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Abstract. S-1 has been recommended as adjuvant chemo-
therapy in patients after curative surgery for gastric cancer. 
However, some patients suffer recurrence even after S-1 
adjuvant chemotherapy. The present study was conducted to 
find a predictive marker of the efficacy of S-1 adjuvant chemo-
therapy. We examined the microRNA (miRNA) expression of 
35 patients who underwent S-1 adjuvant chemotherapy after 
curative surgery (R0) for pathological stage II or III gastric 
cancer. miRNAs were extracted from formalin-fixed, paraffin-
embedded specimens for analysis and miRNA expression was 
examined using miRNA oligo chips. Fifteen patients relapsed 
and 20 did not over 5 years. Five miRNAs (miR-92b, 422a, 
4732-5p, 4758-3p and 221) were highly expressed according to 
the tumor/normal (T/N) ratio in the patients who relapsed but 
not in those who did not relapse (P-value <0.05) by microarray 
analysis. If tumors showed high expression of 4 miRNAs 
(miR-92b, 422a, 4732-5p and 4758-3p) their positive predic-
tive value of relapse was 93.8% and negative predictive value 
was 92.3%. In this case, their disease-free survival rate and 
overall survival rate were very poor. Our findings indicate 
that miR-92b, miR-422a, miR-4732-5p and miR-4758-3p are 
closely associated with relapse following S-1 adjuvant chemo-
therapy in gastric cancer.

Introduction

Gastric cancer is a common malignancy worldwide, with 
eastern Asia considered to have the highest mortality rate. 
The mainstay of treatment for gastric cancer is surgery (1). 
However, some patients experience a recurrence after curative 
resection for advanced gastric cancer. Various regimens with 

5-fluorouracil (5-FU) have shown that adjuvant chemotherapy 
is effective against gastric cancer (2-4). 5-FU is the principal 
component of S-1 (TS-1; Taiho Pharmaceutical Co., Ltd., 
Tokyo, Japan). S-1 is an orally active combination of tegafur (a 
prodrug that is converted by cells to fluorouracil), gimeracil (an 
inhibitor of dihydropyrimidine dehydrogenase, which degrades 
fluorouracil), and oteracil (which inhibits the phosphorylation 
of fluorouracil in the gastrointestinal tract, thereby reducing 
the gastrointestinal toxic effects of fluorouracil). The Adjuvant 
Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) 
group reported on the effects of postoperative S-1 chemotherapy 
compared with surgery alone in pathological stage II or III 
gastric cancer patients (5). Since then, S-1 chemotherapy has 
been recommended as adjuvant chemotherapy for patients who 
have undergone curative surgery for advanced gastric cancer (6).

Nevertheless, some patients suffer recurrence even after 
S-1 adjuvant chemotherapy (5,7). There was no clear predictive 
marker of its effects. If we identify predictors of relapse after 
adjuvant chemotherapy, patients may be able to receive more 
suitable regimen in their cancer characteristics and avoid both 
side-effects and excessive therapy.

microRNAs (miRNAs) regulate physiological processes, 
cell and differentiation, and apoptosis through the suppression 
of mRNA (8). As miRNAs are associated with these tumor 
characteristics, specific miRNAs are thought to be associated 
with sensitivity to chemotherapy (9,10).

We previously extracted high quality miRNAs from 
formalin-fixed, paraffin-embedded (FFPE) samples obtained 
from gastric cancer patients who had undergone operations, 
excluded stage I and IV in non-radical surgery (11) and we 
detected specific miRNAs associated with the prognosis of 
these patients using high-sensitivity DNA chips. Therefore, 
we hypothesized that patients who may require further 
chemotherapy can be identified by miRNA expression profile 
analysis in patients who showed relapse after adjuvant chemo-
therapy for gastric cancer.

