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Abstract. Interleukin-7 (IL-7) plays a pivotal role in the devel-
opment and survival of lymphocytes, but its role in cancer 
cell responses remains unexplained. In this study, IL-7 treat-
ment resulted in a significant induction in the wound-healing 
migration and Matrigel invasion of the 5637 bladder cancer 
cells, but it did not result in cell proliferation. In addition, IL-7 
treatment strongly induced MMP-9 expression, and increased 
the binding activation of NF-κB and AP-1 motifs, the impor-
tant transcription factors that regulate MMP-9 expression. 
Moreover, the treatment of 5637 cells with IL-7 stimulated 
the phosphorylation of ERK1/2. U0126, an ERK1/2-specific 
inhibitor, blocked IL-7-induced cell migration and invasion, 
and also suppressed the expression of MMP-9 in the pres-
ence of IL-7. Inhibition of the ERK1/2 function consistently 
reversed the binding activity of NF-κB without altering 
AP-1 activation in IL-7-stimulated cells. Among the cell 
cycle regulators examined, only the expression of the cell 
cycle inhibitor p27KIP1 was induced by IL-7. Moreover, the 
inhibition of p27KIP1 by small interfering RNA (siRNA) 
abolished the migration, invasion and phosphorylation of 
ERK1/2, the expression of MMP-9, and the binding activity 
of the NF-κB motif in IL-7-stimulated 5637  cells. These 
results demonstrated that the cell cycle inhibitor p27KIP1 is 
involved in ERK1/2-mediated MMP-9 expression via activa-
tion of the NF-κB binding motif, which leads to the migration 
and invasion of bladder cancer cells induced by IL-7. These 
novel results could help explain the migration and invasion of 
bladder tumor cells.

Introduction

Bladder cancer is one of the most lethal diseases in developed 
countries. The major type of bladder cancer leading to death 
is transitional cell carcinoma (TCC), which is characterized 
by muscle invasive bladder cancer (MIBC) (1,2). Most of the 
MIBC found in TCC is deeply involved in metastasis, migra-
tion and invasion (3). An understanding of the molecular 
mechanisms involved in the migration and invasion of MIBC 
could lead to identification of therapeutic targets for effective 
treatment.

Members of the matrix metalloproteinase (MMP) family 
are capable of degrading the extracellular matrix, and have 
been associated with essential roles in the migration and 
invasion of tumor cells (3-5). This has been correlated with 
gelatinase activity by MMP-2 (72 kDa) and MMP-9 (92 kDa) 
(4,5). Several studies have examined the MMP-9 association 
with the progression of bladder cancer that involves tumor 
grade, invasion, migration and metastasis (3). In addition, the 
expression of MMP-9 is strongly increased through the release 
of several cytokines and growth factors in different types of 
cells (6-9). Transcription factors including NF-κB, Sp-1 and 
AP-1 have been identified as essential mediators for the induc-
tion of MMP-9 in cancer cells (6-10). Cumulative studies have 
demonstrated that signaling pathways such as MAPK and 
AKT contribute to the MMP-9 expression that is regulated by 
transcription factors (8,9,11-13).

Interleukin-7 (IL-7) is an essential survival factor of T and 
B cells (14,15). It has been demonstrated that IL-7 exerts prolif-
erative activity on murine B-cells within the bone marrow 
culturing system (14,15), and studies have suggested regulatory 
roles for IL-7 that involve in the proliferation, differentiation, 
and survival in the development of lymphocytes (14,15). Recent 
studies have shown the effect of IL-7 in anti-apoptotic function 
and in cell cycle progression during T-cell proliferation (14,15). 
The binding of IL-7 to the IL-7 receptor α chain (IL-7Rα) 
stimulated the activation of Jak/Stat and PI3K/AKT signaling 
in T-cells (14,15). Although many studies have demonstrated 
the biological function of IL-7 in the context of T- and B-cell 
homeostasis, its exact regulatory mechanism in the migration 
and invasion of tumor cells has yet to be fully explained.
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Herein we demonstrate the novel molecular mechanisms 
underlying the migration and invasion of bladder cancer cells  
induced by cytokine IL-7. The present study is the first to 
focus on the function of IL-7 as it applies to the migration 
and invasion of tumor cells. Our results demonstrated that 
p27KIP1 is required for the IL-7-induced migration and 
invasion of bladder cancer 5637 cells via ERK1/2-mediated 
MMP-9 expression and the activation of the NF-κB binding 
motif.

