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Abstract

AIM: To investigate whether selected single nucleotide
polymorphisms (SNPs) in miR-196a2, miR-27a and miR-
146a genes are associated with sporadic colorectal can-
cer (CRQ).
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METHODS: In order to investigate the effect of these
SNPs in CRC, we performed a case-control study of 197
cases of sporadic CRC and 212 cancer-free controls
originating from the Central-European Caucasian popu-
lation using TagMan Real-Time polymerase chain reac-
tion and allelic discrimination analysis.

RESULTS: The genotype and allele frequencies of
SNPs were compared between the cases and the con-
trols. None of the performed analysis showed any sta-
tistically significant results.

CONCLUSION: Our data suggest a lack of association
between rs11614913, rs895819 and rs2910164 and
colorectal cancer risk in the Central-European Cauca-
sian population, a population with an extremely high
incidence of sporadic colorectal cancer.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Sporadic colorectal cancer represents a typical multifacto-
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rial disease with an intense crosstalk of the genetic back-
ground with the environment, including lifestyle habits
and diet. Certain populations present higher rates of
sporadic colorectal cancer, independently of diet and life-
style habits than others'", which supports the hypothesis
that individual genetic background is involved in the etio-
pathogenesis of the disease. An extremely high incidence
of colorectal cancer'! has been repeatedly reported for
the Central-European Caucasian population, significantly
exceeding the peak incidence observed in the United
States and other developed countries”. This population
is, therefore, highly likely to carry a strong genetic pre-
disposition to sporadic colorectal cancer and could be a
good model population for sporadic colorectal cancer.
MicroRNAs (miRNAs) are short non-coding RNAs,
18 to 25 nucleotides in length, which regulate gene ex-
pressionm. Single nucleotide polymorphisms (SNPs)
may occur at the level of the miRNA biogenesis path-
way genes, pri-miRNA, pre-miRNA or mature miRNA
sequences. Such polymorphisms may be functional
with regard to the biogenesis and actions of the matute
miRNA. Specific SNPs are located at predicted miRNA
target sites within 3’ of untranslated regions of mRNAs.
These SNPs have the potential to affect the efficiency of
miRNA binding at their target sites as well as to create or
disrupt binding sites. Resulting gene dysregulation may
involve changes in phenotype and may eventually prove
critical for the susceptibility to and the onset of cancer, as
well as for prognosis and therapy response predictionm.
The most frequently studied miRNA-associated SNP
in cancer is rs11614913 in the pre-miRNA region of
miR-196-22. Hu e a/" observed the association of the
rs11614913: T > C variant genotype with a significantly
increased risk of breast cancer [odds ratio (OR) 1.23;
95% confidence interval (CI): 1.02-1.48]. A number of
case-control studies were consequently performed in
breast™", lungw’s], gastricm, esophageal“o], hepatocellularm
and head and neck cancer”. More recently, two contra-
dictory studies were published evaluating rs11614913 as
a potential risk factor for colorectal cancer in the Chinese
population (T »s C allele-OR 1.320; CI: 1.056-1.649, P =
0.014" 15 OR 1.065; CI: 0.803-1.414, P = 0.665""). SNP
rs895819, located in the terminal loop of a pre-miR-27a
oncogene, was initially evaluated in familial breast cancer,
whereas the G allele was associated with reduced familial
breast cancer risk (P = 0.0215). The opposite of this as-
sociation was observed by Sun ez a/'” in a gastric cancer
case-control study where subjects with variant genotypes
(AG + GG) showed a significantly increased risk of
gastric cancer relative to AA carriers (OR 1.48; 95% CI:
1.06-2.05; P = 0.019). AG to C SNP (152910164) located
within the sequence of the miR-146a precursor was first
studied by Shen ez al'” due to the fact that predicted miR-
146a target genes include BRCA1 and BRCA2, i.c., key
breast and ovarian cancer susceptibility genes. Breast and
ovarian cancer patients who had at least one miR-146a
variant allele were diagnosed at an earlier age. Subse-
quently, the distribution of the miR-146a polymorphism

(49

Boishidongs  WIG | www.wjgnet.com

152910164 was evaluated in breast”, esophagealm, hepa-
tocellular™ and thyroid cancer”.

Thus, a significant association with the risk of various
types of solid cancers, with the exception of colorec-
tal cancer, has been repeatedly reported for SNPs:
rs11614913 in miR-196-22, +s895819 in hsa-miR-27a
and 152910164 in miR-146a; consequently, we decided to
perform a case-control study evaluating these three SNPs
and the risk of sporadic colorectal cancer in a Central-
European Caucasian population.

