
Abstract. Background/Aim: Peritoneal metastasis (PM) of
gastric cancer (GC) leads to poor clinical outcomes. Tumor-
derived exosomes promote metastasis via communication
between tumor cells and host cells. In this study, we
investigated the effect of Rab27, which is required for
exosome secretion, on the PM of GC. Materials and
Methods: We established a stable knockdown of two Rab27
homologs, Rab27a and Rab27b, in human GC cells (58As9)
with a high potential of PM. We examined the level of
exosome secretion from Rab27-knockdown 58As9 cells by
Western blotting and the ability of Rab27b knockdown to
suppress PM in 58As9 cells using a mouse xenograft model.
In vitro proliferation and invasion assays were performed in
the Rab27b-knockdown cells. Next, Rab27b expression was
evaluated in human GC tissues by immunohistochemistry.
Finally, we assessed the clinicopathological and prognostic
significance of Rab27b expression by RT-qPCR in both our
and other TCGA datasets of GC. Results: Rab27a and
Rab27b knockdown in 58As9 cells decreased the secretion of
exosomes, characterized by the endocytic marker CD63.

Rab27b knockdown decreased PM in vivo without affecting
the in vitro proliferation or invasion ability of 58As9 cells.
In human GC tissues, Rab27b was overexpressed in tumor
cells. The overall and recurrence-free survival rates were
significantly lower in GC patients with high compared to low
Rab27b mRNA expression in our and other TCGA datasets.
Conclusion: Rab27b expression potentially serves as a poor
prognostic biomarker, possibly affecting PM via exosome
secretion from GC cells.

Gastric cancer (GC) remains one of the most common causes
of cancer-related deaths worldwide (1, 2). Peritoneal
metastasis (PM) is the most frequent type of GC metastasis
or recurrence and is associated with poor prognosis (3).
Therefore, developing a novel therapy for PM would
improve the clinical outcomes of GC patients.

PM development consists of a highly complex series of
mechanisms including cancer cell detachment from the
primary tumor, survival in the free abdominal cavity,
attachment to distant peritoneal sites, invasion into the
subperitoneal space, and proliferation with angiogenesis
(4). However, the details of these steps remain largely
unknown. 

A large body of evidence has accumulated in recent years
regarding the association between exosomes and metastasis
(5, 6). We previously reported that exosomal microRNA-203
is associated with metastasis, possibly by activating tumor-
associated macrophages in colorectal cancer (7). Exosomes
are small membrane vesicles derived from the luminal
membranes of multivesicular endosomes and are
constitutively released upon fusion with the cell membrane.
Exosomes are secreted from various cell types and mediate
the transfer of mRNAs, microRNAs, and proteins to distant
tissue cells. Thus, exosomes play important roles in
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intercellular communication (8, 9). In fact, it has been
reported that exosomes can convey potential biological
information to nearby or distant sites and create a
premetastatic niche to establish organotypic metastasis (10-
12). For example, pancreatic cancer-derived exosomes can
induce a fibrotic environment in the liver and promote liver
metastasis from pancreatic cancer (13). In addition, breast
cancer-derived exosomes can destroy the vascular
endothelial barrier and promote tumor metastasis to the liver,
lung, and brain (14). Therefore, exosomes derived from GC
cells could play essential roles in the crosstalk between
tumor cells and peritoneal host cells, followed by PM
development (15, 16).

Ras-related proteins in brain (Rabs) are small GTPases
that regulate vesicle trafficking and cellular functions such
as proliferation (17, 18). Rab27, a member of the Rab family,
consists of two homologs, Rab27a and Rab27b, and is
essential for exosome secretion (14, 19, 20). Accumulating
evidence suggests that Rab27 facilitates tumor progression
by increasing exosome secretion and is associated with poor
prognosis in some solid cancers (19, 21). Thus, we
hypothesized that Rab27 contributes to PM via exosome
secretion from GC cells. In this study, we examined whether
Rab27 affected PM of GC using a mouse xenograft model
established with Rab27-knockdown GC cells and observed
the clinical significance of Rab27 expression in GC patients. 

