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Gecko proteins have long been used as anti-tumor agents in 
oriental medicine, without any scientific background. Although 
anti-tumor effects of Gecko proteins on several cancers were 
recently reported, their effect on bladder cancer has not been 
investigated. Thus, we explored the anti-tumor effect of Gecko 
proteins and its cellular mechanisms in human bladder cancer 
5637 cells. Gecko proteins significantly reduced the viability of 
5637 cells without any cytotoxic effect on normal cells. These 
proteins increased the Annexin-V staining and the amount of 
condensed chromatin, demonstrating that the Gecko proteins- 
induced cell death was caused by apoptosis. Gecko proteins 
suppressed Akt activation, and the overexpression of con-
stitutively active form of myristoylated Akt prevented Gecko 
proteins-induced death of 5637 cells. Furthermore, Gecko pro-
teins activated caspase 9 and caspase 3/7. Taken together, our 
data demonstrated that Gecko proteins suppressed the Akt 
pathway and activated the intrinsic caspase pathway, leading 
to the apoptosis of bladder cancer cells. [BMB Reports 2015; 
48(9): 531-536]

INTRODUCTION

Bladder cancer, which arises from the epithelial lining of the 
urinary bladder, is one of the common cancers affecting both 
men and women. Amongst all cancers, it is the most ex-
pensive diagnosis in a patient’s lifetime, and accounts for ap-

proximately 3% of all cancer-related deaths (1). Although the 
5-year survival rates for prostate and kidney cancers have sig-
nificantly improved in the last three decades, little progress in 
bladder cancer has been made during this period (2).

Transurethral resection (TUR) is an effective treatment for 
non-muscle invasive bladder cancer (NMIBC), but is insufficient 
for treating muscle invasive cancers (3). For muscle invasive 
bladder cancer, radical cystectomy is the standard treatment, 
which usually includes the removal of ovaries, uterus and 
parts of the vagina in females, and the prostate in males. 
Although combination therapy using radiation and chemo-
therapy can be used to treat the invasive disease, its effective-
ness has not yet been determined. Until recently, Bacillus 
Calmette-Guerin (BCG) remains the most effective agent for 
curing NMIBC (4). However, it is ineffective in 30-40% of 
NMIBC patients, and also 35% of the initial responders relapse 
within 5 years (5). Thus, new treatment options are required 
for the efficient treatment of bladder cancer.

In oriental medicine, Gecko, a genus of lizards, has been tra-
ditionally used in the treatment of inflammatory diseases, in-
cluding asthma and tuberculosis, although its mechanism of 
action was not scientifically defined (6, 7). It has been revealed 
that the Gecko protein extract (GPE) is an effective agent 
against tumors in the digestive system, such as esophageal car-
cinoma and hepatocarcinoma (7-9). Anti-tumor effects of GPE 
were mediated by direct induction of apoptosis or reduced an-
giogenesis in both the in vivo and in vitro models (7, 9, 10). 
Recently, we found that the GPE also exhibited its anti-tumor 
effects on non-digestive cervical cancer (11). However, to 
date, no studies have reported on the anti-tumor effect of GPE 
in bladder cancer.

Thus, we undertook to investigate the anti-tumor effect of 
GPE on bladder cancer, using bladder cancer cell line 5637. 
Our studies revealed that GPE showed selective cytotoxic ac-
tivity against 5637 cells, while it did not affect the viability of 
normal cells. In addition, we found that GPE induced apop-
totic cell death of 5637 cells. In effect, GPE induced the activa-
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Fig. 1. GPE induces the cell death of 
5637 cells. (A) 5637 cells were seeded
in 24-well cell culture plates, at a den-
sity of 2 × 104 cells/well. Next day, 
cells were treated with indicated con-
centrations of GPE, BSA or heat-in-
activated GPE, and further incubated 
for 48 h. Cells were then trypsinized, 
and the number of viable cells was 
counted. *P ＜ 0.05, compared with 
no GPE treatment. (B) Cells were seed-
ed in 24-well cell culture plates at a 
density of 2 × 104 cells/well. Next 
day, cells were treated with indicated 
concentrations of GPE and further in-
cubated for 48 h. Cells were trypsi-
nized and the number of viable cells 
counted. (C) 5637 cells were treated 
with indicated concentrations of GPE 
for 48 h and the MTT assay was per-
formed, as described in Materials and 
Methods. *P ＜ 0.05, compared with 
no GPE treatment. (D) The number of 
viable 5637 cells treated with control 
buffer (PBS) or GPE (500 g/ml) were 
counted daily. *P ＜ 0.05, compared 
with respective day control.

tion of caspase 9 and caspase 3, leading to apoptotic death of 
bladder cancer cells. Furthermore, GPE suppressed Akt activa-
tion, and the overexpression of constantly active form of myr-
istoylated Akt, prevented GPE-induced cell death of 5637 cell. 
These results suggest that suppression of Akt and activation of 
caspase 9-caspase 3 cascade are the critical mechanisms of an-
ti-tumor effect of GPE on bladder cancer cells. In addition, the 
fact that GPE did not show any cytotoxic effect on normal cells 
suggests that GPE can be a safe and efficient medical treatment 
for bladder cancer therapy.

