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Identification of anti-tumor components from toad venom
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Abstract. Secretion of granular glands from the skin of
amphibians is a fascinating resource of active substances,
particularly for cancer therapy in clinical practice of Tradi-
tional Chinese Medicine. A variety of anti-tumor peptides
have been isolated from different toads and frogs; however,
no anti-tumor peptides are reported in toad venom of
Bufo gargarizans. Firstly, soluble fraction from fresh toad
venom (FTV) was compared with that from dried toad venom
(DTV), using HPLC analysis. It was revealed that FTV has a
different HPLC chromatography compared with DTV. Soluble
fraction of FTV is more toxic to SH-SY5Y cells than that of
DTV, as evaluated by MTT assay. Secondly, it was identi-
fied that protein components from soluble fractions of FTV
and DTV possess different patterns by SDS-PAGE analysis,
and proteins from FTV are also more toxic than that from
DTYV. Thirdly, an immobilized basic fibroblast growth factor
(bFGF) affinity column was used to isolate bFGF-binding
components from soluble fraction of FTV, and it was identified
that bFGF-binding components prohibited bFGF-dependent
neurite growth of SH-SYSY cells. Finally, it was identified that
bFGF-binding components activated apoptosis via upregula-
tion of caspase-3 and caspase-8 expression in SH-SYSY cells.
These data suggest that FTV contains active components that
interact with bFGF and activate apoptosis in SH-SYSY cells.
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Introduction

As a traditional Chinese medicine (TCM), the dried secretion
from skin glands of Bufo gargarizans (toad venom) has been
used in the treatment of various types of inflammation in
China for thousands of years (1). Previous studies reported that
toad venom has an activity in tumor inhibition. For instance,
extraction of toad venom inhibited the growth of non-small
cell lung cancer (2,3). Active components of toad venom,
including telocinobufagin, marinobufagin, bufalin, bufotalin
and resibufogenin, were reported to exhibit a tumor-inhibiting
activity (4-6). Bufalin and cardiotonic steroid, isolated from
toad venom, were identified to cause apoptosis in human
prostate and breast cancer cells by upregulating the expres-
sion of caspase family genes in tumor cells (7,8). Bufalin can
also suppress cell proliferation and inhibit the migration and
invasion of tumor cells, although the molecular mechanisms
remain unknown (6,9,10). By contrast, arenobufagin, another
major component of toad venom, was reported as a specific
inhibitor of VEGF-mediated angiogenesis (6).

Compared with the anti-tumor activity of the aforemen-
tioned small molecules from toad venom of B. gargarizans,
studies on the anti-tumor activity of skin secretion from other
amphibians are focused on peptides that are considered to be
more sensitive and/or specific than small molecules (11-14).
In previous studies, a large number of anti-tumor peptides
were reported from different toads and frogs (15-17). Peptides
from the magainin family were isolated from African clawed
frog (Xenopus laevis) skin (18,19). Maganin 1 and maganin
2, two peptides with 23 amino acid residues, were reported
to inhibit cell proliferation in NCI-H82 and NCI-H526 cells
at a low dose (19,20). Since maganin 2 has a high specific
cytotoxicity, its derivative via amino acid modification has
been approved as a novel medicine in cancer treatment (21,22).
In addition, maximin and bombinin families, identified in
Bombina maxima and Bombina orientalis, were reported to
inhibit the proliferation of tumor cells (23).

However, the active peptides of toad venom from
B. gargarizans are unknown since toad venom is always
prepared into the dried form from secretion of toad, a proce-
dure that possibly denatures or damages active proteins and
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peptides. The identification and detection of possible anti-tumor
peptides from skin gland secretions of B. gargarizans remains
a challenge, and has not been studied. In the present study,
protein components and their anti-tumor activity of fresh
toad venom (FTV) were compared with those of dried toad
venom (DTV). Furthermore, basic fibroblast growth factor
(bFGF), one of the growth factors involved in angiogenesis
in cancer metastasis (24-26), was selected as a biomarker for
cancers to investigate protein components from toad venom. A
bFGF-immobilized affinity column was used to capture active
components that can interact with bEGF. The bFGF can inhibit
the apoptosis induced by oridonin in L929 tumor cells (26), and
cause tumor migration by regulating several pathways (27,28).
The mechanism of anti-tumor activity of active components
was preliminarily studied.

