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Abstract. The aim of the present study was to investigate the 
capacity of signal‑induced proliferation‑associated protein 1 
(SIPA‑1) to regulate bladder cancer cell invasion and metas-
tasis. BIU‑87 and T24 cells were transfected with the SIPA 
gene and SIPA short hairpin (sh)RNA, respectively. Western 
blot analysis was conducted to analyze the expression levels 
of SIPA‑1, Ras‑related protein  1 (Rap1), Rap1 guanosine 
triphosphate (Rap1GTP), E‑cadherin and zona occludens‑1 
(ZO‑1). Cell motility and invasion were evaluated in vitro 
using wound and Transwell assays. Transfected cells were 
inoculated into the pelvic region of BALB/c nude mice, and 
the number of resulting tumors was recorded after 6 weeks. 
Western blot analysis revealed that expression levels of 
E‑cadherin and ZO‑1 were reduced in the cells with enhanced 
levels of SIPA‑1. By contrast, the levels of E‑cadherin and 
ZO‑1 were elevated in the cells in which SIPA‑1 was knocked 
down. In comparison with untransfected cells, the cells with 
reduced levels of SIPA‑1 exhibited reduced wound closure and 
fewer cells crossed the chamber in the Transwell experiment, 
whereas the cells with enhanced levels of SIPA‑1 exhibited 
increased migration and invasion In vivo, an increased tumor 
count was obtained in the mice with elevated levels of SIPA‑1. 
Therefore, the results of the present study indicate that SIPA‑1 
is able to regulate bladder cancer cell metastasis and invasion 
by reducing the expression of E‑cadherin and ZO‑1.

Introduction

Bladder cancer is among the most common types of cancer 
worldwide, with >330,000 new cases reported each year and 

>130,000 cases of mortality per year (1). At initial diagnosis, 
30% of bladder cancer cases are diagnosed as muscle‑invasive 
bladder cancer (MIBC)  (2). A proportion of patients with 
MIBC require radical cystectomy in order to suppress cancer 
invasion and metastasis. However, the quality of life of an 
MIBC patient following radical cystectomy remains poor. 
Therefore, methods of suppressing MIBC progress to delay 
the necessity of surgery are urgently required.

Cancer metastasis comprises a series of complex processes 
and one of the initial steps of metastasis is the detachment 
and invasive migration of tumor cells from the primary tumor 
tissues. The extracellular matrix (ECM) serves a crucial func-
tion in this process (3). Ras‑related protein (Rap) is a type of 
small GTP‑binding protein that belongs to the Ras protein 
family. A number of studies have suggested that Rap signaling 
is closely associated with cell‑ECM and cell‑cell adhe-
sion (4‑6). Signal‑induced proliferation associated protein‑1 
(SIPA‑1, previously known as Spa‑1) was originally isolated as 
a gene product of lymphoid cells activated by mitogenic stimu-
lation (7). SIPA‑1 is a regulator of Rap1, which is involved in 
Rap signaling (8). SIPA‑1 is able to abrogate Rap1GTP, which 
is an active form of Rap1 that maintains cell adhesion, and 
then induce the detachment of cells from the matrix (9).

A number of previous studies have indicated that SIPA‑1 is 
involved in certain processes associated with cancer activity, 
including mutation (10,11), apoptosis (12) and proliferation (13). 
Recent studies have indicated that SIPA‑1 is associated with 
the motility of cancer cells (14‑16). In addition, nuclear SIPA‑1 
activates the integrin β1 promoter and promotes the invasion 
of breast cancer cells (15). SIPA‑1 serves a variety of functions 
during disease progression and exerts contrasting effects on 
growth and motility of colorectal cancer cells (13). A previous 
study found that knockdown of SIPA‑1 in colorectal cancer 
cells resulted in reduced cell growth in vitro; however, similar 
knockdown exhibited a contrasting effect on invasion and 
migration, which were increased in SIPA1‑knockdown cells 
compared with the control cells (13). Furthermore, SIPA‑1 
knockdown regulated the invasion and metastasis of human 
prostate cancer (16). The Ras family includes Ras, Rap and 
Ral proteins, of which Ras and Ral have been demonstrated to 
have an association with bladder cancer (17,18).
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The aim of the present study was to investigate the capacity 
of SIPA‑1, a regulator of Rap, to regulate bladder cancer cell 
invasion and metastasis by modulating cell adhesion.