Materials and methods

Materials. Polyclonal antibodies to ERK, phospho-ERK, 
p38MAPK, phospho-p38MAPK, JNK, and phospho-JNK 
were obtained from Cell Signaling (Danvers, MA, USA). 
Polyclonal antibodies to cyclin E, CDK2, CDK4, cyclin D1, 
p53, p21WAF1, p27KIP1 and GAPDH were obtained from 
Santa Cruz (Santa Cruz, CA, USA). U0126 was obtained from 
Calbiochem (San Diego, CA, USA). The polyclonal MMP-9 
antibody was obtained from Chemicon. Small interfering 
RNA (siRNA) oligonucleotides targeting p27KIP1 (5'-CAA 
ACGUGCGAGUGUCUAAUU-3') and scramble (5'-CUGUCA 
GUCAGUCGUAGUAUU-3') were designed and synthesized 
by Genolution (Seoul, Korea).

Cell cultures. A human bladder carcinoma cell line (5637) 
was obtained from the American Type Culture Collection. 
The cells were maintained in DMEM (4.5 g glucose/liter) 
supplemented with 10% fetal calf serum, L-glutamine, and 
antibiotics (Biological Industries, Beit Haemek, Israel) at 37˚C 
in a 5% CO2 humidified incubator.

Cell proliferation. Cells were placed in 12-well culture plates 
at 4x104 cells/ml with DMEM containing 10% FBS. Cells were 
incubated at 37˚C for 24 h. The medium was then exchanged 
for serum-free medium. After 24 h, the cells were stimulated 
with IL-7 and then trypsinized with trypsin-EDTA. Cells were 
counted using a coulter counter chamber (Coulter Corp., FL, 
USA).

Immunoblot analysis. Growth-arrested cells were treated 
with IL-7 in the absence of 10% FBS for various durations 
at 37˚C. The cells were then washed twice with cold PBS and 
freeze-thawed in 250 µl lysis buffer [containing, in mmol/l, 
HEPES (pH 7.5) 50, NaCl 150, EDTA 1, EGTA 2.5, DTT 1, 
β-glycerophosphate 10, NaF 1, Na3VO4 0.1, and phenylmeth-
ylsulfonyl fluoride 0.1 and 10% glycerol, 0.1% Tween-20, 
10 µg/ml of leupeptin, and 2 µg/ml of aprotinin], and then 
scraped into 1.5 ml tubes. The lysates were placed on ice 
for 15 min and then centrifuged at 12,000 rpm for 20 min 
at 4˚C. The protein concentration of the supernatant was 
determined using a Bradford reagent method (Bio-Rad). 
Equal amounts of cellular proteins were resolved by electro-
phoresis on a 0.1% SDS-10% polyacrylamide gel (SDS-PAGE) 
under denaturing conditions. The proteins were transferred 
electrophoretically to nitrocellulose membranes (Hybond, 
Amersham Corp.). After blocking in 10 mmol/l Tris-HCl 
(pH 8.0), 150 mmol/l NaCl, and 5% (wt/vol) non-fat dry milk, 
the membranes were treated with primary antibodies for 
90 min, followed by incubation with peroxidase-conjugated 

secondary antibodies for 45 min. The immunocomplexes were 
detected using a chemiluminescence reagent kit (Amersham 
Corp.). For the immunoblotting studies, the experiments were 
repeated at least 3 times.

Wound-healing migration assay. Cells were plated on 6-well 
dishes and grown to 90% confluence in 2 ml of growth 
medium. A wound was created in cells using a 2-mm-wide tip 
and then the cells were treated with IL-7. They were allowed 
to migrate, and photographs were taken through an inverted 
microscope (x40 magnification).

Invasion assay. Cells (2.5x104) were resuspended with IL-7 in 
100 µl of medium and placed in the upper part of a transwell 
plate. The cells were then incubated for 24 h. The cells had 
to pass through a polycarbonate membrane with 8 µm-sized 
pores and a thin layer of an ECM Matrix-like material. The 
ability of the cells to invade the ECM Matrix-like material 
was determined using a commercial cell invasion assay kit 
(Chemicon International, Billerica, MA, USA).