Materials and methods

Collection and treatment of toad venom. FTV was collected
from the Laboratory Animal Center at Zhejiang University
(Hangzhou, China) according to the method recommended
in Pharmacopoeia of People's Republic of China (1). To
prepare soluble fraction of toad venom, 0.6 g of FTV was
extracted with 10 ml PBS (0.2 M, pH 7.2) in a 15 ml tube.
The tube was incubated at 16°C for 4 h on an agitator at
210 rpm and followed by centrifugation of 12,000 x g at 4°C
for 15 min. Supernatant was collected as soluble fraction of
FTV. Another 0.6 g of FTV was baked at 37°C for 24 h to
prepare DTV. The soluble fraction of DTV was prepared
using the method described for the preparation of the soluble
fraction of FTV.

Cell culture. Human SH-SYS5Y-EGFP cells were purchased
from Hangzhou Neuropeptide Biological Science and
Technology, Inc., Ltd. (NUPTEC; Hangzhou, China) and
maintained as described previously (29) with a little modi-
fication. Human SH-SYSY, Hep G2 and HUVEC cells were
purchased from Type Cell Culture Collection of the Chinese
Academy of Sciences (Beijing, China). HUVEC cells were
cultured in endothelial cell medium (ECM) medium (HyClone;
GE Healthcare Life Sciences, Logan, UT, USA) while other
cells were cultured in DMEM (HyClone; GE Healthcare Life
Sciences). The two mediums were supplemented with 10%
fetal bovine serum (FBS) (FBS; HyClone; GE Healthcare
Life Sciences) and 0.3% penicillin-streptomycin solution
(Sigma-Aldrich; Merck Millipore, Darmstadt, Germany), at
37°C under a 5% CO, and 95% air humidified atmosphere in
a CO, cell incubator (Sanyo, Moniguchi, Osaka, Japan). The
medium was replaced every other day.

High-pressure liquid chromatography (HPLC) analysis.
HPLC analysis of samples was performed on an Agilent 1260
Liquid Chromatographer (Agilent, Santa Clara, CA, USA).
Soluble fractions from FTV and DTV were filtrated by a0.2 ym
filter (Axygen; Corning, Inc., Corning, NY, USA) and 30 pul of
each filtrated sample was loaded onto an Agilent reverse phase
(RP) C8 column (Agilent) and eluted at a flow rate of 1 ml/min
in a gradient of 5% buffer B (100% acetonitrile) (Scharlab,
Barcelona, Spain) vs. 90% buffer A (0.1% H;PO, in water) for
10 min. Components in eluates were detected at 214 nm.

Isolation of total proteins from soluble fraction of toad
venom. Soluble fractions of FTV and DTV stored at -80°C
freezer were incubated on ice until they were completely
thawed. In total, 24 ml of pre-cold acetone at -80°C was mixed
with 6 ml of thawed soluble fractions of FTV or DTV. The
mixtures were centrifuged at 4°C, 13,400 x g for 10 min. The
supernatant was discarded, and subsequently, pelleted proteins
were re-dissolved in 6 ml of double distilled water.

Determination of cytotoxicity. Human SH-SYS5Y-EGFP cells
were seeded in 96-well plates (Corning, Inc.) at an initial
density of 1.0x10* cells per well and incubated at 37°C for 24 h.
Cells were treated with soluble fraction of FTV and DTV, and
their isolated proteins were prepared from 0, 0.1625, 0.325,
0.75, 1.5, 3 and 6 mg toad venom wt/ml at 37°C for 24 h. The
MTT Cell Proliferation and Cytotoxicity Assay kit (Sangon;
Biotech, Co., Ltd., Shanghai, China) was used to determine
cytotoxicity. MTT, whose reducing capacity indicates cellular
activity, was added to each well and incubated at 37°C for
4 h, according to the manufacturer's protocol. Formazan
solution was added to each well to resolve MTT formazan
crystals. Absorbance at 490 nm, indicating cellular activity,
was determined on a Mustiskan FC scanning multi-well spec-
trophotometer (Thermo Fisher Scientific, Inc., Waltham, MA,
USA).

