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Abstract. Recently, exosome-encapsulated microRNAs 
(miRNAs) have been attracting attention as stable and minimally 
invasive biomarkers in cancer patients. The aim of the present 
study was to clarify the value of plasma exosomal microRNA-23b 
(miR-23b) as a diagnostic and prognostic biomarker in gastric 
cancer (GC) patients at each tumor stage. We first selected recur-
rence specific exosomal miRNA by miRNA microarray from 
6 GC patients (stage I) with or without recurrence, and 3 healthy 
volunteers. In this analysis, miR-23b demonstrated the most 
significant change. Subsequently, we validated the usefulness 
of miR-23b as a biomarker using the plasma exosome samples 
collected from 232 GC patients and 20 healthy volunteers. 
miR‑23b levels were evaluated by Taqman microRNA assays. 
Exosomal miR‑23b levels of GC patients were significantly lower 
than those of the healthy controls. A significant association was 
revealed between the plasma exosomal miR-23b levels and the 
expression of miR-23b in primary tumor tissues. Concerning 
the pathological condition, miR‑23b demonstrated a significant 
association with tumor size, depth of invasion, liver metastasis 
and TNM stage. The overall survival (OS) rates of low-miR-23b 
patients were significantly worse than those of high‑miR‑23b 
patients at stage I, II, III and IV. The disease-free survival (DFS) 
rates of low exosomal miR‑23b patients were significantly worse 
than those of high-miR-23b patients at stage I, II and III. Cox 
multivariate analysis indicated that exosomal miR-23b was an 
independent prognostic factor for OS and DFS at each tumor 
stage. Our results revealed that exosomal miR-23b has potential 

as minimally invasive predictive biomarker for the recurrence 
and prognosis of GC in patients at all stages.

Introduction

Gastric cancer (GC) is one of the most prevalent cancers in 
Japan and other East Asian countries (1). Although the 5-year 
survival rate of GC patients with early stage in Japan is 97%, 
the recurrence rate after surgery in GC patients with advanced 
stage is also high. In particular, the 5-year survival rate at 
stage IV is around 10%. In order to improve the prognosis, it 
is important to clarify the biomarkers for the screening of GC 
patients in the high-risk group of recurrence.

MicroRNAs (miRNAs) have been shown to be one of 
the potential biomarkers for tumor diagnosis and predic-
tion of prognosis in various types of cancer (2,3). They 
are small non-coding 23-35 nucleotide molecules, which 
post-transcriptionally regulate the production of proteins 
from their messenger RNAs (mRNAs) (3). miRNAs play an 
important role in the process of cell proliferation, differen-
tiation, apoptosis and metastasis (2). It has been reported that 
miRNAs are abnormally expressed in cancers and influence 
the initiation and progression of cancer cells as oncogenes 
or tumor-suppressor genes (4). In addition, miRNAs can be 
detected not only in tissues, but also in body fluids such as 
plasma, serum, urine, saliva and lactation milk. Many studies 
have focused on cancer-derived miRNAs in the circulatory 
system of cancer patients (5,6). These studies indicated that 
plasma miRNAs may act as minimally invasive biomarkers 
for the diagnosis and prognosis of GC patients (5-8).

Other studies have confirmed the existence of miRNAs in 
a stable form within plasma/serum exosome. The exosomes, 
which are extremely small at 40-150 nm, originate from the 
luminal membranes of multivesicular bodies (9,10). Released 
by the process of fusion with the cell membranes of multive-
sicular bodies, these exosomes contain protein and selectively 
packaged RNA, such as miRNA, and have the ability to 
transfer these components to other cells (11,12). Cancer 
patients often exhibit high concentrations of exosomes, and 
if the exosomes contain intact miRNA, they have potential 
as effective predictive and prognostic biomarkers (12-15). At 
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present, we have already reported that exosome miR-21 is a 
useful biomarker for predicting the recurrence and prognosis 
of lung and colorectal cancer (16,17). However, few published 
studies have investigated the association between the plasma 
exosomal miRNA expression and the prognosis of GC patients 
at each tumor stage.

In the present study, we aimed to demonstrate the potential 
of exosome-encapsulated miRNAs as predictive biomarkers for 
recurrence and prognosis in GC patients at each tumor stage.