RESULTS

GPE induces the cell death of 5637 cells
To study whether GPE has a cytotoxic effect on bladder cancer 
cells, we treated 5637 cells with an increasing dose of GPE, 
BSA or heat-inactivated GPE. After 48 h incubation, the num-
ber of viable cells was counted. As shown in Fig. 1A, GPE de-
creased the number of viable cells in a dose-dependent man-
ner, whereas BSA or heat-inactivated GPE did not affect the 
number of viable cells. Interestingly, GPE did not affect the vi-
ability of normal cells such as mouse myoblast cells (C2C12), 
mouse embryonic fibroblasts (MEF), human skin fibroblasts 
(HS27), and human foreskin fibroblasts (Nuff) (Fig. 1B). MTT 
assay (Fig. 1C) and microscopic observation (data not shown) 
also showed that GPE reduced the number of viable cells. GPE 
showed the best cytotoxic effect at a concentration of 500 
g/ml in all assays; we therefore treated the 5637 cell with 
500 g/ml of GPE and counted the viable cells daily. This ap-

plication of GPE dramatically suppressed the number of viable 
cells, as shown in Fig. 1D, demonstrating the cytotoxic effect 
of GPE on 5637 cells.

GPE induces the apoptosis of 5637 cell
To examine whether GPE-induced cell death was caused by 
apoptosis, we measured the translocation of phosphatidylser-
ine to the outer membrane, using Annexin-V staining. As 
shown in Fig. 2A, GPE treatment increased the staining of 
Annexin-V in a dose dependent manner, proving that GPE in-
duced the apoptotic cell death of 5637 cells. We further ana-
lyzed the apoptotic cell death by staining the condensed chro-
matin with anti-single strand DNA (ApoStain) (12). As shown 
in Fig. 2B, treated cells showed an increased amount of con-
densed chromatins, thus confirming apoptotic cell death by 
GPE.

Suppression of Akt mediates GPE-induced 5637 cell death 
Akt is the typical survival factor in various cancer cells, includ-
ing bladder cancer (13-15), and Akt suppression was critical 
for exhibiting the anti-tumor effect of various bioactive pep-
tides (14, 16). In addition, we had previously shown GPE in-
duced cervical cancer cell death by inhibiting the Akt pathway 
(11). Thus, we examined the involvement of Akt pathway in 
GPE-induced apoptosis of 5637 cell. Cells were treated with 
GPE in a dose-dependent manner, and the levels of phos-
phorylated Akt were evaluated by immunoblotting (17). We 
found that Akt was phosphorylated at the basal level, and in 
consistence with our previous observations in cervical cancer 
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Fig. 2. GPE induces the apoptosis of 5637 cells. (A) 5637 cells 
were treated with control buffer (PBS), 250 g/ml or 500 g/ml 
GPE for 48 h, Annexin-V staining was performed using a MuseTM

Annexin V & Dead cell kit, as described in Materials and Methods.
(B) 5637 cells were treated with control buffer (PBS), 250 g/ml 
or 500 g/ml GPE for 48 h, the amount of condensed chromatin 
was analyzed by ApoStaining, as described in Materials and 
Methods. Bar, 100 m.

Fig. 3. GPE induces the 5637 cell death
by suppressing Akt phosphorylation. (A) 
5637 cells were treated with indicated 
concentrations of GPE for 48 h, the phos-
phorylation of Akt at Ser 473 was ana-
lyzed by immunoblotting. (B) Quantifi-
cation of Akt phopshorylation that was 
normalized to the expression of total 
Akt. *P ＜ 0.05, compared with no GPE 
treatment. (C) 5637 cells were seeded 
in 24-well cell culture plates at the den-
sity of 2 × 104 cells/well. Next day, cells
were treated with 500 g/ml GPE, with 
the pretreatment of Wortmannin (100 
nM) for 2 h, where necessary. After 48 
h incubation, cells were trypsinized and 
the number of viable cells was counted. 
*P ＜ 0.05, compared with no treatment.
#P ＜ 0.05, compared with GPE treat-
ment. ##P ＜ 0.05, compared with Wort-
mannin treatment. (D) 5637 cells trans-
fected with pcDNA3 or pcDNA3-myr-Akt,
were incubated with 500 g/ml GPE for 
48 h, and viable cells were counted. *P
＜ 0.05, compared with pcDNA3 treat-
ed with GPE.

