
Abstract. Background/Aim: RAB27A and RAB27B are
involved in exosome secretion. To date, there have been
many attempts to elucidate the roles of RAB27A and
RAB27B in the prognosis of various cancer types. The
association of RAB27A and RAB27B expression with the
clinical and pathological features was evaluated in patients
with stomach cancer. Materials and Methods: A total of 360
patients who had undergone surgery for stomach cancer
between January 1999 and December 2007 at Gyeongsang
National University were enrolled in the study. Disease-free
survival (DFS) and disease-specific survival (DSS) were
compared according to immunohistochemistry of tumor
samples. RAB27A and RAB27B mRNA and protein were also
extracted from four stomach cancer cell lines using
quantitative polymerase chain reaction and western blotting.
Results: Strong nuclear RAB27A expression in tumor
samples was statistically significantly correlated with lymph
node metastasis. Cytoplasmic RAB27B expression was
related to poor disease-free survival and its combined
cytoplasmic and membranous expression was related to
disease-specific survival of patients with different
histopathological types of stomach cancer. High RAB27A
expression and high RAB27B expression was found in four

stomach cancer cell blocks. Among the four cell lines, NCI-
N87 exhibited the lowest relative mRNA density and HS746T
exhibited the highest relative protein density for both
RAB27A and RAB27B. Conclusion: RAB27A and RAB27B
expression may help predict lymph node metastasis and
survival of patients with gastric cancer.

Stomach cancer is the fifth most common cancer, accounting
for more than 5.7% of all cancer diagnoses worldwide (1).
According to the World Cancer Research Fund and American
Institute for Cancer Research, South Korea had the highest
rate of stomach cancer in 2018, followed by Mongolia (1).
The prognosis of gastric cancer varies greatly depending on
the stage, being very good in the case of mucosal- or
submucosal-limited early gastric cancer, while advanced
gastric cancer has a 5-year survival rate of 30% (2). Since it
is best to detect and treat gastric cancer as early as possible,
the role of biomarkers in predicting the prognosis and
metastasis of gastric cancer is important.

RABs are members of the Ras small GTPase superfamily
that play an important role in vesicle trafficking in cells.
RAB27A and RAB27B are particularly known to be involved
in exosome secretion (3-11). Tumor cells secrete exosomes
with intra-exosomal cargos, including tumor-suppressor
genes, proteins, and other substances that might affect
metastatic properties. To date, there have been many studies
regarding the prognostic role of RAB27A and RAB27B
through immunostaining methods in various cancer (12-18).
In a previous study, we confirmed that RAB27A expression
was strongly positive in a large group of patients with clear-
cell renal cell carcinoma (CCRCC) (13). Negative RAB27A
expression was significantly associated with poor prognosis
of CCRCC (13). In data from Ostrowski et al., RAB27A and
RAB27B were shown to have different roles in human
vascular endothelial cells, maintaining different subcellular
distributions in those cells (8). In addition, Fukuda et al. and
Pfeffer et al. suggested that RAB27A and RAB27B are
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involved in sequential exosome secretion in combination with
different effector proteins, synaptotagmin-like protein 4-A
(SLP4-A) and synaptotagmin-like protein homologoue
lacking C2 domains-C (SLAC2-B), respectively (19, 20).

In this study, we evaluated the association of RAB27A
and RAB27B expression with the clinical and pathological
features of patients with stomach cancer. In addition, we
confirmed the existence of RAB27A and RAB27B in
stomach cancer cell lines using semi-quantitative polymerase
chain reaction (semi-qPCR), western blotting, and cell block.

Materials and Methods

Patients and clinicopathological data. A total of 360 consecutive
patients who had undergone surgery for stomach cancer between
January 1999 and December 2007 at the Gyeongsang National
University Hospital, Jinju, Republic of Korea, were enrolled for the
study. Representative hematoxylin and eosin-stained slides from
these patients were re-examined by two pathologists. Electronic
medical records were reviewed, and clinical and pathological
information, including age, sex, pathological tumor differentiation
and histology, T-stage, and N-stage, were collected. The stages of
stomach cancer were determined according to the eighth edition
guidelines of the American Joint Committee on Cancer (21). This
study was approved by the Institutional Review Board of the
Gyeongsang National University Hospital (GNUH-2019-02-016).