Materials and methods

Cell culture and reagents. T24 and BIU‑87  cells were 
purchased from American Type Culture Collection (Manassas, 
VA, USA). Cells were grown in RPMI‑1640 medium obtained 
from Life Technologies (Carlsbad, CA, USA) with 10% fetal 
bovine serum at 37˚C in an atmosphere of 95% air and 5% 
CO2. Monoclonal mouse anti‑E‑cadherin (#14472) and 
rabbit anti‑zona occludens‑1 (ZO‑1; #14472) antibodies were 
purchased from Cell Signaling Technology, Inc. (Danvers, MA, 
USA). Monoclonal mouse anti‑SIPA‑1 (#166219), anti‑Rap1 
(#47695) and rabbit anti‑GAPDH (#365062) antibodies were 
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, 
CA, USA).

Animals. A total of 48 male, 5‑week‑old BALB/c nude mice 
were purchased from the ABLS‑3 laboratory of Wuhan Univer-
sity (Wuhan, China) and housed under standard conditions. 
All animal experiments were conducted in accordance with 
the UK Animals (Scientific Procedures) Act 1986 and associ-
ated guidelines, and the EEC Directive of 1986 (86/609/EEC). 
This study was approved by the Ethics Committee of Wuhan 
University School of Medicine.

Gene transfection. BIU‑87 cells were transfected with a 
pcDNA3.1 vector containing the SIPA gene, or a control vector 
using opti‑MEM (Life Technologies) and Lipofectamine 2000 
(Life Technologies), and were selected using G418 reagent 
(Life Technologies) (16). The control vector consisted of the 
following sequence: 5'‑GAT CCG TAC AGC GGT CCA ATC 
ATA GTA GTG CTC CTG GTT GCT ATG ATT GGA CCG 
CTG TAC TTT TTT AT‑3'. SIPA‑1 knockdown in T24 cells 
was achieved by transfecting the cells with a pSINsi‑hU6 
vector containing short hairpin (sh)RNA targeting SIPA1, or 
a control vector (16). The sequence of the shRNA for SIPA‑1 
was as follows: 5'‑GAT CCG CTA CTT GCA ACA CCA TTC 
TTA GTG CTC CTG GTT GAG AAT GGT GTT GCA AGT 
AGC TTT TTT AT‑3'. Transgene expression levels were deter-
mined using western blot analysis. 

Western blot analysis for E‑cadherin and ZO‑1. The 
T24, control‑T24, shRNA‑SIPA‑1‑T24 (shT24), BIU‑87, 
control‑BIU‑87 and SIPA‑1‑BIU‑87 (S‑BIU‑87) cells were 
pooled and lysed using RIPA buffer. Samples of the lysates 
were resolved using SDS‑PAGE and subjected to western 
blot analysis using standard procedures (19). The detection 
of intracellular Rap1GTP was conducted as described in a 
previous study (20).

Wound and Transwell assays. A wound assay was performed 
as previously described (21). A Transwell migration assay was 
conducted with the T24, control‑T24 and shT24 cells using 
a QCM 24‑well colorimetric cell migration assay kit (EMD 
Millipore, Billerica, MA, USA), following the manufacturer's 
instructions. BIU‑87, control‑BIU‑87 and S‑BIU‑87 cells 
were also investigated using the same series of experiments. 

The invasion assay was conducted in the same manner as the 
migration assay, but using a 24‑well QCM ECMatrix Cell 
Invasion assay kit (EMD Millipore), based on the principle of 
the Boyden chamber. The results of the invasion assay were 
determined by observing six random fields at x200 magnifica-
tion, and each experiment was repeated three times.

In  vivo metastasis assay. The bladder cancer cells were 
diluted to 1x107/200 µl. Subsequently, 200‑µl cell mixtures 
were inoculated into nude mice in the pelvic region. Mice 
were divided into six groups, with each receiving a different 
cell type: Group  I, T24 cells; group  II, control‑T24 cells; 
group  III, shT24  cells; group  A, BIU‑87 cells; group  B, 
control‑BIU‑87 cells; and group C, S‑BIU‑87 cells (n=8 mice 
per group). The mice were sacrificed at 6 weeks after inocula-
tion via intraperitoneally administered sodium pentobarbital 
(60 mg/kg). Resulting tumors were removed for assay.

Statistical analysis. SPSS software for Windows, version 17.0 
(SPSS, Inc., Chicago, IL, USA) was used for statistical anal-
ysis. Data are presented as the mean ± standard error of the 
mean. Statistical analysis was performed using unpaired t‑test 
and one‑way analysis of variance was used in comparisons of 
>2 groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Western blot analysis of E‑cadherin and ZO‑1 in T24 and 
BIU‑87 cells. Western blot analysis indicated that the expres-
sion levels of E‑cadherin and ZO‑1 were increased in the 
shT24 cells, in which SIPA‑1 expression was suppressed 
(Fig. 1A). By contrast, the levels of E‑cadherin and ZO‑1 
were reduced in the S‑BIU‑87 cells, which were SIPA‑1 
enriched (Fig. 1B). Furthermore, the results indicate that the 
expression levels of Rap1GTP were negatively regulated by 
SIPA‑1 (Fig. 1).