Materials and Methods
Cell lines and cell culture. The highly disseminated peritoneal
human GC cell line (58As9) was provided by Kazuyoshi
Yanagihara, National Cancer Center Research Institute, Japan (22,
23). Cell lines were cultured in RPMI 1640 supplemented with 10%
fetal bovine serum (FBS, Life Technologies, Grand Island, NY,
USA), 100 IU/ml penicillin and 100 mg/ml streptomycin. Cells
were cultured in a humidified 5% CO2 incubator at 37˚C. The cells
were homogenized, and the lysates were stored at −80˚C until RNA
or protein extraction.

Exosome purification from cultured cell supernatants and
transmission electron microscopy. Exosome purification was
performed by ultracentrifugation as described previously (24). Briefly,
supernatant from 58As9 cell cultures was collected after incubation
with exosome-depleted FBS for 3 days. The supernatant was collected
and centrifuged at 2,000 g for 10 min at room temperature and at
12,000 g for 30 min, followed by filtration through a 0.22-mm filter
to remove cell debris. Then, we purified the exosomes by
ultracentrifugation at 100,000 g for 70 min at 4˚C. Exosomes were
detected by transmission electron microscopy, as described previously
(24), and immunoblotting of exosome marker CD63.

Total RNA extraction and reverse transcription–quantitative
polymerase chain reaction (RT-qPCR). Total RNA was extracted
from tissues and cell lines using ISOGEN (Nippon Gene, Tokyo,
Japan). RT was performed using M-MLV reverse transcriptase
(Invitrogen, Carlsbad, CA, USA), according to the manufacturer’s

instructions. qPCR was performed using the LightCycler 480 SYBR
Green I Master Mix (Roche, Basel, Switzerland) as described
previously (25). The mRNA levels of Rab27a and Rab27b were
normalized to those of GAPDH as an internal control. Gene
expression values are presented relative to the level of cDNA
derived from Human Universal Reference Total RNA (Takara Bio
Inc. Shiga, Japan). The primer sequences used for qPCR were as
follows: Rab27a, forward 5’-GTGCCAGCCAAAGACAGCAG-3’
and reverse 5’-TGGCCATTGCACGAGTGAGA-3’; Rab27b,
forward 5’-TGGACCCTACTCTGTCTGTGGA-3’ and reverse 5’-
CCCACTGCATTACAGCGAGAT-3’; GAPDH, forward 5’-
TTGGTATCGTGGAAGGACTCTA-3’ and reverse 5’-
TGTCATATTTGGCAGGTT-3’.

Immunohistochemical analysis. Immunohistochemical analysis of
Rab27b in GC cases was performed on formalin-fixed, paraffin-
embedded surgical sections obtained from patients with GC, as
described previously (26). The primary antibody against Rab27b
(ab103418, Abcam, Cambridge, UK) was used at a dilution of
1:100. All sections were counterstained with hematoxylin.
Histological analysis was performed by an experienced pathologist
at Kyushu University Beppu Hospital.

Protein extraction and immunoblotting. For total protein extraction,
cells were lysed in lysis buffer [25 mM Tris-HCl (pH 7.5), 150 mM
NaCl, 0.2 mM ethylenediaminetetraacetic acid, 0.1% NP40, 5%
glycerol] supplemented with proteinase inhibitor cocktail as
described previously (27).

Immunoblotting was performed as described previously (28).
Briefly, equal amounts of protein (35 μg) were electrophoresed on
4-20% Tris-glycine gels and then electroblotted onto Immobilon-P
transfer membranes (Merck Millipore, Billerica, MA, USA) at 70
V for 4 h at room temperature. Nonspecific binding sites were
blocked using blocking buffer (Tris-buffered saline, 0.1% Tween-
20, and 5% nonfat milk powder) for 1 h at room temperature, and
the blots were incubated with the specific primary antibodies anti-
Rab27a (ab55667) and Rab27b (ab103418) (Abcam) at a 1:250
dilution, anti-CD63 antibody (ab134045, Abcam) at a 1:5,000
dilution, and anti-vimentin (ab196602, Abcam) and anti-β-actin
antibodies (SC-47778, Santa Cruz Biotechnology, Dallas, TX, USA)
at a 1:1000 dilution, in blocking buffer at 4˚C overnight. After
washing, the blots were incubated with an appropriate secondary
antibody conjugated to horseradish peroxidase for 1 h at room
temperature. After washing, signals were detected using SuperSignal
(Pierce Inc, Rockford, IL, USA).

