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Effect of the venom of the spider Macrothele raveni on the expression of
p21 gene in HepG2 cells
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Abstract: This paper focuses on the effect of the venom of the spider Macrothele raveni on the proliferation of human hepatocelluar
carcinoma cell line HepG2 and the related molecular mechanism. XTT test showed that the proliferation of HepG2 cells in vitro was
inhibited by the spider venom (P<0.05) in a concentration-dependent manner. By using flow cytometry, it was found that the spider
venom caused selective G,/M cell cycle arrest in HepG2 cells. RT-PCR and Western blot indicated the expressions of p21 mRNA and
protein in HepG2 cells were obviously up-regulated by the spider venom. The venom of the spider Macrothele raveni inhibited the
proliferation of HepG2 cells. These results suggest that the possible mechanism of the spider venom is to activate the expressions of

p21 gene and protein and to cause selective cell cycle arrest at G,/M phase, leading to HepG2 cell apoptosis.
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Hepatocellular carcinoma (HCC) is one of four most preva-
lent malignant diseases in Chinal™. The spider Macrothele
raveni was identified as a new species of genus Macro-
thele®. The purification and preliminary test of raventoxin-I1
in mice showed that it acted as a neurotoxic peptidef.
Raventoxin-1 and -111 were isolated and identified as toxins.
They can kill mice and block neuromuscular transmission
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in the isolated mouse phrenic nerve diaphragm preparation,
but have no effect on cockroaxches. Venom specificity
remained unchanged by chemical modification. The stra-
tegy was based on the findings of others concerning the
anti-tumor ability of the spider venom. In our study the
effect of the spider venom on human HCC HepG2 cell
growth and the possible related mechanisms were evaluated.
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1 MATERIALS AND METHODS

1.1 Reagents

Pure spider Macrothele raveni venom was collected by
electrical stimulus to 15 spiders (about 60 g). The spider
venom was freeze-dried and stored at -80 °C until used.
Dissolved in phosphate-buffered saline (PBS) and centri-
fuged at 1000 g for 10 min to remove insoluble materials,
the spider venom was adjusted to the final concentrations
of 0, 10, 20 and 40 pg/mL. The test solutions were freshly
prepared for different experiments and obtained by dilut-
ing the stock solution in Dulbecco’s modified Eagle’s me-
dium (DMEM) (Gibco-BRL Gaithersburg, MD, USA). PBS
was used as a negative control. Cisplatinum (DDP) was
obtained from Sigma Chemical Co. (St Louis, MO, USA).
1.2 Cell culture

Human hepatoma (HepG2, ATCC HBB8065) cells were cul-
tured with DMEM containing 10% heat-inactivated fetal
calf serum (FCS), 2 mmol/L L-glutamine, 100 U/mL
penicillin, and 100 mg/mL streptomycin in plastic dispos-
able tissue culture flasks at 37°C in a 5% CO,/95% air
incubator. The cells were first incubated for 2 d in 0.1%
FCS and then harvested by centrifugation and washed 6
times and passaged every 2 d.

1.3 Cytotoxicity assay

The inhibition of cell proliferation was assessed by sodium
3’-[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis(4-
methoxy-6-nitro)benzene-sulfonic acid hydrate (XTT)
(Sigma Chemical Co., St Louis, MO, USA) assay as de-
scribed by Roehm et al.®!' with modification. Briefly, HepG2
cells were subcultured on a 96-well plate with 1x10* cells/
well in 100 mL medium. After 24 h of incubation, the me-
dium in 96-well plate was discarded and replaced with
medium containing different concentrations of the spider
venom (10, 20 and 40 ug/mL), DDP (as positive control)
or PBS (as negative control). The treated cells were incu-
bated at 37 °C for 48 h, and each well then received 50 mL
of XTT test solution prepared by mixing 5 mL of XTT-
labeling reagent (1 mg/mL XTT in DMEM) and 100 mL of
electron coupling reagent (phenazine methosulfate, PMS).
After 4 h of incubation, the optical density (OD) of sample
was measured with an ELISA reader (Multiskan EX,
Labsystems, MA, USA) at a test wavelength of 492 nm
and a reference wavelength of 690 nm.

1.4 Detection of cell cycle progression by flow cytometry
HepG2 cells were cultured at 5x10° cells/mL in triplicate.
After 48 h of incubation, the cells treated with or without
the spider venom were analyzed. The cells were collected
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and suspended with 70% ethanol for 1 h at 4 °C, and then
collected by centrifugation and resuspended in 0.4 mL of
PBS containing 25 mL of 0.5% Triton X-100 and 10 mL
of RNase (10 mg/mL) in water bath at 37 °C for 1 h. After
staining with propidium iodide (PI) in the dark at room
temperature for 30 min, the cell suspensions were filtered
through a 40-mm mesh filter (BD Biosciences, NJ, USA)
and analyzed by EPICS flow cytometer (Coulter
Electronics, FL, USA). Data from 10000 cells of each
sample were collected for evaluation. The cell/organelle
sizes and sub-G, peak analysis were evaluated withWinMDI
version 2.5 software (TSRI Flow Cytometry). The cell
cycle progression analysis was performed with MultiCycle
AV software (Phoenix Flow Systems, San Diego, CA,
USA).