Zymography. Conditioned medium was electrophoresed in 
a polyacrylamide gel containing 1 mg/ml gelatin. The gel 
was then washed at room temperature for 2  h with 2.5% 
Triton X-100 and subsequently at 37˚C overnight in a buffer 
containing 10 mM CaCl2, 150 mM NaCl and 50 mM Tris-HCl, 
pH 7.5. The gel was stained with 0.2% Coomassie blue and 
photographed using a light box. Proteolysis was detected as a 
white zone in a dark blue field (8,9).

Transfection. Cells were transfected with siRNA using 
Lipofectamine 2000 transfection reagent according to the 
manufacturer's protocols (Invitrogen). After the indicated 
incubation with IL-7, the cells were studied via immunoblot, 
zymography, EMSA, invasion and wound healing migration.

Nuclear extracts and electrophoretic mobility shift assay 
(EMSA). Cultured cells were collected by centrifugation, 
washed and suspended in a buffer containing 10 mM HEPES 
(pH 7.9), 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM 
DTT and 0.5 mM PMSF. After 15 min on ice, the cells were 
vortexed in the presence of 0.5% Nonidet NP-40. The nuclear 
pellet was then collected by centrifugation and extracted in a 
buffer containing 20 mM HEPES pH 7.9, 0.4 M NaCl, 1 mM 
EDTA, 1 mM EGTA, 1 mM DTT, and 1 mM PMSF for 15 min 
at 4˚C.

The nuclear extract (10-20 µg) was preincubated at 4˚C for 
30 min with the 100-fold excess of an unlabeled oligonucle-
otide spanning the -79 MMP-9 cis-element of interest. The 
sequences were as follows: AP-1, CTGACCCCTGAGTCAG 
CACTT; NF-κB, CAGTGGAATTCCCCAGCC; and, Sp-1, 
GCCCATTCCTTCCGCCCCCAGATGAAGCAG. The reac-
tion mixture was then incubated at 4˚C for 20 min in a buffer 
(25 mM HEPES buffer pH 7.9, 0.5 mM EDTA, 0.5 mM DTT, 
0.05 M NaCl, and 2.5% glycerol) with 2 µg of poly dI/dC and 
5  fmol (2x104  cpm) of a Klenow end-labeled (32P-ATP) 
30-mer oligonucleotide, which spanned the DNA binding site 
in the MMP-9 promoter. The reaction mixture was electro-
phoresed at 4˚C in a 6% polyacrylamide gel using a TBE 
(89 mM Tris, 89 mM boric acid and 1 mM EDTA) running 
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buffer. The gel was rinsed with water, dried and exposed to 
X-ray film overnight (8,9).

Statistical analysis. Where appropriate, data were expressed as 
the mean ± SE. Data were analyzed by factorial ANOVA and 
a Fisher's least significant difference test where appropriate. 
Statistical significance was set at P<0.05.

Results

IL-7 induces wound-healing migration and invasion of 
bladder cancer 5637 cells. To investigate whether IL-7 would 
induce the migration and invasion of bladder cancer 5637 cells, 
a wound-healing migration and Matrigel invasion assay was 
performed. A treatment of 5637 cells with IL-7 for 24 h signifi-
cantly increased migration into the wound area, compared 
with the control cells (Fig. 1C). In addition, the results from 
the invasion assay showed that IL-7 treatment produced strong 
invasiveness through Matrigel by comparison with non-treated 
cells (Fig. 1B). However, exposure to IL-7 had no effect on cell 
proliferation (Fig. 1A).

IL-7 promotes MMP-9 expression via binding activation of 
the NF-κB and AP-1 motifs. To define the involvement of 
MMP expression in the IL-7-induced migration and inva-
sion of 5637 cells, we examined MMP expression using a 
zymographic assay. IL-7 was used to treat with 5637 cells at 
the indicated concentrations in the serum-starved medium 
for 24 h. IL-7 treatment showed a dose-dependent increase 
in the expressions of both MMP-2 and MMP-9 (Fig. 2A). 
In addition, the level of both MMP-2 and MMP-9 expres-
sion was increased in IL-7-treated cells in a time-dependent 
manner (Fig. 2A). Similar results were observed in immu-