Tissue microarray (TMA) construction and immunohistochemistry.
Representative hematoxylin and eosin-stained glass slides
containing intratumoral lesions were examined. A core (3 mm in
size) was collected from the invasive tumor front of each
representative paraffin block and was transplanted into recipient

TMA blocks. Immunohistochemical staining was carried out using
an automated immunostainer (Benchmark Ultra, Ventana Medical
Sys tems Inc., Tucson, AZ, USA) with the following monoclonal
antibodies: Anti-RAB27A (1:50 dilution, ab55667; Abcam,
Cambridge, MA, USA) and anti-RAB27B (1:100 dilution, PA5-
54096: Thermo Fisher Scientific, Waltham, MA, USA).

Evaluation of RAB27A and RAB27B expression in human tissue.
The immunohistochemical staining patterns of RAB27A and
RAB27B were evaluated on each of the 296 cores of the TMA
blocks of patients with stomach cancer. Strong nuclear staining for
RAB27A and distinct cytoplasmic or membranous staining for
RAB27B were considered. The intensity of the stained tumor cells
was scored as follows: Unstained: 0, weakly stained: 1, moderately
stained: 2, and strongly stained: 3. Patients were then divided into
two groups for comparison. For RAB27A expression, scores of 1
were considered low, and 2 and 3 were considered high. For
RAB27B expression, scores of 0 were considered low, and scores
of 1, 2, and 3 were considered high. Stomach glandular epithelial
cells and stromal cells were compared as positive controls for
RAB27A and RAB27B. Representative microscopic images are
presented in Figure 1.

Statistical analysis. The relationships between RAB27A and
RAB27B expression and pathological or clinical data were
evaluated by Pearson’s chi-square test and Fisher’s exact test.
Disease-free (DFS) and disease-specific (DSS) survival were
evaluated by univariate and multivariate Cox proportional hazard
regression models. DFS was defined as the duration from the date
of surgery to the date of cancer relapse, and DSS was defined as the
duration from the date of surgery to the date of death. p-Values less
than 0.05 were considered statistically significant. All statistical
analyses were performed using IBM SPSS ver. 24.0 (IBM Corp., Ar
monk, NY, USA).
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Figure 1. Representative images of RAS oncogene family members RAB27A and RAB27B immunostaining patterns. A: Strong and distinct nuclear
staining of adenocarcinoma sample with high RAB27A expression. B: Weak nuclear staining of an adenocarcinoma sample with low RAB27A
expression. C: Diffuse strong cytoplasmic staining of adenocarcinoma sample with high cytoplasmic RAB27B expression. D: Negative cytoplasmic
expression of adenocarcinoma sample with low RAB27B cytoplasmic expression. E: Uniformly intense membranous staining of adenocarcinoma
sample with high membranous RAB27B expression. F: Adenocarcinoma sample with low membranous RAB27B expression.



Cell culture. The human stomach cell lines MKN-45 (adenocarcinoma,
intestinal type), HS746T (carcinoma, metastasis to lung), NCI-N87
(carcinoma, metastasis to liver), and SNU-601 (signet-ring cell
carcinoma) were purchased from the Korean Cell Line Bank, Seoul,
Republic of Korea. HS746T cells were cultured in Dulbecco’s
modified Eagle’s medium (Gibco, Grand Ιsland, NY, USA), and the
MKN-45, NCI-N87, and SNU-601 cell lines were cultured in RPMI
1640 (Gibco). Both media were supplemented with 10% fetal bovine
serum (Gibco) and 1% penicillin–streptomycin (Corning, Corning, NY,
USA), and cell lines were incubated at 37˚C under an atmosphere
containing 5% CO2.

