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High expression of Rab25 contributes 
to malignant phenotypes and biochemical 
recurrence in patients with prostate cancer 
after radical prostatectomy
Chunhui Hu1, Beibei Chen2, Yibin Zhou1 and Yuxi Shan1*

Abstract 

Background:  Ras-related protein 25 (Rab25) functions either as an oncogene or a tumor suppressor with a cancer 
type-dependent manner. We aimed to investigate clinical significance of Rab25 in prostate cancer (PCa).

Methods:  Quantitative real-time polymerase chain reaction, Western blot and immunohistochemistry were respec-
tively performed to detect Rab25 mRNA and protein expression in PCa and adjacent non-cancerous prostate tissues. 
Receiver-operating characteristic curve analysis was used to evaluate predictive diagnostic value of Rab25. Associations 
of Rab25 expression with various clinicopathological characteristics and biochemical recurrence-free survival of PCa 
patients were statistically evaluated. In vitro, PCa cell proliferation was assessed by CCK-8 assay, and the cell migration 
and invasion activities were evaluated by Transwell assay, following the transfection of Rab25 small interfering RNA.

Results:  Ras-related protein 25 mRNA and protein expression in PCa tissues were both significantly higher than adja-
cent non-cancerous prostate tissues (both P < 0.001). The area under the curve of Rab25 immunoreactive score (IRS) 
was 0.896 (P < 0.001) with 74.0% sensitivity and 95.0% specificity. High Rab25 IRS was significantly associated with 
high Gleason score (P = 0.02) and distant metastasis (P = 0.01). PCa patients with high Rab25 IRS had shorter overall 
and biochemical recurrence-free survivals than those with low Rab25 IRS (both P < 0.001). Cox regression analysis 
identified Rab25 as an independent biomarker for both overall and biochemical recurrence-free survivals of PCa 
patients. By exploring its activities in vitro, Rab25 downregulation was found to inhibit PCa cell proliferation, migration 
and invasion.

Conclusions:  High expression of Rab25 may contribute to malignant progression and biochemical recurrence of PCa 
patients after radical prostatectomy.
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Background
Prostate cancer (PCa), as one of the most frequent malig-
nancies in male who are older than 50 years of age, rep-
resents the second leading cause of death from cancer 
among men [1]. Statistically, there are more than 200,000 
newly diagnosed cases with PCa annually throughout 

the world [2]. Although a number of PCa patients can 
be diagnosed at an early stage and low-risk disease may 
exert no impact on patients’ life expectancy, it is a great 
challenge to develop effective strategies to treat metas-
tasis and biochemical recurrence of PCa which cannot 
be treated by surgery or adjuvant therapies [3]. Various 
clinicopathological characteristics, such as serum pros-
tate specific antigen (PSA) level, clinical stage and Glea-
son score (GS), offer a contribution to make a treatment 
decision before the administration of an intervention [4]. 
However, it often leads to controversial results due to the 
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lack of reliable molecular biomarkers which are closely 
correlated with the clinicopathological characteristics of 
PCa and can be used to efficiently distinguish the patients 
with high-risk PCa from insignificant disease [5]. There-
fore, it is urgently needed to identify novel and effect 
diagnostic and prognostic biomarkers for this cancer.

Ras-related protein 25 (Rab25, also named as Rab11c 
and Catx-8), together with Rab11a and Rab11b, was 
identified in 1993 as a member of the Rab small GTPase 
family [6]. Rab25 functions as an intracellular transport 
protein which plays a crucial role in selectively regulating 
apical recycling and/or transcytosis pathways [7]. Accu-
mulating studies have shown the aberrant expression of 
Rab25 in various human cancers and also indicated its 
associations with carcinogenesis, cancer progression and 
patients’ outcome [8–16]. Rab25 is frequently amplified 
in head and neck tumors [8], gastric cancer [9], ovarian 
cancer [10], cervical cancer [11], bladder cancer [12] and 
renal cancer [13], but is downregulated in esophageal 
cancer [14], breast cancer [15] and colorectal cancer [16]. 
Functionally, it acts either as an oncogene or a tumor 
suppressor with a cancer-specific manner.

