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ARTICLE INFO ABSTRACT

Keywords: Single nucleotide polymorphisms in genes encoding microRNAs (miRNA-SNPs) may affect the maturation steps
Polymorphisms of miRNAs or target mRNA recognition, leading to changes in the expression of target mRNAs to cause gain- or
NGS loss-of-function changes. Several miRNA-SNPs are known to be associated with the risk of diseases such as
Ef;;?g;‘: cancer. The purpose of this study was to comprehensively determine the miRNA-SNPs in Japanese individuals to

evaluate the differences in allele frequencies between ethnicities by comparing data from the global population
in the 1000 Genomes Project and differences between healthy subjects and cancer patients. We performed next-
generation sequencing targeting genes encoding 1809 pre-miRNAs. As a result, 403 miRNA-SNPs (146 miRNA-
SNPs per subject on average) were identified in 28 healthy Japanese subjects. We observed significant differences
in the allele frequencies between ethnicities in 33 of the 403 miRNA-SNPs. The numbers of miRNA-SNPs per
subject in 44 non-small cell lung cancer (NSCLC), 33 colorectal cancer (CRC), and 15 soft tissue sarcoma (STS)
patients were almost equal to those in healthy subjects. Significant differences in allele frequencies were
observed for 14, 11, and 9 miRNA-SNPs in NSCLC, CRC, and STS patients compared with the frequencies in
healthy subjects, suggesting that these SNPs can be biomarkers of risk for each type of cancer assessed. In
summary, we comprehensively characterized miRNA-SNPs in Japanese individuals and found differences in
allele frequencies of several miRNA-SNPs between ethnicities and between healthy subjects and cancer patients.
Studies investigating a larger number of subjects should be performed to confirm the potential of miRNA-SNPs as
biomarkers of cancer risk.

1. Introduction

MicroRNAs (miRNAs) are endogenous noncoding RNAs 19-25 nu-
cleotides in length. miRNAs are first transcribed as long transcripts
called primary miRNAs (pri-miRNAs) by RNA polymerase II, processed
into precursor miRNAs (pre-miRNAs) having a stem-loop structure
70-100 nucleotides in length, and then processed into single-stranded
mature miRNAs [1]. To date, 1881 pre-miRNAs and 2588 mature
miRNAs have been identified in humans (miRBase 21). Mature miRNAs

bind to target mRNAs to downregulate gene expression via translational
repression or mRNA degradation [2,3]. For target recognition by miR-
NAs, complete sequence matching with the target mRNA is not required,
but the complementarity of the seed sequence, nucleotides 2-8 from the
5’ end of the miRNA, is critical. miRNA-mediated gene regulation is
involved in every biological process, such as cell differentiation, pro-
liferation, development, and apoptosis [3,4]. Dysregulation of miRNA
expression is relevant to the onset or progression of various diseases,
including cancer [5,6].

Abbreviations: 3'-UTR, 3'-untranslated region; BWA, Burrows-Wheeler Aligner; CI, confidence interval; CRC, colorectal cancer; GATK, Genome Analysis ToolKkit;
InDel, insertion or deletion mutation; miRNA, microRNA; mOR, modified odds ratio; NGS, next-generation sequencing; NSCLC, non-small cell lung cancer; pre-
miRNA, precursor miRNA; SNP, single nucleotide polymorphism; STS, soft tissue sarcoma.
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Single nucleotide polymorphisms (SNPs) are a major type of genetic
variation. Since SNPs are distributed throughout the whole genomic
region, they exist in genes encoding proteins and genes encoding miR-
NAs (miRNA-SNPs). SNPs located in pre-miRNAs might affect their
processing to cause a change in the expression of mature miRNAs. SNPs
located in mature miRNA, especially on the seed sequence, might
change target mRNA recognition. Accordingly, the miRNA-SNPs may
cause functional alterations. Accumulating evidence shows that func-
tional alterations caused by miRNA-SNPs are associated with certain
diseases. For example, it has been reported that a SNP in pre-miR-27a
(rs11671784) resulted in decreased expression of mature miR-27a and
increased expression of a target gene, runt-related transcription factor 1,
in bladder cancer cells [7]. SNPs in miR-196a-2 and miR-146a have been
reported to be involved in the pathogenesis of Behcet’s disease [8] and
diabetic neuropathy [9], respectively. Therefore, miRNA-SNPs have the
potential to be biomarkers to predict the risk of diseases and to be used
to clarify the mechanisms of pathogenesis or progression of diseases.