Patients and methods

Study design. We selected recurrence specific exosomal 
miRNA by microRNA micro-array analysis using the plasma 
exosomes collected from stage I GC patients who had relapsed 
after surgery (n=3), stage I GC patients who had not relapsed 
after surgery (n=3) and healthy controls (n=3). Subsequently, 
we validated the selected miRNA using the plasma exosomes 
collected from another 232 GC patients and 20 healthy volun-
teers. The patients were studied between November 2006 and 
December 2013 at Teikyo University Hospital. The cancer stage 
was determined according to the TNM classification (UICC). In 
the present study, 74 cases with stage I, 47 cases with stage II, 
79 cases with stage III and 32 cases with stage IV GC were 
included. The median follow-up period was 3.8 years (range, 
0.4-10.6 years). The samples were collected before the start of the 
treatment. The patients were treated with standard treatment for 
GC patients. The study protocol conformed to the guidelines of 
the ethics committee of the Teikyo University, and was approved 
by the review board of the Teikyo University (09-081-3). Written 
informed consent was obtained from the all patients.

Patients follow‑up. Post-operative follow-up was performed 
according to the guidelines published by the Japanese Gastric 
Cancer Association (18). Confirmation of recurrence was 
required to evaluate imaging or pathological diagnosis. Testing 
of the tumor markers (CEA and CA19-9), combined with a 
general physical examination, were conducted every 3 months 
for 3 years and then every 6 months for 5 years. Following 
surgery, computed tomography was conducted once every 
6 months for 5 years and then every 6 or 12 months for up to 
10 years. Gastroscopy was conducted annually for a period of 
5 years after surgery.

Purification of exosomes from plasma and recognition by 
transmission electron microscopy. Plasma (1 ml) separated 
from blood was used for microarray analysis and quantita-
tive real‑time reverse transcription‑PCR (qRT‑PCR). The 
exosomes were separated by ultracentrifugation (15,000 x g 
for 70 min) from the plasma, and the isolated exosomes were 
recognized by transmission electron microscopy using the 
electron microscope H-7600 (Hitachi High-Technologies 
Corp., Tokyo, Japan) as previously described (17).

Total RNA isolation from exosomes and tissues. Total RNAs 
(including the miRNA) of exosomes were isolated using the 
miRNeasy Serum/Plasma kit (Qiagen, Venlo, The Netherlands) 
and total RNAs (including the miRNA) of tissues were 
extracted using the miRNeasy Mini kit (Qiagen). Subsequent 
extraction and cartridge work was performed according to 

the manufacturer's protocol as previously described (17). The 
quality of extracted RNA was assessed using an Agilent 2100 
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).

miRNA microarray analysis. Examination of the exosomal 
miRNA expression profiles was conducted with a 3D‑Gene 
Human miRNA Oligo chip ver.20 (Toray Industries Inc. 
Tokyo, Japan). In total, 2,578 genes were mounted in this chip. 
A 3D-Gene scanner (Toray) was used to scan and analyze the 
fluorescence signals. All procedures were conducted according 
to the manufacturer's protocol. The raw data for each spot 
were normalized to the mean intensity of background signals 
determined by all blank signal intensities at 95% confidence 
intervals. Effective assessements were considered when the 
signal intensity of both duplicate spots was >2SD of the back-
ground signal intensity.

Quantitative real time‑PCR (qRT‑PCR) for miRNAs of exosomes 
and tissues. By using qRT‑PCR, the miRNA expression from 
the plasma exosomes and tissues was examined. Synthesis of 
cDNA of total RNA isolated from exosomes was conducted 
using TaqMan microRNA primers specific for miR‑23b and 
miR‑16a (Thermo Fisher Scientific Inc., Waltham, MA, USA), 
and TaqMan Micro‑RNA Reverse Transcription kit (Thermo 
Fisher Scientific). Since previous research had reported that 
miR-16a was a reliable endogenous control for miRNA analysis 
by qRT‑PCR in human plasma samples, we decided to use it 
as an internal control. TaqMan microRNA primers specific 
for miR‑23b and RNU6B and TaqMan Micro‑RNA Reverse 
Transcription kit (Thermo Fisher Scientific) were employed 
to synthesize the cDNA of total RNA isolated from tissues. 
RNU6B was selected as the internal control of tissue samples. 
qRT‑PCR was performed using TaqMan Universal PCR Master 
Mix (Thermo Fisher Scientific) and LightCycler‑480 (Roche 
Applied Science, Basel, Switzerland) following the manu-
facturer's protocol. Each sample was analyzed in duplicate. 
Relative quantification of miRNA expression was calculated 
using the 2-ΔΔCT method as previously described (17).