Semi-qPCR. Once the cells reached 70% confluence, RNA was
extracted from stomach cell lines using TRIzol (Qiagen,
Germantown, MD, USA). Total RNA was quantified using a
NanoDrop 2000 (Thermo Fisher Scientific, Wilmington, DE, USA)
The prepared RNA (1 μg) was reverse-transcribed to cDNA using
the Maxime RT PreMix Kit (iNtRON, Burlington, MA, USA).
Equal amounts of synthesized cDNA (1 μg) were used to carry out
semi-qPCR using Maxime PCR PreMix kit (iNtRON, Burlington,
MA, USA). RAB27A (#P196767; Bioneer, Oakland, CA, USA) and
RAB27B (#P119176; Bioneer) primers were added. PCR was
performed in 20 μl using a thermocycler (Biometra, Uberlingen,

Germany) with the following PCR program: pre-denaturation for 2
min at 94˚C, denaturation for 20 s at 94˚C, annealing for 10 s at
58˚C, extension for 20 s at 72˚C, and a final elongation for 2 min
at 72˚C. PCR was performed for 40 cycles. PCR products were
analyzed by electrophoresis on a 1.5% agarose gel, and band
intensity was measured directly on a gel documentation system
(Bio–Rad, Hercules, CA, USA) and quantified relative to that of
glyceraldehyde 3-phosphate dehydrogenase.

Western blot analysis. Once the cells reached 70% confluence,
proteins were extracted from the harvested cells using RIPA lysis
buffer (Thermo Fisher Scientific Waltham, MA, USA) containing
protease inhibitor cocktail (Thermo Fisher Scientific). The total
protein concentration of each cell lysate was measured by the
Bradford method using bovine serum albumin as a standard. Equal
amounts of protein lysates (45 μg) were loaded onto denaturing
polyacrylamide gels and then transferred to a nitrocellulose
membrane. The primary antibodies used for immunoblotting were
anti-RAB27A (diluted 1:2,000; cat. ab55667; Abcam) and anti-
RAB27B (diluted 1:2,000; cat. PA5-54096, Thermo Fisher
Scientific), followed by horseradish peroxidase-conjugated
secondary antibodies. Immunoreactive bands were detected by
enhanced chemiluminescence reaction (Thermo Fisher Scientific).
Digital chemiluminescence images were captured and quantitatively
analyzed by Fusion solo (Vilber, Marne-la-Vallee, France).

Cell block construction and immunohistochemistry. Once the cells
had reached 70% confluence, they were harvested and mixed with
an equal volume of plasma. To minimize cell loss, 1 ml of 70%
ethanol was added, and a pellet was acquired by centrifugation. The
semi-clotted pellet was completely fixed in 1 ml of 95% ethanol for
3 hours. Histological processing was performed on the pellet.
Paraffin sections of 4 μm were obtained for staining. The same
primary antibodies were used as for western blotting as described
above, followed by horseradish peroxidase-conjugated secondary
antibodies. The immunohistochemical staining pattern of RAB27A
and RAB27B were evaluated on each of the cell block as for tissue
microarray as described above.

Results

Clinicopathological information of the patients. A total of
360 patients with stomach cancer were enrolled in this study.
The clinical and pathological variables of the patients were
analyzed for their relationship with RAB27A and RAB27B
expression. (Table I). The mean age of the patients was 62.11
years. Among them, 234 (65.0%) were males, and 126
(35.0%) were female. All patients enrolled in the study were
South Korean. In addition, this was a representative cohort
which included impartial distribution of pathological
differentiation, histological pattern, T-stage, and N-stage of
stomach cancer patients as described in Table I.

RAB27A and RAB27B expression in gastric cancer. A total
of 296 TMA cores (64 cores had tissue loss), were evaluated
for the expression of RAB27A and RAB27B using
immunohistochemical staining (Table I). Overall, 78% (score
2 or 3: 231/296) of patients had high expression of RAB27A,
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Table I. Clinicopathological information of 360 patients with stomach
cancer. 

Variable                                                                                        Value

Age, years                                     Median (range)               62.11 (24-85)
Sex, n (%)                                     Male                                 234 (65.0%)
                                                      Female                             126 (35.0%)
Follow up period, months            Mean (range)                  39.44 (0-221)
Pathological differentiation/         Adenocarcinoma, WD      77 (21.4%)
histology, n (%)                           MD                                   120 (33.3%)
                                                      PD                                    117 (32.5%)
                                                      Mucinous                           10 (2.8%)
                                                      Signet-ring cell                  33 (9.2%)
                                                      Other                                   3 (0.8%)
T-Stage, n (%)                               T1                                     181 (50.3%)
                                                      T2                                      40 (11.1%)
                                                      T3                                     135 (37.5%)
                                                      T4                                        4 (1.1%)
N-Stage, n (%)                              N0                                    224 (62.2%)
                                                      N1                                     39 (10.8%)
                                                      N2                                     43 (11.9%)
                                                      N3                                     54 (15.0%)
Nuclear RAB27A                         1                                        65 (22.0%)
expression, n (%)*                      2                                       146 (49.3%)
                                                      3                                        85 (28.7%)
Cytoplasmic RAB27B                 0                                       103 (34.8%)
expression, n (%)*                      1                                       182 (61.5%)
                                                      2                                          11 (3.7%)
Membranous RAB27B                0                                       145 (49.0%)
expression, n (%)*                      1                                       122 (41.2%)
                                                      2                                         28 (9.4%)
                                                      3                                          1 (0.3%)