Wound and Transwell assays for T24 and BIU‑87 cell migra‑
tion and invasion. Compared with T24 cells, the shT24 cells 
with reduced expression of SIPA‑1 showed decreased migra-
tion, leaving the majority of the wound area open (Fig. 2A). 
Conversely, S‑BIU‑87 cells with enhanced levels of SIPA‑1 
exhibited increased wound healing (Fig. 2B).

Compared with the T24 and control‑T24 cells, markedly 
fewer cells crossed the Transwell chamber in the shT24 cell 
group. In the invasion assay, the shT24 cells that invaded 
through the Matrigel membrane were reduced in number 
(Fig. 3A). By contrast, the S‑BIU‑87 cells enriched in SIPA‑1 
crossed the chamber in greater numbers in the migration and 
invasion experiments (Fig. 3B).

Expression of SIPA‑1 regulates bladder cancer cell metastasis 
in vivo. Bladder cancer cells were inoculated into the pelvic 
region of nude mice. After 6 weeks, the mice were sacrificed. 
Mice of groups  I and II exhibited significantly increased 
numbers of tumors compared with the SIPA‑1‑silenced mice 
of group III (25.5±5.35 and 24.7±6.32 vs. 10.3±3.66, respec-
tively; Fig. 4A). In the mice of groups A and B, the numbers 
of tumors were significantly lower compared with those in 
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the SIPA‑1‑overexpressing mice of group C (2.13±1.4 and 
1.93±1.21 vs. 7.85±3.5, respectively; Fig. 4B).

Discussion

Metastasis is a type of cell activity that involves cell adhe-
sion and motility. Therefore, the ability to control cancer cell 
adhesion may enable cancer cell metastasis to be reduced. 
Rap1 is a member of the Ras family of GTPases, and may 
serve a crucial function in the regulation of cell adhesion, 
depending on the cellular context (6). In contrast with Ras, 
which is active on the cell surface, Rap1 activation is initiated 
within the cell and then migrates toward the cell surface (22). 
Rap1 is rapidly activated in adherent cells, including cancer 
cells, as a result of contact with ECM. Furthermore, basal 
Rap1 activation appears to be required for the maintenance 
of cell adhesion, as the conditional overexpression of SIPA‑1 
in adherent cells abrogates basal Rap1GTP and induces the 
detachment of cells from the ECM (9). The results of the 
present study indicate that Rap1GTP is associated with the 
expression levels of SIPA‑1, and that metastatic cancer cells 
have elevated expression levels of SIPA‑1 compared with 
primary cancer cells (Fig. 1).

The SIPA‑1 family consists of numerous structurally‑related 
but distinct proteins, including SIPA‑1, E6‑targeted protein 1 
(E6TP1), spine‑associated RapGAP (SPAR), and a number of 
SPA‑1‑like proteins (SPA‑Ls), each presenting with a unique 
cellular distribution in various tissues (6). Previous studies 
have suggested that SIPA‑1 is involved in certain types of 
cancer activity, including mutation (23,24), apoptosis (12,25), 
proliferation (4,15), invasion (15,16) and metastasis (13,26,27). 
In the present study, it was observed that SIPA‑1 addition-
ally regulates bladder cancer cell metastasis and invasion 
(Figs. 2 and 3). Rap1GTP was upregulated, while E‑cadherin 
and ZO‑1 were upregulated as a result of the suppression 
of SIPA‑1 (Fig. 1). E‑cadherin is a member of the cadherin 
family, which is related to the transmembrane glycoproteins 
responsible for the Ca2+ dependent cell‑cell adhesion mecha-
nism that is crucial for the mutual association of vertebrate 
cells. A previous study demonstrated that impairment of the 
E‑cadherin‑mediated adhesion system is characteristic of cells 
with malignant transformation (28).

Rap is well known as a cr it ical regulator of 
integrin‑mediated cell adhesion; however, a previous study 
showed that Rap is crucially involved in the regulation of 
cadherin‑mediated cell‑cell adhesion in epithelial cells (29). 

Figure 1. Western blot analysis of E‑cadherin and ZO‑1 in T24 and BIU‑87 cells. Western blot analysis of the expression levels of SIPA‑1, Rap1, Rap1GTP, 
E‑cadherin and ZO‑1 in (A) T24 and (B) BIU‑87 cells and their transfected forms. Experiments were repeated six times. shT24, T24 cells transfected with 
short hairpin RNA targeting SIPA‑1; S‑BIU‑87, BIU‑87 cells transfected with the SIPA‑1 gene. SIPA‑1, signal‑induced proliferation‑associated protein 1; Rap1, 
Ras‑related protein 1; ZO‑1, zona occludens‑1.