Recently, Kessler et  al. [17] observed the overexpres-
sion of Rab25 in acinar adenocarcinoma of the prostate 
obtained from nine random patients by immunohis-
tochemistry. To determine the expression patterns of 
Rab25 protein and gene in PCa tissue specimens, and 
to investigate its clinical significance, quantitative real-
time polymerase chain reaction and Western blot analy-
ses were respectively performed to detect the expression 
of Rab25 mRNA and protein using 20 pairs of PCa and 
adjacent non-cancerous prostate tissues. Immunohis-
tochemistry was performed to examine the subcellular 
localization and the expression of Rab25 protein in 100 
pairs of PCa and adjacent non-cancerous prostate tis-
sues. Receiver-operating characteristic curve analysis was 
used to evaluate predictive diagnostic value of Rab25. Chi 
square test was then used to evaluate the associations 
between Rab25 expression and various clinicopathologi-
cal characteristics. Kaplan–Meier and Cox proportional 
hazards regression models were used to assess the prog-
nostic value of Rab25 expression in PCa patients. In vitro, 
PCa cell proliferation was assessed by CCK-8 assay, and 
the cell migration and invasion activities were evaluated 
by Tanswell assay, following the transfection of Rab25 
small interfering RNA (siRNA).

Methods
Patients and tissue samples
Our study was approved by the Ethics Committees of the 
Second Affiliated Hospital of Soochow University and 
Huai’an First People’s Hospital. Informed consent was 
obtained from all patients prior to the sample collection 

based on the guidelines of the Second Affiliated Hospital 
of Soochow University and Huai’an First People’s Hospi-
tal. All tissue specimens were handled and made anony-
mous according to the ethical and legal standards.

For quantitative real-time polymerase chain reaction 
and Western blot analyses, 20 pairs of PCa and adjacent 
non-cancerous prostate tissues were obtained from 20 
patients with primary PCa diagnosed at the Department 
of Urology Surgery in the Second Affiliated Hospital of 
Soochow University and Huai’an First People’s Hospi-
tal between August 2014 and July 2015. Ages of these 
patients varied from 42 to 86 years (median, 66 years). All 
the specimens were biopsy materials and frozen in liquid 
nitrogen immediately, then the samples were stored at 
−80 °C for RNA or protein extraction.

For immunohistochemistry analysis, a total of 100 par-
affin-embedded PCa and adjacent non-cancerous pros-
tate tissues were obtained from 100 patients with primary 
PCa diagnosed at the Department of Urology Surgery in 
the Second Affiliated Hospital of Soochow University and 
Huai’an First People’s Hospital between January 2000 and 
December 2005. Ages of these patients varied from 46 to 
82 years (median, 66 years). After radical prostatectomy, 
all 100 PCa patients received a follow-up of 60 months. 
The follow-up information was obtained via a telephone 
or questionnaire and was updated every 3 months. Bio-
chemical recurrence was defined by an elevation of 
serum PSA level at 3 consecutive measurements. The 
overall survival time was defined as the time from day of 
surgery to the day of death. The biochemical recurrence-
free survival time was defined as the time from day of 
surgery to the day of biochemical recurrence. Patients 
who died from other diseases or accident were excluded 
from case collection.

All the PCa patients had not received chemotherapy, 
radiation therapy, or androgen deprivation before sur-
gery. The diagnosis was confirmed by two pathologists 
who were blinded to the clinical information. Tumor and 
clinical stages were defined according to the criteria of 
the 2002 TNM Classification [18] and the Gleason sys-
tem [19]. The clinical characteristics of all PCa patients, 
including age at diagnosis, preoperative serum PSA level, 
clinical stage, GS and distant metastasis, were summa-
rized in Table 1.

Cell culture and transfection
One human PCa cell line LNCaP and one normal human 
prostate epithelial cell line PrEC were purchased from 
American Type Culture Collection (ATCC). The cells 
were cultured in RPMI-1640 mediums with 10% fetal 
bovine serum (FBS, Invitrogen, USA), 100 units/ml peni-
cillin, and 100 μg/ml streptomycin, and were incubated at 
37 °C in a humidified atmosphere of 5% CO2.
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To knockdown Rab25 expression, LNCaP cells 
were transfected with 100  nM Rab25 siRNA (Ther-
moFisher, USA) using Lipofectamine 2000 (Invitrogen, 
USA) according to the manufacturer’s instructions. 
Transfection efficiency was evaluated at 24  h after the 
transfection.

Quantitative real‑time polymerase chain reaction
Expression levels of Rab25 mRNA in 20 pairs of PCa and 
adjacent non-cancerous prostate tissues were detected 
by quantitative real-time polymerase chain reaction. 
Total RNAs were isolated using TRIzol Reagent (Life 
Technologies Corporation, Carlsbad, CA, USA) accord-
ing to the users’ protocol. Then, cDNA was synthesized 
by RNA reverse transcription using PrimeScript RT-PCR 
Kit (Takara Bio, TBUSA, formerly Clontech Laborato-
ries, Inc., Mountain View, CA, USA) according to the 
users’ protocol. The real-time polymerase chain reaction 
was performed using the Applied Biosystems 7500 Fast 
Real-Time PCR System (Applied Biosystems, Foster City, 
California, USA). GAPDH was used as an internal refer-
ence gene for Rab25. The primer sequences were as fol-
lowing: for Rab25 mRNA: forward 5′- TCG CTG AAA 
ACA ATG GAC TGC TCT T -3′, reverse 5′- ATT GGT 
CCG GAT GCT GTT CTG TCT CT -3′; for GAPDH: 
forward 5′- ATG GAA ATC CCA TCA CCA TCT T -3′, 
reverse 5′- CGC CCC ACT TGA TTT TGG -3′. Relative 

quantification of target mRNA expression was evalu-
ated using the comparative cycle threshold (CT) method. 
Each sample was examined in triplicate.