MD: Moderately differentiated, PD: poorly differentiated; WD: well-
differentiated. *In tumor microarray from 296 patients.



and RAB27B expression was generally high (cytoplasmic,
score 1, 2: 65%; membranous, score 1-3: 51%).

Correlation of RAB27A and RAB27B expression with
clinicopathological data. The association of RAB27A and
RAB27B expression with clinicopathological data is shown
in Table II. High nuclear RAB27A expression was
statistically significantly correlated with N0 stage (p=0.022)
and was marginally significantly associated with pathological
differentiation and histology of gastric cancer (p=0.079).
High cytoplasmic RAB27B expression was significantly
associated with male sex (p=0.046), and high RAB27B
membrane expression was significantly associated with age
less than 65 years (p=0.047). However, neither cytoplasmic
nor membranous RAB27B expression was related to the N-
stage. However, when cases were limited to RAB27B-high
cases (250 cases, either RAB27B cytoplasmic or
membranous staining pattern) out of all cases (296 cases) of
gastric cancer, high RAB27A expression was significantly
positively correlated with lymph node metastasis (p=0.005).

Correlation between RAB27A and RAB27B expression and
survival data. To determine whether RAB27A and RAB27B
expression might be independent prognostic markers,
univariate and multivariate Cox proportional analysis was
performed. We divided patients with stomach cancer into
different histopathological groups. In the group of 210 patients
with papillary, well-differentiated or moderately-differentiated
adenocarcinomas and mucinous carcinomas, high cytoplasmic
and membranous expression of RAB27B was significantly
associated with poor DFS (hazard ratio=2.804, 95% confidence
interval=1.201-6.548, p=0.017) in multivariate analysis (Table
III). In the group of 117 patients with poorly-differentiated
adenocarcinoma, low cytoplasmic or membranous expression
of RAB27B was significantly associated with poor DSS
(hazard ratio=27.498, 95% confidence interval=2.860-264.394,
p=0.004) in multivariate analysis (Table IV).

RAB27A and RAB27B expression were identified in stomach
cancer cell lines. The mRNA levels of RAB27A and RAB27B
were estimated from total mRNA extracted from the human
stomach cancer cell lines MKN-45, HS746T, NCI-N87, and
SNU-601 using semi-qPCR (Figure 2A). Among the four
cell lines, NCI-N87 exhibited the lowest relative mRNA
density for both RAB27A and RAB27B. Western blotting was
used to determine the protein levels of RAB27A and
RAB27B in the stomach cancer cell lines (Figure 2B).
Among the four cell lines, HS746T exhibited the highest
relative protein density for both RAB27A and RAB27B.

RAB27A and RAB27B expression were identified in the cell
blocks of stomach cancer cell lines. RAB27A expression was
high in all cell blocks of the four stomach cancer cell lines,
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with a strong nuclear staining pattern (Figure 3A). In
contrast, the pattern for RAB27B staining was weakly
cytoplasmic or incomplete membranous in all cell blocks of
four stomach cancer cell lines (Figure 3B).

