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Abstract. Rab1A protein has been identified to be highly 
expressed in a number of malignant tumor tissues and to 
participate in the regulation of tumor development, but no data 
concerning bladder cancer have been described at present. The 
present study measured the expression of Rab1A in bladder 
cancer tissues and cell lines, and analyzed its clinical signifi‑
cance for patients with bladder cancer. A total of 153 pairs 
of bladder cancer tumor tissues and adjacent cancer healthy 
tissues were included in the present study. Western blot analysis 
and immunohistochemistry were used to measure the expres‑
sion of Rab1A protein in normal bladder and bladder cancer 
cell line, and bladder cancer and normal adjacent tissues. SPSS 
20.0 software was used for statistical analysis and mapping of 
survival curves in patients with bladder cancer. The expression 
levels of Rab1A protein in normal bladder cells and tissues was 
significantly decreased compared with that in bladder cancer 
cells and tissues, and it was significantly associated with tumor 
size, histological grade, tumor‑node‑metastasis (TNM) stage, 
lymph node metastasis and remote metastasis in 153 patients 
with bladder cancer. Cox regression analysis demonstrated 
that the expression of Rab1A protein in bladder cancer 
tissues was an independent risk factor for prognosis (overall 
risk=0.549; 95% confidence interval=0.139‑0.916). The 
5‑year survival rate of patients with bladder cancer with high 
expression levels of Rab1A protein was 48.613%, which was 
significantly decreased compared with the rate of patients with 
low expression 75.31% (P<0.05). The expression of Rab1A in 
bladder cancer tissues and cell lines was upregulated, and its 
expression increased with increasing TNM stages. It was also 
associated with the metastasis of tumor cells and negatively 
affected the survival time of patients with bladder cancer.

Introduction

Bladder cancer is one of the most common malignant tumors 
in the urogenital system. The incidence of bladder cancer 
currently ranks 11th among all malignant tumors and ~15,000 
people succumb to bladder cancer each year worldwide (1). 
In China, bladder cancer is the genitourinary tumor with the 
highest morbidity and mortality. The incidence rate in males is 
~7.3/100,000, and in females it is ~2.0/100,000. The incidence 
of bladder cancer in China is also increasing year by year (2,3). 
Consequently, bladder cancer has attracted increased attention 
due to its high incidence and recurrence rates, which threaten 
human health.

The human RAB1A, member RAS oncogene family 
(Rab1A) gene is located at chromosome 2q14 and is primarily 
expressed in the endoplasmic reticulum and Golgi appa‑
ratus (4); it is known to be involved in vesicle trafficking 
between the endoplasmic reticulum and the Golgi appa‑
ratus (5,6). Rab1A, a member of the Ras‑associated binding 
(Rab) family, is a small guanosine triphosphate (GTP) enzyme 
that is an activator of mammalian rapamycin target protein 
complex 1 (mTORC1) (7,8), and has been demonstrated to be 
involved in the regulation of vesicle transport from the endo‑
plasmic reticulum to the Golgi (9,10). A number of previous 
studies identified that Rab1A protein was also involved in the 
regulation of signal transduction (11), cell migration (12) and 
autophagy (13,14). Concomitantly, the abnormal expression of 
Rab1A was also associated with the development of certain 
clinical diseases, including Parkinson's disease (15) and 
primary cardiomyopathy (16). In recent years, studies have 
begun to examine to the role of Rab1A in tumorigenesis and 
development, and have identified that Rab1A was increased in 
a number of malignant tumors and served an important role in 
the development of tumors, including tongue (17), breast (18), 
lung (19), liver (20) and colorectal cancer (21,22). However, 
the expression pattern of Rab1A in bladder cancer remains 
unknown.

