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Abstract. The secretory small guanosine‑5'‑triphos-
phate‑binding enzyme, Rab27B, has been identified to be an 
oncogene that is involved in the progression of certain tumors. 
The current study was designed to evaluate the expression 
pattern of Rab27B in ovarian cancer (OC), borderline tumors 
and benign ovarian adenoid tumors, as well as its asso-
ciation with survival prognosis and clinical parameters. The 
expression of Rab27B protein was examined by immunohisto-
chemistry in 204 patients who had undergone ovarian resection 
without preoperative systemic chemotherapy at the Surgical 
Department of the Affiliated Hospital of Nantong University 
(Nantong, China), including 57 benign ovarian adenoid tumors, 
44 borderline tumors and 103 malignant tumors. Rab27B 
expression and clinicopathological features were analyzed 
with the χ2 test. Patient survival rate was analyzed with the 
Kaplan‑Meier method. Univariate and multivariate analysis of 
the prognostic factors was performed using the Cox regression 
model. Increased expression of Rab27B was positively corre-
lated with histological type (P=0.012), level of differentiation 
(P=0.015), lymph node metastasis (P=0.024), distant metas-
tasis (P<0.001) and International Federation of Gynecology 
and Obstetrics stage (P=0.001). Survival analysis revealed 
an association between Rab27B‑positivity and poor overall 
survival rate. Multivariate analysis indicated that Rab27B 
(P<0.031) and distant metastases (P=0.031) were independent 
prognostic factors for OC patients' survival. The results of the 

present study supported the hypothesis that Rab27B may be a 
valuable prognostic indicator in patients with OC.

Introduction

Gynecological cancers are a frequently occurring group of 
malignancies in women, which account for ~18% of all female 
cancers globally (1). Ovarian cancer (OC) is the most lethal 
common gynecological malignancy, with >204,000 new cases 
and 125,000 associated mortalities annually. Furthermore, 
OC accounts for 4 and 4.2% of the total cancer cases and 
cancer‑associated mortalities in women worldwide, respec-
tively (2). Although OC is the primary cause of cancer‑associated 
mortality among all gynecological malignancies (3), its etiology 
remains to be elucidated. Matsuda et al (4) demonstrated that 
the 5‑year relative survival rates of the age group of 15‑44 years 
were increased compared with other age groups; however, the 
factors that affect five‑year survival rate remain to be elucidated.

Rat sarcoma (Ras)‑associated binding (Rab) protein is a 
member of the Ras family of small guanosine‑5'‑triphosphate 
(GTP)‑binding enzymes (GTPases; 20‑29 kDa). The human 
Rab family, which constitutes the largest family of small 
GTPases, includes >60 members that have a significant role 
in endocytosis, exocytosis and vesicle‑trafficking  (5). Rab 
GTPases function as molecular switches that cycle between 
active GTP‑bound and inactive guanosine diphosphate‑bound 
conformational states  (6,7). Rab proteins have a role in the 
transport of cargo and vesicle formation, enabling the exchange 
of macromolecules and proteins between various compart-
ments and the endomembrane system (8). Rab proteins function 
as mediators of the complex events involved in the accurate 
docking and fusion of transport vesicles with their targets (9). 
Numerous studies have demonstrated that vesicle trafficking and 
exocytosis have significant roles in tumorigenesis (10). Rab27B 
is a member of a subfamily of Rabs. A previous study revealed 
that vesicle exocytosis and the release of important growth 
regulators are controlled by Rab27B, leading to the regulation 
of invasive growth and metastasis in human breast tumors (11). 
As OC and breast cancer possess a number of commonalities 
in terms of genetic mutations, the present study hypothesized 
whether the expression of Rab27B was correlated with the 
progression of OC.

In the current study, it was hypothesized that the expres-
sion of Rab27B was associated with the development and 
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progression of OC. In order to investigate the association 
between the expression of Rab27B and OC, and whether 
the expression level correlated with the 5‑year survival rate, 
204  samples were selected, which included 103 malignant 
tumors, 57 benign ovarian adenoid tumors and 44 borderline 
tumors. In addition, the correlation between staining intensity 
of Rab27B and clinical parameters was detected in order to 
assess the prognostic value of Rab27B in OC. The benign and 
borderline ovarian tumors served as control groups.