Western blot analysis
Expression levels of Rab25 protein in 20 pairs of PCa and 
adjacent non-cancerous prostate tissues were detected by 
Western blot analysis. Proteins were extracted from tis-
sue specimens using radio-immunoprecipitation assay 
buffer. The protein concentration was determined by the 
Bradford assay (Bio-Rad, California, USA) using a BCA 
Protein Assay Kit (Beyotime, Haimen, China). The pro-
tein samples were separated by 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred onto polyvinylidene difluoride membranes 
(Qiagen China Co., Ltd.). Then, the membranes were 
incubated with the primary antibodies: anti-Rab25 (dilu-
tion 1:500, Mouse monoclonal, #ab106175, Abcam Inc, 
MA, USA) and anti-GAPDH (dilution 1:1000, Mouse 
monoclonal, #ab8245, Abcam Inc, MA, USA), after 
blocking with 8% milk in phosphate-buffered saline (PBS; 
pH 7.5). After that, the membranes were incubated with 
the appropriate horseradish peroxidase (HRP)-conju-
gated secondary antibodies (dilution 1:1000, # ab131368, 
Abcam Inc, MA, USA) after the incubation at 4 °C over-
night. A Western Bright ECL kit (Advansta, Menlo Park, 
CA) was used for the detection of HRP in the antigen–
antibody complex, and protein bands were detected by 
using an enhanced chemiluminescence system (Amer-
sham Bioscience, Piscataway, NJ). Each sample was 
examined in triplicate.

Immunohistochemistry
Expression pattern and subcellular localization of Rab25 
protein in 100 pairs of PCa and adjacent non-cancer-
ous prostate tissues were examined by immunohisto-
chemistry analysis. Paraffin-embedded sections were 
deparaffinized in xylene and rehydrated with different 
concentrations of alcohol. The endogenous peroxidase 
activities was blocked using 0.3% hydrogen peroxide 
for 30  min. Then, the sections were incubated with the 
primary antibody to Rab25 protein (dilution 1:250, 
Mouse monoclonal, #ab106175, Abcam Inc, MA, USA) 
at 4  °C overnight. After that, the sections were incu-
bated with HRP-conjugated secondary antibody (dilu-
tion 1:500, #ab131368, Abcam Inc, MA, USA) for 1  h 
at room temperature. After washing with phosphate 
buffered saline (PBS), the sections were incubated with 
3, 3′-diaminobenzidine tetrahydrochloride (DAB), and 
counter-stained with hematoxylin, dehydrated, and cov-
erslipped. For the negative control, the primary antibody 
was replaced by PBS. For the positive control (Addi-
tional file  1: Figure S1), the renal cell carcinoma (RCC) 

Table 1  Clinicopathologic characteristics of  all PCa 
patients

Characteristics Experiment type

Immunohisto‑
chemistry

Quantitative  
real-time polymerase 
chain reaction/ 
western blot

Prostate cancer (cases) 100 20

Age (years)

 ≤66 38 8

 >66 62 12

Preoperative serum PSA levels (ng/ml)

 <4 20 5

 ≥4 80 15

Clinical stage

 T1 + T2 52 12

 T3 + T4 48 8

Gleason score

 <7 52 11

 ≥7 48 9

Metastasis 10 2

 Adjacent non-cancerous 
prostate tissue (cases)

100 20
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tissues were used, since a previous study of Liu et al. [20] 
observed the over-expression of Rab25 protein in RCC 
tissues.

Two independent pathologists, who were both blinded 
to the patient background, were invited to evaluate 
immunohistochemical results of Rab25 protein based 
on staining intensity and positive cells’ percentage as 
described in previous studies [21]. Briefly, staining inten-
sity was scored as follows: negative-‘0’, weakly positive-‘1’, 
moderately positive-‘2’, and strongly positive-‘3’. The 
percentage of Rab25-positive cells was scored as 0%- ‘0’, 
1–25%-‘1’, 26–50%-‘2’, and >50%-‘3’. The immunoreactive 
score (IRS) of Rab25 protein for each tissue section was 
calculated by multiplying the intensity and the percent-
age scores, and ranged from 0 to 9. For statistical anal-
ysis, all 100 PCa patients were divided into two groups 
using the median value of Rab25 protein as a cutoff point: 
low Rab25 group (score 0–4.0), and high Rab25 group 
(score 4.0–9.0).