In the present study, the expression levels of Rab1A protein 
in the cells and tissues of bladder cancer were measured, and 
its clinical significance for patients with bladder cancer was 
analyzed. It was identified that Rab1A protein was highly 
expressed in bladder cancer cells and tissues, and was associ‑
ated with the development of bladder cancer, and that it may be 
a potential target for the treatment of bladder cancer.
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Materials and methods

Study objects and clinical specimens. A total of 153 patients 
with bladder cancer (121 males and 32 females) were selected 
as the patient cohort from January 2011 to December 2012 
in The First Affiliated Hospital of Hebei North University 
(Zhangjiakou, China). The cancer tissues and adjacent cancer 
normal tissues were collected following surgical resection. 
Each tissue sample was divided into 3 sections; 1 was stored 
as paraffin sections for use in the immunohistochemistry 
(IHC) analysis, and 2 sections were stored in liquid nitrogen. 
The age range of the 153 patients with bladder cancer was 
45‑72 years (median age, 65 years); additional clinical data 
is summarized in Table I. Exclusion criteria were as follows: 
i) Incomplete age, sex, disease history and tumor information; 
ii) postoperative follow‑up loss or unknown cause of mortality; 
iii) presence of other malignancies, or malignancies that could 
not be identified as primary liver cancer due to mortality from 
other sudden diseases (including cardiovascular and cerebro‑
vascular diseases), or evidence of poor postoperative mental 
status affecting patient prognosis; iv) patients who were 
pregnant or breast‑feeding; and v) patients with chronic infec‑
tious diseases (human immunodeficiency virus, hepatitis B or 
tuberculosis).

In addition, all subjects (or their guardians) included in the 
present study consented to the study protocol and provided 
written informed consent. The Ethics Committee of The First 
Affiliated Hospital of Hebei North University approved the 
study.

Cell and cell culture. The normal human bladder epithelial 
SV‑HUC‑1 cell line, and human bladder cancer ScaBER 
(HTB‑3), 5637 (HTB‑9) and T24 (HTB‑4) cell lines were 
obtained from the American Type Culture Collection and 
were cultured in Dulbecco's modified Eagle medium (Thermo 
Fisher Scientific, Inc.), to which 10% fetal bovine serum 
(Thermo Fisher Scientific, Inc.) and 1% penicillin‑streptomycin 
(Thermo Fisher Scientific, Inc.) were added.

Western blot analysis. Firstly, RIPA buffer (Beijing Solarbio 
Science & Technology Co., Ltd.) was used to exact total 
protein from tissues and cells, where a Bicinchoninic Acid 
Assay kit (Beyotime Institute of Biotechnology) was used to 
quantify protein concentration. A total of 40 µg protein was 
subsequently separated by 10% SDS‑PAGE and transferred 
to polyvinylidene fluoride membranes. The membranes were 
blocked using 5% bovine serum albumin (Sigma‑Aldrich; 
Merck KGaA) solution for 1 h at room temperature, and block 
solution was used to dilute primary and secondary antibodies. 
The primary antibodies used were as follows: Anti‑Rab1A 
(cat. no., ab97956; 1:1,000; Abcam) or anti‑GAPDH (cat. 
no., ab9484; 1:3,000; Abcam). The secondary antibodies were 
as follows: Horseradish peroxidase (HRP)‑conjugated goat 
anti‑Rabbit IgG H&L (cat. no. ab205718; 1:30,000; Abcam) 
or horseradish peroxidase‑conjugated goat anti‑mouse (cat. 
no., ab6789; 1:3,000; Abcam). The membranes were incu‑
bated with the primary antibodies overnight at 4˚C, followed 
by incubation with corresponding second antibodies for 
1 h at room temperature. Western Lightening™ Plus‑ECL 
(PerkinElmer, Inc.) was used to visualize the protein bands, 

and Image J version 1.50d (National Institutes of Health) was 
used to perform densitometric analysis.