The analysis of miRNA-SNPs is progressing in the cancer research
field. Jia et al. (2014) reported that the frequency of a SNP on miR-146a
(rs2910164) was significantly higher in NSCLC patients than in healthy
controls in a Chinese population [10]. Qian et al. (2016) reported that
several variants in miR-339-3p were associated with breast cancer risk
in women of African ancestry [11]. In earlier studies, SNPs of specific
miRNAs were analyzed to focus on diseases of interest. To the best of our
knowledge, there are no comprehensive studies on miRNA-SNPs. In the
present study, we sought to comprehensively determine miRNA-SNPs in
Japanese individuals to clarify ethnic differences in allele frequencies
and to examine whether allele frequencies are different between healthy
subjects and patients suffering from non-small cell lung cancer (NSCLC),
colorectal cancer (CRC), or soft tissue sarcoma (STS).

2. Materials and methods
2.1. Chemicals and reagents

A KAPA Library Prep Kit, SeqCap Pure Capture Bead Kit, SeqCap EZ
Hybridization and Wash Kit, SeqCap EZ Accessory Kit v2, SeqCap
Adapter Kit A/B and SeqCap HE-Oligo Kit A/B were obtained from
Roche (Basel, Switzerland). A Qubit dsDNA HS Assay Kit was obtained
from Thermo Fisher Scientific (Waltham, MA). An Agilent DNA 1000 Kit
was obtained from Agilent Technologies (California, USA). MiSeq Re-
agent Nano Kit v2 (300 cycles), MiSeq Reagent Micro Kit v2 (300 cy-
cles), MiSeq Reagent Kit v3 (150 cycles), and PhiX control kit v3 were
obtained from Illumina (California, USA). All other chemicals and sol-
vents were of the highest grade commercially available.

2.2. Subjects and genomic DNA preparation

This study was approved by the Ethics Committees of Kanazawa
University (Kanazawa, Japan), Showa University (Tokyo, Japan), and
Nagoya City University (Nagoya, Japan). We recruited 28 healthy Jap-
anese subjects, 44 NSCLC patients, 33 CRC patients, and 15 soft tissue
sarcoma (STS) patients (Table 1). Written informed consent was ob-
tained from all subjects. Blood samples were collected from cubital

Table 1

Characteristics of subjects.
Variables Healthy NSCLC CRC STS

subjects patients patients patients

Number of subjects 28 44 33 15
Age Median (range) 34 (27-74) 70 (45-89) 68 (41-78) 56 (33-80)
Gender Male (%) 19 (67.9) 28 (63.6) 14 (42.4) 11 (73.3)
Female (%) 9(32.1) 16 (36.4) 19 (57.6) 4(26.7)

NSCLC: non-small cell lung cancer. CRC: colorectal cancer. STS: soft tumor
sarcoma.
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veins. Genomic DNA was extracted from peripheral lymphocytes using a
Gentra Puregene Blood Kit (Gentra Systems, Minneapolis, MN, USA).

2.3. Library design for hybrid selection

For DNA capture, a custom NimbleGen SeqCap EZ Choice Library
(Roche, Basel, Switzerland) was designed to target the genomic
sequence of 1881 human pre-miRNAs registered in the miRBase 21
database. DNA baits were selected using stringent settings for probe
design (uniqueness was tested by sequence search and alignment was
determined by the hashing algorithm). After removing target sequences
predicted to provide no increased depth of coverage, 1809 (96.1%) pre-
miRNAs were covered with capture baits for a final target region of 0.2
Mbp.