noblot analysis (Fig. 2A). Previous studies have implicated the 
expression of MMP-9 in the migration and invasion of bladder 
cancer cells (3). Therefore, we next focused on the MMP-9 
expression in IL-7-treated 5637 cells. To define the regulatory 
mechanism of MMP-9 expression, an EMSA experiment was 
conducted. The 5637 cells were treated with IL-7 at indi-
cated concentrations for 24 h, and the binding activity of the 
transcription factors was investigated using nuclear extracts, 
which are a part of several DNA binding elements of bladder 
cancer cells. As shown in Fig. 2B, IL-7 treatment significantly 
induced the binding activity of NF-κB and AP-1 motifs in 
5637 cells. However, there was no binding activity of Sp-1 in 
IL-7-treated 5637 cells (Fig. 2B). These results indicate that 
IL-7 may induce MMP-9 expression by activating the binding 
function of transcription factor NF-κB and that of AP-1 in 
bladder cancer 5637 cells.

IL-7 stimulates the phosphorylation of ERK1/2 and increases 
the expression of p27KIP1 in 5637 cells. To determine the 
signaling pathways underlying molecular events in the bladder 
cancer cells that are induced by IL-7, we examined the MAPK 
signaling molecules ERK1/2, JNK and p38MAPK. In the 
present study, IL-7 induced the maximum level of ERK1/2 
phosphorylation within 5  min (Fig.  3A). This effect was 
inhibited by adding the ERK1/2 inhibitor U0126 (Fig. 3B). 
However, IL-7 did not induce the phosphorylation of either 
JNK or p38MAPK in 5637 cells (Fig. 3A). IL-7 is known 
to modulate cell cycle progression in lymphocytes (14,15). 
Therefore, the expression levels of cell cycle proteins were 
examined in bladder cancer cells in response to IL-7. The 
5637 cells were treated with IL-7 for 24 h, and the levels of cell 
cycle regulatory proteins were determined using immunoblot 
analysis. The results of the present study demonstrated that the 

Figure 1. IL-7 induces wound-healing migration and invasion in IL-7-treated bladder cancer 5637 cells. (A) Cells were grown to 70% confluence in DMEM 
medium with 10% FBS. The medium was changed to serum-free medium. After 24 h, cells were exposed to IL-7 (100 ng/ml) for the indicated times. Then, 
cells were counted using a Coulter counter. (B) Serum-starved cells were incubated in Boyden chambers in the absence or presence of IL-7 (100 ng/ml). 
Invasion assay was used to determine the ability of 5637 cells to invade through Matrigel. (C) After serum starvation for 24 h, cells were treated with IL-7 
(100 ng/ml) for 24 h. Wound-healing migration assay was performed to examine the migratory capacity of IL-7 on 5637 cells.
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expression level of p27KIP1 was induced by IL-7 treatment 
dose-dependently (Fig. 3C). However, no significant increase 
was observed for the expression levels of other proteins 
(cyclin D1, cyclin E, CDK2, CDK4, p21WAF1, and p53) in 
IL-7-treated 5637 cells (Fig. 3C).

ERK1/2 signaling is involved in NF-κB-mediated MMP-9 
expression during the migration and invasion of bladder 
cancer 5637 cells induced by IL-7. To determine the potential 
role of ERK1/2 signaling, the effect of ERK1/2 inhibitor U0126 
was investigated in the IL-7-induced migration and invasion of 

Figure 2. IL-7 promotes the expression of MMP-9 via binding activity of NF-κB and AP-1 in 5637 cells. (A) Serum-starved cells were cultured with IL-7 for 
indicated times and concentrations. The supernatant and cell lysates were prepared from cultured cells. The supernatant was subjected to gelatin zymography 
to determine the expression of MMP-9. Immunoblot analysis was performed to analyze the protein levels of MMP-9 in cell lysates. (B) After serum starvation 
for 24 h, cells were incubated with IL-7 (100 ng/ml). EMSA assay was performed using 32P-labeled probes from nuclear extracts.