Statistical analysis. The data were expressed as the 
mean ± standard deviation (SD). The cut-off value was set at 
0.78, which is the median of miR-23b. The relationship between 
the microRNA expression and clinicopathological factors was 
analyzed using the Student's t‑test, the Chi‑square test and 
ANOVA. Using the Kaplan-Meier survival curves, overall 
survival (OS) and disease-free survival (DFS) curves were 
analyzed, and the differences were estimated using log-rank 
tests. Cox proportional hazard model was used to estimate 
univariate and multivariate hazard ratios for OS and DFS. 
Multivariate analysis was performed for factors that showed 
significance in univariate analysis. All P‑values are two‑sided, 
and P<0.05 was considered to indicate a statistically signifi-
cant difference. Statistical analyses were performed using the 
JMP 9.0 software (SAS Institute, Inc., Cary, NC, USA).

Results

Exosome electron microscopic image. To confirm the 
exosomes, we examined the ultracentrifugation samples from 
the plasma of GC patients by transmission electron micros-
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copy. In this sample, we captured images of round micro 
vesicles that had diameters of about 50-100 nm (Fig. 1).

Exosomal miRNA array analysis of GC patients. To reveal 
the recurrence-predictor exosomal miRNA in GC patients, 
microRNA array analysis was employed. In the present study, 
plasma exosome samples were collected from stage I GC 
patients who showed recurrence after surgery (recurrence 
group, n=3), stage I GC patients who did not show any recur-
rence after surgery (non-recurrence group, n=3) and a healthy 
control group (n=3). The clinical backgrounds of these 6 GC 
patients and 3 healthy controls used for this analysis are listed 
in Table I. The recurrence sites of 3 patients were liver. Table II 
demonstrates the five markedly downregulated and upregulated 
exosomal miRNAs after comparison of these samples. In these 
miRNAs, miR-23b (MIMAT0000418) of the recurrence group 

displayed the most marked change compared to that of the 
healthy control and non-recurrence group. In the data for the 
upregulated miRNAs, fold changes were at lower levels than 
those of the downregulated miRNAs. These results led us to 
select miR-23b as a potential predictive marker in GC patients.

Expression of miR‑23b in the GC tissues and plasma exosomes. 
Expression of miR‑23b was assessed by qRT‑PCR in plasma 
exosomal samples and primary tissues collected from GC 
patients. First, we examined the correlation between exosomal 
miR-23b levels and miR-23b expression in primary tumor 
tissues in the same patients. Sixty patients with stage I (15 cases), 
stage II (15 cases), stage III (15 cases) or stage IV (15 cases) 
GC were subjected in this analysis. As displayed in Fig. 2, a 

Table I. Background of 6 GC patients and 3 healthy volunteers subjected to microRNA array analysis.

A, GC patients

Case no. 1 2 3 4 5 6

Age/Race 61/Jpn. 60/Jpn. 66/Jpn. 59/Jpn. 72/Jpn. 76/Jpn.
Sex F M M M F M
TNM stage I I I I I I
Recurrence (location) - - - + (Liver) + (Liver) + Liver)
Tumor size (cm) 2.3 6.3 5.0 4.5 6.7 5.5
Differentiation Mod Mod Por Mod Mod Por
Tumor differentiation T2 T2 T2 T2 T2 T2
Lymph node metastasis n (-) n (-) n (-) n (-) n (-) n (-)
Clinical outcome Survival Survival Survival Death Death Death

B, Healthy volunteers

No. 1 2 3

Age/race 71/Jpn. 62/Jpn. 63/Jpn.
Sex M F M

M, male;  F, female; Jpn, Japanese; Por, poorly differentiated;  Mod, moderately differentiated; GC, gastric cancer.

Figure 1. Exosome images captured by transmission electron microscope. Figure 2. Correlation between miR-23b levels in plasma exosomes and 
tissues of GC patients. Pair samples (plasma and tissue) from 60 patients 
with stage I (n=15), stage II (n=15), stage III (n=15) and stage IV (n=15) 
GC were included in the present study. GC, gastric cancer. P<0.001.
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positive significant correlation was demonstrated between 
them (P<0.01). Subsequenlty, exosomal miR‑23b levels from 
232 patients with stage I (74 cases), stage II (47 cases), stage III 
(79 cases) and stage IV (32 cases) GC and 20 healthy volunteers 
were compared. As displayed in Fig. 3A, exosomal miR-23b 
levels of GC patients were significantly lower than those of the 
healthy controls (P<0.01). Furthermore, with the progression 
of cancer, exosomal miR-23b levels decreased (Fig. 3B). In 
stage IV patients, the miR‑23b levels decreased significantly 
(P<0.05).