MATERIALS AND METHODS

Patients and controls

The study included patients with newly diagnosed spo-
radic colorectal cancer treated at the Masaryk Memorial
Cancer Institute, Czech Republic between January 2008
and December 2010. The patient cohort consisted of 197
subjects [105 men, 92 women; age (mean + SD): 63 £ 9
years| with histologically confirmed colorectal adenocar-
cinomas, whereas the control cohort included a total of
202 cancet-free blood donot volunteers recruited from
the same institute with a similar age distribution (93 men,
109 women; mean age: 65 * 14 years) and no previous
history of any type of cancer. Due to its invasiveness,
colonoscopy was not performed to exclude colorectal
cancer (CRC) in the control cohort; however, all subjects
were symptom free and no anemia was present. All study
subjects were Caucasian. The hospital ethical committee
approved the study and all study subjects supplied a writ-
ten informed consent which was subsequently archived.

DNA isolation and genotyping

Genomic DNA was isolated from the full peripheral
blood using the MagNA Pure DNA Isolator (Roche).
DNA concentration was measured on the Nanodrop
ND-1000 (NanoDrop Technologies, Inc.). For analysis
of 1311614913 in miR-196-22, rs895819 in hsa-miR-27a
and rs2910164 in miR-146a, Real-Time polymerase chain
reaction (PCR) allelic discrimination was performed on
Step-One Real-Time PCR (Applied Biosystems, United
States) using standard TagMan genotyping assays accord-
ing to the manufacturer’s instructions. In brief, probes,
primers and TaqMan universal PCR Master Mix were
obtained from Applied Biosystems. A reaction solution
of 10 pL contained 0.5 pl. TagMan Genotyping Assay
mix (consisting of 20X Mix of unlabeled PCR primers
and TagMan minor groove binder probe, 6-carboxy-
fluorescein and VIC dye-labeled), 8 pl. of PCR mixture
reagent and 10 ng of genomic DNA. Reactions were
run according to the manufacturer’s instructions. The
PCR consisted of pre-PCR read at 60 °C for 30 s, hold-
ing stage at 95 °C for 10 min, 50 cycles of denaturing at
92 °C for 15 s, annealing 60 °C for 1 min 30 s and post-
PCR read at 60 °C for 30 s.

Statistical analysis
The Hardy-Weinberg equilibrium was tested for each
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Control CRC
n % n % OR!' 95% CI P value
A/A 93 43.87 88 44.67 1 0.996
miR-27a A/G 94 44.34 86 43.65 0.98 (0.64-1.49) 0.950
G/G 25 11.79 23 11.68 1.04 (0.54-1.98) 0.970
AG +GGuous AA 1.01 (0.68-1.51) 0.954
[G] vs [A] 0.999 (0.71-1.39) 0.995
Trend 212 197 0.99 (0.8-1.22) 0.9118°
miR-146a G/G 124 58.49 115 58.38 1 0.761%
C/G 79 37.26 70 35.53 0.93 (0.61-1.41) 0.740
Cc/C 9 4.25 12 6.09 1.31 (0.52-3.27) 0.556
CG + CCus GG 1.03 (0.69-1.54) 0.879
[C] vs [G] 1.37 (0.56-3.33) 0.494
Trend 212 197 0.97 (0.79-1.19) 0.7558°
miR-196-a2 c/C 87 41.04 82 41.62 1 0.6098°
C/T 103 48.58 89 45.18 0.95 (0.62-1.45) 0.794
T/T 22 10.38 26 13.2 1.32 (0.69-2.54) 0.415
CT +TT vs CC 1.01 (0.68-1.51) 0.951
[T]vs [C] 1.04 (0.75-1.45) 0.811
Trend 212 197 1.08 (0.8-1.46) 0.5987%

P-values are calculated according to Wald's test. ‘P-values according to likelihood ratio-test; ]Age and sex adjusted; CRC: Colorectal cancer; OR: Odds ratio;

CI: Confidence interval.

polymorphism using the y test in patients and controls
separately. Allelic frequencies were estimated by the
“counting method” and differences in allele frequen-
cies between case and control subjects were tested using
the likelihood ratio ;52 tests for 2 [ 2 tables (two alleles,
case o5 control subjects). The homozygote of the most
frequent allele was used as a reference for calculating the
OR. For an OR and 95% confidence interval, logistical
regression was used based on a model for sex and age
of the patients. Data analysis was performed using the
Statistica v. 9.0 (Statsoft Inc., Tulsa, OK, United States)
program package. Values of P < 0.05 were considered
statistically significant.