Figure 3. IL-7 induces phosphorylation of ERK1/2 and expression of cell cycle inhibitor p27KIP1. (A and C) Serum-starved cells were treated with IL-7 at 
indicated times and concentrations. Immunoblot analysis was performed with specific antibodies using phopho-ERK1/2, ERK1/2, phospho-p38, p38, phospho-
JNK, JNK, cyclin D1, cyclin E, CDK2, CDK4, p21WAF1, p27KIP1 and p53. GAPDH was used as an internal control. (B) Serum-starved cells were pre-treated 
with U0126 (10 µM) for 40 min and followed by IL-7 (100 ng/ml) treatment for 5 min. Immunoblot analysis was performed to determine the phosphorylation 
level of ERK1/2.
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bladder cancer cells. The 5637 cells were pre-treated with 
U0126 followed by IL-7 treatment. Inhibition of ERK1/2 
signaling blocked the wound-healing migration and invasion 
of the 5637 cells induced by IL-7 (Fig. 4A and B). A subse-
quent study was designed to elucidate the ERK1/2 signaling, 
which induces the expression of the MMP-9 in IL-7-treated 
bladder cancer 5637 cells. The effect of U0126 on MMP-9 
expression was analyzed. Zymographic and immunoblot 
analysis showed that IL-7-induced MMP-9 expression was 
suppressed by the addition of U0126 (Fig. 4C). To further 
define the functional role of ERK1/2 signaling in the tran-
scriptional regulation associated with the upregulation of 
MMP-9 expression in IL-7-treated bladder cancer 5637 cells, 
an EMSA assay was performed in both the presence and 
absence of U0126 using NF-κB and AP-1 binding motifs. 
The induction of NF-κB binding activation by IL-7 was 
attenuated in the presence of U0126 to the control level, 
whereas U0126 had no effect on the binding activation of 
AP-1 in IL-7-stimulated 5637 cells (Fig. 4D). These results 
showed that ERK1/2 signaling is associated with MMP-9 
expression via the NF-κB binding activity in IL-7-stimulated 
bladder cancer cells.

siRNA-mediated knockdown of p27KIP1 restores migration, 
invasion, MMP-9 expression, ERK1/2 activation, and binding 
activity of NF-κB in IL-7-stimulated bladder cancer cells. 
Our results showed that IL-7 induces p27KIP1 expression 
(Fig. 3C). Moreover, IL-7 promoted cellular responses, such as 
ERK1/2 phosphorylation, MMP-9 expression, NF-κB binding 
activity, migration, and invasion, in bladder cancer cells. Thus, 
the results reported above prompted us to examine whether 
p27KIP1 is involved in IL-7-mediated bladder cancer cellular 
responses. To confirm this hypothesis, either a p27KIP1-
specific siRNA (si-p27) or a scrambled siRNA was transfected 
into bladder cancer cells, which were then stimulated with 
IL-7. The knockdown of p27KIP1 was characterized by 
immunoblot analysis (Fig. 5E). IL-7 treatment of 5637 cells, 
and of cells transfected with scrambled siRNA, promoted 
both wound healing and invasion (Fig.  5A and B). This 
enhancement was almost abolished in si-p27 transfected cells 
(Fig. 5A and B). IL-7-induced phosphorylation of ERK1/2 
was recovered in cells transfected with si-p27 (Fig. 5C). In 
addition, zymography and immunoblot analysis showed that 
IL-7 treatment of 5637 cells transfected with si-p27 resulted 
in the reduction of MMP-9 expression (Fig. 5C). Finally, as 

Figure 4. Effect of U0126 on the wound-healing migration, invasion, and transcription factor-mediated MMP-9 expression in IL-7-stimulated 5637 cells. 
Serum-starved cells were pre-treated with U0126 (10 µM) for 40 min, followed by treatment with IL-7 (100 ng/ml) for 24 h. (A and B) Migrated cells were 
determined by wound-healing assay. Invasion assay was performed to observe the cells invading through Matrigel. (C) MMP-9 expression was analyzed by 
zymography from conditioned media. Immunoblot analysis was performed to analyze the level of the MMP-9 expression from cell lysates. (D) The nuclear 
extract was analyzed to detect the binding activity of NF-κB and AP-1 using EMSA.
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shown in Fig. 5D, NF-κB DNA binding activity induced by 
IL-7 was almost completely suppressed by the transfection of 
si-p27. These results suggest that p27KIP1 might contribute 
to the migration and invasion of bladder cancer cells through 
ERK1/2-associated MMP-9 expression by activating the 
NF-κB binding ability in IL-7-stimulated bladder cancer cells.