Materials and methods

Patients and tissue specimens. FFPE specimens of gastric 
cancer and associated patient information were collected. 
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In total, 458 patients with p-stage II or III gastric cancer 
underwent curative surgery between 2000 and 2012, including 
161 patients from Toyama University Hospital, 114 from 
Itoigawa General Hospital, 126 from Saiseikai Toyama 
Hospital and 57 from Murakami Memorial Hospital Asahi 
University; the latter 57 patients underwent surgery between 
2006 and 2012. Of these, 398 were ineligible as they did not 
undergo adjuvant chemotherapy (173 patients), were treated 
with a chemotherapy other than S-1 (105 patients), underwent 
S-1 chemotherapy for <3 months (22 patients), died from a 
cause other than gastric cancer (1 case), underwent neoadju-
vant chemotherapy (20 cases), were followed up for <5 years 
(52 cases), or relapsed in <6 months (10 cases). S-1 treatment 
was continued for at least 3 months in 452 patients (87.4%) 
in the ACTS-GC study (5). Therefore, we excluded patients 
treated with S-1 for <3 months and T1 cases were excluded 
as the tumors were too small for extraction of miRNA 
(15 patients). Thus, a total of 60 specimens were selected 
from 458 gastric cancer patients. We obtained approval from 
the Ethics Committee of the University of Toyama (Approval 
number, 20-63), Itoigawa General Hospital, Saiseikai Toyama 
Hospital, and Murakami Memorial Hospital Asahi University.

RNA extraction from FFPE specimens. RNA was extracted 
from FFPE specimens of tumor and normal tissue from each 
patient, as previously reported (12). Extracted RNA was 
processed using a silica-based spin column (Toray Industries, 
Tokyo, Japan) to obtain purified total RNA. The degree of 
RNA cross-linking and RNA degradation was analyzed using 
electrophoresis with an Agilent 2100 Bioanalyzer (Agilent 
Technologies, Santa Clara, CA, USA). The RNA quality 
criteria were as previously reported (12). In addition, we 
analyzed samples with the same degree of total RNA decay 
in this experiment so as to examine the relationship between 
tumor and normal tissues. Thus, we determined whether RNAs 
could be used for microarray analysis.

miRNA assays. RNAs were labeled with Hy5 (miRCURY LNA 
microRNA Hy5 Power labeling kit; Exiqon A/S Corp., Vedbaek, 
Denmark). miRNAs were examined with Toray 3D-Gene® 
miRNA oligo chips (ver. 17; Toray Industries). A solution 
adjusted for the DNA chips was applied, (including 500 ng 
of total RNA) and hybridization was performed. Fluorescent 
signals were scanned using a 3D-Gene Scanner (Toray 
Industries) and analyzed with 3D-Gene Extraction software 

Table I. Characteristics of the evaluable gastric cancer patients.

Characteristics Relapse (n=15) Non-relapse (n=20) P-value

Age (years, mean ± SD) 71.0±2.88 63.4±2.49 0.0543
Gender
  Male 13 12 0.0746
  Female 2 8
Histological type
  Differentiateda 6 8 1.0000
  Undifferentiatedb 9 12
Maximum tumor diameter (mm, mean) 62 48 0.0639
Depth of invasion
  T2 1 6 0.0716
  ≥T3 14 14
Lymph node metastasis
  <3 6 10 0.5560
  ≥3 9 10
p-stage
  Ⅱ 4 9 0.2623
  Ⅲ 11 11
Carcinoembryonic antigen (ng/ml)
  <5 12 13 0.2502
  ≥5 2 7
Carbohydrate antigen 19-9 (U/ml)
  <37 14 17 0.2513
  ≥37 0 3
S-1 total dose (mg, mean) 15970 22263 0.1892

aDifferentiated, papillary or tubular adenocarcinoma. bUndifferentiated, poorly differentiated or mucinous adenocarcinoma, signet-ring cell 
carcinoma.
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(Toray Industries). Quality evaluations were performed for 
the averages of the tumor/normal (T/N ratio) as previously 
reported (12).