Materials and methods

Patients and tissue samples. A total of 204 samples, including 
57 benign ovarian adenoid tumors, 44 borderline tumors and 
103 malignant tumors, were acquired from patients who had 
undergone ovarian resection without preoperative systemic 
chemotherapy at the Surgical Department of the Affiliated 
Hospital of Nantong University (Nantong, China) between 
May 2004 and April 2013. The present study was approved by 
the Ethics Committee of the Affiliated Hospital of Nantong 
University (Nantong, China), and preoperative informed consent 
was obtained from each patient.

Fresh samples were processed immediately following 
surgical removal. The malignant tumors functioned as the 
experimental group, while the benign adenoid tumors and 
borderline tumors served as controls. Following attainment of 
informed consent, patients were interviewed to obtain informa-
tion on demographic characteristics, and clinical data were 
collected. The patients were followed‑up every 3 months for the 
first year, every 6 months for the subsequent 2 years and annu-
ally thereafter. If the patients were available for the full period, 
the follow‑up time was 9 years, with a range of frequency 
from 2‑107 months. Tumor grade was classified as low or high 
according to the MD Anderson grading criteria (12). Surgical 
staging was determined based on the International Federation of 
Obstetrics and Gynecology (FIGO) criteria. Staging results were 
as follows: Stage I, 49; stage II, 6; stage III, 48; and stage IV, 0. 
Tumor grades were classified as high (n=83) or low (n=20). The 
primary clinical and pathological variables are shown in Table I.

Tissue microarray (TMA) construction and immunohisto-
chemical (IHC) analysis. All tumor samples were embedded 
in paraffin (Qidong City Chemical Co., Ltd., Nantong, China) 
following fixation with 10% formaldehyde (Qidong City 
Chemical Co., Ltd.) for 24 h, and used for constructing the 
TMA. A Tissue Microarray System (UT06 Quick‑Ray®; 
UNITMA, Seoul, Korea) was used. Core tissue biopsies (2 mm 
in diameter) were selected from individual paraffin‑embedded 
sections and arranged in recipient paraffin blocks as described 
previously (13‑15). IHC analysis was performed to detect the 
expression of Rab27B protein in samples. Paraffin tissue 
sections (4 µm) were deparaffinized with 100% xylene and 
rehydrated using a graded alcohol series, followed by quenching 
in 3% hydrogen peroxide in order to block endogenous 
peroxidase activity. The sections were subsequently processed 
in 10 mM citrate buffer (pH 6.0) and heated to 121˚C in an 
autoclave for 20 min for antigen retrieval. Following rinsing 
with phosphate‑buffered saline (PBS; pH 7.2), the sections 
were incubated at room temperature with rabbit anti‑human 
Rab27B polyclonal antibody (catalog no.,  ab104472; 1:300 

dilution; Abcam, Cambridge, MA, USA) for 2 h. All slides were 
processed using the peroxidase‑anti‑peroxidase method, which 
consists of combining the primary antibody and the target 
antigen, and combining the horseradish peroxidase goat anti-
rabbit IgG polyclonal secondary antibody (catalog no., SN135; 
1:1,000; Beyotime Institute of Biotechnology, Haimen, China) 
and the peroxidase‑anti‑peroxidase (Beyotime Institute of 
Biotechnology) to form a complex. Following rinsing with 
PBS, the peroxidase reaction was visualized by incubating 
the sections in 0.1% phosphate buffer solution, 0.02% diami-
nobenzidine tetrahydrochloride (Shanghai Shifeng Biological 
Technology  Co.,  Ltd., Shanghai, China) and 3% hydrogen 
peroxide (Shanghai Shifeng Biological Technology Co., Ltd.). 
Following rinsing in water, the sections were counterstained 
using hematoxylin, dehydrated and coverslipped.

IHC evaluation. All immunostained sections were evaluated 
in a blinded manner, with no knowledge of the clinical and 
pathological parameters of the patients. Rab27B‑positive cells 
were counted by monitoring at least 1,000 cells from at least five 
randomly selected fields. In order to allow statistical analyses, 
patients were divided into three groups according to the expres-
sion rate as follows: High expression group (100‑75%, score 
of 3), moderate expression group (50‑75%, score of 2) and low 
expression group (<50%, score of 1). For density evaluation, low 
staining was scored as 1, moderate staining as 2 and intense 
staining as 3. The two scores were multiplied and samples were 
classified into two groups as follows: Score of 1 (0‑4.5) and score 
of 2 (4.5‑9; Table I). In half of the samples, staining was repeated 
three times to avoid potential technical errors and similar results 
were obtained. The evaluation procedures were performed by 
three independent pathologists using a Multi‑Head microscope 
(Precise Instrument Co., Ltd., Beijing, China), and a consensus 
was achieved.