Discussion

To date, there have been many studies regarding the prognostic
role of RAB27A and RAB27B expression through
immunohistochemical staining methods in various cancer types
(12-18). In clear cell renal cell carcinoma renal cell carcinoma,
we confirmed that RAB27A expression was strongly positive
in a large group of patients. Negative RAB27A expression was
significantly correlated with poor prognosis (13). Dong et al.
evaluated the association of RAB27A and RAB27B expression

with the clinical and pathological features of hepatocellular
carcinoma (12). They divided patients into four groups
according to RAB27A and RAB27B expression
(RAB27A+/RAB27B+, RAB27A+/RAB27B−,
RAB27A−/RAB27B+, RAB27A−/ RAB27B−); however,
RAB27A and RAB27B expression were not significantly
correlated with the clinical and pathological findings. But their
analyses did reveal that patients with RAB27A+/RAB27B+
tumors had significantly reduced overall survival compared
with those with RAB27A−/RAB27B− hepatocellular carcinoma
(12). Additionally, the results from their unpublished data on
gastric cancer and colorectal cancer revealed that the tumor
staining of RAB27A and RAB27B was weaker than that of
surrounding tissue and was not correlated to the patient
survival. The staining pattern of RAB27A, RAB27B differs
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Table III. Cox proportional hazards regression model of disease-free survival for patients with papillary, well-differentiated or moderately-
differentiated adenocarcinoma and mucinous gastric carcinoma (n=210).

Univariate Multivariate

Variable Subgroup comparison HR 95% CI p-Value HR 95% CI p-Value

Age <65 vs. ≥65 Years                  0.941 0.485-1.827               0.858                  1.187 0.554-2.542              0.660
Sex Female vs. male                    0.784 0.356-1.728               0.546                  1.313 0.519-3.319              0.565
T-Stage 2-4 vs. 1                        12.006 4.229-34.081           <0.001                  5.111 1.566-16.680             0.007
N-Stage 1-3 vs. 0                          9.958 4.516-21.959           <0.001                  4.192 1.685-10.403             0.002
RAB27A
   Nuclear High vs. low                      0.679 0.292-1.589               0.369                  1.108 0.454-2.704              0.823
RAB27B
   Cytoplasmic High vs. low                      2.741 1.160-6.479               0.022                  2.804 1.201-6.548              0.017
   Membranous High vs. low                      2.741 1.160-6.479               0.022                  2.804 1.201-6.548              0.017
   Cytoplasmic High vs. low                      1.148 0.554-2.376               0.711
   or membranous

CI: Confidence interval; HR: hazard ratio; RAB27A, RAB27B: RAS oncogene family members. Statistically significant p-values are shown in bold.

Table IV. Cox proportional hazards regression model of disease-specific survival for patients with poorly-differentiated gastric adenocarcinoma
(n=117). 

Univariate Multivariate

Variable Subgroup comparison HR 95% CI p-Value HR 95% CI p-Value

Age <65 vs. ≥65 Years                  1.740 0.574-5.275               0.328                  5.829 1.457-23.313             0.013
Sex Female vs. male                    0.646 0.205-2.037               0.456                  0.441 0.120-1.623              0.218
T-Stage 2-4 vs. 1                          3.626 0.787-16.705              0.098                  1.642 0.296-9.122              0.571
N-Stage 1-3 vs. 0                          3.521 0.967-12.817              0.056                  5.320 1.177-24.045             0.030
RAB27A
   Nuclear High vs. low                      0.029 0.000-7.501               0.212                  0.000 0.000-8.038x10202        0.957
RAB27B
   Cytoplasmic High vs. low                      0.548 0.176-1.702               0.298                                             
   Membranous High vs. low                      0.548 0.176-1.702               0.298                                             
   Cytoplasmic Low vs. high                      0.931 0.740-1.171               0.541                27.498 2.860-264.394            0.004
   or membranous

CI: Confidence interval; HR: hazard ratio; RAB27A, RAB27B: RAS oncogene family members. Statistically significant p-values are shown in bold.



depending on the cancer type and classification of the staining
pattern used in different studies. In order to use RAB27A and
RAB27B as prognostic biomarkers for stomach cancer, we
examined their expression in samples of stomach cancer from

patients and compared it in the metastatic stomach cancer cell
lines. In addition, we evaluated the relationship between the
expression of RAB27A, RAB27B and the patient survival
according to specific histological patterns.
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Figure 2. mRNA and protein expression of RAS oncogene family members RAB27A and RAB27B in stomach cancer cell lines MKN-45, NCI-N87,
HS746T and SNU-601. A: Total mRNA extracted from human stomach cancer cell lines was used to determine the mRNA levels of RAB27A and
RAB27B relative to those of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) by quantitative polymerase chain reaction. B: Protein levels of
RAB27A and RAB27B in stomach cancer cell lines were determined by western blotting. Data are the mean±standard deviation from three
independent experiments. 

