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Clinicopathological and prognostic significance of microRNA-107
and its relationship to DICER1 mRNA expression in gastric cancer
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Abstract. microRNAs (miRNAs) are small non-coding
RNAs that regulate target gene expression. It is known that
miRNA-107 (miR-107) promotes cancer invasion and metas-
tasis. However, the relationship between clinicopathological
factors and the prognostic significance of miR-107 for gastric
cancer patients remains elusive. In this study, we evaluated the
prognostic value of miR-107 using tissue samples from gastric
cancer patients. Furthermore, the relationship between miR-107
and the mRNA levels of its target gene DICER1 was exam-
ined. The expression levels of miR-107 and DICER1 mRNA in
tumor tissues and adjacent normal tissues of 161 gastric cancer
patients were examined (TNM stage I, 29 patients; stage 1I,
31 patients; stage 111, 51 patients and stage IV, 50 patients).
miR-107 levels were measured by TagMan microRNA assays,
and DICER1 mRNA levels were measured by the TagMan
real-time RT-PCR method. In the analysis by real-time
PCR-based miRNA arrays using pooled RNA samples from
five gastric cancer patients, expression of miR-107, miR-21,
miR-196a, miR-26b, miR-9, miR-142-3p, miR-30b, miR-150,
miR-191 and miR-17 was found to be upregulation. The
mean expression level of miR-107 was significantly higher in
the tumor tissues compared to that of normal tissues. In the
comparison of clinicopathological factors, miR-107 expression
showed significant association with depth of tumor invasion,
lymph node metastasis and stage. In Kaplan-Meier survival
curve analysis, overall survival rates (OS) and disease-free
survival rates (DFS) of patients with high miR-107 expres-
sion were significantly worse than those of patients with low
miR-107 expression. In the Cox multivariate analysis, it was
shown that miR-107 expression in gastric cancer tissues was
an independent prognostic factor for OS and DFS. Significant
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inverse correlations were demonstrated between miR-107
and DICER1 mRNA. Our results indicate that miR-107 may
be useful as an effective biomarker for prediction of a poor
prognosis in gastric cancer patients.

Introduction

Gastric cancer is one of the most common cancers in Japan
and other East Asian countries (1). Despite significant invest-
ment and advances in the management of gastric cancer, the
survival rates for patients with advanced stages of the disease
have changed little over the past 10 years (2). As such, a
biomarker for selection of high-risk patients with poor prog-
nosis is highly desirable.

microRNAs (miRNAs) are small 21-25 nucleotides of
RNA that participate in the regulation of cell differentiation,
cell cycle progression, apoptosis and tumorigenesis (3-8).
The study of microRNA has been extended to many types
of cancer. miRNAs target protein-coding mRNAs at the
post-transcriptional level by direct cleavage of the mRNA
or by inhibition of protein synthesis (9,10). Recent evidence
indicates that various miRNAs can function as oncogenes
or tumor-suppressor genes and play a central role in carci-
nogenesis (5). Accumulating evidence shows that miR-107
is one of the oncogenic RNAs, and overexpression of these
RNAs has been reported in several types of human malignant
solid tumors, including gastric, esophageal, pancreatic and
colorectal cancer (10-16). Moreover, miR-107 may contribute
to the regulation of the cell cycle in non-small cell lung cancer
cell lines (17). It was reported that miR-107 can mediate p53
regulation of hypoxic signaling and tumor angiogenesis (18).
Additionally, miRNAs may be useful tools for characterizing
specific cancers and for determining patient prognosis and
response to therapy (3-8). In gastric cancer, it has been shown
that overexpression of miR-107 is associated with metastasis
(13). However, the association between the miR-107 expres-
sion, clinicopathological characteristics and the prognostic
value of miR-107 in gastric cancer has not yet been reported.

miRNAs exert their biological effects by targeting specific
mRNAs. DICERI is known as one of the target genes of
miR-107 (13). Dicer is the enzyme responsible for the cleavage
of miRNA precursors. Growing evidence suggests that
DICERI expression levels are associated with worse clinical
outcomes in various cancer types (19-22). However, there
are few studies concerning the correlation between DICER1
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mRNA and miR-107 in clinical samples of gastric cancer
patients.