RESULTS

All polymorphisms met the criteria of the Hardy-Wein-
berg equilibrium in the individual patient and control
groups. Logistic regression modeling was used to esti-
mate the odds ratios of the investigated genotypes and
alleles of SNPs 152910164, 1rs11614913 and 1s3746444 in
CRC cases as well as in the controls (Table 1). All of the
examined polymorphisms displayed a clear lack of statis-
tically significant associations with colorectal cancer risk.

DISCUSSION

Sporadic colorectal cancer is a multifactorial disease with
multiple genetic determinants of varied significance. Nu-
merous SNP analyses of sporadic colotectal cancer were

conducted in order to clarify the genetic background. It
has been hypothesized that polymorphic genetic variants
involved in metabolism, DNA repair and apoptosis are
linked to susceptibility to colorectal cancer'™. Although
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alterations in miRNA function have been detected in
a broad spectrum of hematological malignancies and
solid tumors™ ™ including CRC*, only two studies
performed to date have focused on miRNA-associated
SNPs in CRC; although these studies were carried out in
the Chinese population™"", their results were contradic-
tory. Although it has been hypothesized that SNPs in
miRNA genetic regions may affect the transcription of
pri-miRNA transcripts, processing of miRNA precursors
to mature miRINAs or miRNA target interactions, genetic
variants in pre-miRNA regions are rare and unlikely to be
functionally important, mainly due to the serious pressure
imposed by natural selection on the evolutionary con-
served pre-miRNA sequences'.

In our study, we petformed a case-control study of the
three most frequently studied SNPs in miRNA genes
(rs11614913 in miR-196-a2, rs895819 in miR-27a and
152910164 in miR-146a), to investigate the degree of risk
of CRC in the Central-European Caucasian population.

As it has been experimentally validated that the
rs11614913 polymorphism located in the miR-196-a2
mature sequence affects the maturation and effect of tar-
get mRNA possibility, it is biologically plausible that ge-
netic variation of hsa-miR-196a2 could modulate cancer
susceptibility. In accordance with this finding, rs11614913
is one of the most frequently studied SNPs associated
with miRNAs in case-control studies of a wide range of
solid cancers™"". For example, Hu ¢# a/* reported that
the CC homozygous genotype of rs11614913 located in
miR-196a2 was associated with a statistically significant
increase in the mature miR-196a and a worse prognosis in
non-small-cell lung cancer (NSCLC), proposing that this
SNP could serve as a prognostic marker of NSCLC. An-
other Chinese study reported a clear association between
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CC and CC/CT genotypes of rs11614913 and increased
risk of breast cancer (OR 1.23; 95% CI: 1.02-1.48)".
When reviewed together, the majority of these studies
described significant associations of the rs11614913-C
allele with susceptibility and/or poor prognosis of lung
cancer™] gastric cancer”, esophageal cancer”, hepato-
cellular carcinoma" and head and neck cancer”. More
recently, two Chinese studies focusing on an association
between this SNP and susceptibility to CRC and its pro-
gression were performed'™'".

Although the frequency of CC homozygotes of
rs11614913 was higher in CRC patients than in healthy
controls (41.62% vs 41.04%) in our study, the genotypes
carrying the C allele (CT and CC) expressed the op-
posite trend in frequencies (64.21% in CRC »s 65.33%
in controls). Moreover, the frequency of the C allele in
CRC patients (64.21%) was not significantly lower than
in healthy controls (65.33%). Furthermore, no significant
association between the miR-196a2 polymorphism and
the risk of CRC was observed in our study. These results
are in agreement with the findings by Chen e /'Y, On
the other hand, Zhan’s group described the C allele as a
risk factor for CRC in the Chinese population. Neither
of the Chinese studies reported any associations between
the rs11614913 polymorphism and CRC progression,
including tumor grade, stage, lymph node and distant me-
tastasis"™'". The discrepancy in the potential significance
of 1511614913 in CRC reported by the above-mentioned
independent studies may be due to different molecular
pathogenetic mechanisms as different contributors to
cancer or population-specific factors such as the different
genetic backgrounds of the studied cohorts.