Protein analysis. For SDS-PAGE analysis, protein samples
were prepared as aforementioned. The soluble fraction of FTV
or DTV (10 pl) were mixed with 5 pl 5X SDS PAGE sample
loading buffers (Sangon, Biotech, Co., Ltd.) and mixtures
were boiled for 5 min. The samples were then loaded onto a
12% SDS-PAGE gel and electrophoresed for 40 min at 110V.
Proteins on the gel were detected by Coomassie brilliant blue
R250 staining (Ourchem, Shanghai, China).

Identification of active components. A bFGF-immobilized
affinity column (NUPTEC) was used to identify active
peptides from the soluble fraction of toad venom. In total,
20 ml soluble fraction of toad venom was loaded to a bFGF
affinity column and the same volume of sample was loaded to
a human serum albumin (HSA) affinity column (NUPTEC)
as a control. Subsequent to loading, the column was eluted by
5 column volumes of 50 mM Tris-HCI buffer (pH 7.2) and
50 mM PBS (pH 6.0) in order, followed by elution of 3 column
volumes of 100 mM glycine buffer (pH 3.0) for active compo-
nents. To identify active components, an Agilent 1260 HPLC
system was used to detect absorbance at 214 nm. Collected
eluates from affinity columns were loaded onto an Agilent
C-8 column and eluted at the flow rate of 1 ml/min using a
3% buffer B (100% acetonitrile) against a 97% buffer A (0.1%
H,PO, in water) for 10 min.

bFGF-inhibiting assay of bFGF-binding components.
SH-SY5Y cells (1x10%) were plated into 96-well plates in
triplicate and incubated at 37°C in a 5% CO, and 95% air
humidified atmosphere in a CO, cell incubator for 24 h,
followed by treatment with a final concentration of 1 yM
bFGF (NUPTEC). The bFGF-binding component was added
to medium at various doses of 0, 5, 25, 50 and 100 pg/ml (final
concentration) along with bFGF. Morphology of the cells was
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visualized using a Leica DM3000B microscope (Leica Micro-
systems GmbH, Wetzlar, Germany; magnification, x200) and
images were captured using LAS software (version 4.2; Leica
Microsystems GmbH) and the length of 150 neurites was
measured randomly for each sample at day 1, 2, 3, 4 and 5,
respectively.

Cytotoxicity assay of bFGF-binding components. SH-SYSY,
Hep G2 and HUVEC cells (1x10%) were plated into 96-well
plates in triplicate and incubated at 37°C for 24 h as aforemen-
tioned. SH-SYSY and Hep G2 cells were cultured in DMEM
while HUVEC cells were cultured in ECM. Cells were then
treated with bFGF-binding component at various doses of 0, 5,
25, 50 and 100 ug/ml (final concentration), respectively. Cell
viability was determined using the MTT Cell Proliferation
and Cytotoxicity Assay kit after 24 h treatment.