2.4. Target resequencing

Genomic capture was carried out following the instructions of the
SeqCap EZ Library SR User’s Guide v4.2 (Roche, Inc.). Briefly, 1 pg of
genomic DNA extracted from peripheral blood was fragmented into sizes
of 100-500 bp using a Bioruptor UCD-250HSA instrument (Cosmo Bio,
Tokyo, Japan). Then, the fragments were subjected to three enzymatic
steps: end repair, A-tailing, and ligation to SeqCap Index Adapters
(Roche). Once the DNA samples were indexed, they were amplified by
PCR (7 cycles). After the adapter-ligated fragments from 11, 18, or 24
individuals were pooled (Supplemental Tablel), they were hybridized to
the custom NimbleGen SeqCap EZ Choice Library for 72 h, thoroughly
washed, and amplified by PCR (14 cycles). We used sequencing reagents
to generate 2 x 150 bp paired-end reads using a MiSeq instrument
(Illumina).

2.5. Bioinformatics analysis of miRNA-SNPs and statistical analysis

After sequencing, the fastq data were aligned to the human reference
genome build UCSC hgl9 (http://genome.ucsc.edu/) using BWA (Bur-
rows-Wheeler Aligner, http://biobwa.sourceforge.net/). Duplicated
reads were assessed using Picard. Read realignment, base recalibration,
and variant calling were performed with the Genome Analysis Toolkit
(GATK). Data filtering and annotation were performed using Variant-
Studio (ver 3.0.4, Illumina). SNPs were adopted with more than 20 reads
and mt/wt ratios higher than 0.2 to improve the data quality.

2.6. Statistical analysis

Fisher’s exact test was used to determine the significant difference in
the allele frequency of each variant. Comparisons of multiple groups
were made with one-way ANOVA. When the P value was less than 0.05,
the difference was considered to be statistically significant.

3. Results
3.1. Sequencing statistics

Next-generation sequencing (NGS) targeting the DNA regions
encoding 1809 pre-miRNA sequences was performed. The analyses of
120 DNA samples in total (28 healthy subjects, 44 NSCLC patients, 33
CRC patients, and 15 STS patients) were performed in eight runs (Sup-
plemental Tablel). DNA libraries #1, #2-7, and #8 were analyzed using
MiSeq Reagent Nano Kit v2, MiSeq Reagent Micro Kit v2, and MiSeq
Reagent Kit v3, respectively, which can be used to analyze 150 Mb, 1.2
Gb, and 3.8 Gb, respectively. As shown in Table 2, the numbers of reads
mapped to a reference sequence (hg19) and those to the target region
encoding pre-miRNA of DNA library #1 were lower than those of DNA
libraries #2-7, and those of DNA library #8 were higher than those of
DNA libraries #2-7, in accordance with the abilities of the kits used. A
similar difference was observed in the average coverages, 58.8 in DNA
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Table 2

Parameters of NGS runs.
DNA library #1 #2 #3 #4 #5 #6 #7 #8
Number of read mapped to hg19 276,259 558,708 493,895 462,535 484,447 481,970 589,010 1,731,750
Number of read mapped to target region 168,138 315,184 242,593 294,925 257,492 232,186 431,672 1,262,703
Average coverage (X) 58.8 109.1 84.5 105.1 90.2 81.8 151.7 440.7
Target coverage at 20X (%) 95.6 98.0 97.1 97.7 97.9 96.8 98.5 99.8
Q30 (%) 93.2 92.6 93.7 88.3 92.8 94.9 95.7 97.7

library #1, 81.8-151.7 in DNA library #2-7, and 440.7 in DNA library
#8. The rates of target bases with at least 20X coverage (target coverages
at 20X) in DNA libraries #1, #2-7, and #8 were 95.6%, 97.1-98.5%,
and 99.8%, respectively. For the quality score Q30, which represents the
probability that there is a 1 in 1000 chance that the base is wrongly
called, the accuracy was 88.3-97.7%, exceeding the manufacturer’s
official guarantee of 80%. When considered together, all samples ful-
filled requirements for reliable variant calling.