Cell proliferation assay
Cell proliferation of LNCaP cells with or without Rab25 
siRNA transfection was assessed using the Cell Counting 
Kit-8 (CCK-8, Dojindo, Kumamoto, Japan) per the manu-
facturer’s instructions. The number of viable cells was 
measured with the absorbance at 450 nm.

Cell invasion and migration assays
Cell invasion and migration abilities of LNCaP cells with 
or without Rab25 siRNA transfection were evaluated by 
the transwell assay using the transwell chambers with or 
without coated-Matrigel (8 μm, 24-well insert; Corning, 
Lowell, MA, USA) per the manufacturer’s instructions. 
PCa cells that invaded or migrated into the lower cham-
bers were fixed with methanol, stained with crystal vio-
let, and counted in six random fields.

Statistical analysis
All statistical analyses were performed using the soft-
ware of SPSS (version 11.0, SPSS Inc, IL, USA). Data 
were shown as mean ± standard deviation. P values less 
than 0.05 were considered statistically significant. The 
differences between two groups were analyzed using 
Student’s t test. Receiver operating characteristic (ROC) 
curves were established to evaluate the diagnostic value 
of Rab25 expression. The associations of Rab25 expres-
sion with PCa patients’ clinicopathologic characteristics 
were evaluated using the χ2 test. The correlation between 
Rab25 mRNA and protein expression in PCa tissues 
was determined by Spearman Correlation analysis. The 
Kaplan–Meier survival curves were used to determine 
any significant relationships between Rab25 protein 

expression, and overall survival and biochemical recur-
rence-free survival.

Results
Overexpression of Rab25 mRNA and protein in human PCa 
tissues and cells
Expression levels of Rab25 mRNA were both significantly 
higher in PCa tissues and LNCaP cells than those in adja-
cent non-cancerous prostate tissues and PrEC cells (cancer 
vs. normal: 3.19 ± 1.03 vs. 1.15 ± 0.51, P < 0.001; LNCaP 
vs. PrEC: 2.90 ± 0.51 vs. 1.09 ± 0.07, P = 0.004; Fig. 1a), 
which was consistent with the data on Rab25 protein 
obtained from Western blot analysis (cancer vs. normal: 
2.89 ±  0.96 vs. 0.95 ±  0.50, P  <  0.001; LNCaP vs. PrEC: 
3.08 ± 0.43 vs. 1.09 ± 0.07, P = 0.001, Fig. 1b). In addition, 
we also detected the expression levels of Rab25 protein in 
only five PIN tissues using Western blot analysis. As shown 
in Fig. 1c, Rab25 protein expression in PIN tissues was sig-
nificantly higher than non-cancerous prostate tissues (PIN 
vs. non-cancerous: 1.44 ± 0.30 vs. 0.95 ± 0.50, P = 0.046), 
but were dramatically lower than those in PCa tissues (PIN 
vs. PCa: 1.44 ±  0.30 vs. 2.89 ±  0.96, P =  0.003). Due to 
the small cohort of PIN group, the future validation using 
a large cohort is required. Moreover, the expression levels 
of Rab25 mRNA in PCa tissues were positively correlated 
with those of Rab25 protein in PCa tissues (r  =  0.674; 
P = 0.003; Fig. 1d).

Furthermore, the moderately or strongly positive 
immunostainings of Rab25 protein were observed in the 
cytoplasm of cancer cells in PCa tissues, while there was 
only weak or negative immunostainings of Rab25 pro-
tein shown in adjacent non-cancerous prostate tissues 
(Fig.  2a). Statistically, the IRS of Rab25 protein showed 
a significant increase in PCa tissues compared with 
adjacent non-cancerous prostate tissues (cancer vs. nor-
mal: 5.43 ± 2.75 vs. 1.65 ± 1.26, P < 0.001, Fig. 2b). The 
area under the curve (AUC) of Rab25 IRS at the cutoff 
point 4.0 was 0.896 (P  <  0.001, 95% confidence inter-
val  =  0.845–0.934) with 74.0% sensitivity and 95.0% 
specificity (Fig. 2c).

