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Gecko Proteins Exert Anti-Tumor Effect against Cervical Cancer
Cells Via PI3-Kinase/Akt Pathway
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Anti-tumor activity of the proteins from Gecko (GP) on cervical cancer cells, and its signaling
mechanisms were assessed by viable cell counting, propidium iodide (PI) staining, and Western blot
analysis. GP induced the cell death of HeLa cells in a dose-dependent manner while it did not affect
the viability of normal cells. Western blot analysis showed that GP decreased the activation of Akt,
and co-administration of GP and Akt inhibitors synergistically exerted anti-tumor activities on HeLa
cells, suggesting the involvement of PI3-kinase/Akt pathway in GP-induced cell death of the cancer
cells. Indeed, the cytotoxic effect of GP against HeLa cells was inhibited by overexpression of
constituvely active form of Akt in HeLa cells. The candidates of the functional proteins in GP were
analyzed by Mass-spectrum. Taken together, our results suggest that GP elicits anti-tumor activity
against HeLa cells by inhibition of PI3-kinase/Akt pathway.
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INTRODUCTION

Cervical cancer is the third most common cancer among
females worldwide, and around 275,000 women die of the
cancer every year [1]. Although it can be effectively cured
by simple surgery when it is found at the early stage, pro-
longed and profound chemotherapy or radiotherapy are re-
quired in more advanced stages or metastatic stage, which
may accompany a variety of side effects. Furthermore,
drug-resistance or toxicity of synthetic agents remains to
be an obstacle to an effective treatment. Thus, a novel ther-
apeutic strategy with more safety and less toxicity is re-
quired for highly effective cure of the cervical cancer.

Gecko, a genus of lizards, has been traditionally used as
an Oriental medicine in the form of pill, powder and mastic
for a variety of inflammatory diseases such as tuberculosis
and osteomyelitis and syrinx [2]. Furthermore, it has been
reported that Gecko has an anti-tumor effect on several can-
cers including gastric cancer, liver cancer and esophageal
carcinoma [3-5]. However, due to the uncertain scientific
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backgrounds of these therapeutic effects, the Gecko still
may not gain global reliability as an anti-cancer drug, al-
though several attempts have been made to develop new
anti-cancer pharmaceuticals from Chinese herbal medicine
[6-8].

The major goal of this study was to investigate whether
Gecko also has an anti-tumor activity on non-digestive tis-
sue cancer such as cervical cancer using HeLa cells, and
to elucidate the signaling mechanisms of anti-tumor action
of the Gecko. As a result, we found that the proteins from
Gecko (GP) were able to selectively eliminate HeLa cells,
while it did not affect viability of normal cells. The GP in-
hibited Akt activation, and the overexpressing constituvely
active form of Akt rescued the GP-induced cell death of
HeLa, suggesting that the GP induces the specific cell death
of the cancer cells via inhibition of PI3-kinase pathway.

METHODS

Cell culture

All cells were purchased from the American Type Culture
Collection (ATCC). Cells were cultured in DMEM (HyClone)
supplemmented with 10% fetal bovine serum (FBS; Hy-
Clone) and penicillin/streptomycin (100 U/ml; HyClone) at
37°C in a humidified incubator with 5% COs.

ABBREVIATIONS: PI, propidium iodide; PI3-kinase, phosphoinositide
3 kinase; GP, proteins from Gecko; DMSO, dimethyl sulfoxide.
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Animal housing and use

Young (4~ 6 weeks) Eublepharis. Macularius were obtai-
ned from a commercial supplier (Mowglipet, Seoul, Korea),
and captive bred. Briefly, the Geckos were housed indivi-
dually in standard mouse-sized polycarbonate enclosures in
an isolated room with an ambient humidity of 40~50% at
room temperature of ~24°C. Animals were fed daily a diet
of gut-loaded mealworms (larval Tenebrio spp.) dusted with
powdered calcium and vitamin Dj (cholecalciferol) supple-
ment.

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, USA) and tails were amputated with a size
of 0.5 cm. The amputated tails were rinsed in sterile phos-
phate buffered saline (PBS) and homogenized by using a
homogenizer. The homogenates were centrifuged (13,000
rpm for 10 min at 4°C) and the supernatants were passed
through a 0.45 zm of syringe filter.

Viable cell number counting

All cells (5%x10"ml cell suspension) were seeded on to
24-well plates at 5x10%ml in DMEM medium with 10%
FBS. Cells were treated with designated concentrations of
GP and further incubated for 48 hours. Then, the cells were
trypsinized (10X trypsin-EDTA, Gibco) and the viable cell
numbers were counted using a hematocytometer under op-
tical microscope.