  A   B

Figure 2. Wound and Transwell assays for T24 and BIU‑87 cell migration and invasion. The metastasis of bladder cancer cells and transfected cells was measured 
using (A and B) wounding experiments. shT24, T24 cells transfected with short hairpin RNA targeting SIPA‑1; S‑BIU‑87, BIU‑87 cells transfected with the SIPA‑1 
gene. SIPA‑1, signal‑induced proliferation‑associated protein 1.

  A   B
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Furthermore, it has previously been demonstrated that the 
important role of Rap in homotypic E‑cadherin interaction 
is independent of the effects of Rap on integrins (29). In the 
present study, T24 cells (with reduced SIPA‑1 expression) 
and BIU‑87 cells (with elevated SIPA‑1 expression) were 
employed to investigate the association between SIPA‑1 and 
the invasion and metastasis of bladder cancer cells, in addi-
tion to the expression of E‑cadherin. Western blot analysis 
of the T24 and BIU‑87 cells indicated that E‑cadherin was 
negatively regulated by SIPA‑1 (Fig.  1). The molecular 
mechanisms underlying the SIPA‑1‑mediated regulation of 
E‑cadherin remain unclear, and it has been hypothesized that 
the protein afadin serves a pivotal function in the dynamic 
cyclical activation and inactivation of Rap1 via the coordi-
nated regulation of SIPA‑1 (24,30).

ZO‑1 encodes a protein located on the cytoplasmic 
membrane surface of intercellular tight junctions. The encoded 
protein may be involved in signal transduction at cell‑cell 
junctions. A previous study reported that the upregulation of 
ZO‑1 correlates with the improved survival of gastrointestinal 
stromal tumor cells (31). In the present experiments, ZO‑1 
was negatively regulated by SIPA‑1, in a similar manner to 
E‑cadherin (Fig. 1). Previous studies have suggested that the 

SIPA‑1‑induced downregulation of ZO‑1 may involve afadin 
as a part of its underlying mechanism (32,33).

The present study is an initial investigation into the role 
played by SIPA‑1 in bladder cancer, and there were a number 
of limitations to this study. For example, the relation between 
SIPA‑1 and MIBC survival curve will be imortant for inves-
tigat SIPA‑1. The present study assessed the effects of SIPA‑1 
on a limited number of functions in bladder cancer. Future 
studies are required to evaluate the impact of SIPA‑1 on cell 
proliferation and apoptosis, and the mechanistic association 
between afadin and SIPA‑1 also requires elucidation. In the 
present in  vivo experiment, metastasis of the cancer cells 
was reduced following the suppression SIPA‑1 expression 
(Fig. 4). However, the present animal model may not be the 
most appropriate model for indicating clinical outcomes, and 
cancer cells inoculated in situ of the bladder may provide a 
more accurate model.

In conclusion, SIPA‑1 has been demonstrated to regulate 
the metastasis and invasion of bladder cancer cells. This may 
be achieved by the negative regulation of the expression levels 
of E‑cadherin and ZO‑1. This insight may lead to the identi-
fication of novel therapy targets for the treatment of bladder 
cancer.

Figure 4. Expression levels of SIPA‑1 appeared to regulate bladder cancer cells metastasis in an in vivo experiment. Mice were divided into 6 groups (n=8 mice 
per group). Group I, T24 cell mice; group II, control‑T24 cell mice; group III, shT24 cell mice; group A, BIU‑87 cell mice; group B, control‑BIU‑87 cell mice; 
and group C, SIPA‑1‑BIU‑87 cell mice. Results are expressed as the mean ± standard deviation. (A) *P<0.05 vs. groups I and II and (B) *P<0.05 vs. groups A 
and B. shT24, T24 cells transfected with short hairpin RNA targeting SIPA‑1; S‑BIU‑87, BIU‑87 cells transfected with the SIPA‑1 gene. SIPA‑1, signal‑induced 
proliferation‑associated protein 1.

  A   B

Figure 3. (A and B) The invasion of these cells was measured using Transwell assays with Matrigel. Results are the mean ± standard deviation for six independent 
experiments; *P<0.05 vs. control and T24/BUI‑87. shT24, T24 cells transfected with short hairpin RNA targeting SIPA‑1; S‑BIU‑87, BIU‑87 cells transfected with 
the SIPA‑1 gene. SIPA‑1, signal‑induced proliferation‑associated protein 1.

  A

  B
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