IHC. Paraffin‑embedded sections of preserved bladder cancer 
tumor and adjacent cancer tissues were selected, and IHC was 
used to detect the expression of Rab1A protein. All experi‑
mental protocols were performed according to the protocols 
of VECTASTAIN® Elite® ABC kit (Vector Laboratories, 
Inc.) and analyzed using a Leica TCS SP5 light microscope 
(Leica Microsystems, Inc.) using the LAS AF Lite image 
browser software (version 4.0; Leica Microsystems, Inc.). 
Anti‑Rab1A (cat. no., ab97956; 1:100; Abcam) was selected 
as the primary antibody and the horseradish‑conjugated goat 
anti‑rabbit IgG (H&L) (cat. no., ab6702; 1:2,000; Abcam) 
was selected as the secondary antibody. Sections were 

Table I. Association between Rab1A expression and clinical 
data of patients with bladder cancer. 

 Rab1A
 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics N Low High χ2 P‑value

Sex   
  Female 32 18 14 0.178 0.673
  Male 121 63 58 
Age, years   
  <60 62 32 30 0.114 0.736
  ≥60 91 49 42 
Tumor size, cm   
  <2.5 81 51 30 6.149 0.013
  ≥2.5 72 30 42 
Histological grade   
  I 72 42 30 15.282 <0.001
  II 43 29 14 
  III 38 10 28 
Tumor number   
  Single 92 49 43 0.009 0.922
  Multiple 61 32 29 
TNM   
  0a‑II  85 66 19 48.856 <0.001
  III‑IV  68 15 53 
Lymph node metastasis   
  Yes 28 8 20 8.170 0.004
  No 125 73 52 
Remote metastasis   
  Yes 10 0 10 12.037 0.001
  No 143 81 62 
Tumor category   
  Urothelium  136 70 66 1.063 0.303
  Squamous cell carcinoma 17 11 6

Rab1A, RAB1A, member RAS oncogene family.
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incubated with the primary antibody overnight at 4˚C and 
with the secondary antibody for 2 h at 37˚C. The scoring 
method used from five sections per condition in the present 
study as described previously by Shimada et al (17), which 
was calculated based on the staining intensity and percentage 
of stained cells: 0, No appreciable staining in cells; 1, weak 
staining in cells comparable to stromal cells; 2, intermediate 
staining; 3, strong staining. The fraction of positive cells was 
scored as 0‑100%. The IHC score was calculated by multi‑
plying the intensity and the fraction scores, producing a total 
range of 0‑300.

Statistical analysis. SPSS 20.0 software (IBM Corp.) was used 
to perform the statistical analysis on the data. Measurement 
data are presented as the mean ± standard deviation. 
Differences between two groups was compared by a paired 
Student's t‑test for paired data, and data from multiple groups 
was analyzed using a one‑way analysis of variance followed by 
Duncan's post hoc test. Counts were recorded as proportions, 
and the differences between groups were compared using a χ2 
test. Kaplan‑Meier curves were used to analyze the survival 
data, and a log‑rank test was used to compare the survival of 

patients with high and low Rab1A expression levels. A Cox 
regression model was used to analyze factors that affected the 
survival of patients with bladder cancer. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Rab1A is highly expressed in human bladder cancer tissues 
and cells. As demonstrated in Fig. 1A and B, it was identified 
that the expression of Rab1A protein in the normal human 
bladder epithelial SV‑HUC‑1 cell line was significantly 
decreased compared with that in the human bladder cancer 
ScaBER, 5637 and T24 cell lines. In addition, the Rab1A 
expression levels in 153 pairs of bladder cancer tissues and 
adjacent normal tissues were detected by western blot analysis. 
The results revealed that the relative expression of Rab1A in 
tumor tissues was 3.20±1.42, which was significantly increased 
compared with that in the adjacent normal tissues (0.50±0.09) 
(P<0.05; Fig. 1C and D).