Association between exosomal miR‑23b levels and clinico‑
pathological factors. To evaluate the correlation between the 
expression of exosomal miR-23b levels and the clinicopatho-

logical factors, 232 patients were divided into two groups, in 
which the expression of exosomal miR-23b levels was either 
high or low (Table III). The cut-off level was determined as the 
median of the miR-23a expression levels (0.78). A statistically 
significant association was observed between the miR‑23b and 
the tumor size, depth of invasion, liver metastasis and TNM 
stage.

Kaplan‑Meier OS and DFS survival curves based on 
exosomal miR‑23b levels. A comparison was made between 
the Kaplan-Meier OS curves of all patients (n=232) and the 
DFS curves of patients who had experienced curative surgery 
(n=200). In all patients, the low miR-23b group exhibited a 
significantly worse OS than those in the high miR‑23b group 

Figure 3. Plasma exosomal miR-23b levels. (A) Exosomal miR-23b levels in healthy controls and GC patients, P<0.01. (B) Exosomal miR-23b levels in GC 
patients at each tumor stage. Exoxomal miR‑23b levels of patients with stage IV GC is significantly lower than that of stage I GC (P<0.05). GC, gastric cancer.

Table II. The 5 markedly downregulated and upregulated miRNAs in plasma exosomes of stage I GC patients with recurrence 
by miRNA array analysis.

 Fold-change
 -----------------------------------------------------------------------------------
   Recurrent GC vs. Recurrent GC vs.
Ranks microRNA MiRBase no. healthy controls non-recurrent GC

Downregulation
  1 miR-23b-3p MIMAT 0000418 0.30 0.35
  2 miR-3135b MIMAT 0018985 0.33 0.52
  3 miR-6131 MIMAT 0024615 0.35 0.55
  4 miR-6850-3p MIMAT 0027601 0.38 0.60
  5 miR-187-5p MIMAT 0004561 0.49 0.62
Upregulation
  1 miR-21-5p MIMAT 0000076 2.58 2.15
  2 miR-106a-5p MIMAT 0000103 2.54 2.13
  3 miR-221-3p MIMAT 0000278 2.53 2.27
  4 miR-223-3p MIMAT 0000280 2.53 2.17
  5 miR-6511a-5p MIMAT 0025478 2.47 2.12

GC, gastric cancer.
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(Fig. 4A). In those patients who had undergone curative 
surgery, the low miR‑23b group showed a significantly worse 
DFS than those in the high miR-23b group (Fig. 4B). An 
analysis of the data at each stage revealed that, in patients with 
stage I (n=74), the low miR‑23b group showed a significantly 
worse OS and DFS than those in the high miR-23b group 
(Fig. 5). In patients with stage II GC (n=47), the low miR-23b 
group showed a significantly worse OS and DFS than those in 
the high miR-23b group (Fig. 6). Among stage III GC patients 
(n=79), the low miR‑23b group had a significantly worse OS 
and DFS compared to the high miR-23b group (Fig. 7). As 
for GC patients at stage IV (n=32), the low miR-23b group 
was observed to have significantly worse OS than those in the 

high miR-23b group (Fig. 8). These data indicated that a low 
expression of exosomal miR-23b correlated with recurrence 
and poor prognosis in all stages.

Univariate and multivariate Cox proportional hazard regres‑
sion analysis for OS and DFS. Univariate and multivariate 
Cox analysis for OS and DFS in GC patients was examined. 
Multivariate analysis was performed for variables that 
showed significance in univariate analysis. Table IV displays 
the results of univariate and multivariate analysis for the OS 
of all patients (n=232) and the DFS of those patients who had 
received curative surgical procedures (n=200). In the multi-
variate analysis for OS, depth of invasion, lymphatic invasion, 

Table III. Relationship between the clinicopathological factors of patients and the expression of miR-23b.