Transient transfection of the cell lines

HeLa cells (1x10°% were seeded into a 6-well plate and
cultured for overnight. Then, the cells were transfected
with 2 1 g of constituvely active form of myristoylated Akt
expression vector (Myr-Akt) or empty vector (pUSEamp,
Upstate Technology) using LipofectAMINE according to the
manufacturer’s procedure. After transfection, cells were
cultured in 10% fetal bovine serum-supplemented DMEM
for 24 hours, then subjected to 0.1% DMSO or GP treatment
for 48 h. These cells were then used for PI staining, cell
counting, and Western blot analysis.

Western blot analysis

Cells were lysed in lysis buffer [20 mM Tris-HCl (pH 6.8),
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% TritonX-100]
containing a protease inhibitor (complete-Mini, Roche) for
20 minutes on ice, and then centrifugated at 13,000 g for
20 minutes at 4°C. Twenty mg of the proteins were resolved
on 12% sodium dodecyl sulfate-polyacrylamide gel and
transferred to polyvinylidene difluoride (PVDF) membranes.
The membranes were incubated sequentially with primary
antibodies and HRP-conjugated secondary antibodies. Im-
munoreactivity was detected with Enhanced peroxidase de-
tection (EPD, ELPIS Biotec. INC) on X-ray film (Sigma-
Aldrich).

2D-electrophoresis

200~250 /g protein was loaded onto a 11 ¢cm 4~ 7 linear

IPG strip for separation in the first dimension, and the sec-
ond dimension separation was on a standard 12% SDS-
PAGE gel. The gels were visualized with Silver staining
according to the manufacturer’s instructions. Spots were
identified and analyzed using the PDQuest v8.0 software
(Biorad). Background subtraction and normalization were
automatically carried out by the software programs.

Protein identification with mass spectrometry

The separated proteins in SDS-PAGE gels were visualized
by silver staining. The stained gel images were compared
with the original DeCyder analysis experiments and
matched. The spots of interest were either manually excised
or automatically detected and excised using the Xcise™ ap-
paratus (Shimadzu Biotech, Japan). Gel pieces were wash-
ed twice with 150 #1 of 100 mM ammonium bicarbonate
(pH 8.2) and 70% v/v acetylnitrile (ACN), and dried at 37°C
for 20 min. Trypsin in 50 mM ammonium bicarbonate (20
ngl 1) was added to each gel piece and incubated at 37°C
for 2 h. Peptides were then extracted using a mixture con-
taining 20 «1 of 0.1% v/v trifluoroacetic acid (TFA) and 70%
ACN. The peptide solution was either manually or auto-
matically desalted and concentrated using ZipTips™ (Milli-
pore, Bedford, MA) (8,12), and spotted onto an Axima Maldi
target plate. The peptide mass spectra of tryptic peptides
were generated by using an Axima CFR+ matrix-assisted
laser desorption/ionization time-of-flight mass spectrometer
(MALDI-TOF-MS; Shimadzu Biotech, Japan). The peptide
masses were matched with the theoretical peptide masses
obtained from the mouse database of the NCBInr using
Mascot with the automated Mascot Daemon v.2.0 (Matrix
Sciences, London, UK).

Statistical analysis

All experiments were repeated at least three times. Data
are presented as meanststandard deviation. A student’s t
test was used to compare means and p<0.05 was consid-
ered as significant.

RESULTS

Proteins from Gecko specifically induce cell death of
HeLa cells

Gecko has been previously reported to have anti-tumor
effect on several cancers in digestive system such as gastric
cancer, liver cancer and esophageal carcinoma. In this
study, we investigated whether proteins from Gecko (GP)
also have the same effect on cervical cancer using HeLa
cell. Microscopic observations showed that administration
of GP decreased number of the HeLa cells in a dose depend-
ent manner (Fig. 1A), and the cell death by GP was con-
firmed by propidium iodide (PI) staining in which GP treat-
ment increased number of the Pl-positive cells (Fig. 1B).
Cell counting assay also showed that GP decreased viable
cell numbers of HeLa cells while heat-inactivated proteins
did not affect the viability of the cancer cells (Fig. 2). In
addition, GP did not affect the survival of normal cells such
as human embryonic kidney cells (HEK293), mouse fibro-
blast cells (NIH3T3), and mouse myoblast cells (C2C12).
Taken together, these results suggest that GP has cytotoxic
effect specifically on cancer cells without affecting normal
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Fig. 1. Effect of GP on survival of HelLa cells. HeLa cells were
cultured with designated concentrations of GP for 48 hours. Viable
cells were observed with phase contrast microscope (A), and dead
or dying cells were analyzed by PI staining (B). Data are repre-
sentatives of three independent experiments.
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Fig. 2. Specific anti-tumor effect of GP against HeLa cells. (A) HeLa
cell were treated with raw GP (left panel) or heat-inactivated GP
(right panel) for 48 hours, and the viable cell numbers were
counted. (B) Various types of normal cells were treated with raw
GP for 48 hours and viable cell numbers were counted (data are
averages of three independent experiments).