3.2. miRNA-SNPs in healthy Japanese subjects

By NGS analysis of 28 healthy Japanese subjects, 404 SNPs and 38
insertions/deletions (InDels) were identified. Among these findings, 19
SNPs and 6 InDels (Table 3) were not registered in the dbSNP database,
indicating that they are novel mutations. On average, 144 + 7
(127-156) SNPs and 17 + 2 (13-25) InDels per subject were detected.
The preference of the location of mutations, i.e., the region encoding the
pre-mRNA sequence except that of the mature miRNA (black line in
Fig. 1A), the mature miRNA sequence except for the seed sequence
(green line), and the seed sequence (red line), was examined. Of the 144
+ 7 (127-156) SNPs, 103 + 7 (90-116), 26 + 3 (20-33), and 15 + 3
(10-23) SNPs were located within regions encoding pre-miRNA, mature
miRNA, and seed sequences, respectively (Fig. 1B). The distribution of
miRNA-SNPs in each subject is shown in Fig. 1C. Of the 38 InDels we
found, 27, 9, and 2 InDels were located within regions encoding pre-
miRNA, mature miRNA, and seed sequences, respectively, with similar
preferences for the genomic distribution of the SNPs. Even when the
numbers of miRNA-SNPs were corrected to the total length of pre-
miRNA, mature miRNA, and seed sequences (80,887 nucleotides,

frequency of the SNPs in the mature or seed regions was lower than that
in the pre-miRNA (Fig. 1D), indicating that the sequences of mature
miRNAs are relatively conserved.

The allele frequencies of miRNA-SNPs found in this study were
compared with those in the global population in the 1000 Genomes
Project (https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/
), which includes data from 1008 East Asian (Eas), 978 South Asian
(Sas), 1322 African (Afr), 1006 European (Eur), and 694 American
(Amr) individuals. Since the allele frequencies in the global population
for 106 of 404 miRNA-SNPs were not available, the remaining 298
miRNA-SNPs were analyzed. Of 298 miRNA-SNPs, the number of
miRNA-SNPs whose allele frequencies differed from those in Japanese
subjects by more than 10% were 50, 122, 144, 113, and 107 in the Eas,
Sas, Afr, Eur, and Amr subjects, respectively (Supplemental Figurel).
Thus, the difference in the allele frequencies of miRNA-SNPs between
Japanese and Eas individuals was the smallest among the populations, a
finding that is reasonable because Japanese individuals are included in
the Eas group. Of 298 miRNA-SNPs, 14 miRNA-SNPs showed a differ-
ence in allele frequencies of more than 10% between the Japanese and
all the other populations (Table 4). For example, the frequency of SNPs
on pre-miR-5191 in Japanese individuals was higher than that in other
populations, whereas the frequency of SNPs on pre-miR-3183 in Japa-
nese individuals was lower than that in other populations. For the
location, the SNPs of miR-608 and miR-6763 are in the region encoding
the mature miRNA sequence and seed sequence, respectively, and the
remaining 12 miRNA-SNPs are in the region encoding pre-miRNA. Since
the number of Japanese subjects analyzed in this study is limited, further
studies with larger sample sizes are needed to confirm the ethnic dif-
ferences in allele frequencies.