Variables miR-23b low (n=100), n (%) miR-23b high (n=132), n (%) P-value

Sex   
  Male 74 (74.0)   91 (68.9) 0.400
  Female 26 (26.0)   41 (31.1) 
Tumor size (cm)   
  <5 36 (36.0)   68 (51.5) 0.019
  ≥5 64 (64.0)   64 (48.5) 
Differentiation   
  Well/moderate 60 (60.0)   67 (50.8) 0.161
  Poor/other 40 (40.0)   65 (49.2) 
Depth of invasion   
  pT1 21 (21.0)   45 (34.1) 0.029
  ≥pT2 79 (79.0)   87 (65.9) 
Lymphatic invasion   
  Ly (-) 35 (35.0)   64 (48.5) 0.184
  Ly (+) 65 (65.0)   68 (51.5) 
Venous invasion   
  V (-) 39 (39.0)   58 (43.9) 0.450
  V (+) 61 (61.0)   74 (56.1) 
Lymph node metastasis   
  N (-) 35 (35.0)   59 (44.7) 0.136
  N (+) 65 (65.0)   73 (55.3) 
Liver metastasis   
  H (-) 93 (93.0) 130 (98.5) 0.032
  H (+)   7   (7.0)     2   (1.5) 
Peritoneum dissemination   
  P (-) 87 (87.0) 121 (91.7) 0.248
  P (+) 13 (13.0)   11   (8.3) 
Distant metastasis   
  M (-) 93 (93.0) 128 (95.5) 0.282
  M (+)   7   (7.0)     4   (4.5) 
TNM stage   
  I 24 (24.0)   50 (37.9) 0.034
  II 22 (22.0)   25 (18.9) 
  III 34 (34.0)   45 (34.1) 
  IV 20 (20.0)   12   (9.1) 
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liver metastasis, peritoneum dissemination and exosomal 
miR‑23b showed significance. In the multivariate analysis for 

DFS, tumor size, depth of invasion, lymph node metastasis 
and exosomal miR‑23b showed significance for DFS. We then 

Figure 5. Kaplan-Meier survival curves of OS and DFS based on exosomal miR-23b levels in patients with stage I GC. (A) Comparison of OS between groups 
with high and low levels of exosome miR-23b in patients with stage I GC (n=74). (B) Comparison of DFS between groups with high and low levels of exosome 
miR-23b in patients with stage I GC (n=74). OS, overall survival; DFS, disease-free survival; GC, gastric cancer.

Figure 6. Kaplan-Meier survival curves of OS and DFS based on exosomal miR-23b levels in patients with stage II GC. (A) Comparison of OS between groups 
with high and low levels of exosome miR-23b in patients with stage II GC (n=47). (B) Comparison of DFS between groups with high and low levels of exosome 
miR-23b in patients with stage II GC (n=47). OS, overall survival; DFS, disease-free survival; GC, gastric cancer.

Figure 4. Kaplan-Meier survival curves of overall survival (OS) and disease-free survival rates (DFS) based on exosomal miR-23b levels. (A) Comparison of 
OS between groups of high and low levels of exosome miR-23b in all GC patients (n=232). (B) Comparison of DFS between groups with high and low levels 
of exosome miR-23b in GC patients who had undergone curative surgery (n=200). OS, overall survival; DFS, disease-free survival.
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considered the prognostic value of these factors at each stage 
of tumor development. In the multivariate analysis of patients 

with stage I GC, depth of invasion and exosomal miR-23b 
demonstrated significance for both OS and DFS (Table V). 

Figure 7. Kaplan-Meier survival curves of OS and DFS based on exosomal miR-23b levels in patients with stage III GC. (A) Comparison of OS between groups 
with high and low levels of exosome miR-23b in patients with stage III GC (n=79). (B) Comparison of DFS between groups with high and low levels of exosome 
miR-23b in patients with stage III GC (n=79). OS, overall survival; DFS, disease-free survival; GC, gastric cancer.

Table IV. Univariate and multivariate Cox analyses for OS in all patients and DFS in patients who had undergone curative surgery.

A, OS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC Hazard ratio (95% CI) P-value RC Hazard ratio (95% CI) P-value

Tumor size 1.06 2.73 (1.79-4.25) <0.001 0.447 1.56 (0.99-2.52) 0.065
Depth
of invasion 2.69 7.74 (6.16-8.22) <0.001 1.833 6.25 (2.07-9.14) 0.001
Lymph node metastasis 1.62 5.09 (3.12-8.17) <0.001 0.284 1.32 (0.72-2.53) 0.362
Lymphatic invasion 1.36 3.89 (2.45-6.47) <0.001 0.258 2.16 (1.20-3.99)  0.010
Venous invasion 1.17 3.22 (2.07-5.16) <0.001 0.463 1.58 (0.94-2.77)  0.080
Histological type -0.13 0.87 (0.58-1.29)   0.513   
Liver metastasis 1.78 5.94 (2.75-11.35) <0.001 1.667 5.29 (1.92-12.42) 0.003
Peritoneum dissemination 1.18 3.27 (1.92-5.33) <0.001 1.224 3.40 (1.80-6.07) 0.001
miR-23b -0.83 0.45 (0.29-0.64) <0.001 -0.556 0.57 (0.37-0.78) 0.011

B, DFS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC Hazard ratio (95% CI) P-value RC Hazard ratio (95% CI) P-value