Overexpression of Rab25 associates with aggressive 
progression of PCa patients
The median value of Rab25 IRS was used as a cutoff point 
to divide all 100 PCa patients into high-Rab25 (n = 52) 
and low-Rab25 (n = 48) expression groups. As shown in 
Table  2, PCa patients with high Rab25 more frequently 
had high Gleason score (P =  0.01) and positive distant 
metastasis (P = 0.01) than those with low Rab25 expres-
sion. There were no significant associations between 
Rab25 IRS and patients’ age, preoperative serum PSA lev-
els and clinical stage (all P > 0.05, Table 2).
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Prognostic value of Rab25 protein expression in PCa 
patients
Kaplan–Meier curve analyses revealed that both over-
all survival and biochemical recurrence-free sur-
vival of PCa patients with high Rab25 expression were 

Fig. 1  Overexpression of Rab25 mRNA and protein in human PCa tissues and cells. a Expression levels of Rab25 mRNA in 20 pairs of PCa and adja-
cent non-cancerous prostate tissues, LNCaP and PrEC cells were detected by quantitative real-time polymerase chain reaction; b expression levels 
of Rab25 protein in 20 pairs of PCa and adjacent non-cancerous prostate tissues, LNCaP and PrEC cells were detected by Western blot analysis; c 
expression levels of Rab25 mRNA in PCa tissues were positively correlated with those of Rab25 protein in PCa tissues. Note ‘N’ refers to adjacent non-
cancerous prostate tissues

Fig. 2  Immunohistochemical results of Rab25 protein in human PCa 
tissues and adjacent non-cancerous prostate tissues. a Immunostain-
ings of Rab25 protein PCa and adjacent non-cancerous prostate 
tissues. b Statistically, the IRS of Rab25 protein showed a significant 
increase in PCa tissues compared with adjacent non-cancerous pros-
tate tissues (cancer vs. normal: 5.43 ± 2.75 vs. 1.65 ± 1.26, P < 0.001). 
c The ROC of Rab25. The area under the curve (AUC) of Rab25 IRS at 
the cutoff point 4.0 was 0.896 (P < 0.001, 95% confidence inter-
val = 0.845–0.934) with 74.0% sensitivity and 95.0% specificity

Table 2  Association of Rab25 protein expression with vari-
ous clinicopathologic characteristics of 100 PCa patients

Clinical variables High-Rab25 (n, %) Low-Rab25 (n, %) P

Age (years)

 ≤66 18 (47.4) 20 (52.6) NS

 >66 34 (54.8) 28 (45.2)

Preoperative serum PSA levels (ng/ml)

 <4 10 (50.0) 10 (50.0) NS

 ≥4 42 (52.5) 38 (47.5)

Clinical stage

 T1 + T2 30 (57.7) 22 (42.3) NS

 T3 + T4 22 (45.8) 26 (54.2)

Gleason score

 <7 16 (30.8) 36 (69.2) 0.01

 ≥7 36 (75.0) 12 (25.0)

Metastasis 0.01

 Negative 43 (47.8) 47 (52.2)

 Positive 9 (90.0) 1 (10.0)
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significantly shorter than those with low Rab25 expres-
sion (both P  <  0.001, Fig.  3). Moreover, univariate 
analyses found that overall survival and biochemical 
recurrence-free survival of PCa patients were both sig-
nificantly associated with clinical stage (both P < 0.001), 
Gleason score (both P  =  0.01), status of metastasis 
(both P =  0.006) and Rab25 expression (P =  0.01 and 
0.02, respectively).

Furthermore, Cox proportional hazards multivariate 
analyses of the univariate predictors identified clinical 
stage (P  =  0.006 and 0.01, respectively), Gleason score 
(both P = 0.03), status of metastasis (both P = 0.01) and 
Rab25 expression (P  =  0.02 and 0.03, respectively) as 
independent prognostic factors for overall survival and 
biochemical recurrence-free survival (Table 3).

Knockdown of Rab25 inhibits cell proliferation, invasion 
and migration of PCa cells in vitro
Following the transfection of Rab25 siRNA, the expres-
sion levels of Rab25 protein in LNCaP cells were signifi-
cantly decreased (P = 0.009, Fig. 4a). As shown in Fig. 4b, 
c, the cell proliferation, invasion and migration abilities 
of LNCaP cells with Rab25 siRNA transfection were dra-
matically lower than those with control siRNA transfec-
tion (all P < 0.05).

Discussion
In the current study, the expression of Rab25, at both 
mRNA and protein levels, were evaluated based on a 
large cohort of PCa patients using paired PCa and adja-
cent normal prostate tissues. Our data not only con-
firmed the Rab25 specific overexpression in PCa tissues, 
but also revealed its cytoplasmic localization in PCa cells. 
Importantly, high expression of Rab25 protein was dra-
matically associated with high Gleason score, the pres-
ence of distant metastasis, poor overall survival and 
biochemical recurrence-free survival. To the best of our 
knowledge, these findings imply for the first time that 
Rab25 might be a potential marker for early diagnosis 
and unfavorable prognosis in PCa patients.

