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Expression levels of microRNA-375 in colorectal carcinoma
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Abstract. MicroRNAs are small, non-coding RNAs of endog-
enous origin. They have been increasingly shown to have
altered expressions in many cancer types. The expression levels
of miR-375 have not been comprehensively investigated in
colorectal cancer. In this study, total RNA was extracted from
95 pairs of colorectal cancer tissues and non-tumor adjacent
tissues, as well as from three colorectal cancer cell lines (HT-29,
HCT-116 and SW-620). After polyadenylation and reverse
transcription, we determined the expression levels of miR-375
by real-time PCR and calculated the difference in expression
using the 24 method. We assessed the correlation between
the expression levels of miR-375 and clinicopathological
characteristics of colorectal cancer. miR-375 expression was
frequently downregulated in the colorectal cancer tissues
compared to the non-tumor counterparts (p<0.001; paired
t-test). Moreover, a significantly low expression of miR-375 was
also found in the colorectal cancer cell lines (HT-29, p=0.002;
HCT-116, p<0.001; SW-620, p=0.004; paired t-test). However,
there were no significant correlations between the low expres-
sion of miR-375 and tumor size, histological grade, pT stage,
pN stage and pTNM stage (all P>0.05, non-parametric test;
Mann-Whitney U test between two groups and Kruskal-Wallis
H test for three or more groups). miR-375 may be involved in
the carcinogenesis of colorectal cancers and may be a potential
biomarker for colorectal cancers.

Introduction

First discovered in 1993, microRNAs (miRNAs) are an impor-
tant class of small, endogenously expressed, well conserved,
non-coding RNA molecules that post-transcriptionally regu-
late gene expression. miRNA products are single-stranded
RNAs of 19-22 nucleotides cleaved from 70- and 100-
nucleotide hairpin pre-miRNA precursors (1,2). Due to their
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sequence complementarities to the 3'-untranslated region of
target mRNAs, miRNAs trigger translational repression or
mRNA destabilization and degradation (3). It is currently
well established that miRNAs are involved in a broad range
of biological activities, such as cellular differentiation, prolif-
eration and apoptosis (4,5). The growing interest in these
regulatory miRNAs has led to the continued exploration of
miRNA expression in cancer samples and the identification of
new miRNAs that may act as oncogenes and tumor suppres-
sors (6). Accumulating studies have shown the dysregulation
of miRNA expression in many tumor types, including esopha-
geal squamous cell carcinoma (7), lung cancer (8), breast
cancer (9), pancreatic adenocarcinoma (10), hepatocellular
carcinoma (11) and gastric cancer (12). Furthermore, it has been
reported that miRNA genes are frequently located at fragile
sites and genomic regions involved in cancers, suggesting that
aberrant miRNA expression may play an important role in
cancer pathogenesis (13).

Colorectal cancer is the third most common type of cancer
and the third leading cause of cancer-related mortality world-
wide. Although the etiology of colorectal cancer is attributed
to multiple factors, the accumulation of genetic and epigenetic
changes remains the fundamental mechanism of tumorigenesis.
In recent studies, the aberrant expression of several miRNAs
has been found in colorectal carcinoma. miR-143 is one of the
most consistently downregulated miRNAs in colon cancer (14).
The miR-143 antagonist increases cultured human colon cancer
cell proliferation, whereas miR-143 overexpresssion has an
opposite effect (15). Moreover, miR-143 overexpression reduces
the colony-forming ability of colon cancer cells in soft agar (16).
In our previous study, we revealed that the low expression of
miR-148a and miR-152 in 101 colorectal cancer tissues was
relative to the matched non-tumor adjacent tissues (NATSs) by
real-time PCR, and indicated that it was significantly associ-
ated with larger tumor size and more advanced pT stage (17).

miR-375 is selectively expressed in pancreatic islets and
plays a significant role in insulin secretion regulation (18,19).
However, recent studies have shown that miR-375 is frequently
downregulated in gastric carcinomas (14,20). The overexpres-
sion of miR-375 reduces the viability of gastric carcinoma
cells and induces apoptosis, suggesting that miR-375 may be
a candidate tumor suppressor miRNA in gastric carcinoma.
In our present study, we examined miR-375 expression in
95 colorectal cancer tissues and three colorectal cancer cell
lines and found that miR-375 was frequently downregulated in
colorectal carcinomas.
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Materials and methods