Figure 3. Expression of RAS oncogene family members RAB27A and RAB27B in cell blocks of four stomach cancer cell lines. Staining considered as
high expression for RAB27A was nuclear and strongly positive in all cell blocks of four stomach cancer cell lines. In contrast, high RAB27B expression
exhibited weakly positive and cytoplasmic or incomplete membranous staining patterns in all cell blocks of four stomach cancer cell lines.



In our study, expression of RAB27A was nuclear, and of
high intensity in most cases (70%). In contrast, expression of
RAB27B was cytoplasmic or membranous, with weaker
staining patterns. Strong RAB27A expression was statistically
significantly correlated with lymph node metastasis. RAB27B
expression alone was not related to lymph node metastasis;
however, when cases were limited to RAB27B-high cases,
high RAB27A expression was associated with lymph node
metastasis (p=0.005). This result is in line with previous data
by Ostrowski et al., RAB27A and RAB27B have different
roles in human vascular endothelial cells, maintaining
different subcellular distributions in those cells (8). In our
previous study with clear cell renal cell carcinoma renal cell
carcinoma, negative RAB27A expression was associated with
poor DSS in multivariate analysis. We hypothesized that
when secretory RAB, RAB27A, is reduced in cancer,
multivesicular bodies inside cancer cells are enlarged (8) and
degraded together with lysosomes (20), losing their tumor-
suppressor genes inside the cargo thereby changing their
metastatic potential (13). In contrast, when RAB27A is
strongly expressed, exosomes might be actively secreted from
multivesicular bodies inside cancer cells (3, 6, 7, 10). During
exosomal secretion, it is thought that the metastatic properties
of the tumor itself may change due to the active secretion of
the exosomal cargo, including microRNAs, long noncoding
RNAs, and other proteins (7, 22). 

To the best of our knowledge, this is the first study to
evaluate RAB27B expression and prognosis of patients with
stomach cancer with different histopathological features using
survival data. It is believed that the differences in the prognosis
of patients with gastric cancer according to the histopathological
type and RAB27B expression might be due to the functional
roles of exosomes, such as cellular uptake, and delivery (23).
Secreted exosomes can affect other cancer cells or cells of the
tumor microenvironment, including the extracellular matrix,
lymphocytes, endothelial cells, and other stromal cells by cell
to cell communication (23-25). In our study, the group with
poorly-differentiated adenocarcinoma, in which cancer cells
displayed non-cohesive or diffusely scattered patterns of
growth, cell uptake of exosomes and their cargos might be
reduced, and contact with other cells or factors of the tumor
microenvironment described above may have increased, thus
affecting metastatic properties. A treatment approach exploiting
the mechanism of RAB27B-associated exosome secretion might
be required considering the different histopathological patterns
of stomach cancer cells. 

Cell experiments showed different mRNA and protein
expression levels of RAB27A and RAB27B in stomach
cancer cell lines (Figure 2). Among the four stomach cancer
cell lines, HS746T (carcinoma, metastasis to lung) showed
the highest protein relative density for both RAB27A and
RAB27B. It is meaningful to confirm the existence of
RAB27A and RAB27B mRNA and protein in stomach

cancer cell lines to determine whether they affect tumor
metastatic potential; their role may be further investigated
through knockdown or forced-expression experiments. 

A limitation of this study is that we did not evaluate
RABs other than RAB27A and RAB27B, nor their effector
proteins which may affect exosome trafficking within the
cancer cells. However, the most powerful secretory RAB
protein, i.e., RAB27A and RAB27B-related proteins (20),
are clearly worthy of further study. Proteins that inhibit or
increase the secretion of exosomes by controlling RAB27A
have been found, and treatment based on this is anticipated.
For example, wild-type WW and C2 domain containing 1
(WWC1; KIBRA) was shown to increase exosome
secretion through blocking RAB27A proteasome
degradation (26).

In conclusion, strong nuclear RAB27A expression is related
to lymph node metastasis in gastric cancer. Considering
RAB27B expression in different histopathological types of
gastric cancer may help to predict prognosis.
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