Statistical analysis. P-values for gender, histological type, 
depth of invasion, lymph node metastasis, p-stage, pre-
operative serum carcinoembryonic antigen (CEA) levels and 
pre-operative serum carbohydrate antigen 19-9 (CA 19-9) 
levels were calculated using the Chi-square test. P-values for 
age, maximum tumor diameter and the total S-1 dose were 
calculated using the Student's t-test. The T/N ratio between 
the groups that did and did not relapse were calculated and 
compared with the Student's t-test. We constructed receiver 
operating characteristic (ROC) curves and calculated the area 
under the curve (AUC) to evaluate the specificity and sensi-
tivity of predicting cases. We divided gastric cancer patients 
into two groups: the miRNA high-expression group and the 
low-expression group, according to ROC curves. Positive 
predictive value and negative predictive value were calcu-
lated as previously reported (13). The disease-free survival 
curve and overall survival curve were plotted according to 
the Kaplan-Meier method. The differences in survival rates 
among the groups with high and low miRNA expression 
were analyzed using the log-rank test and the generalized 
Wilcoxon test. Disease-free survival time was calculated from 
the date of surgery until the patient relapsed or until the last 
follow-up. Overall survival time was calculated from the date 

of surgery until the patient succumbed to the disease or until 
the last follow-up. All statistical analyses were performed 
using Microsoft Office Excel 2007 and JMP 10. P<0.05 was 
considered to indicate a statistically significant result.

Results

RNA was extracted from tumor and normal tissue specimens 
obtained from 60 patients. Twenty-five cases were excluded 
due to poor RNA quality. Of the remaining 35 cases, 15 
relapsed within 5 years. Characteristics of the patients are 
shown in Table I. There were no significant differences in age, 
gender, histological type, maximum tumor diameter, depth of 
invasion, lymph node metastasis, p-stage, pre-operative serum 
CEA levels, pre-operative serum CA 19-9 levels, or S-1 total 
dose between patients who relapsed and those who did not.

A total of 218 miRNAs were evaluated for T/N ratio in 
each of the 15 relapse and 20 non-relapse cases. For these 218 
miRNAs, microarray analysis revealed 5 miRNAs (miR-92b, 
422a, 4732-5p, 4758-3p and 221) that were highly expressed 
according to the T/N ratio in the patients who relapsed but not in 
those who did not relapse (P-value <0.05), as shown in Table II 
(from a group of 9 miRNAs). The results of ROC curves are 
shown in Table III. We divided 35 gastric cancer patients into 
two groups, the miRNA high-expression group and the low-
expression group, according to ROC curves. Cluster analysis 
of 5 miRNAs (miR-92b, 422a, 4732-5p, 4758-3p and 221) clas-

Table II. miRNA expression of 35 patients analyzed using miRNA oligo chips.

Name Relapse signal Relapse T/N ratio Non-relapse signal Non-relapse T/N ratio P-value

hsa-miR-92b 15 1.27 20 0.95 0.0143
hsa-miR-422a 15 0.89 20 0.61 0.0174
hsa-miR-4732-5p 15 2.00 20 1.09 0.0203
hsa-miR-4758-3p 15 1.36 20 0.98 0.0218
hsa-miR-221 15 1.61 20 1.03 0.0384
hsa-miR-1246 15 1.98 20 1.06 0.0703
hsa-miR-3663-3p 15 1.03 20 0.86 0.0764
hsa-miR-3135b 15 1.03 20 0.80 0.0845
hsa-miR-30d 15 1.06 20 0.68 0.0993

Table III. Cut-off value for predicting relapse analyzed using receiver operating characteristic (ROC) curves.