Ras-related protein 25, as a member of Rab GTPases 
that are the largest subfamily of small GTPases, contains 

Fig. 3  Kaplan-Meier curves of overall survival (a) and biochemical 
recurrence-free survival (b) of patients with PCa stratified by the IRS 
of Rab25 protein

Table 3  Multivariate analysis of  the impact of  variables 
on  biochemical recurrence-free survival and  overall sur-
vival in PCa patients

Variable P Odds ratio

Overall survival

 Clinical stage

  T1 + T2 vs. T3 + T4 0.006 6.98

 Gleason score

  <7 vs. ≥7 0.03 2.82

 Metastasis

  Negative vs. positive 0.01 4.16

 Rab25 expression

  Low vs. high 0.02 3.09

Biochemical recurrence-free survival

 Clinical stage

  T1 + T2 vs. T3 + T4 0.01 4.09

 Gleason score

  <7 vs. ≥7 0.03 2.50

 Metastasis

  Negative vs. positive 0.01 4.38

 Rab25 expression

  Low vs. high 0.03 2.28
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a different GTP-binding sequence (WDTAGLE), which 
is different from other Rab members [22]. Rab GTPases 
play a role in regulating intracellular vesicle transport 
and protein trafficking, and in maintaining epithelial 
cell polarity program, which are essential hallmarks of 
cancer [23]. The involvement of Rab25 in human cancer 
was originally reported by He et  al. [24] who found the 
upregulation of six human Rab GTPases in liver can-
cer. After that, accumulating studies have revealed the 
aberrant expression of Rab25 and its associations with 
development, progression and prognosis of numer-
ous types of human cancers. For example, Cao et al. [9] 
showed the overexpression of Rab25 protein in gastric 
cancer compared to adjacent normal gastric tissues by 

immunohistochemistry and Western blot, and also con-
firmed that it promoted the invasion and metastasis of 
gastric cancer; Mitra et  al. [15] substantiated a striking 
context dependent role of Rab25 in breast cancer where 
Rab25 may be amplified and enhanced aggressiveness in 
luminal B cancers while in claudin-low tumors, Rab25 
may be lost implying possible anti-tumor functions; 
Zhang et  al. [12] indicated that Rab25 may promote 
metastasis of bladder cancer via inducing the epithelial-
mesenchymal-transition process and activating Akt/
GSK-3β/Snail signaling pathway; Li et  al. [13] revealed 
that high levels of Rab25 expression were correlated with 
renal cell carcinoma invasion classification, lymph-node 
metastasis and pathological stage; Liu et  al. [20] also 

Fig. 4  Knockdown of Rab25 inhibits cell proliferation, invasion and migration of PCa cells in vitro. a Rab25 protein expression in LNCaP cells 
transfected with Rab25-siRNA were significantly lower than that transfected with control-siRNA (P = 0.009); b, c the cell proliferation, invasion and 
migration abilities of LNCaP cells with Rab25 siRNA transfection were dramatically lower than those with control siRNA transfection (all P < 0.05). 
Note ‘si-Rab25’ refers to Rab25 siRNA; ‘si-NC’ refers to normal control siRNA
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identified Rab25 as a potential prognostic biomarker in 
clear cell renal cell carcinoma; Geng et al. [25] found that 
Rab25 was overexpressed in human hepatocellular carci-
noma and may contribute to cancer cell proliferation and 
invasion possibly through regulation of the Wnt signaling 
pathway; Ma et al. [26] indicated that Rab25 expression 
was a potential prognostic index for advanced non-small 
cell lung cancer patients and its inhibition might improve 
chemosensitization in non-small cell lung cancer treat-
ment. In contrast, the data of Te′llez-Gabriel et  al. [14] 
supported a tumor suppressor role for Rab25 in head 
and neck squamous cell carcinoma and its potential use 
to identify locally advanced patients with a high prob-
ability of survival after genotoxic treatment; Goldenring 
et al. [16] reported that colorectal adenocarcinomas with 
low Rab25 correlated with shorter patient survival. In the 
current study, our data demonstrated that Rab25 overex-
pression was associated with malignant clinicopathologic 
characteristics and poor prognosis in PCa patients. These 
findings suggest the context dependent roles of Rab25 in 
various human cancers which may be caused by the het-
erogeneity of carcinogenesis in different tissues.