Statistical analysis. All computations were performed with 
SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA). All values 
were expressed as the mean ± standard error. Rab27B expression 
and clinicopathological features were analyzed with Pearson's 
χ2 test. Kaplan‑Meier analysis and the log‑rank test were used 
to analyze survival data. Univariate and multivariate analysis 
was performed using the Cox proportional hazards model, and 
the hazard ratio and 95% confidence interval were recorded for 
every marker. P<0.05 was considered to indicate a statistically 
significant difference. Each experiment consisted of at least 
three replicates per condition.

Results

Rab27B expression levels vary in ovary epithelia from OC, 
borderline ovarian tumors and benign ovarian adenoid tumors. 
In order to investigate the protein expression profile of Rab27B 
in OC, IHC was initially performed in 103  OC samples, 
57 benign ovarian adenoid tumors and 44 borderline tumor 
samples. Positive immunostaining was primarily observed in 
carcinoma cells in the cytoplasm and the nucleus. According to 
the results of the IHC experiments, all of the OC samples were 
positive for Rab27B, while the expression levels were relatively 
lower in borderline tumors. Furthermore, Rab27B expression 
was barely detectable in benign adenoid tumors (Fig. 1).
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Rab27B expression is associated with certain OC clinicopatho-
logical features. In order to investigate the physiological and 
pathological associations between the expression of Rab27B in 
OC, the presence of Rab27B in various cancer grades and histo-
logical types is summarized in Table I. Rab27B was expressed 
at an increased level in poorly‑differentiated specimens 
compared with well‑differentiated specimens. It was identi-
fied that Rab27B expression was significantly associated with 
histological type (P=0.012), lymph node metastasis (P=0.024), 
distant metastasis (P<0.001), tumor grade (P=0.015) and tumor 
stage (P=0.001). However, there was no correlation between 
Rab27B expression and other prognostic factors, including age, 
unilateral or bilateral disease and ascites.

Elevated Rab27B expression predicts poor prognosis of 
OC. Univariate and multivariate analyses were performed 

in order to identify relevant prognostic factors for overall 
survival using the Cox proportional hazards model. 
Univariate analysis revealed that the following variables 
were significantly associated with a poorer prognosis: 
Rab27B expression (P<0.001), ascites (P=0.033), FIGO 
stage (P=0.001) and distant metastasis (P<0.001). In order to 
verify the accuracy of the results, multivariate analysis was 
performed by including significant (P<0.05) variables from 
the univariate analysis. However, the multivariate analysis 
revealed that only Rab27B expression (P<0.001) and distant 
metastasis (P=0.031) had independent prognostic effects on 
the overall survival of patients with OC (P<0.0001; Table II). 
Kaplan‑Meier survival curves revealed that OC patients with 
low or no Rab27B expression, and patients without distant 
metastasis, possessed a more favorable prognosis (Fig. 2A 
and B).

Figure 1. Immunohistochemically stained samples of malignant tumors, borderline tumors and benign adenoid tumors. (A‑D) Positive staining of Rab27B in 
malignant tumors. (E and F) Weak staining of Rab27B in borderline tumors. (G and H) Negative staining of Rab27B in benign adenoid tumors. (A, C, E and 
G), magnification x40, (B, D, F and H), magnification x400.
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Figure 2. Kaplan‑Meier survival curves revealed that OC patients with low or no Rab27B expression and patients without distant metastases possessed a more 
favorable prognosis. Correlation between patient survival rates and (A) the expression of Rab27B and (B) distant metastasis. 

  A   B

Table I. Associations between Rab27B cytoplasm expression and clinicopathological features.

	 Rab27B expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological feature	 n	 Low	 High	 χ2	 P‑value

Histological type				    10.972	 0.012a

  Serous carcinoma	 79	 33	 46
  Adenocarcinoma	 11	 6	 5
  Endometrioid	 4	 0	 4
  Other	 9	 8	 1
Age (years)				    2.979	 0.084
  <60	 61	 33	 28
  ≥60	 42	 14	 28
Unilateral or bilateral				    3.166	 0.075
  Unilateral	 65	 34	 31
  Bilateral	 38	 13	 25
Ascites				    0.941	 0.332
  No	 53	 26	 27
  Yes	 41	 16	 25
  Unknown	 9	 5	 4
Tumor grade				    5.941	 0.015a

  Low	 20	 14	 6
  High	 83	 33	 50
Lymph node metastasis				    4.619	 0.024a

  No metastasis	 82	 42	 40
  Metastasis	 21	 5	 16
Distant metastasis				    20.246	 <0.001a