Construction of Rab27a- and Rab27b-targeted short hairpin (sh) RNA
stable expression plasmid vectors. The expression plasmids
pcDNA6.2-GW/EmGFP-miR-Rab27a or Rab27b shRNA, containing
shRNA sequences targeting the Rab27a or Rab27b gene, and
pcDNA6.2-GW/EmGFP-miR-neg, containing an unrelated insert, were
constructed using the Block-iT Pol II miR RNAi Expression Vector
Kit (Invitrogen, Waltham, MA, USA) according to the manufacturer’s
instructions. Rab27a and Rab27b shRNA sequences were designed
using online software (http://www.invitrogen.com/rnai).

MTT proliferation assay and in vitro invasion assay. In vitro cell
proliferation was assessed using an MTT assay kit (Roche Applied
Science) according to the manufacturer’s instructions as described
previously (29, 30). 
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Cell invasion capacity was assessed using the BD BioCoat
Tumor Invasion System, 24 Multiwell (BD Bioscience, Franklin
Lakes, NJ, USA), according to the manufacturer’s instructions as
described previously (29, 30). In brief, cells were placed in the
upper chamber, and the lower chamber was filled with 750 μl of
RPMI 1640 with 10% FBS as a chemoattractant and incubated in a
humidified atmosphere (37˚C and 5% CO2). Invasive cells that
migrated through the membrane were evaluated in a fluorescence
plate reader at excitation/emission wavelengths of 485/535 nm.
Invasiveness was measured as the percentage of fluorescence of an
invasive fibrosarcoma cell line (HT-1080) that served as a control.

Xenograft mouse model. Five-week-old female BALB/c nu/nu mice
were obtained from Japan SLC, Inc (Hamamatsu, Japan) and
maintained under specific pathogen-free conditions. A total of 1×106
cancer cells were injected into the peritoneal cavity of each mouse
subcutaneously as described previously (31). Mice were euthanized
for analysis at 28 days after injection and PM nodules were
examined. The number of metastatic nodules larger than 5 mm in
diameter was determined. All animal procedures were performed in
compliance with the Guidelines for the Care and Use of
Experimental Animals established by the Committee for Animal
Experimentation of Kyushu University.

Patients with GC and clinical sample collection. Primary GC
samples and paired normal tissues were obtained from 178 patients
who underwent surgery at Kyushu University Beppu Hospital and
the affiliated hospitals between 1993 and 2010. All patients had a
histological diagnosis of GC and were closely followed at 3-month
intervals. All patients were treated following the Japanese Society
of Cancer of the Stomach Guidelines for the Treatment of Gastric
Cancer. Written informed consent was obtained from all patients,
and the institutional review board of our university approved this
study. All tumor tissues were freshly frozen and stored at –80˚C
until RNA extraction, as described previously (32, 33). Clinical data
on patient age, sex, histology, depth of tumor invasion, lymph node
metastasis, lymphatic invasion, venous invasion, peritoneal
metastasis, and UICC TNM stage were obtained from medical
records. This study was approved by the Ethics and Indications
Committee of Kyushu University (#2020-302).

TCGA data analysis. The mRNA expression datasets and survival
data from 406 available patients with GC were obtained from TCGA
(http://cancergenome.nih.gov/), as described previously (29, 34). The
TCGA data were normalized by quantile normalization (35).