Tissues samples. Ninety-five pairs of colorectal cancer tissues
and corresponding NATs were obtained from patients who
underwent radical resection at the First Hospital of China
Medical University (Shenyang, China) between 2007 and 20009,
and were subsequently diagnosed with colorectal cancer based
on histopathological evaluation. Corresponding NATs were
obtained from a segment of the resected specimen that was
the farthest distance from the tumor (>5 cm). Fresh samples
were snap-frozen in liquid nitrogen immediately after surgery
and were stored at -80°C until use. One section of each sample
was stained with H&E. No previous local or systemic treat-
ment had been conducted on these patients before the surgery.
The histological grade of cancers was assessed according to
the standards of the World Health Organization. Cancers were
classified using the TNM staging system of the American Joint
Committee on Cancer (AJCC; 2010) and the International
Union against Cancer (UICC). Informed consent was obtained
from all patients. The study was approved by the Research
Ethics Committee of China Medical University (Shenyang,
China).

Cell lines and culture conditions. The human colorectal
cancer cell lines (HT-29, HCT-116 and SW-620) were obtained
from the Institute of Biochemistry and Cell Biology at the
Chinese Academy of Sciences (Shanghai, China). HT-29
and HCT-116 cells were cultured in McCoy's 5a medium
(Invitrogen, Carlsbad, CA, USA), and SW-620 was cultured in
Leibovitz's L-15 medium (Invitrogen). The normal colorectal
tissues (three corresponding NATSs) were randomly selected
from the 95 cases of colorectal cancer as the controls. All of
the cell lines were cultured at 37°C and 5% CO,. The media
were supplied with 10% fetal bovine serum (FBS).

Extraction, polyadenylation and reverse transcriptase reac-
tion. Total RNA was isolated according to the manufacturer's
instructions using a mirVana miRNA Isolation kit (Ambion,
Austin, TX, USA). The concentration and purity of RNA were
controlled by UV spectrophotometry using a NanoPhotometer
UV/Vis spectrophotometer (Implen, Schatzbogen, Miinchen,
Germany).

Escherichia coli poly(A) polymerase (E-PAP) was used
for the polyadenylation of total RNA in a 37°C water bath
for 30 min following the manufacturer's instructions using
the poly(A) Tailing kit (Ambion). RNAs were purified by
phenol-chloroform and ethanol after dissolving in diethyl
pyrocarbonate (DEPC)-treated water.

Reverse transcription was completed with a SuperScript I1I
First-Strand Synthesis System for a reverse transcriptase-
polymerase chain reaction kit (Invitrogen). First, a 10-ul
reverse transcriptase reaction mixture containing 1 ug of the
RNA sample, 1 ¢l RT-primer, 1 xl 10 mM deoxyribonucleo-
tide triphosphate (ANTP) mix and DEPC-treated water was
incubated for 5 min at 65°C. Then, a 10-ul mixture containing
2 ul 10X RT buffer, 4 ul 25 mM MgCl,, 2 1 0.1 M DTT, 1 pl
RNaseOUT (40 U/ul) and 1 pl SuperScript IIT RT (200 U/ul)
was added. The total reaction mixture was incubated in a
96-well plate of a GeneAmp PCR 9700 Thermocycler (Applied
Biosystems, Hayward, CA, USA) for 50 min at 50°C, 5 min
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at 85°C and 20 min at 37°C, after adding 1 ul RNaseH to the
mixture and held at 4°C.