Tumor size 1.12 3.38 (2.14-5.49) <0.001 0.557 1.74 (1.07-2.90) 0.024
Depth
of invasion 2.76 5.79 (6.57-11.78) <0.001 2.046 7.73 (2.52-13.87) 0.001
Lymph node metastasis 1.89 6.67 (3.88-12.34) <0.001 0.671 1.95 (1.03-3.94) 0.039
Lymphatic invasion 1.45 4.24 (2.57-7.36) 0.001 0.399 1.49 (0.86-2.69) 0.154
Venous invasion 1.59 4.91 (2.92-8.78) 0.001 0.474 1.60 (0.92-2.97) 0.096
Histological type 0.12 1.13 (0.74-1.72) 0.565
miR-23b -0.48 0.61 (0.40-0.75) 0.023 -0.43 0.64 (0.41-0.91) 0.041

RC, regression coefficient; OS, overall survival; DFS, disease‑free survival.
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In the multivariate analysis of patients with stage II GC, 
exosomal miR-23b showed significance for OS and DFS 
(Table VI). In the multivariate analysis of patients with 
stage III GC, exosomal miR‑23b showed significance for OS 
and DFS (Table VII). The multivariate analysis at stage IV 
GC patients indicated that exosomal miR‑23b showed signifi-
cance for OS (Table VIII). These results led us to believe 

that plasma exosomal miR-23b levels were an independent 
prognostic factor in GC patients of all four stages of tumor 
development.

Discussion

In the present study, we demonstrated that plasma exosomal 
miR-23b offers a great potential as a minimally invasive 
predictive biomarker for recurrence and prognosis in GC 
patients. Low expression of exosomal miR-23b indicated a 
poor prognosis for OS in GC patients at stage I, II, III and IV 
as well as for DFS in GC patients at stage I, II and III.

Recently, many studies have revealed that miRNAs are 
stable in the exosomes and show promise as biomarkers. They 
are minimally invasive in several types of cancers, including 
GC (9,10). It is known that plasma exosome plays an important 
role in cell‑to‑cell signaling (12‑14). In this study, firstly we 
selected a recurrence-predictor exosomal miRNA using the 
miRNA microarray. miR-23b expressed the lowest down-
regulation in stage I GC patients who showed recurrence after 
surgery (recurrence group) compared with that of stage I GC 
patients who did not show recurrence after surgery (non-recur-
rence group) and healthy controls. We also examined the 
miRNA which demonstrated upregulation in this miRNA 
microarray analysis. However, differences between the recur-
rence, non-recurrence and healthy control group were small. 

Table V. Univariate and multivariate Cox analyses for OS and DFS in patients with stage I GC.

A, OS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC HR (95% CI) P-value RC HR (95% CI) P-value

Tumor size -0.01 0.99 (0.14-4.62) 0.994   
Lymph-node metastasis 0.71 2.04 (0.11-12.13) 0.547   
Lymphatic invasion 0.72 2.05 (0.29-9.52) 0.418   
Vascular invasion 1.37 3.92 (0.77-17.86) 0.094   
Histological type 0.24 1.27 (0.28-6.46) 0.752   
Depth of invasion 2.03 7.63 (1.68-18.79) 0.010 2.00 7.41 (1.63-17.75) 0.021
miR-23b -1.53 0.22 (0.02-0.87) 0.032 -1.49 0.22 (0.04-0.95) 0.043

B, DFS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC HR (95% CI) P-value RC HR (95% CI) P-value

Tumor size 0.01 1.01 (0.15-4.71) 0.987   
Lymph-node metastasis 0.82 2.26 (0.12-13.30) 0.493   
Lymphatic invasion 0.80 2.23 0.32-10.35) 0.369   
Vascular invasion 1.38 3.97 (0.78-18.08) 0.091   
Histological type 0.25 1.28 (0.28-6.50) 0.746   
Depth of invasion 2.20 8.98 (1.98-15.62) 0.016 2.15 8.57 (1.89-13.57) 0.027
miR-23b -1.63 0.20 (0.03-0.81) 0.037 -1.58 0.21 (0.03-0.91) 0.044 

RC, regression coefficient; GC, gastric cancer; OS, overall survival; DFS, disease‑free survival. 

Figure 8. Kaplan-Meier survival curves of OS based on exosomal miR-23b levels 
in patients with stage IV GC (n=32). OS, overall survival; GC, gastric cancer.
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Therefore, we selected miR-23b as a predictive biomarker for 
recurrence of GC patients.

miR-23b is a member of the miR-23b/27b/24 cluster 
(9q22.32). Functionally, overexpression of miR‑23b func-
tions as a tumor suppressor and it has been shown to inhibit 
migration, proliferation, invasion and tumor growth in various 
cancers (19-21). Zhuang et al (22) as well as Pellegrino et al (23) 
have revealed that miR-23b is a tumor-suppressor microRNA, 
and that low-expression level of miR-23b was associated with 
metastasis in patients with breast and colon cancer.