38,765 nucleotides, and 18,578 nucleotides, respectively), the

Table 3

miRNA SNPs and InDels which were not registered in dbSNP.
miRNA Location” Region Variant Type Allele frequency
hsa-mir-7852 +74 mature A>G SNP 1.8
hsa-mir-7845 +45 precursor G>A SNP 1.8
hsa-mir-4776-1 +20 mature A>G SNP 1.8
hsa-mir-6822 +15 mature A>G SNP 1.8
hsa-mir-4636 +35 precursor T>A SNP 1.8
hsa-mir-2277 +30 seed C>A SNP 1.8
hsa-mir-2277 +31 seed T>A SNP 1.8
hsa-mir-1244-2 +20 precursor A>G SNP 1.8
hsa-mir-6720 +48 mature C>G SNP 1.8
hsa-mir-8055 +17 mature G>C SNP 1.8
hsa-mir-8055 +47 precursor G>A SNP 1.8
hsa-mir-101-2 +15 precursor G>A SNP 1.8
hsa-mir-1908 +77 precursor C>G SNP 1.8
hsa-mir-627 +62 mature C>G SNP 1.8
hsa-mir-4518 +20 precursor T>C SNP 1.8
hsa-mir-6782 +49 mature A>C SNP 1.8
hsa-mir-8069-1 +9 precursor C>A SNP 1.8
hsa-mir-6069 +46 precursor C>T SNP 1.8
hsa-mir-4763 +90 precursor G>A SNP 1.8
hsa-mir-4262 +29 seed T >TC Insertion 1.8
hsa-mir-3689b +60 precursor A > AAGCACGGTATCACACCTCCCAGGA Insertion 1.8
hsa-mir-4511 +9 precursor CT > CTT Insertion 1.8
hsa-mir-548ae-1 +3 precursor AGTTTTTGCCATTAAGTTGCG > A Deletion 1.8
hsa-mir-7705 +28 precursor TAAAAC > T Deletion 14.3
hsa-mir-3180-4 +136 precursor ACAGCGCGACCAGGC > A Deletion 3.6

# The numbering denotes the 5’ end of the pre-miRNA as +1.
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Fig. 1. Incidence of miRNA-SNPs. Biogenesis of miRNAs (A) and each region of miRNA-SNPs identified in healthy Japanese subjects (B). The incidence rate was
calculated by dividing by the miRNA number (D) or total length of miRNAs (E). Each bar represents the mean (n = 28). ***P < 0.001 by one-way ANOVA. Seed: seed

sequence, Mature: mature miRNA, Precursor: precursor miRNA.

Table 4

miRNA-SNPs whose allele frequency in 28 Japanese healthy subjects were different (>10%) from global population of allele frequency.

miRNA dbSNP ID SNP Region allele frequency

Japanese Eas Sas Amr Eur Afr
hsa-mir-149 152292832 T>C precursor 12.5 36.3 55.4 69.0 71.8 72.8
hsa-mir-608 154919510 C>G mature 62.5 52.5 34.0 28.7 17.9 44.0
hsa-mir-1208 152648841 G>T precursor 53.6 43.5 22.2 13.8 7.7 7.9
hsa-mir-1908 15174561 T>C precursor 41.1 54.7 12.7 56.8 30.3 2.0
hsa-mir-3180-4 1575000738 C>A precursor 42.9 67.7 78.4 85.3 80.6 31.6
hsa-mir-3183 152663345 A>G precursor 12,5 40.7 37.4 59.5 34.2 74.8
hsa-mir-3689a 15113454901 G>A precursor 50.0 98.2 83.4 88.8 81.8 90.7
hsa-mir-4432 15243080 G>A precursor 80.4 60.9 46.7 50.6 48.0 26.3
hsa-mir-4432 1556239160 A>G precursor 80.4 60.4 33.1 28.0 6.2 2.5
hsa-mir-4507 1562651104 C>T precursor 23.2 57.0 38.5 54.9 48.7 55.9
hsa-mir-4511 152060455 A>G precursor 51.8 72.3 37.3 19.9 17.1 13.1
hsa-mir-4719 158353328 A>G precursor 25.0 12.4 6.7 2.0 3.6 4.8
hsa-mir-5191 1576756293 C>T precursor 21.4 10.1 6.9 3.9 0.5 5.4
hsa-mir-6763 rs3751304 C>T seed 92.9 80.7 72.0 82.7 69.5 66.8