Real-time PCR. Real-time PCR was performed using the SYBR
Premix Ex Tag™ II kit (Takara Bio, Kyoto, Japan) according
to the manufacturer's instructions, with a Rotor-gene 6000
system (Qiagen, Valencia, CA, USA). The 25-ul mixture of
PCR consisted of 12.5 ul SYBR-Green supermix, 8.5 ul RNase-
free water, 1 ul forward primers, 1 ul reverse primers and 2 ul
reverse transcribed product. Threshold cycle data were deter-
mined by setting a default threshold. The reactive condition was
45 amplification cycles of 95°C for 5 sec, 58°C for 20 sec and
72°C for 30 sec in a 36-well optical plate using a Rotor-gene
6000 system. The U6 RNA was adopted as an endogenous
reference compared to the expression levels of miR-375, and the
24 method was used to calculate the relative expression levels
of miR-375 in cancerous samples compared to their non-tumor
counterparts. All samples were performed in triplicate. The
products of real-time PCR were confirmed by TA cloning and a
sequencing assay. Primers are shown in Table 1.

Statistical analysis. We analyzed the expression levels in
colorectal cancer tissues relative to non-tumorous controls
using the 2"4%°* method. First, the threshold cycle (C) of fluo-
rescence for each sample was determined. AC, indicates the
difference in the expression levels with the C, value between
miR-375 and U6 (AC, = C, ir375 - Cius), and AAC, indicates
the difference in the AC, value between cancer tissue and the
corresponding control (AAC, = AC, .uneer - AC, coneror)- Finally, the
2-4%Ctyalue (fold value) was calculated. When the fold value was
<1, there was a low expression of miR-375 in the cancer tissues
and cancer cell lines compared to their non-tumorous counter-
parts (21). The statistical differences in miR-375 expression in
cancer tissues and cell lines relative to NATs were analyzed
by a paired t-test. Moreover, the association between miR-375
expression and clinicopathological parameters was analyzed
by a non-parametric test (Mann-Whitney U test between two
groups and Kruskal-Wallis H test for three or more groups).
p<0.05 was considered to indicate statistically significant
differences. Statistical analysis was performed using the
Statistical Program for Social Sciences (SPSS) software 16.0
(SPSS Inc., Chicago, IL, USA).

Results

Expression of miR-375 is frequently downregulated in colorectal
cancer tissues. The expression of miR-375 was detected in all
95 pairs of colorectal cancer tissues and their matched NATSs
by quantitative real-time reverse transcription polymerase chain
reaction (QRT-PCR) analysis. The value of AC, (mean + SD)
was 6.658+3.332 in colorectal cancer tissues and 2.853+3.401 in
their matched NATs (p<0.001, paired t-test; Fig. 1). miR-375 was
significantly downregulated in colorectal cancer tissues with a
median 16.9-fold reduction relative to their NATs. Among 95
colorectal cancer patients, 68 (71.6%) cases revealed a >50%
reduction in the expression levels of miR-375 compared to their
corresponding NATS.

Expression of miR-375 is significantly downregulated in
colorectal cancer cell lines. To further confirm the asso-
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Table I. RT-PCR primers for amplification of miR-375 expression.

Primer Primer sequence (5'-3")

RT-primer-1 GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTTTTTTTTA
RT-primer-2 GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTTTTTTTTG
RT-primer-3 GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTTTTTTTTG

miR-375-Forward
miR-375-Reverse

TTTGTTCGTTCGGCTCGC

GCTGTCAACGATACGCTACGT

U6 RNA-Forward CGCTTCGGCAGCACATATAC
U6 RNA-Reverse TTCACGAATTTGCGTGTCAT
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Cases of patients with colorectal cancer ;\'omgls::il;rel‘ta[ HT-29 HCT-116 SW-620

B 12 Figure 2. Expression levels of miR-375 in three colorectal cancer cell lines

P<0.001

ACT of miR-375 (Mean + SD)

NATs
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Figure 1. Expression of miR-375 in 95 patients with colorectal cancer.
(A) Quantification of miR-375 was measured by SYBR Premix Ex Taq™ II.
Each sample was analyzed in triplicate and repeated three times. Data are
presented as the log2 of fold-change of colorectal cancer tissues relative to
matched non-tumor adjacent tissues (NATS). (B) miR-375 was differentially
expressed between colorectal cancer tissues and matched NATs. mir-375 was
normalized by U6 RNA. AC, = C, ira7s - Ciusrna- The AC, of miR-375 was
significantly higher in colorectal cancer tissues than corresponding NATSs
(p<0.001; t-test).

ciation between miR-375 expression and colorectal cancer, we
measured miR-375 expression in three colorectal cancer cell
lines using qRT-PCR. We found a significantly low expression
of miR-375 in HT-29 cells (p=0.002), HCT-116 cells (p<0.001)
and SW-620 cells (p=0.004) relative to three NATs randomly
chosen from the patients (Fig. 2). The fold changes were all
<0.01.