cells (11), GPE suppressed the Akt phosphorylation (Fig. 3A, 
B). To show that suppression of Akt is critical for the GPE-in-
duced cell death, we treated 5637 cells with either GPE, 
Wortmannin, or in combination, incubated cells for 48 h, and 
counted the number of viable cells. Interestingly, 100 nM 
Wortmannin showed a comparable cytotoxic effect as 500 
g/ml GPE, against the 5637 cells, co-treatment of these re-
agents further decreased the number of viable cells (Fig. 3C), 
implying that the Akt pathway is involved in GPE-induced 
death of 5637 cell. Furthermore, transfection of the con-
stitutively active form of myristoylated Akt rescued the GPE-in-
duced cell death (Fig. 3D). These results suggest that GPE in-
duces 5637 cell death by inhibiting the Akt pathway.

Activation of intrinsic caspase cascade by GPE
Since Akt has been suggested to inhibit the activation of cas-
pase 9 (18-20), we investigated the involvement of intrinsic 
caspase cascade activation in GPE-induced apoptosis. Pretreat-
ment with pan-caspase inhibitor (Z-VAD-FMK) suppressed the 
GPE-induced cell death (Fig. 4A), suggesting the involvement 
of caspase activation in cell death induced by GPE. Next, we 
measured the activation of effector caspases, such as caspase 
3/7. As shown in Fig. 4B, GPE induced the activation of cas-
pase 3/7, with a simultaneous increase of apoptotic cell death. 
Caspase 9 is an initiator caspase which leads to cleavage 
(activation) of caspase 3/7 (21) and blockade of Akt activated 
caspase 9 (18-20). Thus, we hypothesized that caspase 9 
would be cleaved by GPE. Indeed, GPE induced the cleavage 
of caspase 9 as well as caspase 3 (Fig. 4C, D), suggesting the 
GPE activated caspase 9-caspase 3/7 cascade leads to the 
apoptotic cell death of 5637 cell.
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Fig. 4. Intrinsic caspase cascade is acti-
vated by GPE. (A) 5637 cells were 
seeded in 24-well cell culture plates, at 
a density of 2 × 104 cells/well. Next 
day, cells were treated with 500 g/ml 
GPE, after a pretreatment with Z-VAD- 
FMK (indicated concentration) for 3 h. 
After 48 h incubation, cells were trypsi-
nized and the number of viable cells 
was counted. *P ＜ 0.05, compared 
with no treatment. (B) 5637 cells were 
treated with control buffer (PBS), 250 
g/ml or 500 g/ml GPE for 48 h, cas-
pase 3/7 activity was analyzed using a 
MuseTM Caspase-3/7 kit, as described in 
Materials and Methods. (C) 5637 cells 
were treated with 250 g/ml or 500 
g/ml GPE for 48 h, the cleavages of 
capase 9 and caspase 3 were analyzed 
by immunoblotting. (D) Quantification 
of cleaved caspase 9 and cleaved cas-
pase 3 that was normalized to the ex-
pression of -actin. *P ＜ 0.05, com-
pared with caspase 9 with no GPE 
treatment. #P ＜ 0.05, compared with 
caspase 3 with no GPE treatment.

DISCUSSION

The major finding of this study was that GPE suppressed the 
Akt pathway and activated the intrinsic caspase pathway, lead-
ing to apoptosis of bladder cancer cells. Specifically, we showed 
that the overexpression of constitutively active form of myr-
istoylated Akt decreased the GPE-induced death of 5637 cells, 
suggesting the critical step of Akt inactivation is involved in 
imposing the anti-tumor effect of GPE on bladder cancer. In 
addition, GPE also exerted a comparable cytotoxicity against EJ 
cells, another typical bladder cancer cell line (Supplementary 
Fig. 1), suggesting the universal anti-tumor activity of GPE 
against bladder cancer cells. Furthermore, we showed that 
GPE activated initiator caspase, (caspase 9) and effector cas-
pases, (caspase 3/7) to bring about the apoptosis of bladder 
cancer cells. On the basis of our results, we propose a model 
for the anti-tumor effect of GPE in bladder cancer cells (Sup-
plementary Fig. 2).