In addition, IHC was also used to measure the expression 
of Rab1A in tissues and determine the patterns of distribution 
in bladder cancer cells; it was identified that the IHC score of 

Figure 1. Upregulation of Rab1A protein expression in bladder cancer tissues and cells. (A) Representative western blot analysis gel measuring the protein 
expression levels of Rab1A protein in the normal human bladder epithelial SV‑HUC‑A cell line and human bladder cancer ScaBER, 5637 and T24 cell lines. 
(B) Densitometric analysis of the relative western blot analysis gray values. (C) Representative western blot analysis gel measuring the protein expression 
levels of Rab1A protein in human bladder cancer and the adjacent normal tissues. (D) Densitometric analysis of the relative western blot analysis gray values. 
(E and F) IHC was used to measure the expression of Rab1A protein in human bladder and the adjacent normal tissues. (E) Representative tissue samples. 
Magnification, x100. (F) IHC scores. Rab1A, RAB1A, member RAS oncogene family; IHC, immunohistochemistry.
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the 153 bladder cancer tissues was 190.65±57.77, which was 
significantly increased compared with that in the adjacent 
normal tissues (109.57±53.12) (P<0.05; Fig. 1E and F).

Association between Rab1A and clinical data of patients with 
bladder cancer. A total of 153 patients with bladder cancer were 
divided into two groups depending on the expression of Rab1A 

Figure 3. Rab1A protein expression promotes bladder cancer cell metastasis. (A) Representative western blot analysis gel of Rab1A protein expression levels 
in tumor tissues with or without metastasis. (B) Densitometric analysis of the relative western blot analysis gray values. (C and D) Immunohistochemistry was 
used to measure the expression of Rab1A protein in tumor tissue with or without metastasis. (C) Representative tissue samples. Magnification, x100. (D) IHC 
scores. Rab1A, RAB1A, member RAS oncogene family; IHC, immunohistochemistry.

Figure 2. Rab1A protein increases with increasing TNM grade. (A and B) Western blot analysis was used to measure the expression of Rab1A protein in 
difference TNM stage. (A) Representative western blot analysis gel. (B) Densitometric analysis of the relative western blot analysis gray values. (C and D) IHC 
was used to measure the expression of Rab1A protein in different TNM stages. (C) Representative tissue samples. Magnification, x100. (D) IHC scores. Rab1A, 
RAB1A, member RAS oncogene family; TNM, tumor‑node‑metastasis; IHC, immunohistochemistry.
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protein in cancer tissues, which was measured by western blot 
analysis, using the median value as the cut‑off: Low Rab1A 
expression was identified in 81 cases [<3.17 (median) of 
153 patients with bladder cancer] and 72 cases exhibited high 
Rab1A expression [≥3.17 (median) of 153 patients with bladder 
cancer]. In addition, the association between Rab1A expression 
and clinicopathological features in patients with bladder cancer 
was analyzed. As demonstrated in Table I, the expression of 
Rab1A was not associated with age, sex, tumor number and 
tumor category, but was significantly associated with tumor size, 
histological grade, tumor‑node‑metastasis (TNM) stage (2002 
version) (23,24), lymph node metastasis and remote metastasis.

Rab1A protein expression and TNM stage of bladder cancer. 
The TNM stages of 153 patients with bladder were assessed; 
42, 43, 30 and 38 patients were diagnosed with grade 0a‑I, II, 
III and IV, respectively. The results of the western blot analysis 
suggested that the expression of Rab1A protein in 0a‑I, II, III, 
and IV bladder cancer tissues were 1.92±1.00, 2.88±0.81, 
3.85±0.79 and 4.54±1.33, respectively (Fig. 2A and B). IHC 
analysis indicated that the Rab1A protein IHC scores were 
131.86±34.47, 174.37±27.16, 219.23±34.06 and 247.74±46.44 
in the grade 0a‑I, II, III and IV bladder cancer tissues, 
respectively (Fig. 2C and D).