Correlation between miR-375 expression levels and clinico-
pathological characteristics in colorectal cancer patients.
The non-parametric test between the relative expression levels

(HT-29, HCT-116 and SW-620). Quantification of miRNAs was measured
by SYBR Premix Ex Taq™ II. Data are presented in colorectal cancer cell
lines relative to the normal colorectal tissues. Expression of miR-375 in three
colorectal cancer cell lines ("p<0.01, “p<0.001).

of miR-375 in colorectal cancer cases and its clinicopatholo-
gical features showed that there was no significant correlation
between the low expression of miR-375 and gender, age, tumor
size, tumor location, histological grade, pT stage, pN stage,
pI'NM stage and lymphatic vessel invasion (Table II).

Discussion

Previous studies have revealed that miRNA alterations may
play a fundamental role in different steps of tumor forma-
tion and progression (22). To date, miRNA expression has
been studied by cloning and sequencing, northern blotting,
in situ hybridization, microarrays, real-time PCR and other
techniques. A number of studies have analyzed the global
expression pattern of miRNAs in colorectal carcinoma (23,24).
However, real-time PCR has an advantage in that it is a more
quantitative and more sensitive method compared to those
high-throughput assays. Moreover, the results of genome-wide
approaches were sometimes affected by the sample numbers.
Therefore, we used real-time PCR to assess the expression
levels of miR-375 in a large number of cases and clarified the
correlation between miR-375 and clinicopathological charac-
teristics in colorectal carcinoma.

miR-375, as a regulator of insulin secretion, is predomi-
nantly expressed in pancreatic islets (18). It appears to target
myotrophin or 3'-phosphoinositide-dependent protein kinase-1
(PDK1), and inhibits their expression in pancreatic islet



1302

DAI et al: EXPRESSION LEVELS OF miR-375

Table II. Association between the expression of miR-375 with clinicopathological features in patients with colorectal cancer.

Colorectal cancer No. miR-375* p-value

Gender 0.325
Male 58 0.045 (0.005-0.597)
Female 37 0.103 (0.009-0.905)

Age (years) 0.162
<65 57 0.092 (0.009-1.041)
>65 38 0.026 (0.005-0.310)

Tumor size (cm) 0.322
<6 66 0.079 (0.009-0.977)
=6 29 0.059 (0.004-0.150)

Tumor location® 0.257
Proximal colon 23 0.025 (0.006-0.116)
Distal colon and rectum 72 0.088 (0.008-0.835)

Histological grade 0.907
Well/moderately differentiated 74 0.073 (0.006-0.903)
Poorly differentiated 21 0.059 (0.021-0.591)

pT stage 0.879
T2 19 0.084 (0.005-0.593)
T3 56 0.052 (0.007-1.246)
T4 20 0.107 (0.014-0.634)

pN stage 0.332
NO 60 0.074 (0.006-0.535)
N1 25 0.040 (0.006-0.763)
N2 10 0.081 (0.025-19.393)

pTNM stage 0.809
I 16 0.065 (0.005-0.518)
1I 42 0.083 (0.015-0.770)
I 34 0.040 (0.009-0.994)
v 3 0.010 (0.001-0.908)

Invasion into lymphatic vessels 0.269
Negative 86 0.069 (0.007-0.627)
Positive 9 0.054 (0.033-18.627)

“Median of relative expression with 25-75th percentile is recorded in parentheses. *Distal includes tumors located in or distal to the descending
colon, sigmoid and rectum. Proximal tumors include tumors in or proximal to the splenic flexure. Statistical significance, p<0.05.

cells (18,25). Studies on miR-375 gene knockout mice have
revealed that miR-375 is not only essential for normal glucose
homeostasis, but also maintains pancreatic o- and p-cell
mass (26). The targeted inhibition of miR-375 maturation with
morpholinos showed that zebrafish miR-375 is essential for the
formation of the insulin-secreting pancreatic islet (27).