Statistical analysis. For continuous variables, data are expressed as
mean±standard deviation, and statistical analyses were performed
using Student’s t-test. Categorical variables were compared using χ2
tests. Overall survival and recurrence-free survival were estimated
using the Kaplan-Meier method, and survival curves were compared
using the log-rank test. Based on the Rab27b mRNA levels in our and
TCGA datasets of GC, the cases were divided into two groups using
the minimum p-value approach, a comprehensive method used to
determine the optimal cutoff points among continuous gene expression
measurements (36). The statistical analyses were performed using JMP
16 software (SAS Institute, Cary, NC, USA) and R software version
3.1.1 (The R Foundation for Statistical Computing, Vienna, Austria)
(29, 34). Clinicopathological factors and clinical stages were classified
using the 7th edition of the UICC TNM classification (37).

Results

Rab27a and Rab27b were successfully knocked down in GC
cells by shRNAs. To examine the functional role of Rab27 in
PM of GC, we established stable knockdown of Rab27a or
Rab27b in GC cells (58As9) using shRNAs. shRNAs targeting
Rab27a or Rab27b induced significant downregulation of the
mRNA and protein levels of Rab27a or Rab27b, respectively,
in 58As9 cells (Figure 1A and B). 

Rab27a and Rab27b knockdown suppressed exosome secretion
from GC cells. We isolated exosomes from the culture
supernatant of Rab27a- or Rab27b-knockdown 58As9 cells.
Transmission electron microscopy showed that the obtained
exosomes had a characteristic ovoid or round shape delimited
by a bilayer membrane and had a size distribution of mainly
30-100 nm (Figure 1C). Immunoblotting confirmed lower
expression of CD63, an exosomal marker (38), in the Rab27a-
or Rab27b-knockdown 58As9 cells compared with control
cells, suggesting that the number of exosomes in the culture
supernatant was decreased by Rab27a or Rab27b knockdown
(Figure 1D).

Rab27b knockdown suppressed PM of GC cells in a xenograft
mouse model. To evaluate the effects of Rab27 knockdown on
PM of GC cells in vivo, we established a xenograft mouse
model by subcutaneously injecting Rab27-knockdown 58As9
cells into the peritoneal cavity of nude mice (n=6). We used
Rab27b-knockdown 58As9 cells because immunoblotting
showed greater downregulation of the exosomal marker CD63
in Rab27b- than Rab27a-knockdown cells (Figure 1D). Figure
2A shows the PM nodules derived from Rab27b-knockdown
cells and control cells. As expected, there were significantly
fewer PM nodules derived from Rab27b-knockdown cells than
control cells (p<0.05, Figure 2B).

Rab27b knockdown did not affect the proliferation or
invasion of GC cells. We examined whether Rab27b affected
the proliferation or invasion of 58As9 cells by MTT and in
vitro invasion assays, respectively. Notably, Rab27b did not
affect proliferation or invasion potential (Figure 2C and D).
In addition, there was no difference in the expression of
vimentin, an EMT marker, between Rab27b knockdown and
control cells (Figure 2E).

High expression of Rab27b mRNA in tumor tissues predicted
a poor prognosis in GC patients. Finally, we assessed the
clinical significance of Rab27b mRNA expression in GC
patients. First, we performed immunohistochemical analysis
to evaluate Rab27b expression in GC cells. Rab27b staining
was more intense in the nuclei and cytoplasm of tumor cells
compared to normal cells (Figure 3A). Next, we evaluated
survival rates according to Rab27b mRNA expression in
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tumor tissues from GC patients. The overall survival rate
was significantly lower in patients in the high Rab27b
mRNA expression group than in patients in the low
expression group in our dataset (p<0.05, Figure 3B). In the
GC dataset from TCGA, the overall and recurrence-free
survival rates were significantly lower in the high than in the
low Rab27b mRNA expression group (p<0.05, Figure 3C). 

Clinicopathological significance of Rab27b mRNA expression
in GC. We examined the associations between Rab27b
mRNA expression in tumor tissues and clinicopathological
factors in GC patients from our hospital (Table I). There was
no significant association between Rab27b mRNA expression
and age, histology, depth of invasion, lymph node metastasis,

venous invasion, lymphatic invasion, PM, or TNM stage.
However, high Rab27b mRNA expression tended to be
associated with poor histological differentiation, lymphatic
invasion, PM, and a higher TNM stage (p=0.078, 0.078,
0.088, and 0.054, respectively; Table I).