  No metastasis	 54	 36	 18
  Metastasis	 49	 11	 38
Tumor stage				    14.667	 0.001a

  I	 49	 32	 17
  II	 6	 2	 4
  III	 48	 13	 35

Statistical analyses were performed by Pearson's χ2 test. aP<0.05 was considered to indicate a statistically significant difference.
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Discussion

Rab proteins are regulators of vesicular transport, which 
interconnect membrane‑bound organelles and have been 
hypothesized to have significant roles in the targeting, docking 
and fusion of vesicular carriers due to their specific acceptor 
compartments  (16). The majority of Rab proteins perform 
identical basic functions in all cells, whereas others are only 
observed in certain cell types, where they perform specialized 
functions. The Rab27 subfamily members, which include the 
homologues Rab27A and B, are 71% identical at the amino 
acid level and have been detected in several secretory tissues 
and hematopoietic cells (17‑19). Rab27B may enhance prolif-
eration under limiting serum concentrations, via increased 
G1‑S‑phase cell cycle transition. This functional response is 
Rab27B specific, and is dependent upon GTP binding and 
membrane anchorage (16). In the present study, in order to 
investigate the expression of Rab27B in ovary tissues, the 
immunoreactivity of Rab27B was evaluated in malignant 
ovarian tumors, borderline ovarian tumors and benign ovarian 
adenoid tumors. The results of the present study demonstrated 
that all of the OC samples were positive for Rab27B expression, 
while expression levels were relatively reduced in border-
line tumors. Furthermore, Rab27B expression was barely 

detectable in benign adenoid tumors. Thus, it was concluded 
that the expression levels of Rab27B increase in ovary tissues 
with the development of ovary tumors, and Rab27B expression 
levels may increase further with the occurrence of cancer.

A previous study revealed that Rab family members are 
closely associated with the progression of tumors (20). It has 
been demonstrated that Rab coupling protein contributes to 
the malignant progression of squamous cell carcinoma of 
the head and neck (SCCHN), and serves as a novel prog-
nostic marker in patients with SCCHN (20). Rab25 is able 
to inhibit apoptosis, as well as enhance the proliferation and 
invasion of tumor cells. Furthermore, Rab25 additionally 
demonstrated an association with the progression of breast 
cancer and OC (21‑23). Knockdown of Rab25 may reduce 
cell cycle progression and induce apoptosis in OC cells (24). 
A previous study additionally demonstrated that Rab35 was 
expressed at a high level in OC (25). Another previous study 
performed a detailed analysis in order to elucidate the corre-
lation between Rab27B expression and clinicopathological 
variables of OC (26). It was revealed that Rab27B expression 
was closely associated with the progression and tumor stage 
of hepatocellular carcinoma; furthermore, it was additionally 
demonstrated that patients with Rab27B positivity possessed 
significantly reduced overall survival (26). According to the 

Table II. Contribution of various potential prognostic factors to survival investigated by Cox regression analysis in 103 ovarian 
cancer specimens.

A, Univariate analysis

Variable	 Type	 Years	 Hazard ratio	 95% Confidence interval	 P‑value

Expression	 High vs. low	 5	 8.821	 4.171‑18.656	 <0.001a

Age	 <60 vs. ≥60	 5	 1.474	 0.832‑2.261	 0.183
Histology type	 Serous vs. others	 5	 0.912	 0.479‑1.771	 0.805
Ascites	 Yes vs. no	 5	 1.894	 1.052‑3.480	 0.033a

Differentiation	 High grade vs. low grade	 5	 1.904	 0.808‑4.482	 0.141
FIGO stage	 FIGO I‑II vs. FIGO III	 5	 2.755	 1.544‑4.987	 0.001a

Lymph nodes metastasis	 No metastasis vs. metastasis	 5	 1.543	 0.801‑2.972	 0.195
Unilateral or bilateral	 Unilateral vs. bilateral	 5	 0.025	 1.083‑3.375	 1.912
Distant metastasis	 Metastasis vs. no metastasis	 5	 4.188	 2.264‑7.748	 <0.001a