In the present study, we investigated miR-107 expression
in tumor tissues from 161 gastric cancer patients to determine
its clinicopathological and prognostic significance. We also
examined the association between the mRNA expression of
miR-107 and DICERI, which is one of the target genes of
miR-107.

Materials and methods

Patients and tissue samples. In this study, 161 gastric cancer
patients were enrolled between 2000 and 2005 at Teikyo
University Hospital. The stages of the gastric cancer patients
were evaluated by TNM staging (stage I, 29 patients; stage II,
31 patients; stage 111, 51 patients and stage I'V, 50 patients). The
median follow-up period was 40 months (range, 6-72 months).
Primary tumor tissues and matched normal tissues adjacent
to the tumor tissues (normal tissues) of gastric cancer patients
were collected. All samples were derived from patients who
had not received chemotherapy prior to surgery. Immediately
following surgical resection, tissues were frozen in liquid
nitrogen until use. The study protocol conformed to the guide-
lines of the ethics committee. It was approved by the Review
Board of Teikyo University, and written informed consent was
obtained from all patients.

Real-time PCR-based miRNA array. miRNA expression
profiling was performed using cancer microRNA qPCR array
with the QuantiMir system (System Biosciences, Mountain
View, CA, USA). This system is a real-time PCR-based array
containing a panel of 95 cancer-related mature miRNA assays
and the U6 transcript as a normalization signal. In brief, total
RNA containing small RNA extracted from tissue samples was
first polyadenylated by poly(A)polymerase and then reverse
transcribed to cDNA using a mixture of oligo-dT adaptor.
The cDNA then served as the template for SYBR real-time
PCR using Power SYBR Master Mix (Applied Biosystems,
Inc., Foster City, CA, USA), using miRNA-specific primers
provided by the manufacturer. SYBR-PCR was performed
using a LightCycler 480 Real-Time PCR system (Roche
Applied Science, Indianapolis, IN, USA). AACT was calcu-
lated by subtracting the CT values of U6 from the CT values of
the gene of interest. AACT was then calculated by subtracting
ACT of the control from ACT of the sample. The fold change
of the gene was calculated by the equation: 2447,

TagMan microRNA assay. Total RNAs, including the miRNAs,
were extracted from 161 primary tissues and matched normal
tissues of gastric cancer patients using the miRNeasy Mini Kit
(Qiagen Inc., Valencia, CA, USA). The miR-107 and RNU6B-
specific cDNA were synthesized using gene-specific primer
sets according to the TagMan microRNA assay protocol
(Applied Biosystems). RNU6B was used as an internal control.
In brief, reverse transcriptase reactions contained 10 ng of
total RNAs, 50 nmol/stem-loop RT primer, 1X RT buffer,
0.25 mmol/I each of deoxynucleotide triphosphate (ANTP),
3.33 U/ul MultiScribe reverse transcriptase, and 0.2 U/ul
RNase inhibitor. The 7.5-ul reaction samples were incubated
in GeneAmp PCR System 9700 (Applied Biosystems) for
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Table I. Ten most highly upregulated miRNAs in the gastric
cancer samples as determined by real-time PCR-based miRNA
profiling array.

microRNA mirBase no. Fold-change
miR-107 MIMATO0000104 4.13
miR-21 MIMATO0000076 4.11
miR-196a MIMAT0000226 4.06
miR-26b MIMATO0000083 3.74
miR-9 MIMAT0000441 335
miR-142-3p MIMAT0000434 321
miR-30b MIMAT0000420 3.19
miR-150 MIMATO0000451 2.76
miR-191 MIMAT0000440 2.53
miR-17 MIMAT0000070 213
n=5.