Discussion

In this study, we showed that Rab27b, a regulator of
exosome secretion, was associated with PM from GC using
a xenograft mice model and was predictive of a poor
prognosis in GC patients. To the best of our knowledge, this
is the first study to provide evidence that Rab27b acts as a
key player in PM development from GC.
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Figure 1. Rab27a and Rab27b knockdown suppressed exosome secretion in gastric cancer cells. (A) RT-qPCR of Rab27a and Rab27b in 58As9
cells transfected with Rab27a or Rab27b shRNAs. (B) Immunoblotting of Rab27a and Rab27b in 58As9 cells transfected with Rab27a or Rab27b
shRNAs. (C) Transmission electron microscopy image of exosomes obtained from the cell supernatants. (D) Immunoblotting of CD63 in the culture
supernatant from 58As9 cells transfected with Rab27a or Rab27b shRNAs. shCtrl: shControl 58As9 cells; shRab27a: Rab27a shRNA-transfected
58As9 cells; shRab27b: Rab27b shRNA-transfected 58As9 cells.
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Figure 2. Rab27b knockdown suppressed peritoneal metastasis of gastric cancer without affecting the proliferation or invasion ability of tumor
cells. (A) Images of peritoneal metastasis nodules derived from Rab27b-knockdown 58As9 cells. (B) The number of peritoneal metastasis nodules
derived from Rab27b-knockdown 58As9 cells. shCtrl: shControl 58As9 cells; shRab27b: Rab27b shRNA-transfected 58As9 cells. (C) MTT
proliferation assays. The proliferation of Rab27b-knockdown 58As9 cells. (D) In vitro invasion assays. Invasion ability of Rab27b-knockdown 58As9
cells. (E) Immunoblotting of vimentin in Rab27b-knockdown gastric cancer cells. shCtrl: shControl 58As9 cells; shRab27b: Rab27b shRNA-
transfected 58As9 cells. N.S.: not significant.



Exosomes play important roles in metastasis in various
malignant tumors. Hood et al. reported that exosomes
released by melanoma cells induce an environment
suitable for lymph node metastasis (10). Bobrie et al.

demonstrated that Rab27a blockade decreased lung
dissemination of breast metastatic carcinoma cells in
mouse models (14). In GC, tumor-derived exosomes were
reported to promote PM by destroying the mesothelial
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Figure 3. Prognostic significance of Rab27b mRNA expression in gastric cancer. (A) Immunohistochemical staining of Rab27b in representative
samples of gastric cancer. Original magnification: ×200 (left) and ×400 (right). (B) The overall survival rate in gastric cancer patients according
to Rab27b mRNA expression in tumor tissues in our dataset. (C) Overall (left) and recurrence-free (right) survival rates in gastric cancer patients
according to Rab27b mRNA expression in tumor tissues in the TCGA dataset.



barrier or increasing the expression of adhesion molecules
in mesothelial cells (39, 40). Also, Che et al. has reported
that the exosomal mesenchymal-epithelial transition factor
could educate tumor-associated macrophages to promote
GC progression (41). Our xenograft mouse model showed
that Rab27b knockdown in GC cells decreased exosome
secretion, leading to suppressed PM without affecting the
proliferation or invasion ability of tumor cells. These
results suggest that exosomes play a crucial role in the
formation of PM as a communicator between tumor cells
and host peritoneal cells in the tumor microenvironment
in GC.

Our clinical study showed that Rab27b was overexpressed
in GC cells. Furthermore, high expression of Rab27b was
associated with poor overall and recurrence-free survival in
GC patients. High expression of Rab27b has been correlated

with poor survival in patients with solid cancers, such as
colorectal, pancreatic, and esophageal squamous cell cancer
(21, 42-44). An et al. also reported that Rab27b expression
predicts lymph node metastases and survival in GC patients
(45). These findings suggest that Rab27b expression in
tumor tissues can serve as a useful biomarker of poor
prognosis in various malignancies.