3.3. Comparison of miRNA-SNPs in NSCLC, CRC, and STS patients with
those in healthy subjects

Next, we examined whether the frequencies or distribution of
miRNA-SNPs are different between cancer patients and healthy in-
dividuals. The numbers of miRNA-SNPs found in 44 NSCLC patients, 33
CRC patients, and 15 STS patients were 146 + 9 (125-167), 146 + 9
(121-164), and 147 + 9 (131-162), respectively (Fig. 2A), with no
significant difference from those in healthy subjects, 144 + 7 (127-156).
The number of InDels in the three cancer groups were 17 + 2 (13-23),

18 +2(13-23), and 17 + 2 (13-21) (Fig. 2B). There was no significant
difference in the numbers of miRNA-SNPs or InDels between each pa-
tient group and the healthy subject group.

We sought to identify the miRNA-SNPs or InDels whose allele fre-
quencies were significantly different between patients and healthy
subjects by Fisher’s exact test. As shown in Fig. 3A, we found that the
allele frequencies of 14 miRNA-SNPs and 2 InDels were significantly
different between NSCLC patients and healthy subjects. The frequencies
of 10 miRNA-SNPs and 2 InDels were higher in NSCLC patients than in
healthy subjects, and those of 4 miRNA-SNPs were lower in the NSCLC
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Fig. 3. miRNA-SNPs and InDels whose allele frequencies were significantly different between healthy subjects and NSCLC (A), CRC (B), or STS (C) pa-
tients. miRNA-SNPs for which allele frequency values were significantly different between the healthy subject group and patient group are listed (P < 0.05, Fisher’s
exact test). Red, orange, and white squares represent mt/mt, wt/mt, and wt/wt, respectively. (For interpretation of the references to color in this figure legend, the

reader is referred to the Web version of this article.)

patients. Three and 11 miRNA-SNPs were on the regions encoding
mature miRNA and pre-miRNA, respectively. Two InDels were located
on the regions encoding mature miRNA. As shown in Fig. 3B, the allele
frequencies of 11 miRNA-SNPs and 2 InDels were significantly different
between CRC patients and healthy subjects. The frequencies of 7
miRNA-SNPs and 2 InDels were higher in CRC patients than in healthy
subjects, and those of 4 miRNA-SNPs were lower in the CRC patients.
Two, 4, and 5 miRNA-SNPs were on the regions encoding seed se-
quences, mature miRNA, and pre-miRNA, respectively. Two InDels were
located on the regions encoding pre-miRNA. Since hsa-mir-5681a and
hsa-mir-5681b are located on chromosome 8 at positions
74,548,543-74,548,617[+] and 74,548,550-74,548,609 [-], respec-
tively, these inDels are identical to each other. As shown in Fig. 3C, the
allele frequencies of 9 miRNA-SNPs and 1 InDel were significantly
different between STS patients and healthy subjects. The frequencies of
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7 miRNA-SNPs were higher in STS patients than in healthy subjects, and
those of 2 miRNA-SNPs and 1 InDel were lower in in the STS patients.
One, 1, and 7 miRNA-SNPs were in the regions encoding seed sequences,
mature miRNA, and pre-miRNA, respectively. One indel was located on
the regions encoding pre-miRNA. Interestingly, among the miRNA-SNPs
shown in Fig. 3A to C, the SNP on miR-7157 was common. Therefore, it
may be a risk marker of solid cancer regardless of tissue type. The other
miRNA-SNPs may be risk markers of NSCLC, CRC, or STS.