Discussion

Several studies have demonstrated the essential role of cytokine 
IL-7 in the development and survival of lymphocytes (14,15). 
Many studies have suggested that IL-7 is an immune respon-
sive cytokine responsible for the proliferation of T-cells and 
the growth of murine B-cell precursors (14,15). At least two 
studies have suggested a vital role for IL-7 in the induction of 
anti-apoptotic factors and the regulation of cell cycle progres-
sion in lymphocytes (14,15). However, to date, the molecular 
events underlying the migration and invasion of tumor cells 
that is induced by IL-7 remain unclear. In the present study, 
we demonstrated the roles and molecular mechanisms that 
integrate migration, invasion, MMP-9 regulation, signaling 

pathway, and cell-cycle regulation in IL-7-stimulated bladder 
cancer cells.

The progression of tumors has long been associated with 
the migration and invasion of cancer cells, which is an essen-
tial step in degradation of the extracellular matrix (ECM) 
by proteolytic enzymes including MMP-2 and MMP-9 (4,5). 
Based on these reports, we postulated that IL-7 might have a 
pivotal role in the development and progression of tumor cells. 
Initially, we examined the ability of bladder cancer 5637 cells 
to migrate and invade when treated with IL-7. The result from 
the present study showed that IL-7 promoted the induction of 
wound-healing migration. Consistent with this result, invasive 
capacity through Matrigel was also enhanced by IL-7 treat-
ment. In addition, the treatment of bladder cancer 5637 cells 
with IL-7 induced the expression of MMP-2 and MMP-9. 
Cumulative studies have suggested that MMP-9 expression 
is an important element in tumor grade, invasion, migration, 
and metastasis in bladder cancer (3). In in vivo orthotopic 
xenograft models, the role of MMP-9 has been documented 
in bladder tumors (3,16). Previous reports have used validation 
studies associated with tumor grade and metastasis to docu-

Figure 5. Role of p27KIP1 in IL-7-induced stimulation of wound-healing migration, invasion, ERK1/2 phosphorylation and NF-κB-mediated MMP-9 expres-
sion in 5637 cells. (A) The cells were transfected with si-p27 or scrambled siRNA for 24 h, followed by scratching the cells with pipette tips and stimulated 
with IL-7 (100 ng/ml) for 24 h. The capacity of migratory potential was analyzed using a phase-contrast inverted microscope. (B) Transfected cells with si-p27 
or scrambled siRNA for 24 h were stimulated by IL-7 (100 ng/ml). After 24-h incubation, invasion assay was used to analyze the invasive potential. (C) After 
transfection of either si-p27 or scrambled siRNA, the cells were incubated with IL-7 (100 ng/ml) for 24 h. Zymographic and immunoblot analyses were 
performed to analyze the expression level of MMP-9 from cultured medium and cell lysates. For the phosphorylation of ERK1/2, cells were transfected with 
si-p27 or scrambled siRNA. The cells were then cultured with IL-7 for 5 min. The cell lysates were examined for the phosphorylation level of ERK1/2 using 
immunoblot analysis. (D) Cells were transiently transfected with si-p27 or scrambled siRNA and stimulated with IL-7 (100 ng/ml) for 24 h. Binding activity 
of NF-κB was analyzed by EMSA from nuclear extract using radiolabeled oligonucleotide probes. (E) Effects of a silencing gene in bladder cancer cells. Cells 
were transfected with si-p27 or scrambled siRNA. Protein level of p27KIP1 was confirmed after transfection.
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ment preclinical evidence that shows a key role for MMP-9 
in bladder cancer (17-21). Therefore, we next focused on the 
identification of the transcription factors regulating MMP-9 
in IL-7-stimulated bladder cancer cells. Several transcription 
factors that regulate MMP-9 promoters have been identified 
in tumor cells: NF-κB, Sp-1, and AP-1 (6-10). The results from 
our EMSA data identified NF-κB and AP-1 as main regula-
tory factors of IL-7-mediated MMP-9 expression in 5637 
bladder cancer cells. These results are the first to show that 
IL-7 induces MMP-9 expression through the activation of 
transcription factors NF-κB and AP-1 in bladder cancer cells, 
which results in the breakdown of the ECM and contributes to 
migration and invasion.

