suggested that cellular plasticity
may be associated with epigenetic modifications
such as DNA methylation (29).

The miR-200 family is epigenetically silenced
by methylation of promoters in lung (30) and
bladder (31) cancers and glioma (18).

miR-141 functions as a tumor suppressor in
gastric adenocarcinoma (16), renal cell carcinoma
(26), and pancreatic cancer (32). MiR-200c/141
locus methylation correlates with miRNA
downregulation in endometrial carcinosarcoma
(21). Also, miR-200c-141 cluster promoter
methylation has been correlated with aggressive
phenotypes such as poor differentiation and high
proliferation in carcinoma cell lines (33, 34).

Neves and colleagues demonstrated that the
miR-200c-141 cluster promoter is silenced by
hypermethylation, resulting in decreased miR-141
expression (35). Their silencing states in prostate
cancer cells also occur with the aberrant DNA
methylation patterns (33, 36). While silencing of
miR-141/200c is associated with tumorigenesis, an
association has been shown between their increased
expression and hepatic metastatic cancer (21).

We found that miR-200c-141 cluster
methylation was greater in adenomatous than in
hyperplastic polyps. Because these adenomatous
polyps are more likely to become malignant, the
methylation state can be used as an epigenetic
marker in the prognosis of colorectal cancer.

Accordingly, hypermethylation of the miR-
200c-141 cluster promoter leads to altered miR-
141 and miR200c expression, which can
potentially affect a number of downstream targets.
However, abnormal methylation of this locus may
be correlated with disease pathogenesis.

Although our results revealed significant
differences between the methylation states of
tumor tissues and precancerous lesions, the
establishment of this correlation needs further
studies. Furthermore, the role of the miR-200c-141
cluster and those of other miRNAs in the
regulation of genes involved in CRC progression
should be determined to validate their use as
appropriate markers for the prediction of CRC.
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Our results provide further insight into the role
of epigenetic changes underpinning colorectal
tumor progression from colorectal polyps. To our
knowledge, this is the first report describing the
methylation state of miR-200c-141 cluster in
colorectal polyps and the association between its
methylation state and various CRC stages.
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