In the present study, we revealed that plasma exosomal 
miR‑23b levels of GC patients were significantly lower than 
those of healthy individuals. These results indicated that 
miR-23b may be useful in the diagnosis of GC patients. Using 
tumor tissues, many researchers have demonstrated that the 
expression of miR‑23b wass significantly downregulated in 
prostate, hepatocellular, bladder and colon cancer (19,24,25). 
Using the plasma samples (but not exosomes), Kou et al (26) 
reported that miR-23b was significantly downregulated in 
colon cancer patients. Although these studies did not use 
exosomes, the results obtained may support our findings. In 
addition, our data revealed a significant association between 
the exosomal miR-23b levels and the expression of miR-23b 
in primary tumor tissues collected from the same patients. 
Our results indicated that the tumor tissues may be the source 
of plasma exosomal miR-23b. Furthermore, we evaluated 

the relationship between exosomal miR-23b levels and the 
clinicopathological factors of patients, and revealed that the 
expression of miR‑23b had a significant association with tumor 
size, depth of invasion, liver metastasis and stage. In the present 
study, miR-23b was selected by miRNA microarray analyses 
which were performed between patients without recurrence 
(non-recurrence) and patients with liver metastasis. Therefore, 
plasma miR‑23b may have shown a significant relationship 
with ‘liver metastasis’, not ‘peritoneal dissemination’ or 
‘distant metastasis’. Using tissues samples, but not exosomes, 
Ma et al (27) reported that miR-23b levels were associated 
with lymph node metastasis, stage and depth of invasion.

The prognostic value of plasma miR-23b levels has been 
reported in patients with various types of cancer, but the 
results remained controversial. Kou et al (26) reported that 
downregulation of miR-23b in plasma was associated with 
poor prognosis in patients with colorectal cancer. In contrast, 
Zhuang et al (22) reported that upregulation of plasma miR-23b 
was associated with a poor prognosis of GC. In this study, the 
low expression of plasma exosomal miR‑23b was significantly 
associated with poor overall survival and shorter recur-
rence-free survival in GC patients. The instability of miRNA 
may be one of the reasons for this controversy. Since miRNAs 
are preserved in an intact form in exosomes, their stability as 
biomarkers may be enhanced as a result (15-17). In the present 
study, we used plasma exosome, and examined its usefulness 

Table VI. Univariate and multivariate Cox analyses for OS and DFS in patients with stage II GC.

A, OS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC HR (95% CI) P-value RC HR (95% CI) P-value

Tumor size 1.24 3.44 (1.17-11.40) 0.029 1.07 2.90 (0.97-9.75) 0.061
Lymph-node metastasis -0.53 0.59 (0.20-1.74) 0.333   
Lymphatic invasion -0.15 0.86 (0.29-3.15) 0.806   
Vascular invasion 1.25 3.49 (0.68-63.54) 0.153   
Histological type 0.78 2.19 (0.75-6.78) 0.152   
Depth of invasion 2.04 8.77 (2.87-9.76) 0.469   
miR-23b -1.14 0.32 (0.07-0.78) 0.025 -1.25 0.39 (0.09-0.88) 0.042

B, DFS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC HR (95% CI) P-value RC HR (95% CI) P-value

Tumor size 1.21 3.37 (1.15-11.08) 0.027 1.07 2.91 (0.98-9.63) 0.057
Lymph-node metastasis -0.39 0.67 (0.23-1.97) 0.464   
Lymphatic invasion -0.13 0.88 (0.29-3.22) 0.833   
Vascular invasion 1.40 4.04 (0.80-73.30) 0.100   
Histological type 0.79 2.20 (0.76-6.74) 0.144   
Depth of invasion 2.05 8.07 (2.31-8.87) 0.393   
miR-23b -1.37 0.26 (0.06-0.72) 0.020 -1.23 0.29 (0.07-0.91) 0.040 

RC, regression coefficient; GC, gastric cancer; OS, overall survival; DFS, disease‑free survival.
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as predictive biomarker for recurrence and prognosis of GC 
patients at each tumor stage. Our results demonstrated that low 
expression of exosomal miR‑23b was significantly associated 
with poor OS and shorter DFS in GC patients with stage I, II, 
III and IV. Furthermore, we found that exosomal miR-23b was 

a significant independent prognostic factor for OS and DFS 
in GC patients with stage I, II and III and for OS in patients 
with stage IV. To the best of our knowledge, no previous study 
has clarified the prognostic value of exosomal miR‑23b as a 
biomarker in patients with GC at each tumor stage.