Rab1A protein expression and bladder cancer cell metastasis. 
A total of 31 patients with bladder cancer were identified to 
exhibited cancer cell metastasis (lymph node metastasis and 
distant metastasis), and the expression of Rab1A protein in tumor 
tissues of patients with metastatic and non‑metastatic bladder 
cancer were compared. The results of the western blot analysis 
demonstrated that the relative expression of Rab1A protein was 
(4.82±1.27) in the metastatic bladder cancer tissues, which was 
significantly (P<0.001) increased compared with that in the 
non‑metastatic bladder cancer tissues (2.79±1.13; Fig. 3A and B).

In addition, IHC data suggested that (Fig. 3C and D) the 
Rab1A protein IHC score was 265.16±30.83 in the metastatic 
bladder cancer tissues, which was significantly (P<0.001) 
increased compared with that in the non‑metastatic bladder 
cancer tissues (170.54±40.28).

Effect of Rab1A protein on the prognosis of patients with 
bladder cancer. The results of the univariate and multivariate 
Cox regression models indicated that Rab1A was an indepen‑
dent risk factor for survival in patients with bladder cancer 
(odds ratio=0.549; 95% confidence interval=0.139‑0.916) 
(Tables II and III). In addition, a 5‑year follow‑up of the 
153 patients with bladder cancer following surgery was 
performed, and it was identified that the 5‑year overall survival 
rate of patients with low expression of Rab1A protein was 
75.31%, while that of patients with high expression of Rab1A 
was only 48.61%, as demonstrated in Fig. 4.

Discussion

Rab1A is a member of the Rab protein family, which is a family 
of at least 30 GTPases like Ras. The majority of the functions 
comprise the recognition and fusion processes of membrane 
vesicles, regulating the membrane transport process between 
cells (21,25). A previous study has indicated that small 

molecule GTPases including the Ras, Rho, Rac and Ral fami‑
lies served important roles in tumorigenesis (26). In particular, 
Rab1A has been identified to be highly expressed in a variety 
of malignant tumor tissues as a small molecule GTPase and a 
member of the Ras oncogene superfamily (20,21).

The present study identified that the expression levels 
of Rab1A protein in human bladder cancer cell lines were 
significantly increased compared with that in a human 
normal bladder epithelial cell line, and its expression level in 
human bladder cancer tissues was also significantly increased 
compared with that in adjacent normal tissues. In 2005, 
Rab1A was first protein identified to be highly expressed in 
tongue cancer (17); subsequently, the study of Rab1A in the 
field of malignant tumors has become more intense, and has 
demonstrated different degrees of increased expression of 
Rab1A in various malignant tumors. It is widely hypothesized 
that its high expression promotes the development of cancer 
by regulating the mTOCRC1 signaling pathway (27,28), which 
directly leads to poor prognoses in colorectal (21) and liver 
cancer (20). Combined with the results of the present study, 
these observations suggest that Rab1A protein, which was 
highly expressed in bladder cancer tissues, may be involved in 
the regulation of bladder cancer development.

Subsequent analysis performed in the present study revealed 
that Rab1A protein expression was significantly associated 
with histological grade, TNM stage and cancer metastasis 
in patients with bladder cancer, and that its expression was 
increased with later TNM stages. It was also demonstrated 
that Rab1A expression was significantly increased in patients 
with metastatic cancer compared with patients without metas‑
tasis. In addition, it was identified to be an independent risk 
factor affecting the prognosis of patients with bladder cancer. 
The occurrence and development of malignant tumors is a 
multi‑step process in which multiple factors are combined 
through internal and external effects. The incidence of tumor 
cells transference from the primary site to other sites and the 
continuation of growth is not only a criterion for distinguishing 
between benign and malignant tumors, but also a major cause 
of treatment failure and mortality in patients with malignant 
tumors. The epithelial‑mesenchymal transition process is a 