GPE has been used as an oriental medicine for its anticancer 
properties against tumors. Recently, some of its apoptosis-in-
ducing mechanisms in cancers of the digestive system have 
been reported. For example, aqueous GPE inhibited the pro-
liferation of human hepatocarcinoma cell BEL-7402 by induc-
ing cell differentiation via an ERK1/2 activation (8). Alcoholic 
GPE induced the apoptosis of human esophageal squamous 
carcinoma cell line EC9706 by increasing the expression of 
Bax (22). Furthermore, alcoholic GPE induced the apoptosis of 
human esophageal squamous carcinoma cell line EC109 by in-
creasing the expression of Fas and caspase-3 (23). However, 
the anti-tumor effect of GPE on bladder cancer cells has not 
yet been investigated. Thus, the present study is the first to 

show the suppression of Akt, and the activation of intrinsic 
caspase pathway, for the induction of bladder cancer apoptosis 
by GPE. We had recently reported that GPE had a cytotoxic ef-
fect on non-digestive cervical cancers, the mechanism in-
volved being the suppression of Akt (11). Thus, we postulate 
that Akt suppression is the critical determinant for the apopto-
sis of GPE-treated non-digestive cancer cells, such as cervical 
cancer and bladder cancer. 

In the present study, we proved that the native Gecko ex-
tracts showed anti-tumor activity against the bladder cancer 
cells, however, when heat-inactivated, they did not affect the 
viability of these cancer cells (Fig. 1A). The fact that the heat- 
inactivated extracts lost their cytotoxic activity may suggest 
that the protein from Gecko extract is critical for exhibiting the 
anti-tumor effect against the bladder cancers. To investigate 
the proteins that compose the Gecko extract, we had pre-
viously performed 2-dimensional electrophoresis and catego-
rized the identified proteins by mass spectrometry (11). Among 
the proteins categorized, 41% were metabolism-related pro-
teins and 23% were tryptase inhibitors (11). Presently, it is not 
known as to which proteins in the Gecko extract exert their an-
ti-tumor activity on bladder cancer cells. However, based on 
our observations (suppression of Akt pathway by GPE), we 
think tryptase inhibitors can be good candidates for the anti-tu-
mor activity of GPE, since tryptase has been suggested to acti-
vate the Akt pathway (24, 25). Further analysis for the identi-
fication of the functional protein(s), that induce the apoptosis 
of bladder cancer cells, will be required.

Importantly, we observed that the viability of normal cells 
was not affected by GPE (Fig. 1B), suggesting that the effect of 
GPE on apoptosis was specific to cancer cells (8, 11, 22, 23). 
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Considering the critical role of Akt pathway in the progression 
of bladder cancer (14, 15, 26), with no corresponding cyto-
toxic effect on normal cells, our findings suggest that GPE can 
be a promising therapeutic candidate for the development of 
an anti-cancer drug for bladder cancer.

MATERIALS AND METHODS

Cell culture, antibodies, and reagents
Bladder cancer 5637 cells and EJ cells were grown in RPMI1640 
medium (Invitrogen, Carlsbad, CA) supplemented with 10% 
fetal bovine serum (FBS, Hyclone, Logan, UT) and pen-
icillin/streptomycin (100 U/ml and 100 g/ml, respectively; 
HyClone). MEF, C2C12, HS27 and Nuff were grown in high 
glucose DMEM (Invitrogen) supplemented with 10% FBS and 
penicillin/streptomycin (100 U/ml and 100 g/ml, respectively). 
All cells were grown at 37oC in a humidified incubator with 
5% CO2. Antibodies against Akt, p-Akt (Ser473), caspase-3 and 
caspase-9 were from Enzo Life Sciences (Farmingdale, NY); an-
tibody against -actin from Bethyl Laboratories Inc (Montgomery, 
TX). Specific inhibitors of PI3-kinase/Akt (Wortmannin) and 
pan-caspase inhibitor (Z-VAD-FMK) were purchased from 
Sigma (St. Louis, MO).

Animal housing and use 
Young (4-6 weeks) Eublepharis macularius were obtained from 
a commercial supplier (Mowglipet, Seoul, Korea), and bred in 
captivity. Briefly, the Geckos were housed individually in 
standard mouse-sized polycarbonate enclosures in an isolated 
room, with an ambient humidity of 40-50%, at a room temper-
ature of ∼24oC. Animals were fed daily a diet of gut-loaded 
mealworms (larval Tenebrio spp.) dusted with powdered cal-
cium and vitamin D3 (cholecalciferol) supplement.