B, Multivariate analysis

Variable	 Type	 Years	 Hazard ratio	 95% Confidence interval	 P‑value

Expression	 High vs. low	 5	 8.471	 3.526‑20.350	 <0.001a

Age	 <60 vs. ≥60	 5	 0.709	 0.364‑1.383	 0.313
Histology type	 Serous vs. others	 5	 1.839	 0.893‑3.790	 0.098
Ascites	 Yes vs. no	 5	 1.44	 0.716‑2.895	 0.306
Differentiation	 High grade vs. low grade	 5	 1.132	 0.394‑3.252	 0.818
FIGO stage	 FIGO I‑II vs. FIGO III	 5	 1.269	 0.535‑3.009	 0.589
Lymph nodes metastasis	 No metastasis vs. metastasis	 5	 0.961	 0.479‑1.925	 0.910
Unilateral or bilateral	 Unilateral vs. bilateral	 5	 0.874	 0.437‑1.747	 0.702
Distant metastasis	 Metastasis vs. no metastasis	 5	 2.622	 1.091‑6.302	 0.031a

aP<0.05. FIGO; International Federation of Gynecology and Obstetrics.
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results of the present study, Rab27B was expressed at a higher 
level in poorly‑differentiated specimens compared with 
well‑differentiated specimens. The expression of Rab27B 
was additionally associated with histological type, tumor 
grade and tumor stage. Thus, the present study suggested that 
Rab27B may be a significant factor for identification of the 
severity of OC.

It is known that tumor invasion and metastasis is the 
cause of the majority of cancer‑associated mortalities. A 
previous study revealed that Rab27B was upregulated in 
breast cancer, and this upregulation coincided with lymph 
node metastasis and acquisition of a poor prognostic pheno-
type (27). An in vitro experiment demonstrated that breast 
cancer cells with Rab27B overexpression formed cellular 
extensions and a spreading morphology, and possessed a 
significantly increased ability to invade Matrigel and native 
type I collagen substrates (28). This invasion was evidenced 
by increased tumor volume, tumor weight and Ki67 prolif-
eration index in xenograft models (28). In the present study, it 
was identified that patients with increased Rab27B expression 
were more likely to have lymph node and distant metastases. 
This finding may assist with the identification of patients who 
require chemotherapy or radiotherapy. In light of the results 
of the present study, it was hypothesized that Rab27B may be 
a novel predictor of metastasis in OC patients.

Clinically elevated levels of Rab27B expression were 
observed to be associated with poor prognosis in patients 
with bladder cancer (29). Furthermore, Rab27B has addi-
tionally been identified as a predictor of prognosis in 
gastrointestinal stromal tumors (30). In the present study, 
the mean 5‑year survival rate of all patients with OC (n=52) 
was 50%. When the samples were divided into two groups 
according to the expression of Rab27B [score of 1 (0‑4.5) 
and score of 2 (4.5‑9] the survival rate decreased along with 
the staining intensity. The Kaplan‑Meier curve revealed a 
cumulative 5‑year survival rate of 80% for patients with low 
expression of Rab27B compared with 29.1% for patients with 
high expression of Rab27B. The results of the present study 
indicated that Rab27B‑positive tumors were significantly 
correlated with poor overall survival. Multivariate analysis 
revealed that OC patients with increased Rab27B expression 
and distant metastases possessed more negative survival 
outcomes compared with those expressing lower levels of 
Rab27B. The results of the present study were consistent with 
previous findings demonstrating that upregulated Rab27B 
expression is a poor prognostic factor, suggesting the clinical 
value of Rab27B for assessment of the prognosis of OC 
patients, meaning that Rab27B may be a novel and significant 
prognostic marker for OC patients.

OC is a common gynecological malignancy and a 
significant cause of cancer‑associated mortality among 
women (31). Although 6% of all cancer‑associated mortali-
ties in women are caused by OC, survival rates have not 
improved significantly over the past decade  (32). Despite 
advances in therapeutic methods, the prognosis of patients 
with OC remains poor, particularly for those with FIGO 
stage Ⅲ and Ⅳ disease. The recurrence time is frequently 
<2 years. The 5‑year survival rate for FIGO stage III disease 
is 20‑25% (33,34). Therefore, the identification of factors 
associated with prognosis and clinical stage would be of value 

for the development of novel therapies and improvement of 
survival rates.

To the best of our knowledge, the current study is the 
first to examine Rab27B expression in OC. The present 
study identified that Rab27B was upregulated in OC, and 
Rab27B overexpression was significantly correlated with 
tumor progression and poor survival rate. This indicated that 
Rab27B may serve as a specific and novel prognostic marker 
in OC. However, additional studies are required in order to 
determine the underlying molecular mechanism of Rab27B 
involvement in OC progression and prognosis. This may lead 
to future development of novel approaches to the treatment of 
OC by targeting Rab27B, allowing effective tumor manage-
ment.
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