cells.

GP-induced cell death involves inhibition of PI

3-kinase/ Akt pathway

PI3-kinase/Akt is the typical enzymes that regulate cel-
lular growth, proliferation and survival. Thus, we inves-
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Fig. 3. Activation of MAP kinases. (A) HeLa cells were treated with
designated concentration (0, 100, 200 s g/ml) of GP for 30 minutes,
and the activation of Akt was analyzed by Western blot analysis.
(B) HeLa cells were treated with wortmannin (Wort) and/or GP
for 48 hours, and the viable cell numbers were counted. DMSO
was included as a vehicle control.
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Fig. 4. Confirmation of involvement of PI3-kinase/Akt in GP
induced cell death of HeLa cells. (A) Control HeLa cells (pUSEamp)
and the active Akt-overexpressing HeLa cells (CA-Akt) were
treated with or without GP (200 1 g/ml) for 48 hours, and the viable
cell numbers were counted. Data are averages of three independent
experiments. (B) After treatment of GP (200 s g/ml), the cells were
stained with PI and the viability of the cells was investigated by
microscopic analysis. Data are representative of three independent
experiments.

tigated whether PI3-kinase/Akt are involved in GP-induced
cell death of HeLa cells. Western blot analysis showed that
GP decreased the level of Akt activation in a dose-depend-
ent manner (Fig. 3A). In addition, co-administration of GP
and PI3- kinase inhibitors synergistically decreased the via-
ble cell numbers of HeLa (Fig. 3B), suggesting that GP in-
hibits the PI 3-kinase pathway, thereby decreasing survival
of HeLa cells.

Activation of Akt rescues the GP-induced death of
HeLa cells

In order to confirm the involvement of PI3-kinase/Akt in
GP -induced cell death of HeLa cells, we performed cyto-
toxic assay with the HeLa cells which overexpress con-
stituvely active form of Akt (Fig. 4A). As assessed by PI
staining, addition of GP did not change the viability of
HeLa cells when active form of Akt is overexpressed while
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Table 1. List of the major proteins in Gecko

Spot No. of Moscot Coverage
Accession No. Protein name Function Matched
No. R score (%)
peptides

3 gi]| 147904511 Enolase 3, beta muscle [Xenopus laevis] Metabolism 5 161 10
18 gi| 1703123 Actin, cytoplasmic type 5 Cytoskeleton 8 166 22
36 g1 147904511 Enolase 3, beta muscle [Xenopus laevis] Metabolism 14 515 29
41 g1 147904511 Enolase 3, beta muscle [Xenopus laevis] Metabolism 13 239 23
42 gi]| 148236351 Triosephosphate isomerase Metabolism 13 253 25
61 gi| 1703123 Actin, cytoplasmic type 5 Cytoskeleton 2 83 2
62 gi| 148232557 Ran binding protein 1 [Xenopus laevis] Nucleic acid transporter 3 97 9
67 gi| 31321965 Fast troponin T [Xenopus laevis] Cytoskeleton 2 123 5
84 gi| 31981562 Pyruvate kinase, muscle Metabolism 2 65 5
87 gi| 147904511 Enolase 3, beta muscle [Xenopus laevis] Metabolism 10 369 27
88 gi]| 112688 14-3-3 protein beta/alpha-A Chaperon 4 118 12
105 214505763 Phosphoglycerate kinase 1 [Homo sapiens] Metabolism 2 120 6
162 gi| 3318722 Chain E, Leech-derived tryptase inhibitor Protease inhibitor 9 370 26
163 gi| 3318722 Chain E, Leech-derived tryptase inhibitor Protease inhibitor 9 404 26
166 gi]| 136429 Trypsin Protease 5 269 25
169 gi]| 3318722 Chain E, Leech-derived tryptase inhibitor Protease inhibitor 6 119 8
196 gi]| 3318722 Chain E, Leech-derived tryptase inhibitor Protease inhibitor 7 330 26