30 min at 16°C, 30 min at 42°C, 5 min at 85°C, and then folded
at 4°C. Quantitative real-time PCR was performed using
ABI StepOne (Applied Biosystems). The 10 xl PCR samples
included 0.67 ul of RT products, 1X TagMan Universal PCR
Master Mix, and 1 ul of primers, and the probe mix was incu-
bated in 48-well optical plates. The PCR conditions were 95°C
for 10 min, followed by 40 cycles of 95°C for 15 sec and 60°C
for 6 sec. All the experiments were undertaken in triplicate.
Relative quantification of miRNA expression was calculated
using the 242°T method, where AACT = ACT(CT,igi07 -

CTRNUGB)mmortissues - ACT(CTmiR107 - CTRNUGB)normal tissues*

Quantitative real-time RT-PCR for DICERI mRNA. Total
RNAs were extracted using the miRNeasy Mini Kit and
complementary DNA (cDNA) synthesis was performed using
random hexamer primers and SuperScript II reverse tran-
scriptase according to the manufacturer's protocol (Invitrogen
Corp., Carlsbad, CA, USA). Quantitative real-time PCR ampli-
fication (QRT-PCR) of DICER1 and GAPDH mRNA (internal
control) were measured using a LightCycler 480 Real-Time
PCR system. The amplifications of DICER1 and GAPDH
mRNA were performed using the TagMan primer and probe
set (Applied Biosystems). The PCR conditions for DICERI1
mRNA were 95°C for 10 min, followed by 35 cycles at 95°C
for 10 sec, 65°C for 10 sec, and 72°C for 10 sec. The PCR
products were then subjected to a temperature gradient from
68 to 95°C at 0.1/sec, with continuous fluorescence monitoring
to produce melting curves of the products. All the experiments
were performed in triplicate. The expression levels of DICER1
mRNA were normalized to GAPDH mRNA expression.

Statistical analysis. The relationships between miR-107
expression and clinicopathological factors were analyzed
using the Student's t-test, the %> test and ANOVA. Overall
survival (OS) and disease-free survival (DFS) curves were
analyzed using the Kaplan-Meier method, and the differences
were examined using log-rank tests. Cox proportional-hazards
regression analysis was applied in order to estimate univariate
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Figure 1. Comparison of miR-107 expression between gastric cancer and
normal tissues. Relative miR-107 levels were determined in 161 gastric cancer
patients and expressed as fold change after normalization to RNU6B. Data
are expressed as the mean =+ standard error (SE). Expression of miR-107 in
tumor tissues was significantly higher than that in normal tissues. “p<0.001.

and multivariate hazard ratios for OS and DFS. All p-values
are two-sided, and p<0.05 was considered to denote statistical
significance. Statistical analyses were carried out using JMP
9.0 software (SAS Institute Inc., Cary NC, USA).

Results

Selection of microRNAs for gastric cancer. First, we examined
the profiling of miRNA expression in gastric cancer tissues
using the real-time PCR-based miRNA arrays containing
a panel of 95 cancer-related mature miRNAs. In this assay,
we used pooled RNA samples of primary gastric cancer
tissues and normal tissues from five patients. Normal tissues
that were adjacent to tumor tissues were collected from the
same patients. Table I shows the ten miRNAs which were
highly upregulated in this assay. miR-107, miR-21, miR-196a,
miR-26b, miR-9, miR-142-3p, miR-30b, miR-150, miR-191 and
miR-17 were included in this list. Our results showed that the
highest upregulation for miR107 as compared with the other
miRNAs. On the basis of these profiling results and other
information from published studies, we selected miR-107 as
the marker for gastric cancer and used it for subsequent study.

Expression of miR-107 in tumor and normal tissues. Fig. 1
shows a comparison of miR-107 expression levels in the
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gastric cancer and normal tissues. The mean (= SE) expres-
sion level of miR-107 was significantly higher in the tumor
tissues (2.32+0.29) than that in the normal tissues (1.14+0.17)
(p<0.001).