Extraction of protein from lizard
Animals of 8 to 11 cm in length were anaesthetized in 0.02% 
to 0.05% MS-222 (Argent Chemical Laboratories, Redmond, 
WA), and tails were amputated with a length of 0.5 cm. The 
amputated tails were rinsed in sterile phosphate buffered sal-
ine (PBS) and homogenized using a homogenizer. The homo-
genates were centrifuged (13,000 rpm for 10 min at 4°C) and 
the supernatants were passed through a 0.45 m syringe filter. 
The filtrates were dialyzed with MAXI GeBaFlex-tubes, accord-
ing to the manufacturer's protocol (Gene Bio-Application LTD, 
Kfar-Hanagid, Israel).

Viable cell number counting
Cells were seeded in 24-well cell culture plates at a density of 
2 × 104 cells/well. Next day, cells were treated with des-
ignated concentrations of GPE and further incubated for 48 h. 
The cells were then trypsinized, and stained using a Trypan 
blue. Then, the non-stained viable cell numbers were counted 
using hemacytometer, under an optical microscope. As re-
quired by the respective experiment, the cells were incubated 

with Wortmannin for 2 h or Z-VAD-FMK for 3 h prior to treat-
ment with GPE.

MTT assay
Cells were seeded in 96-well cell culture plates at a density of 
5 × 103 cells/well. Next day, the cells were treated with des-
ignated concentrations of GPE or standard compounds. After 
48 h incubation, MTT (final 0.5 mg/ml) was added to these 
cells, and further incubated at 37oC for 4 h. When the purple 
precipitate was visible, the medium was removed and dime-
thylsulfoxide added. After shaking for 10 min to thoroughly 
mix the formazan with dimethylsulfoxide, the optical density 
was determined at 550 nm.

Immunofluorescence staining (ApoStain staining)
Cells were seeded on gelatin-coated coverslips in 24-well cell 
culture plates, at a density of 5 × 104 cells/well. Next day, 
cells were treated with designated concentrations of GPE. After 
48 h, cells were fixed with 4% paraformaldehyde for 5 min, 
followed by permeabilization with 0.5% NP-40 for 10 min. 
The cells were incubated with blocking buffer (20% FBS in 
PBS) for 30 min, followed by anti-single strand DNA antibody 
(1:100 dilution in 5% FBS in PBS) for 1 h at 37oC. The cells 
were washed three times with PBS, and incubated with the flu-
orescence-conjugated secondary antibody (1:300 dilution, 
Alexa Fluor 568, Invitrogen) for 1 h at 37oC. After staining with 
Hoechst 33342 (Sigma), cells were analyzed under a fluo-
rescence microscope.

Annexin V Assay and Caspase 3/7 Assay
5637 cells were incubated with designated concentrations of 
GPE for 48 h and the apoptotic percentage of these cells was 
determined by MuseTM Annexin V & Dead cell kit (Millipore, 
Billerica, MA), and MuseTM Caspase-3/7 kit (Millipore), using a 
MuseTM Cell analyzer, as per the manufacturers’ instructions.

Western blot analysis
Cells were seeded in 6-well cell culture plates at a density of 5 
× 105 cells/well. Next day, cells were treated with designated 
concentrations of GPE and further incubated for 48 h. Cells 
were lysed in cell lysis buffer [20 mM Tris-HCl (pH 6.8), 150 
mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100] sup-
plemented with a protease inhibitor (complete-Mini, Roche, 
Indianapolis, IN) for 20 min on ice, and then centrifuged at 
13,000 g for 20 min at 4oC. 20 g of the extracted proteins 
were separated by sodium dodecyl sulfate (SDS)-polyacrylamide 
gel electrophoresis (PAGE) and transferred onto polyvinylidene 
difluoride (PVDF) membranes. The membranes were blocked 
in 5% nonfat milk, and incubated sequentially with appro-
priate primary antibodies and HRP-conjugated secondary anti-
bodies. Immunoreactivity was detected with Enhanced Chemi-
luminescence (ECL, Thermo Scientific Inc. Rockford, IL) kit on 
X-ray film.
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Transient transfection
5637 cells (5 × 105 cells/well) were seeded in the 6-well cell 
culture plates and incubated for 16 h. Cells were then trans-
fected with 2 g of constantly active form of myristoylated Akt 
expression vector (pcDNA3-myr-Akt) or empty vector (pcDNA3), 
using MaestrofectinTM transfection reagent (Omicsbio, Taipei 
City, Taiwan), according to the manufacturer’s instructions. 
After 24 h incubation in complete media, cells were exposed 
to the designated concentrations of GPE for 48 h, for further 
experiments.

Statistical analysis
All experiments were repeated at least three times. Data are 
presented as means ± standard deviation. Analyses were per-
formed with the Student’s t test, and values of P ＜ 0.05 were 
considered significant.
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