Table VII. Univariate and multivariate analyses of the prognostic factors for OS in patients with stage III GC.

A, OS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC HR (95% CI) P-value RC HR (95% CI) P-value

Tumor size -0.01 0.11 (0.54-0.91) 0.045 -2.21 0.19 (0.72-2.08) 0.113
Lymph-node metastasis -2.52 0.08 (0.01-1.52) 0.080   
Lymphatic invasion 0.54 1.71 (0.79-4.48) 0.186   
Vascular invasion 0.51 1.66 (0.82-3.83) 0.164   
Histological type -0.26 0.77 (0.45-1.31) 0.338   
Depth of invasion -1.17 0.31 (0.06-5.54) 0.331   
miR-23b -0.61 0.55 (0.32-0.73) 0.026 -0.58 0.56 (0.33-0.86) 0.037

B, DFS

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
Variables RC HR (95% CI) P-value RC HR (95% CI) P-value

Tumor size -0.07 0.93 (0.54-1.73) 0.819   
Lymph-node metastasis -1.53 0.22 (0.04-3.90) 0.227   
Lymphatic invasion 0.56 1.74 (0.47-0.92) 0.044 0.55 1.74 (0.87-2.01) 0.126
Vascular invasion 0.35 1.42 (0.77-2.88) 0.273   
Histological type 0.74 3.01 (0.62-1.63) 0.985   
Depth of invasion -0.24 0.79 (0.17-11.98) 0.820   
miR-23b -0.47 0.58 (0.38-0.81) 0.038 -0.47 0.62 (0.41-0.89) 0.044 

RC, regression coefficient; GC, gastric cancer; OS, overall survival; DFS, disease‑free survival.

Table VIII. Univariate and multivariate Cox analyses for OS in patients with stage IV GC.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------------------------------ ------------------------------------------------------------------------------
Variables RC HR (95% CI) P-value RC HR (95% CI) P-value

Tumor size -0.29 0.75 (0.32-1.94) 0.524   
Lymph-node metastasis 1.31 3.71 (1.23-16.22) 0.038 0.35 1.42 (0.27-8.30) 0.679
Lymphatic invasion 1.31 3.69 (1.47-11.25) 0.044 0.95 2.58 (0.81-10.98) 0.115
Vascular invasion 0.72 2.06 (0.93-4.70) 0.075   
Histological type 0.26 1.30 (0.50-3.04) 0.566   
Depth of invasion -0.21 0.71 (0.27-9.78) 0.780   
Peritoneum dissemination -0.54 0.58 (0.26-1.43) 0.225   
Liver metastasis 0.68 1.98 (0.83-4.44) 0.118   
miR-23b -0.88 0.42 (0.16-0.87) 0.030 -0.38 0.68 (0.24-0.97) 0.042 

RC, regression coefficient; GC, gastric cancer; OS, overall survival; DFS, disease‑free survival.
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The current standard treatment of GC differs according 
to stage. In Japan, the standard treatment for stage I is endo-
scopic submucosal dissection or laparoscopic gastrectomy. For 
patients with stage II and III (except SS/N0 patients), TS-1 is 
administrated for one year after surgery (28,29). Aggressive 
postoperative adjuvant chemotherapy, in the form of the 
administration of capecitabine plus oxaliplatin, is performed 
in the first half year after surgery for patients with stage III 
GC (30). However, recurrent cases exist in patients with stage I 
who underwent curative surgery and in patients with stage II 
and III who completed postoperative adjuvant chemotherapy. 
In order to improve prognosis, it is important to clarify 
high-risk cases of recurrence at each tumor stage. In our study, 
we revealed that exosomal miR-23b was useful for the selec-
tion of GC patients at stage I, II and III who are at high risk 
of recurrence.

One of the limitations of our study is that it was a retrospec-
tive study. Therefore, a larger prospective study is required to 
clarify the value of exosomal miR-23b. In addition, the target 
gene of miR23b was not examined in our study. Previous 
studies have reported Pyk2, Ywhaz, ATG12 and HMGB2 as 
target genes for miR-23b (19,20,31,32). We are planning to 
examine these issues in our next study.

In summary, this study has indicated that exosomal 
miR-23b is a promising, minimally invasive biomarker for the 
diagnosis, prediction of recurrence and prognosis of patients 
with GC. Therefore, further development of this exosomal 
microRNA is expected.
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