Relationship between clinicopathological factors and
miR-107 expression in the tumor tissues. This study examined
a total of 161 gastric cancer patients (97 men and 64 women)
with a mean age of 67 years (range, 35-87). To evaluate the
correlation between the miR-107 expression levels and the
clinicopathological characteristics, patients were divided into
two groups (high and low). The cut-off levels for miR-107 were
set at 2.74, which is the mean level of relative quantity (2"42¢T)
according to a previously published study (23). As shown in
Table II, a statistically significant association was observed
between miR-107 expression and depth of tumor invasion,
lymph node metastasis and TNM stage.

Correlation between miR-107 levels and OS and DFS. Kaplan-
Meier OS and DFS curves of the gastric cancer patients
according to the status of miR-107 levels were examined
(Fig. 2). For OS analysis, all 161 patients were included, and
111 patients who underwent curative surgery were included for
DFS analysis. The OS of patients in the high miR-107 group
showed significantly worse survival rates than those who were
in the low miR-107 group (p=0.002) (Fig. 2A). DFS analysis
revealed that the patients in the high miR-107 group had
significantly worse survival rates than those who were in the
low miR-107 group (p=0.017) (Fig. 2B). These results suggest
that high expression of miR-107 is associated with poor prog-
nosis in gastric cancer patients.

Univariate and multivariate Cox analysis of prognostic
factors in OS and DFS. The results of univariate and multivar-
iate Cox proportional hazard regression analysis for OS and
DEFS are shown in Tables III and I'V. Multivariate analysis was
performed for factors that showed significance in univariate
analysis. In the univariate analysis, miR-107, tumor size, depth
of invasion, lymph node metastasis, lymphatic invasion, venous
invasion and stage showed significance for OS (Table III). In
the multivariate analysis, miR-107, venous invasion and stage
showed significance for OS. In the univariate analysis for DFS,
miR-107, lymph node metastasis, venous invasion and stage

B
1
= 0.8 - |
s | 2 Li,
< 06- ; 706 e W
iy & e iy
= Sy = "
& 04 ST ; 0.4
7 p=0.002 [ p=0.017
C 024 miR-107 (low) n=41 |2 029 ___ miR-107 (low) n=28
o miR-107 (high) n=120 P miR-107 (high) n=83
I I T T
0 l1 ZI 3[ 4‘ 5 0 1 2 3 4 5

Years

Years

Figure 2. Kaplan-Meier survival curves of OS and DES based on miR-107 expression. The gastric cancer patients were divided into two groups: a low miR-107
group and a high-miR107 group. The OS (A) and DFS (B) of patients in the high miR-107 group showed significantly worse survival rates than those in the

low miR-107 group.
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Table II. Relationship between clinicopathological features and miR-107 expression in gastric cancer tissues.

miR-107 expression

Patients High Low

Features n (%) n (%) n (%) p-value

Total no. 161 120 41

Tumor size (cm)
<5 40 (24.84) 27 (16.77) 13 (8.07) 0.247
=5 121 (75.16) 93 (57.76) 28 (17.39)

Histological type
Well-differentiated 19 (11.80) 13 (8.07) 6 (3.73) 0.523
Poorly differentiated 142 (88.20) 107 (66.46) 35(21.74)

Depth of invasion
pT1 11 (6.83) 5 (3.11) 6 (3.73) 0.033*
>pT2 150 (93.17) 115 (71.43) 35(21.74)

Lymphatic invasion
Absent 38 (23.60) 25 (15.53) 13 (8.07) 0.166
Present 123 (76.40) 95 (59.01) 28 (17.39)

Venous invasion
Absent 37 (22.98) 23 (14.29) 14 (8.70) 0.059
Present 124 (77.02) 97 (60.25) 27 (16.77)