Cytoskeleton
12%

Metabolism
41%

Cell signaling
6%

Fig. 5. Protein separations of total GP on 2D gels, and categorization
of the identified proteins by mass spectrometry. (A) After isoelectric
focusing in pH gradient of the electric field, the electrophoretic
separation is used in polyacrylamide gel (SDS-PAGE). Proteins
were visualized after silver staining. (B) Identified proteins in
Table 1 were categorized according to their cellular functions.

it increased cell death of control cells (Fig. 4B). These re-
sults prove that GP induces cell death of HeLa cells via
inhibition of PI3-kinase/ Akt pathways.

Identification of the major functional proteins from
Gecko

To identify the major proteins that may possess the func-
tional anti-tumor activities in GP, we next performed 2-di-
mensional (2D) electrophoresis with the total proteins from
Gecko (Fig. 5A). Among the 292 spots from 2D gel, we se-
lected 18 major spots, and they are subjected to mass-
spectrometry. As in the Table 1 and Fig. 5B, they are most-
ly involved in cellular metabolism, protease inhibitors, and
cellular signalling.

DISCUSSION

Previously, Gecko has been reported to have therapeutic
effects against various inflammatory diseases [9]. Further-
more, Gecko also has been used as an Oriental medicine

for cancers in digestive system, including gastric cancer,
liver cancer and esophageal carcinoma [3-5]. In addition,
recent report showed that the sulfated polysaccharide from
Gecko inhibited proliferation and migration of human hep-
atoma cell line [10-12].

However, the absence of the scientific backgrounds of the
mechanisms remains as an obstacle for Gecko to gain global
interests as an anti-cancer drug. Moreover, most studies
about pharmaceutical effects of Gecko have been performed
with the whole dried mixtures or the mastic of the animal
until recently. Here, we investigated the therapeutic effects
of Gecko proteins against the cervical cancer cells, and elu-
cidated its critical mechanisms in anti-tumor action. The
sole anti-tumor effect of proteins itself from Gecko was pro-
ven by the fact that the heat-inactivated proteins did not
have any effects on the proliferation or the survival of the
cancer cells. Moreover, our observations, in which GP did
not show any toxicity against the normal cells, confirmed
the specificity of GP as an effective anti-tumor drug.

Previous study with the whole dry argued that the mech-
anism of anti-tumor action of Gecko involves decrease of
VEGF and bFGF protein expression in tumor tissues [2].
Although VEFG and bFGF are critical for tumor growth,
they may not be the directly related to the cell death or
the survival of the cancer cells. Thus, we investigated the
involvement of PI3-kinase/Akt pathway in anti-tumor ac-
tivities of the GP. In fact, PI3-kinase/Akt has been well
known as a critical factor for tumor formation, metastasis,
and tumor regression [13-15]. Furthermore, VEGF and
PI3-kinase are often closely related to each other in regulat-
ing certain cellular physiologies such as lymphatic meta-
stasis [16]. Indeed, inhibitors of PI3-kinase/Akt pathway
have been tried as anti-cancer pharmaceuticals [17,18]. Our
results also showed that the GP decreased the activation
of Akt, and the co-administration of inhibitors of PI3-kinase
with the GP synergistically decreased the survival of the
cervical cancer cells, as expected. Moreover, the cell death
by the GP was recovered by overexpression of constituvely
active form of Akt in the HeLa cells. The proteomic analysis
in this study revealed that the major proteins contained
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in GP are involved in cellular metabolism, material trans-
port, signaling, cytoskeleton rearrangement, and protease
inhibition. Indeed, all of these events are well-known to be
involved in cell survival, proliferation and apoptosis. Espe-
cially, it has recently been reported that the protease in-
hibitors or inhibition of the proteases are critical for an-
ti-tumor efficacy of the drugs against certain cancers such
as the colon cancer [19,20] or liver cancer [21]. Thus, tryp-
tase-inhibitor in GP, which were identified in this study
may be a good candidate as a safe and efficient anti-cancer
drug against the cervical cancer although the further func-
tional study may be required.

In conclusion, this study has demonstrated that the pro-
teins from Gecko have the anti-tumor activity on the cer-
vical cancers, possibly by the downregulation of PI3-kinase/
Akt pathway. Further functional studies such as identi-
fication of functional peptides in GP may greatly contribute
to the efficient drug development of a variety of cancers
such as cervical, colon, and liver cancers.
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