Rab27a and Rab27b regulate exocytosis of multivesicular
endosomes and control different steps of the exosome
secretion pathway (46-48). Rab27a likely has a function in
membrane fusion; on the other hand, Rab27b interacts with
a motor protein that regulates the motility of a subset of
multivesicular endosomes. In HeLa cells, Bobrie et al.
showed that secretion of exosomes from CD63-containing
intracellular compartments was strongly decreased after
knockdown of either Rab27a or Rab27b by shRNAs (14).
Interestingly, in two mammary carcinoma cell lines, those
authors also showed that Rab27a, but not Rab27b, is
required for exosome secretion (14). These findings imply
that the contribution of Rab27 to exosome secretion depends
on the cell type (20). In this study, we focused on the
clinical and biological significance of Rab27b (versus
Rab27a) expression in GC because Rab27b knockdown
reduced exosome secretion better than Rab27a did. Rab27b
might play a critical role in exosome secretion, followed by
cancer development in GC. Further study will be required
to clarify this.

Some limitations exist in this study. First, the reason that
Rab27b is overexpressed in GC remains unknown (19). We
examined the DNA copy number of Rab27b in GC tissues,
but we found no amplification of the DNA copy number
(data not shown). Further studies are needed to clarify the
mechanism of Rab27b overexpression in tumor cells.
Second, we did not evaluate the cargo molecules (i.e.,
miRNAs, mRNAs, and proteins) carried by exosomes and
their role in promoting PM. A previous study found that
exosomal miR-21-5p derived from GC cells promoted PM
via EMT (49). Regardless of these limitations, we provide
important evidence for Rab27b as an effective therapeutic
target for PM of GC. 

Conclusion

In conclusion, we demonstrated that Rab27b is
overexpressed in GC cells and potentially facilitates PM via
exosome secretion. Furthermore, we showed that Rab27b
expression in tumor tissues serves as a prognostic biomarker
of GC. Rab27b may be a promising therapeutic target to
inhibit PM in GC patients. 
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Table I. Correlation between Rab27b mRNA expression in tumor tissues
and clinicopathological factors in gastric cancer (GC) patients. 

Clinicopathological       Low expression      High expression      p-Value
factor                                    (n=31)                     (n=147)                   
                                               n (%)                       n (%)                     

Age (years)                                                                                            
   <65                                    9 (29.0)                   62 (42.1)              0.227
   ≥65                                   22 (71.0)                  85 (57.9)                   
Sex                                                                                                         
   Male                                 21 (67.7)                  94 (64.0)              0.078
   Female                             10 (32.3)                  53 (36.0)                   
Histology                                                                                               
   Well/moderate                 18 (58.1)                  65 (44.2)              0.078
   Poor/signet                       11 (35.5)                  82 (55.8)                   
   NA                                     2 (6.4)                       0 (0)                      
Depth of invasion                                                                                 
   ≤MP                                 22 (71.0)                  85 (57.8)               0.17
   ≥SS                                    9 (29.0)                   62 (42.2)                   
Lymph node metastasis                                                                        
   Absent                              11 (35.5)                  52 (35.4)               0.99
   Present                             20 (64.5)                  95 (64.6)                   
Lymphatic invasion                                                                              
   Absent                              18 (58.1)                  65 (44.2)              0.078
   Present                             11 (35.5)                  82 (55.8)                   
NA                                         2 (6.4)                       0 (0)                      
   Venous invasion                                                                                
   Absent                              10 (32.3)                  52 (35.4)               0.74
   Present                             21 (65.7)                  95 (64.6)                   
Peritoneal metastasis                                                                            
   Absent                              29 (93.6)                 121 (82.3)             0.088
   Present                               2 (6.4)                    26 (17.7)                   
UICC TNM stage                                                                                 
   Ⅰ, Ⅱ                                   22 (71.0)                  77 (52.4)              0.054
   Ⅲ, Ⅳ                                9 (29.0)                   70 (47.6)                   

MP, Muscularis propria; SS, subserosa; UICC, Union for International
Cancer Control; TNM, tumor/node/metastasis; NA, not available.
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