Since Rab25 mRNA and protein expression in PCa tis-
sues and cells were distinctly higher than those in non-
cancerous prostate tissues and normal prostate epithelial 
cells, and its overexpression associated with aggressive 
clinical progression and poor patients’ prognosis, we 
hypothesized Rab25 might function as an oncogene in 
PCa. Therefore, we investigated whether the knockdown 
of Rab25 in PCa cells could influence the abilities of cell 
proliferation, invasion and migration. The results showed 
that cell growth, invasion and migration were all inhib-
ited in PCa cells transfected with Rab25 siRNA compared 
with the cells transfected with control siRNA.

Conclusions
Our data offer the convincing evidence that high expres-
sion of Rab25 may contribute to malignant progression 
and biochemical recurrence of PCa patients after radical 
prostatectomy. The exact mechanisms must be further 
studied.

Abbreviations
PCa: prostate cancer; PSA: prostate-specific antigen; GS: Gleason score; Rab25: 
Ras-related protein 25; CT: cycle threshold; SDS-PAGE: sodium dodecyl sulfate 
polyacrylamide gel electrophoresis; PBS: phosphate buffered saline; DAB: 
3,3′-diaminobenzidine tetrahydrochloride; IRS: immunoreactive score.

Additional file

Additional file 1: Figure S1. Representative image of Rab25 protein 
immunostaining in a RCC tissue.

Authors’ contributions
YS: participated in study design and coordination, analysis and interpretation 
of data, material support for obtained funding, and supervised study. CH: 
performed most of the experiments and statistical analysis and drafted the 
manuscript. Other author: carry out the experiments and sample collection. 
All authors read and approved the final manuscript.

Author details
1 Department of Urology, The Second Affiliated Hospital of Soochow Univer-
sity, Suzhou 215004, China. 2 Department of Intensive Care Unit, Huai’an First 
People’s Hospital, Huai’an 223300, Jiangsu, China. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
Our study was approved by the Ethics Committees of the Second Affiliated 
Hospital of Soochow University and Huai’an First People’s Hospital. Informed 
consent was obtained from all patients prior to the sample collection based 
on the guidelines of the Second Affiliated Hospital of Soochow University and 
Huai’an First People’s Hospital. All tissue specimens were handled and made 
anonymous according to the ethical and legal standards.

Received: 2 December 2016   Accepted: 20 March 2017

References
	1.	 Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. Cancer J Clin. 

2014;64:9–12.
	2.	 Lanchon C, Shariat SF, Rouprêt M. The role for surgery in high-risk pros-

tate cancer. Wien Med Wochenschr. 2015;165:395–400.
	3.	 Wadosky KM, Koochekpour S. Therapeutic rationales, progresses, 

failures, and future directions for advanced prostate cancer. Int J Biol Sci. 
2016;12:409–26.

	4.	 Wang D, Yang T, Zou Y, Yang X. Analysis of the correlationship between 
prostate specific antigen related variables and risk factor in patients with 
prostate carcinoma. Cancer Transl Med. 2015;1(3):77–9.

	5.	 Dimakakos A, Armakolas A, Koutsilieris M. Novel tools for prostate cancer 
prognosis, diagnosis, and follow-up. Biomed Res Int. 2014;2014:890697.

	6.	 Goldenring JR, Shen KR, Vaughan HD, Modlin IM. Identification of a small 
GTP-binding protein, Rab25, expressed in the gastrointestinal mucosa, 
kidney, and lung. J Biol Chem. 1993;68:18419–22.

	7.	 Casanova JE, Wang X, Kumar R, Bhartur SG, Navarre J, Woodrum JE, Alts-
chuler Y, Ray GS, Goldenring JR. Association of Rab25 and Rab11a with 
the apical recycling system of polarized Madin-Darby canine kidney cells. 
Mol Biol Cell. 1999;10:47–61.

	8.	 Mitra S, Molina J, Mills GB, Dennison JB. Characterization of the role Rab25 
in energy metabolism and cancer using extracellular flux analysis and 
material balance. Methods Mol Biol. 2015;1298:195–205.

	9.	 Cao C, Lu C, Xu J, Zhang J, Zhang J, Li M. Expression of Rab25 correlates 
with the invasion and metastasis of gastric cancer. Chin J Cancer Res. 
2013;25:192–9.

	10.	 Gomez-Roman N, Sahasrabudhe NM, McGregor F, Chalmers AJ, Cassidy J, 
Plumb J. Hypoxia-inducible factor 1 alpha is required for the tumouri-
genic and aggressive phenotype associated with Rab25 expression in 
ovarian cancer. Oncotarget. 2016;7:22650–64.

	11.	 Nikoshkov A, Broliden K, Attarha S, Sviatoha V, Hellström AC, Mints M, 
Andersson S. Expression pattern of the PRDX2, RAB1A, RAB1B, RAB5A 
and RAB25 genes in normal and cancer cervical tissues. Int J Oncol. 
2015;46:107–12.