1.5 RT-PCR

Total RNA was extracted by using TRIzol reagent (Gibco,
Inc.). RNA quality and quantity were determined by ultra-
violet (UV) spectrophotometry and 1.2% agarose gel
electrophoresis. About 200 ng of total RNA was reversely
transcribed using Super S with Platinum Tag kit (Invitrogen,
Inc.) using the following primers: forward 5’-AGGATCA-
TGTCAGAACCGGCTGG-3’ and reverse 5’-CAGGAT-
CCTGTGGGACGATTAGGAGG C-3’ with the following
conditions: 94 °C for 2 min, followed by 30 cycles of
94 °C for 25 s, 56 °C for 15 s, and 72 °C for 40 s. PCR
reaction was completed by incubation for 5 min at 72 °C.
RT-PCR products were then separated on a 1.0% agarose
gel, visualized under UV light and photographed. B-actin
served as an internal control.

1.6 Western blot

HepG2 cells treated with different concentrations of the
spider venom (0, 10, 20 and 40 pg/mL) were incubated
respectively at 2.5x10° cells/well for 48 h, followed by a
further cultivation for 48 h with 1 mL of serum-free RPMI
1640. Proteins of the cells were isolated by lysis buffer
[100 mmol/L Tris-HCI, pH 6.8, 4% (W/V) SDS, 20%
(VIV) glycerol, 200 mmol/L B-mercaptoethanol, PMSF 1
mmol/L, aprotinin 1 mg/mL, Sigma] and measured by us-
ing the Bradford assay with Bio-Photometer
(BioPhotometer 6131 GB/HK, Eppendorf) at 595 nm. Equal
amount of proteins in each sample was resolved in 10%
SDS-PAGE and transferred onto nitrocellulose membranes.
After washing in 10 mL/L fat-free milk, the membranes
were incubated with the appropriate dilution of rabbit
polyclonal p21 antibody and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) antibody. Then they were incu-
bated with a horseradish peroxidase-conjugated secondary
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antibody. Proteins were detected by using the enhanced
chemiluminescence (ECL) kit according to the manufac-
turer’s protocol (Amersham, Buckinghamshire, UK).

1.7 Statistical analysis

Data were shown as mean+SD from three independent
experiments. Statistically significant difference was identi-
fied by Student’s t-test for paired data. P<0.05 was con-
sidered significant.

2 RESULTS

2.1 Cell growth inhibition assessed by colorimetric
XTT assay

Concentration-dependent inhibition of HepG2 cells by the
spider venom was observed. IC, for 24 h is 12 pg/mL.
When the concentrations ranged from 10 to 40 pg/mL,
the inhibitory effect became obvious in a concentration-
dependent manner (Table 1).

2.2 The spider venom induces G,/M cell cycle arrest
To examine the mechanism of inhibitory effect of the
spider venom on HepG2 cell proliferation, cell cycle pro-

Table 1. Inhibition of cell proliferation by the spider venom

Spider venom Growth inhibitory rate

A
(ng/mL) (%)

PBS 0.246+0.003 0

DDP 0.035+0.004 90.27+5.49
40 0.087+0.003 84.41+4.73"
20 0.100+0.001 69.05+4.21"
10 0.132+0.003 46.14+3.82"

mean=SD. "P<0.05, "P<0.01 vs PBS.
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gression was evaluated by using flow cytometry. As shown
by the broadening of the pattern in Fig.1, cell cycle pro-
gression proceeded during the 48-hour incubation period.
The spider venom caused an accumulation of cells at G,/M
phase. A dose-dependent effect on cell arrest at G,/M phase
was noted. It was found that the increment in G,/M cell
population was accompanied with a concomitant decre-
ment of cell number at G,/G, phase.

2.3 Inhibitory effects of the spider venom on p21
MRNA expression in HepG2 cells

To determine if the cell cycle arrest in HepG2 cells treated
by the spider venom of 0, 10, 20 and 40 pg/mL was p21-
dependent or not, we assessed the mRNA level of p21 in
HepG2 cells using RT-PCR assay. HepG2 cells were treated
with the spider venom for 48 h. The results indicated that
the expression of p21 markedly increased after12 h of
incubation, and was maintained at high concentration of
the spider venom (Fig.2). The results showed that the ac-
tivation of p21 gene in HepG2 cells was apparent, suggest-
ing that the spider venom possibly caused selective cell
cycle arrest in HepG2 cells via activation of p21, which is
postulated to associate with the p21-dependent pathway.