Take together, it seems that miR-375 is a pancreatic islet-
specific miRNA. However, a recent study showed that miR-375
was markedly downregulated in oesophageal squamous
cell carcinoma tissues relative to healthy volunteers (28).
Furthermore, the downregulation of miR-375 was also found
in pancreatic cancer tissues compared to normal tissues (29). In
hepatocellular carcinoma of mice, the expression of miR-375
was significantly downregulated and was inversely correlated
with the protein levels of Yes-associated protein (YAP), which
binds to transcription factors that regulate the transcription
of target genes involved in cell growth, proliferation and

survival (30). Moreover, Ding et al (31) showed that miR-375
was greatly downregulated in the paired gastric cancer tissues
and NATs by microarray. Quantitative real-time PCR analysis
verified that miR-375 expression was significantly decreased in
more than 90% of gastric cancer tissues compared to non-tumor
counterparts. Notably, they showed that the overexpression of
miR-375 reduced the protein levels of Janus kinase 2 (JAK?2)
and repressed the activity of the 3'-untranslated region of
JAK?2. Furthermore, Tsukamoto et al (20) indicated that the
low expression of miR-375 in gastric carcinoma cells mark-
edly reduced cell viability via the caspase-mediated apoptotic
pathway. They found that the overexpression of miR-375 inhib-
ited the expression of PDK1 followed by the suppression of Akt
phosphorylation. By contrast, the high expression of miR-375
was found in ERa-positive breast cancer cells (32). It has been
shown that, compared to normal lung tissues, the expression of
miR-375 is significantly upregulated in lung adenocarcinoma
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tissues (33). The upregulated miR-375 was also observed
in prostate carcinoma tissues relative to non-tumor prostate
tissues (34). The tissue specificity may be one of the reasons
for the organ-specific difference in miR-375 expression, as
observed for cancer miRNA signatures across different organs
of origin (35). Therefore, the expression levels of miR-375 were
quite differential in different carcinomas.

To our knowledge, we have performed the largest study
to date that assesses the expression levels of miR-375 in
colorectal cancers by real-time PCR. We found that miR-375
was frequently downregulated in 95 cancerous and adjacent
non-cancerous tissue pairs. Also, the significantly reduced
expression of miR-375 was found in three colorectal cancer
cell lines. Our results were consistent with previous studies
on the global expression pattern of miRNAs in colorectal
carcinoma (23,24). Davidson et al (36) showed that the expres-
sion levels of miR-375 were dramatically reduced in six rat
colon adenocarcinoma tissues compared to six rat normal
colon tissues. Therefore, as the low expression of miR-375 is
frequently observed in colorectal cancers, it may play a signifi-
cant role in the process of carcinogenesis. Although there was
no significant association between miR-375 expression and
clinicopathological characteristics, 71.6% of cases revealed
more than a 50% reduction in the expression levels of miR-375
compared to their corresponding NATs.

miRNA expression can be reduced by many factors,
including transcriptional factors, mutations, deletions and
methylation. The mechanism responsible for the downregula-
tion of miR-375 in colorectal carcinoma remains unclear. As
the loss at 2g35, wherein miR-375 was located, was found
frequently in colorectal cancers (37), it seems possible that
allelic loss may be responsible for the downregulation of
miR-375. Furthermore, a recent study showed that miR-375 is
located in a CpG island on chromosome 2q35 (National Center
for Biotechnology Information) (20). Therefore, it is likely that
epigenetic silencing may be responsible for the downregula-
tion of miR-375. Further investigation is required to determine
the exact mechanism for the aberrant expression of miR-375 in
colorectal cancer.

In this study, we assessed the expression levels of miR-375
in colorectal cancer. Significantly downregulated miR-375
was observed in colorectal cancer tissues and three cancer cell
lines relative to NATs. The present study is a basis for further
studies on target genes and functions of miR-375 in colorectal
cancer. Further large-scale and long-term follow-up studies
focusing on the significance of miR-375 in colorectal cancer
are currently underway by our group.
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