Reverse transcription-polymerase chain reaction (RT-PCR)
assay. Gene expression of caspase-3 and caspase-8 was
detected by RT-PCR analysis. SH-SYSY cells were plated
into a 6-well plate (Corning, Inc.) at an initial density
of 1.0x10° cells/well. After 24 h, cells were treated with
bFGF-binding component at various doses of 0, 5, 25 and
50 pg/ml (final concentration). Total RNAs were extracted
by TRIzol reagent (Thermo Fisher Scientific, Inc.) and
reverse-transcribed into cDNAs by FastQuant RT kit
(Tiangen Biotech, Beijing, China), according to the manu-
facturer's protocol. Primers for caspase-3 (accession no.
BC016926; www.ncbi.nlm.nih.gov), caspase-8 (accession
no. AH007578; www.ncbi.nlm.nih.gov) and f-actin (acces-
sion no. DQ407611.1; www.ncbi.nlm.nih.gov) were designed
and synthesized by Sangon (Biotech, Co., Ltd.) for RT
PCR analysis (Table I). The PCRs were performed at 95°C
for 2 min, followed by 25 cycles of denaturing at 95°C for
15 sec, annealing at 61°C for 15 sec and extending at 72°C
for 45 sec. The PCR products were analyzed on 1% agarose
gels and signal intensities were quantified by Quantity One
(version 4.5; Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Western blot analysis. SH-SYSY cells were cultured and
treated as aforementioned. After 24 h, cells were collected
with ice-cold PBS to 1.5 ml centrifuge tubes, and centrifuged
at 4°C and 200 x g for 5 min. The supernatant was discarded
and collected cells were immediately lysed with lysis buffer
(20 mM sucrose, 1| mM EDTA, 20 ¢M Tris-HCI, pH 7.2,
1 mM DTT, 10 mM KClI, 1.5 mM MgCl,, containing 1 mM
phenylmethanesulfonyl fluoride, PMSF). Lysed cells were then
centrifuged at 4°C, 13,400 x g for 10 min and total protein
was collected. Protein concentrations were determined to
normalize different samples using Pierce BCA Protein kit
(Thermo Fisher Scientific, Inc.), following the instructions.
Total proteins were then loaded to 12% SDS-PAGE gel and
electrophoresed for 40 min at 110V and then transferred to a
polyvinylidene fluoride (PVDF) membrane (Bio-Rad Labora-
tories, Inc.). The membrane was then blocked with 5% skim
milk, and incubated with the anti-caspase-3 (cat. no. ER30804;
1:2,000) or anti-caspase-8 (cat. no. ET1603-16; 1:2,000)
primary antibodies (Hua'an Biotech, Hangzhou, China), and
goat anti-rabbit IgG secondary antibodies (HRP-conjugated;
cat. no. HA1001-100; 1:2,000; Hua'an Biotech), respectively.
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Table I. Primers used in reverse transcription-polymerase
chain reaction.

Primers Sequences
Caspase-3
Forward CTGGACTGCGGTATTGAGAC
Reverse CCGGGTGCGGTAGAGTAAGC
Caspase-8
Forward CTGCAGAGGGAACCTGGTACATCC
Reverse CATCAATCAGAAGGGAAGA
[-actin
Forward GATCATTGCTCCTCCTGAG
Reverse ACTCCTGCTTGCTGATCCA

The target proteins were visualized using an enhanced chemi-
luminescence detection system (Tiangen Biotech).

Statistical analysis. Significance of differences between treat-
ments and control were analyzed by analysis of variance using
SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) and considered
significant at P<0.05.

Results

Different pattern of components from FTV and DTV. By
HPLC analysis, no significant differences in soluble fractions
were identified between FTV and DTV on chromatography
beyond 15 min retention time, although there were a number
of chromatographic peaks showing difference in peak area
(Fig. 1). However, there was an apparent difference between
FTV and DTV within the first 15 min retention time. Particu-
larly, FTV had three much larger peaks than DTV, and one
large peak that was not observed in DTV within the first 5 min
retention time (Fig. 1), indicating that FTV had more polar
molecules than DTV.

Different cytotoxicity of components from FTV and DTV.
Based on different patterns of components from FTV and
DTV (Fig. 1), cytotoxicity of soluble fractions from FTV and
DTV was compared in human SH-SY5Y cells to establish a
link between HPLC chromatography and cytotoxicity. MTT
assay demonstrated that cell survival decreased in SH-SY5Y
cells treated by soluble fractions from FTV and DTV in a
dose-dependent manner, indicating the cytotoxicity of FTV
and DTV. However, FTV had a more significant cytotoxicity
compared with DTV (P=0.15, 0.0089, 0.0024, 0.0019, 0.0056,
0.0027 and 0.0014 at concentrations 0, 0.1625, 0.325, 0.75,
1.5, 3 and 6 mg/ml, respectively; Fig. 2A). Alternatively,
the cytotoxicity was also compared in EGFP-expressing
SH-SYS5Y cells. As fluorescence-imaged in Fig. 2B, FTV and
DTV demonstrated cytotoxicity as compared with controls,
however, FTV was more cytotoxic compared with DTV.