A number of studies have identified signal transduction 
pathways that are correlated with the biological responses 
of lymphocytes in response to IL-7 (14,15). Previous studies 
have shown that cytokine IL-7 induces the phosphorylation of 
Jak2/Stat3, PI3/AKT, and Src in T-cells and B-cells (14,15). 
In addition, the binding of IL-7 to IL-7Rα triggers the phos-
phorylation of MAPKs, such as ERK1/2 and p38MAPK, in 
T-cells and B-cells (22,23). Consistent with earlier studies, the 
present results show the phosphorylation of ERK1/2 in IL-7-
treated bladder cancer 5637 cells. Previously, the involvement 
of ERK1/2 signaling has been suggested in the regulation of 
the migration and expression of MMP-9 in different types of 
cells (8,9,12,13,24). However, the role of the signaling pathway 
in IL-7-mediated cell migration and invasion remains unclear. 
In the present study, we showed that ERK1/2 kinase inhibitor 
U0126 inhibited both wound-healing migration and Matrigel 
invasion in IL-7-stimulated 5637 bladder cancer cells. In 
addition, the inhibition of ERK1/2 by pre-incubation with 
U0126 suppressed the MMP-9 expression and NF-κB binding 
activity induced by IL-7 in 5637 cells without alteration of 
the AP-1 binding activity. The results of the present study 
clearly suggest that ERK1/2 signaling is an essential factor in 
the transcription factor NF-κB-mediated MMP-9 expression 
in IL-7-stimulated migration and invasion of bladder cancer 
cells.

In addition to its role in modulating the development, 
survival, and proliferation of lymphocytes (14,15), several 
studies have suggested that IL-7 plays a role in the cell cycle 
regulation of T-cells (14,15). IL-7 is known to promote cell 
proliferation through the decreased level of p27KIP1 and 
increased activation of CDK2 and CDK4 in T-cells (25,26). 
A previous study has shown that the p27KIP1 expression is 
intensely associated with IL-7Rα in the T cell lineage (27). 
However, the effect of IL-7 on cancer cell response has not 
been previously reported. In the present study, we examined 
the expression level of p27KIP1 in the presence of IL-7, and 
found an increase in treated bladder cancer cells. In an attempt 
to understand the involvement of p27KIP1 in the IL-7-induced 
migration and invasion of bladder cancer cells, we conducted a 
p27KIP1-specific siRNA knockdown experiment. The results 
from the present study demonstrated that p27KIP1 is a crucial 
factor for the migration and invasion of bladder cancer cells 
induced by IL-7. Our data also showed that p27KIP1 regulated 
the ERK1/2-mediated expression of MMP-9 via the binding 
activation of the NF-κB motif in the migration and invasion 
of bladder cancer cells induced by IL-7. These studies suggest 
that p27KIP1 may be involved in the cascade of migration 

and invasion of cancer cells, which leads to bladder cancer 
progression.

Many studies have shown that inflammatory cytokines have 
a dual role that includes the induction of tumor progression as 
well as an inhibitory effect of tumor growth (28-30). The results 
of the present study showed a novel role for IL-7, as it proved 
to be responsible for the migration and invasion of bladder 
cancer cells without altering the cell growth. A previous study 
showed that the decreased expression of p27KIP1 resulted in 
a disease progression in patients with colorectal and breast 
cancer (31,32). In addition, p27KIP1 status has been associated 
with recurrence and disease-specific mortality in patients with 
bladder tumors (33). However, the exact mechanism of the cell 
cycle regulators underlying the migration and invasion in IL-7-
treated cancer cells remains to be elucidated. The results from 
the present study revealed that p27KIP1 is an essential factor 
in the migration and invasion of bladder cancer cells induced 
by IL-7.

In conclusion, the present study presents novel evidence 
demonstrating that p27KIP1 is associated with ERK1/2-
mediated MMP-9 expression via the binding activity of the 
NF-κB motif in IL-7-stimulated bladder cancer cells, which 
subsequently leads to migration and invasion. These results 
form a theoretical basis for the progression of bladder cancer, 
and future study is required to examine the efficacy of the IL-7 
gene using animal models.
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