2.4 Effects of the spider venom on the activity of
p21 protein

In order to elucidate the pathway leading to apoptosis, we
examined the activation of p21 protein, which was reported
to initiate apoptosis upon various stimuli. HepG2 cells treated
with the spider venom (0, 10, 20 and 40 pg/mL) for 48 h
were analyzed for the enzymatic activity by Western blot.
p21 activity in HepG2 cells was increased after treatment
for 48 h (Fig.3). The activity was enhanced significantly
(P<0.05).
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Fig.1. Effect of the spider venom on HepG2 cell cycle distribution.
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40 ug/mL

Fig.2. Expression of p21 mRNA in HepG2 cells treated with
different concentrations of the spider venom by reverse tran-
scription-polymerase chain reaction analysis.
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Fig.3. Western blot of p21 protein in HepG2 cells cultured for 48
h in the presence of 0, 10, 20 and 40 pg/mL of the spider venom.
“P<0.05 vs 0 ug/mL.

3 DISCUSSION

High-risk for primary hepatocellular carcinoma happens in
China. Treatment for primary hepatocellular carcinoma is
still difficult and depends on basic medical research. Re-
cent evidence suggests that apoptosis of cells is closely
related to the occurrence, progress and metastasis of tu-
mors®®, In this study, we demonstrate that the spider
venom is very effective in inhibiting the proliferation of
HepG2 cells.

Cells excluding vital dyes were considered to be viable.
Our current results suggest that many of these cells are
actually undergoing cell death. As shown in Table 1, the
spider venom significantly induced inhibition of growth in
a concentration-dependent manner in HepG2 cells after 24-
hour treatment. The spider venom at the dose of 0, 10, 20
and 40 pg/mL significantly decreased cell proliferation mea-
sured by XTT assay in a dose- and time-dependent man-
ner in HepG2 cells.

Some biological and biochemical effects of the spider
venom were investigated in this study. To examine whether
growth inhibition of HepG2 cells by the spider venom was
a result of cell cycle arrest, the cell cycle treated with the
spider venom was analyzed by flow cytometry. The in-
hibitory effect of the spider venom on growth of the cells
may be due to G,/M cell cycle arrest. The change of gene
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also showed an interesting pattern of the expression of
positive regulators of cell cycle following treatment with
the spider venom. It was then of interest to determine that
the cell cycle in HepG2 cells could be inhibited by the spi-
der venom.

Treatment strategies could therefore include not only up-
regulation of gene and protein expressions but also target-
ing various steps in signaling between receptors and effec-
tor proteins and/or affecting expression or action of genes
(proteins) differentially regulated®!2. p21 protein and p21
gene were identified to be up-regulated in the spider venom-
treated hepatoma cancer cells. Our results indicate that the
accumulation of p21 protein following the spider venom
treatment may be transcriptionally regulated, as both p21
protein and p21 mRNA levels were increased following
exposure to the spider venom (Fig.2 and 3). The increase
in p21 protein might be related to cell cycle arrest.

It has been reported that the effect of cell cycle is asso-
ciated with the up-regulation of downstream p21 target
gene. p21 protein is poised to play an essential role in growth
arrest after DNA damage and contributes to the regulation
of G,/M transition®**, Studies have shown that p21 is
necessary to maintain a G,/M arrest following DNA damage.
The mechanism of p21-dependent G,/M arrest involves an
initial inhibition of cyclin B1/cdc2 activity by p21 gene le-
velst™ 7, In summary, this finding suggests that the eleva-
tion of p21 expression may lead to cell cycle arrest through
p21 signal pathway.

The mechanisms regarding the inhibition of tumors have
not been fully elucidated and might involve increase in p21
gene and p21 protein expressions. Cyclin B1/cdc2 com-
plex was known to be a key regulator of the transition
from G, to M phase in the cell cycle®*2, which might
partly explain the dose-dependent induction of apoptosis in
HepG2 cells by the spider venom. Our prolonged observa-
tion revealed that apoptosis did also occur with the spider
venom at different concentrations. p21 overexpression
accompanied with inhibition of cyclin B1/cdc2 complex
has been linked to the G,/M arrest in several cancer
lines22, This might be explained by the fact that part of
these apoptotic cells have derived from the sustained G,/M
arrest or HepG2 cells, as disclosed in our cell cycle analysis.

The spider venom increased the accumulation of p21 in
HepG2 cells, and further enhanced the level of p21, which
could possibly associate with the arrest of G,/M phase in
the cell cycle. Therefore, the mechanism of chemo-sensi-
tivity of HepG2 cells to the spider venom possibly
dependends on p21 pathway. Furthermore, our results also
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demonstrate that the spider venom is a potent anti-proli-
ferative agent against HepG2 cells, which exhibits a similar
potency as the commercial oncostatic agent, DDP.

* * *
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