Name Cut-off AUC Sensitivity Specificity True positive True negative False positive False negative

hsa-miR-92b 1.046232 0.75 0.93 0.6 14 12 8 1
hsa-miR-422a 0.815585 0.75 0.73 0.85 11 17 3 4
hsa-miR-4732-5p 1.146845 0.77 0.73 0.75 11 15 5 4
hsa-miR-4758-3p 1.028134 0.75 0.80 0.65 12 13 7 3
hsa-miR-221 1.000008 0.70 0.80 0.65 12 13 7 3
hsa-miR-1246 1.223516 0.67 0.73 0.7 11 14 6 4
hsa-miR-3663-3p 0.778234 0.70 0.93 0.45 14 9 11 1
hsa-miR-3135b 1.170270 0.65 0.40 0.95 6 19 1 9
hsa-miR-30d 1.068176 0.63 0.53 0.85 8 17 3 7
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sified two groups. Their positive predictive value was 85.1% 
and the negative predictive value was 82.4%. Cluster analysis 
of 4 miRNAs (miR-92b, 422a, 4732-5p and 4758-3p) classified 
two groups (Fig. 1). Their positive predictive value was 93.8% 
and negative predictive value was 92.3%. If tumors showed 
high expression of 4 miRNAs (miR-92b, 422a, 4732-5p and 
4758-3p), their disease-free survival rate and overall survival 
rate were very poor (Fig. 2). We searched for potential target 
of mRNA using bioinformatic logarithms available on-line 
(TargetScan). According to TargetScan, dihydropyrimidine 
dehydrogenase gene (DPYD) may be one of the predictable 
target genes of miR-92b (Fig. 3).

Discussion

In the present study, we identified 5 specific miRNAs related 
to gastric cancer recurrence after adjuvant S-1 chemotherapy. 
If tumors showed high expression of 4 miRNAs, miR-92b, 
422a, 4732-5p and 4758-3p, their disease-free survival rate and 
overall survival rate were very poor. Combination of miRNAs 
may be possible to predict recurrence after S-1 chemotherapy.

No study has reported the relationship between gastric 
cancer, S-1 resistance, and miRNAs. In the study of the 
relationship between S-1 resistivity and miRNAs in colon 
cancer, Nakajima et al (14) reported that let-7g and miR-181b 

are strongly associated with the response to S-1 chemo-
therapy. In their report, 69.6% (32/46) patients underwent S-1 
chemotherapy and 30.4% (14/46) patients underwent S-1 plus 
cisplatin chemotherapy. Thus, the results of their study may be 
affected by cisplatin combination therapy.

There are no previous reports on the relationship between 
miR-92b expression and gastric cancer recurrence after adju-
vant S-1 chemotherapy. In addition, no study has reported the 
relationship between S-1 and miR-92b expression or between 
gastric cancer and miR-92b expression. Haug et al (15) reported 
that MYCN-regulated miRNA-92 inhibits the secretion of the 
tumor suppressor Dickkopf-3 (DKK3) in neuroblastoma. Also, 
Wang et al (16) reported that miR-92b binds to 3'UTR of Nemo-
like kinase that acts as a negative regulator of Wnt signaling 
and activates Wnt/β-catenin signaling. As a result, miR-92b 
activates glioma proliferation and invasion. Since miR-92b was 
highly expressed according to the T/N ratio in the patients who 
relapsed, it may be considered to promote tumor cell growth.

Dihydropyrimidine dehydrogenase gene (DPYD) is key 
in the antitumor effect of 5-fluorouracil and S-1. Dihydro-
pyrimidine dehydrogenase (DPD) is the rate-limiting enzyme 
in the catabolism of pyrimidine. However, Ichikawa et al (17) 
and Jeung et al (18) reported that S-1 responders had higher DPD 
expression than S-1 non-responders in gastric cancer patients. 
If miR-92b downregulates this gene, these reports support our 

Figure 2. Disease-free survival and overall survival curves regarding 
4 miRNAs (miR-92b, 422a, 4732-5p and 4758-3p). (A) Disease-free survival 
time was calculated from the date of surgery until the patient relapsed or until 
the last follow-up. (B) Overall survival time was calculated from the date of 
surgery until the patient succumbed to the disease or until the last follow-up. 
If tumors showed high expression of 4 miRNAs (miR-92b, 422a, 732-5p and 
4758-3p), their prognosis was very poor. P<0.05 was considered to indicate a 
statistically significant difference.