	12.	 Zhang J, Wei J, Lu J, Tong Z, Liao B, Yu B, Zheng F, Huang X, Chen Z, Fang Y, Li 
B, Chen W, Xie D, Luo J. Overexpression of Rab25 contributes to metastasis of 
bladder cancer through induction of epithelial-mesenchymal transition and 
activation of Akt/GSK-3β/Snail signaling. Carcinogenesis. 2013;34:2401–8.

http://dx.doi.org/10.1186/s12935-017-0411-0


Page 9 of 9Hu et al. Cancer Cell Int  (2017) 17:45 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

	13.	 Li Y, Jia Q, Zhang Q, Wan Y. Rab25 upregulation correlates with the prolif-
eration, migration, and invasion of renal cell carcinoma. Biochem Biophys 
Res Commun. 2015;458:745–50.

	14.	 Téllez-Gabriel M, Arroyo-Solera I, León X, Gallardo A, López M, Céspedes 
MV, Casanova I, López-Pousa A, Quer M, Mangues MA, Barnadas A, Man-
gues R, Pavón MA. High RAB25 expression is associated with good clinical 
outcome in patients with locally advanced head and neck squamous cell 
carcinoma. Cancer Med. 2013;2:950–63.

	15.	 Mitra S, Federico L, Zhao W, Dennison J, Sarkar TR, Zhang F, Takiar V, 
Cheng KW, Mani S, Lee JS, Mills GB. Rab25 acts as an oncogene in luminal 
B breast cancer and is causally associated with Snail driven EMT. Onco-
target. 2016;7:40252–65.

	16.	 Goldenring JR, Nam KT. Rab25 as a tumour suppressor in colon carcino-
genesis. Br J Cancer. 2011;104:33–6.

	17.	 Kessler D, Gruen GC, Heider D, Morgner J, Reis H, Schmid KW, Jendrossek 
V. The action of small GTPases Rab11 and Rab25 in vesicle trafficking dur-
ing cell migration. Cell Physiol Biochem. 2012;29:647–56.

	18.	 Chang SS, Amin MB. Utilizing the tumor-node-metastasis staging for 
prostate cancer: the sixth edition, 2002. CA Cancer J Clin. 2008;58:54–9.

	19.	 Gleason DF. Histologic grading of prostate cancer: a perspective. Hum 
Pathol. 1992;23:273–9.

	20.	 Liu L, Ding G. Rab25 expression predicts poor prognosis in clear cell renal 
cell carcinoma. Exp Ther Med. 2014;8:1055–8.

	21.	 Zhang C, Liu Z, Wang L, Qiao B, Du E, Li L, Xu Y, Zhang Z. Prognostic 
significance of GPC5 expression in patients with prostate cancer. Tumour 
Biol. 2016;37:6413–8.

	22.	 Deneka M, Neeft M, van der Sluijs P. Regulation of membrane transport 
by rab GTPases. Crit Rev Biochem Mol Biol. 2003;38:121–42.

	23.	 Mitra S, Cheng KW, Mills GB. Rab25 in cancer: a brief update. Biochem Soc 
Trans. 2012;40:1404–8.

	24.	 He H, Dai F, Yu L, She X, Zhao Y, Jiang J, Chen X, Zhao S. Identification and 
characterization of nine novel human small GTPases showing variable 
expressions in liver cancer tissues. Gene Expr. 2002;10:231–42.

	25.	 Geng D, Zhao W, Feng Y, Liu J. Overexpression of Rab25 promotes 
hepatocellular carcinoma cell proliferation and invasion. Tumour Biol. 
2016;37:7713–8.

	26.	 Ma YF, Yang B, Li J, Zhang T, Guo JT, Chen L, Li M, Chu J, Liang CY, Liu Y. 
Expression of Ras-related protein 25 predicts chemotherapy resistance 
and prognosis in advanced non-small cell lung cancer. Genet Mol Res. 
2015;14:13998–4008.


	High expression of Rab25 contributes to malignant phenotypes and biochemical recurrence in patients with prostate cancer after radical prostatectomy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients and tissue samples
	Cell culture and transfection
	Quantitative real-time polymerase chain reaction
	Western blot analysis
	Immunohistochemistry
	Cell proliferation assay
	Cell invasion and migration assays
	Statistical analysis

	Results
	Overexpression of Rab25 mRNA and protein in human PCa tissues and cells
	Overexpression of Rab25 associates with aggressive progression of PCa patients
	Prognostic value of Rab25 protein expression in PCa patients
	Knockdown of Rab25 inhibits cell proliferation, invasion and migration of PCa cells in vitro

	Discussion
	Conclusions
	Authors’ contributions
	References