Protein components of toad venom and their cytotoxicity.
According to HPLC analysis of soluble fractions of toad
venom, the main difference between FTV and DTV was polar
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Figure 1. High performance liquid chromatography analysis of soluble fractions from FTV and DTV. Data show one of similar results from two independent

experiments. FTV, fresh toad venom; DTV, dried toad venom.
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Figure 2. Cytotoxicity of soluble fractions from FTV and DTV.
(A) Cytotoxicity of FTV and DTV in human SH-SY5Y cells determined
by MTT assay. Data show the mean + standard error from three indepen-
dent experiments. (B) Cytotoxicity of FTV and DTV in EGFP-expressing
SH-SY5Y cells imaged by an inverted fluorescence microscope. Data
show one of similar results from three independent experiments. Scale bar,
200 gm. FTV, fresh toad venom; DTV, dried toad venom.
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molecular components (Fig. 1). Water-soluble protein/peptide
is one type of highly polar biomolecules. Thus, water-soluble

protein patterns were compared between FTV and DTV by
SDS-PAGE analysis. As shown in Fig. 3A, FTV had more
water-soluble protein bands than DTV, consistent with the
evidence that FTV had more and larger peaks on HPLC
chromatography compared with DTV within the first 5 min
of retention time (Fig. 1). Subsequent protein analysis demon-
strated that soluble fraction of FTV has a significantly higher
protein level than DTV (P=0.0025 and P=0.0064, respectively;
Fig. 3B).

Furthermore, to determine whether difference in
water-soluble protein component of toad venom contributed
to the cytotoxicity, protein fractions were isolated from
soluble fractions of FTV and DTV, and the cytotoxicity
was investigated in human SH-SY5Y cells. Consistent with
the aforementioned results that FTV demonstrated a higher
cytotoxicity than DTV (Fig. 2), FTV was more toxic to
SH-SYSY cells than DTV (P=0.21, 0.0072, 0.0055, 0.0031,
0.0021, 0.0051 and 0.0060 and concentrations 0, 0.1625,
0.325,0.75, 1.5, 3 and 6 mg/ml, respectively; Fig. 3C). In
parallel to this observation, the protein fraction of FTV (FTV
proteins) was also more toxic to cells than the protein frac-
tion of DTV (DTV proteins) (P=0.21,0.0072, 0.0055,0.0031,
0.0021, 0.0051 and 0.0060 and 0, 0.1625, 0.325, 0.75, 1.5,
3 and 6 mg/ml, respectively), and notably, the latter revealed
only slight toxicity (Fig. 3C), suggesting that protein frac-
tion is involved in the cytotoxicity of toad venom and toxic
proteins only retained in FTV.

Identification of bFGF-binding components from FTV. bFGF
is one of the biomarkers in angiogenesis for cancer metas-
tasis. In order to identify anti-tumor components from FTV,
a bFGF-immobilized affinity column was used to capture
bFGF-binding components from FTV proteins, followed by
identification of HPLC analysis. As shown in Fig. 4A, the
bFGF-affinity column captured three specific peaks identi-
fied by HPLC chromatography, but the HSA-affinity control
column did not.
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cells). Data show mean + standard error from three independent experiments.

To verify the activity of bFGF-binding components of FTV,
eluates from the bFGF-affinity column were used to prohibit
bFGF-induced neurite outgrowth of SH-SYS5Y cells. Data
revealed that the neurite outgrowth of human SH-SYSY cells
induced by bFGF is significantly prohibited by bFGF-binding
components from FTV in a dose-dependent manner compared
with the control (P=0.028 and 0.0081 at concentrations 25 and
50 ug/ml, respectively; Fig. 4B).