Figure 3. Analysis of miR-92b binding sites in the DPYD gene. Homology 
between the 3'-UTR of DPYD and the predicted target sequence of miR-92b. 
miR-92b is one of the potential targets within the 3'-UTR of DPYD mRNA.

Figure 1. Cluster analysis of 4 miRNAs (miR-92b, 422a, 4732-5p and 
4758-3p). We divided 35 gastric cancer patients into two groups, the miRNA 
high-expression group (blue) and the low-expression group (red), according 
to ROC curves. Cluster analysis of 4 miRNAs (miR-92b, 422a, 4732-5p and 
4758-3p) classified two groups. Positive predictive value was 93.8%. Negative 
predictive value was 92.3%.
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results that miR-92b was highly expressed according to the 
T/N ratio average in the gastric cancer patients who relapsed 
but not in those who did not relapse after S-1 chemotherapy. 
Kai et al (19) reported that 5-FU responders showed lower 
DPD expression than 5-FU non-responders in gastric cancer 
patients. Regarding DPD expression, there might be a differ-
ence between S-1 therapy and 5-FU therapy.

In the study of the relationship between miR-422a and 
cancer, Gougelet et al (20) reported that miR-422a was 
overexpressed in good responders for ifosfamide therapy in 
osteosarcoma. Faltejskova et al (21) reported that miR-422a 
was significantly decreased in colorectal cancer (CRC) tissues 
compared to normal tissues. Thus, these results differed from 
our observation that miR-422a was overexpressed in the 
relapse group. These findings together indicate a dual role of 
miR-422a as either a tumor-promoting or a tumor-suppresive 
miRNA in certain types of cancer.

In a study of the relationship between miR-221 and gastric 
cancer, Kim et al (22) reported that miR-221 downregulates 
both p27 and p57 that delay cell cycle. Chun-Zhi et al (23) 
reported that miR-221 upregulates gastric carcinoma cell 
proliferation and radioresistance by targeting the tumor 
suppressor gene PTEN. These findings support our results that 
miR-221 was overexpressed in the relapsed group.

There are no previous reports on miR-4732-5p and miR-
4758-3p expression. We found that both were highly expressed 
in gastric cancer patients who relapsed after adjuvant S-1 
chemotherapy. We, therefore, consider both miR-4732-5p 
and miR-4758-3p expression to be related to recurrence after 
adjuvant S-1 chemotherapy. Further larger and more detailed 
studies are required to confirm these findings.

Combination of miRNAs is a very useful technique to 
improve the prediction of recurrence (24). From a group of 
9 miRNAs (as shown in Table II), various permutations and 
combinations demonstrated that the combination of 4 miRNAs 
showed better positive and negative predictive values and 
predicted relapse more accurately after S-1 chemotherapy 
compared with a combination of other miRNAs. Although 
miR-221 was highly expressed in gastric cancer patients who 
relapsed after adjuvant S-1 chemotherapy, it was not useful in 
the prediction of relapse compared with the other 4 specific 
miRNAs.

In conclusion, this is the first report on miRNAs that are 
relapse-associated in gastric cancer patients after S-1 adjuvant 
chemotherapy. In the present study, we identified 5 specific 
miRNAs (miR-92b, 422a, 4732-5p, 4758-3p and 221) related 
to gastric cancer recurrence after adjuvant S-1 chemotherapy. 
The combination of 4 miRNAs, miR-92b, 422a, 4732-5p and 
4758-3p, may possibly help to predict recurrence after S-1 
chemotherapy.
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