MiR-27a, in general, is a very important miRNA in-
volved in the development of chemoresistance in solid
cancer”. This study presents the first case-control inves-
tigation of the role of the A/G polymorphism (+s895819)
in miR-27a in CRC; however, no significant associations
were observed. Although the frequency of AA homozy-
gotes was higher in CRC patients than in healthy controls
(44.67% vs 43.87%), the frequencies of the genotypes
carrying the A allele (AA and AG) did not show signifi-
cant differences between the study cohorts (66.50% in
CRC patients #5s 66.04% in healthy controls). In gastric
cancet, it has been reported that the variant genotypes of
rs895819 located at miR-27a conferred a 48% increased
risk of developing gastric cancer in the Chinese popu-
lation; moreover, this trend tended to be age-specific.
The authors concluded that elevated levels of miR-27a,
through regulating the Zinc finger and BTB domain con-
taining 10 (ZBTB10), result in the over-expression of Sp
proteins and Sp-dependent genes, which play important
roles in gastric cancer cell survival and angiogenesis“s’ZSJ.
Furthermore, Yang e/ al” found that the G-allele of
rs895819, located in the terminal loop of the pre-miR-
27a oncogene, is associated with reduced familial breast
cancer risk (OR = 0.88; 95% CI: 0.78-0.99; P = 0.0287).

MiRNA-146a and its G to C common polymorphism,
rs2910164, located within the sequence or the miR-146a
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precursor represent another miRNA hotspot evaluated
in CRC for the first time in the present study. This SNP
leads to change from a G:U pair to a C:U mismatch, and
consequently, to reduced levels of pre- and mature miR-
1462""". As BRCA1 and BRCA2, key breast and ovarian
cancer susceptibility genes, are predicted targets of miR-
146a, the majority of studies have been focused on breast
and ovarian cancer. The results of Chen ¢ a/'”, who
primarily studied rs2910164 in breast cancer and postu-
lated that breast and ovatian cancer patients who had at
least one variant allele were diagnosed at an eatlier age
(P = 0.029, P = 0.014, respectively), were not confirmed
by further and larger independent case-control studies
performed by Hu ez a/" and Catucci ef a/”. Garcia et al*”
concluded that the rs2910164: G > C SNP in the miR-
146a gene is not associated with breast cancer risk in
BRCAT1 and BRCA2 mutation carriers. This case-control
study, 1.e., the first study to investigate the role of the
miR-146a polymorphism, rs2910164, in CRC risk, found
no significant association. Although our results did not
indicate any significant relationship between the above-
mentioned, miRNA-associated, SNPs and risk of CRC,
we believe that a more detailed and comprehensive char-
acterization of miRNA SNPs will improve our under-
standing of the miRNAs involved in CRC onset and pro-
gression which is necessary for the development of novel
diagnostic and therapeutic strategies and approaches to
this deadly disease.

COMMENTS

Background

The Central-European Caucasian population displays an extraordinarily high
incidence of sporadic colorectal cancer and although there is a long-term
tendency towards a decrease in mortality rates attributed to colorectal cancer,
it still represents a major cause of death in the population. Susceptibility to
colorectal cancer is typically multifactorial and can be characterized by intensive
crosstalk between the genetic background of an individual and environmental
factors. Susceptibility genes are involved in metabolic pathways controlled by
epigenetic mechanisms where microRNA-associated regulations may play an
important role.

Research frontiers

MicroRNAs (miRNAs) are small non-coding RNAs regulating gene expression.
It has been recently suggested that single nucleotide polymorphisms (SNPs)
in genes encoding mir196-a2, miR-27a and mir146-a may be associated with
increased risk of various types of solid cancer. However, no such study of
colorectal cancer has been conducted so far. This study investigated three
SNPs (rs11614913 in miR-196-a2, rs895819 in hsa-miR-27a and rs2910164 in
miR-146a) which were previously reported to be significantly associated with
various types of solid cancer.

Innovations and breakthroughs

To the best of our knowledge, this is the first study focusing on the significance
of rs11614913 in miR-196-a2, rs895819 in hsa-miR-27 and rs2910164 in miR-
146a in sporadic colorectal cancer. The study was conducted using a highly
homogenous Central-European Caucasian population with extremely high rates
of sporadic colorectal cancer.

Applications

The significance of SNPs in genes encoding miRNAs remains controversial.
Positive associations of the investigated polymorphisms were reported in
various types of solid cancer. Based on the results, however, the investigated
SNPs in miRNA genes do not seem to be major genetic determinants of genetic
susceptibility to sporadic colorectal cancer in the Central-European population.
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Terminology

Genetic susceptibility refers to inherited predisposition to increased risk of
developing a certain disease, typically a multifactorial disease. mMRNAs mean
short non-coding RNAs, 17-22 nucleotides in length, which regulate gene ex-
pression and thereby play significant roles in cancer.

Peer review

The manuscript is well presented and supported by data.
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