Lymph node metastasis
Absent 29 (18.01) 16 (9.94) 13 (8.07) 0.012*
Present 132 (81.99) 104 (64.60) 28 (17.39)

Liver metastasis
Absent 150 (93.17) 114 (70.81) 36 (22.36) 0.136
Present 11 (6.83) 6 (3.73) 5 (3.11)

Peritoneum dissemination
Absent 146 (90.68) 109 (67.70) 37 (22.98) 0911
Present 15 (9.32) 11 (6.83) 4 (248)

Stage
I 29 (18.01) 15 (9.32) 14 (8.70) 0.010*
II 31 (19.25) 24 (14.91) 7 (4.35)
I 51 (31.68) 44 (27.33) 7 (4.35)
1AY 50 (31.06) 37 (22.98) 13 (8.70)

4p<0.05.

showed significance (Table IV). In the multivariate analysis, Discussion

miR-107 and stage showed significance for DFS. These results
suggest that miR-107 has independent prognostic value for
both OS and DFS.

Correlations of miR-107 levels and target genes. The corre-
lation between miR-107 and DICER1 mRNA level was
examined. As shown in Fig. 3, a significant inverse correlation
was shown between miR-107 and DICER1 mRNA (y=-0.522,
p<0.001). These results suggest that the expression of DICER1
mRNA may be negatively regulated by miR-107.

In this study, we demonstrated that the expression of miR-107
in gastric cancer tissue has a significant prognostic value for
OS and DFS. Furthermore, miR-107 expression in gastric
cancer tissues showed a significant negative association with
DICER1 mRNA levels.

A number of studies have shown that miRNAs serve
functionally as oncogenes or tumor-suppressor genes and
regulate multiple cellular processes relevant to tumorigenesis
and cancer progression (24). In this study, we focused on the
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Table III. Univariate and multivariate analysis of prognostic factors in for overall survival.
Univariate analysis Multivariate analysis
Regression Hazard ratio Regression Hazard ratio
Variables coefficient (95% CI) P-value coefficient (95% CI) P-value
Tumor size 0.849 2.338 (1.335-4.436) 0.002* 0.407 1.502 (0.829-2.938) 0.187
Depth of invasion 1.559 4.756 (1.495-28.945) 0.005* -0.116 0.891 (0.212-6.055) 0.888
Lymph node metastasis 1.492 4448 (1.991-12.671) <0.001* -0.078 0.925 (0.285-3.259) 0.898
Lymphatic invasion 0.771 2.162 (1.232-4.109) 0.006 0.158 1.171 (0.647-2.286) 0.617
Venous invasion 1.374 3.952 (2.022-8.915) <0.001* 0.786 2.194 (1.058-5.220) 0.034*
Histological type 0.189 1.208 (0.619-2.723) 0.604 )
Stage 1916 6.795 (3.728-13.648)  <0.001* 1.578 4.845 (2.266-11.865) <0.001*
miR-107 -1.023 0.360 (0.174-0.665) 0.001* -0.793 0.452 (0.217-0.845) 0.011*
p<0.05.
Table I'V. Univariate and multivariate analysis of prognostic factors for disease-free survival.
Univariate analysis Multivariate analysis
Regression Hazard ratio Regression Hazard ratio

Variables coefficient 95% CI) P-value coefficient (95% CI) P-value
Tumor size 0.679 1.971 (0.984-4.383) 0.056 )
Depth of invasion 0.989 2.688 (0.824-16.525) 0.112 )
Lymph node metastasis 1.010 2.745 (1.183-7.982) 0.017* -0.362 0.696 (0.129-3.771) 0.659
Lymphatic invasion 0.143 1.154 (0.612-2.299) 0.665 )
Venous invasion 1.010 2.746 (1.293-6.759) 0.007* 0.390 1.477 (0.591-4.487) 0424
Histological type 0413 1.511 (0.607-5.045) 0.407 )
Stage 1.589 4.900 (2.527-10.242) <0.001* 1.582 4.863 (1.648-20.817) 0.003*
miR-107 -1.081 0.339 (0.117-0.788) 0.010* -1.974 0.139 (0.008-0.670) 0.009*
4p<0.05.