Apoptosis induced by bFGF-binding components. In the
present study, the cytotoxicity of bFGF-binding components
to human SH-SY5Y, Hep G2 and HUVEC cells was shown to
be specific (P=0.0014, 0.031 and 0.035 for SH-SY5Y, HepG2
and HUVEC cells, respectively), since PBS and HSA-binding
components did not show cytotoxicity (Fig. 5A). Particularly
in the SH-SYSY cells, the morphology of cells was greatly

affected following treatment with bFGF-binding components
(Fig. 5B). To further investigate the mechanism of cytotoxicity
induced by bFGF-binding components, gene and protein
expression of caspase-3 and caspase-8 (two biomarkers for
apoptosis) was studied by analysis of mMRNA and protein level in
SH-SYS5Y cells treated with bFGF-binding components. Data
from RT-PCR, as well as western blot analysis, revealed that
gene (P=0.0075,0.0043 and 0.0031 at concentrations 5, 25 and
50 mg/ml, respectively, vs. the Cap-3 control; P=0.022,0.0077
and 0.0059 at concentrations 5, 25 and 50 mg/ml, respectively,
vs. the Cap-8 control) and protein (P=0.13,0.0037 and 0.0023
at concentrations 5, 25 and 50 mg/ml, respectively, vs. the
Cap-3 control; P=0.0090, 0.0041 and 0.0055 at concentrations
5,25 and 50 mg/ml, respectively, vs. the Cap-8 control) expres-
sion of caspase-3 and caspase-8 were significantly upregulated
by bFGF-binding components in a dose-dependent manner
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Figure 6. Apoptosis related molecules in SH-SYSY treated by bFGF-binding peptides. (A) Expression of caspase-3 and caspase-8 genes was upregulated
by bFGF-binding peptides extracted from FTV, as detected by RT-PCR analysis. (B) Quantification of mRNA levels of caspase-3 and caspase-8 following
normalization to (3-actin. (C) Expression of caspase-3 and caspase-8 proteins was upregulated by bFGF-binding peptides extracted from FTV, as detected
by western blot analysis. (D) Quantification of protein levels of caspase-3 and caspase-8 following normalization to B-actin. “P<0.01 vs. control. "P<0.05
vs. control. Data show mean =+ standard error from three independent experiments. Cap-3, caspase-3; Cap-8, caspase-8; 3-Act, B-actin.

(Fig. 6), suggesting that bFGF-binding components can induce
cytotoxicity, possibly via activation of apoptosis in human
SH-SYS5Y cells.

Discussion

Anti-tumor peptides secreted from the skin of frogs and toads
have been extensively reported and they give a promising
progress in cancer research and clinical practice (14,15,19,30).
However, these peptides exhibit a high diversity in different
species, including Pipidae and Discoglossidae. B. gargarizans
is one of the most important species of Bufonidae in China, and
the majority of studies are focused on the anti-tumor activity of
small molecular components (4,6,7,13). It has not been reported
that this species has anti-tumor peptides secreted from skin
glands. In the present study, components from B. gargarizans
that contributed to the inhibition of proliferation of SH-SY5Y
neuroblastoma cells were identified.

DTV has been used as a traditional medicine in China
for thousands of years (1). In the present study, DTV was
identified to possess fewer peptides than FTV, since treatment
may be harmful for peptides when FTV is prepared for DTV.
This is supported by the observation in the present study that
FTV had more protein bands and components than DTV, as
evidenced by HPLC and SDS-PAGE analysis. Along with the
difference in protein components, FTV had more significant

cytotoxicity in SH-SYS5Y neuroblastoma cells than DTV and
isolated proteins/peptides from FTV were more cytotoxic to
tumor cells than those from DTV.

To identify active peptides from FTV, a bFGF-immobilized
affinity column was used to capture bFGF-binding components
from FTV protein fractions, and three potential peptides that
could inhibit the proliferation of bFGF-dependent cells including
HUVEC and SH-SYS5Y, were identified (31,32). In parallel to
the inhibition of cell proliferation, these bFGF-binding compo-
nents could also upregulate the gene and protein expression
of caspase-3 and caspase-8 in tumor cells, suggesting that the
cytotoxicity induced by bFGF-binding components possibly
came from the activation of apoptosis, and that the anti-tumor
activity of bFGF-binding components isolated from FTV was
contributed by inhibition of bFGF activity and down-regulation
of bFGF gene expression. This is consistent with bFGF being
markedly involved in tumor growth (31-33).
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