Figure 4. High expression of Rab1A protein decreases the 5‑year survival 
rate in patients with bladder cancer. Rab1A, RAB1A, member RAS oncogene 
family.
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key step in conferring the ability of tumor cells to invade and 
migrate, and is one of the most important causes of mortality 
in patients with malignant tumors (29,30). mTOR is an evolu‑
tionarily conserved serine/threonine protein kinase with two 
complexes, mTORC1 and mTORC2. Rab1A, a member of the 
Rag GTPase family, activates the mTORC1 signaling pathway. 
A number of previous studies have demonstrated that Rab1A 
may participate in tumor cell growth, apoptosis, invasion 
and migration by activating the mTORC1 signaling pathway: 
Xu et al (8) identified that in hepatocellular carcinoma, Rab1A 
was highly expressed and regulated the proliferation, growth, 

invasion and metastasis of hepatoma cells by activating the 
mTORC1 signaling pathway, and that the inhibition of Rab1A 
expression caused EMT inhibition. In addition, Yang et al (28) 
revealed that Rab1A and Rab1B, which were highly expressed 
in esophageal squamous cell carcinoma, inhibited autophagy 
in cancer cells and promoted cancer cell survival by activating 
the mTORC1 signaling pathway.

Previous studies have demonstrated that the loss or 
decreased expression of PTEN in the bladder mucosal 
epithelium that regulated the PI3K/Akt/mTOR signaling 
pathway led to dysfunction of this signaling pathway, causing 
the bladder cell epithelium to lose its normal cell cycle 
regulation and hyperproliferation and malignant transforma‑
tion (31). Becker et al (32) identified that the combination 
of a mTORc1/TORc2 inhibitor and lapatinib inhibited the 
proliferation, invasion and migration of bladder cancer cells 
in vitro. These results suggested that Rab1A may participate in 
the development of bladder cancer by regulating the mTORC1 
signaling pathway.

In conclusion, the expression of Rab1A in bladder cancer 
was upregulated, and its expression increased with increasing 
TNM stage. It is associated with the metastasis of tumor 
cells and negatively affects the survival time of patients with 
bladder cancer, and may be a potential target for the treatment 
of bladder cancer. However, the function of Rab1A at the 
cellular and whole organism level was not examined in bladder 
cancer. In order to improve the understanding of the function 
of Rab1A in bladder cancer, future studies are required.

Table III. Cox multivariate regression model analysis of 
survival of 153 patients with bladder cancer.

Variables 95% CI OR P‑value

Histological grade 0.981‑4.028 2.021 <0.001
TNM 1.154‑4.218 2.302 <0.001
Cancer cells metastasis 1.102‑8.648 3.741 0.019
Smoking 0.549‑3.694 2.103 0.412
Total cystectomy 0.143‑1.542 0.512 0.089
Rab1A expression 0.139‑0.916 0.549 0.027

Rab1A, RAB1A, member RAS oncogene family; TNM, tumor‑ 
node‑metastasis; 96% CI, 95% confidence interval; OR, odds ratio.

Table II. Cox univariate regression model analysis of survival of 153 patients with bladder cancer.

Variable N 95% CI OR P‑value

Sex   
  Female/male 32/121 1.056‑4.512 2.134 0.213
Age, years   
  <60/≥60 62/91 0.298‑1.569 0.935 0.328
Tumor size, cm   
  <2.5/≥2.5 81/72 0.650‑2.634 1.025 0.309
Histological grade   
  I/II‑III 72/81 0.802‑2.688 1.596 0.022
Tumor number   
  Single/Multiple 92/61 0.782‑3.697 2.264 0.139
TNM   
  0a‑I/II‑III 85/61 1.652‑5.126 9.105 <0.001
Cancer cells metastasis   
  Yes/No 31/122 2.069‑4.008 3.269 <0.001
Smoking   
  Yes/No 103/50 0.894‑2.956 1.027 0.042
Total cystectomy   
  Yes/No 112/41 1.023‑4.781 2.308 0.047
Rab1A expression   
  Low/High 81/72 1.229‑5.224 2.941 0.012

Rab1A, RAB1A, member RAS oncogene family; TNM, tumor‑node‑metastasis; 96% CI, 95% confidence interval; OR, odds ratio.
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