y =-0.109x + 2.891
r=-0.522
(p<0.001)
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Figure 3. Correlation between miR-107 and DICERI mRNA expression.
The correlation between miR-107 and DICER1 mRNA levels was examined.
A significant inverse correlation was demonstrated between miR-107 and
DICERI mRNA levels.

characteristics of miR-107 in gastric cancer tissues based
on the results of miRNA profiling by real-time PCR array.

Many studies have demonstrated overexpression of miR-107
in gastric, esophageal, colon, hepatocellular and pancreatic
cancers, suggesting that this miRNA has some positive role
in the carcinogenesis of these cancers (10-16). It has been
reported that miR-107 is an oncogenic miRNA that regulates
tumor invasion and metastasis in gastric cancer (13). Our
results also showed that the miR-107 expression level in gastric
cancer tissues was significantly higher in tumor tissues than in
normal tissues. However, little is known about the association
between clinicopathological factors and miR-107 in this type
of cancer. We first demonstrated that miR-107 expression is
significantly associated with depth of tumor invasion, lymph
node metastasis and stage.

The potential value of miRNAs as prognostic biomarkers
are of interest. Yet, there has been only one study that has
attempted to identify the prognostic value of miR-107 for gastric
cancer patients. Using a small number of gastric cancer patients
(50 cases), Li et al analyzed the Kaplan-Meier analysis results
and showed that lower miR-107 expression was associated with
poorer survival (13). However, they did not investigate the Cox
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multivariate analysis of miR-107. In contrast, in our present
study of 161 gastric cancer patients, we analyzed not only the
Kaplan-Meier survival curve but also applied Cox multivariate
analysis to clarify the prognostic value of miR-107. Notably,
we found that higher expression levels of miR-107 in gastric
cancer tissues significantly correlated with poorer OS and DFS.
Furthermore, in Cox multivariate analysis, miR-107 expression
in gastric cancer tissues showed a significant association with
OS and DFS. Although, our results are different from those
of Li et al, our results support the hypothesis that miR-107
promotes gastric cancer metastasis by downregulation of
DICERI1 (13). However, an explanation for the discrepancy in
the survival results between ours and other studies must await
further research. To the best of our knowledge, our study is the
first to show the independent prognostic value of miR-107 in
gastric cancer patients.

miRNAs exert their biological effects by targeting protein-
coding-specific mRNAs in two different ways: one by direct
cleavage of the target mRNAs and the other by inhibition
of protein synthesis (8). Recently, Li er al demonstrated that
miR-107 regulates tumor invasion and metastasis by targeting
DICERI in gastric cancer (13). Dicer is the enzyme respon-
sible for the cleavage of miRNA precursors and it is necessary
for the production of mature miRNAs (25). DICERI is capable
of splicing the hairpin-like structure RNA and double-strand
RNA into mature 21-nt miRNA or siRNA. Although research
on the association of DICER]1 with disease is limited, DICER1
appears to play an important role in the development of cancer
(18-21). A different transcription initiation site and splicing of
the DICER1 gene which may result in poor protein transla-
tion and stability of mRNA and subsequent lower expression
of DICERI in cancer cells was suggested (26). Furthermore,
DICERI1 expression was found to be decreased during the
progression of gastric cancer (27). However, little is known
concerning the relationship between miR-107 and DICER1
mRNA expression in clinical samples of gastric cancer
patients. In the present study, we examined the relationship
between miR-107 and DICER1 mRNA levels, and demon-
strated a significant inverse correlation.

In conclusion, our data indicate that overexpression of
miR-107 in gastric cancer tissues has prognostic value and
that these molecules may have useful therapeutic applications
in the future.
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