4. Discussion

MiRNAs, major posttranscriptional regulators, play critical roles in
regulating various key biological processes, such as cell growth, prolif-
eration, differentiation, and apoptosis [12]. Dysregulation of miRNA is
relevant to the incidence or progression of diseases, including cancer
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[13]. SNPs, which may affect gene expression or protein function, can be
coding genes or noncoding genes. The SNPs within the pre-miRNA
sequence may alter the processing of mature miRNA, and those within
mature miRNA, especially in the seed sequence, may alter target
recognition [12]. Earlier studies have reported the association between
miRNA-SNPs and cancer incidence or the severity of adverse reactions
by anticancer agents in Caucasians and Chinese individuals [14-16].
Generally, ethnic differences are observed in allele frequencies of mu-
tations. The purposes of this study are 1) to examine miRNA-SNPs in
healthy Japanese subjects by comparing allele frequencies in other
populations and 2) to examine whether allele frequencies of
miRNA-SNPs in cancer patients are different from those in healthy
subjects, considering the possibility that miRNA-SNPs can be biomarkers
of risk of cancer incidence.

First, NGS targeting the DNA regions encoding 1809 pre-miRNA
sequences was performed using DNA samples from 28 healthy sub-
jects. We found, on average, 144 miRNA-SNPs and 17 InDels per subject
(Fig. 1). It was demonstrated that miRNA-SNPs on the seed sequence
were relatively rare compared with those on the mature miRNA or the
pre-miRNA regions. This finding is reasonable because mature miRNA
sequences, especially seed sequences, are critical for the function of
miRNAs, and the occurrence of mutations in genes that are essential for
maintaining homeostasis is generally rare. Next, we sought to examine
ethnic differences in allele frequencies of these miRNA-SNPs between
Japanese and other populations in the 1000 Genomes Project. Of the 298
miRNA-SNPs examined, the numbers of miRNA-SNPs whose allele fre-
quencies showed more than al0% difference between Japanese subjects
and Eas, Sas, Afr, Eur, or Amr subjects were 50, 122, 144, 113, or 107,
respectively (Supplemental Figurel). Thus, as expected, it was demon-
strated that there were ethnic differences in allele frequencies of these
miRNA-SNPs.

To explore the potential of miRNA-SNPs to serve as biomarkers of
cancer risk in Japanese patients, allele frequencies of miRNA-SNPs and
InDels in healthy subjects and cancer (NSCLC, CRC, and STS) patients
were compared. We found that the allele frequencies of 12, 7, and 12
miRNA-SNPs were significantly different between NSCLC, CRC, or STS
patients and healthy subjects, respectively (Fig. 3A-C). For the SNPs on
genes encoding miR-196a-2 (rs11614913 T > C) or miR-149
(rs2292832 C > T) that were highly expressed in NSCLC patients,
there have been several reports in other populations as follows: the allele
frequency of a SNP on miR-196a-2 (rs11614913) in NSCLC patients was
higher than that in healthy Korean subjects (OR, 1.42; 95% CI, 1.03 to
1.96) [17]. The allele frequencies of the SNP on pre-mir-149
(rs2292832) have been reported to be significantly higher in hepato-
cellular carcinoma [18] and breast cancer [19] patients than in healthy
subjects. Therefore, this SNP may also be a cancer risk marker regardless
of cancer type. In addition to these SNPs, it has been reported that a SNP
in miR-146a (rs2910164) is associated with a reduced risk of breast,
lung, and gastric cancer [20-22]. Recently, miR-SNP in miR-27a, which
decreased the expression of mature miR-27a compared with the wild
type and increased the expression level of RUNX-1, was reported to be
involved in its regulation of chemosensitivity in bladder cancer [7].
Since miRNA-SNPs are associated with cancer risk in this study, it will
also be important to investigate what kind of effects these miRNA-SNPs
have.

5. Conclusion

In conclusion, we comprehensively characterized miRNA-SNPs in
Japanese individuals and found ethnic differences in allele frequencies
in several miRNAs. In addition, we identified miRNA-SNPs as potential
biomarkers of the incidence of NSCLC, CRC, and STS. A limitation of this
study is that the healthy subjects were younger than the cancer patients.
Ideally, subjects whose age is matched by patient group are recruited. To
evaluate the validity of miRNA-SNPs as cancer biomarkers, studies with
a larger number of age-matched patients/subjects should be performed.
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