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Bee Venom-induced Growth Inhibition of Human Lung Cancer Cells was Associated with
Inhibition of Prostagladm E’ Production and Telomerase Activity. Jong-Hwan Kim, Won-Deuk
Hwang, Byung-Woo Kim’?, and Yung Hyun Choi'**. Departments of Internal Medicine and chhemzstry,

College of Oriental Medlcme "Department of Biomaterial Control (BK21 program), Graduate School,

Blue-Bio

Industry RIC and *Department of Life Science and Biotechnology, College of Natural Sciences, Dong-Eui
University, Busan 614-052 - In modern oriental medicine, bee venom therapy is being used for
aqua-acupuncture to relieve pain and to cure inflammatory diseases such as rheumatoid arthritis, os-
teoarthritis, and gout. Bee venom therapy has been processed and reported in many experimental
studies, with regard to its effects on pain alleviation, anti-inflammation, removal of fever, anti-con-
vulsion, suppression of tumor and immunity strengthening, etc., however, its mechanism of action,
molecular targeting on prostaglandin E, (PGE,) production and telomere length regulation in human
cancer remains unclear. In this study, we investigated the effect of bee venom on the levels of cyclo-
oxygenases (COXs) and telomere regulatory components of A549 human lung cancer cells. Bee ven-
om-induced anti-proliferative effects of A549 cells were associated with the inhibition of human telo-
merase reverse transcriptase (hTERT) as well as human telomerase RNA (hTR), transcription factor
c-myc and the activity of telomerase. In addition, bee venom treatment markedly decreased the lev-
els of COX-2 mRNA and protein expression without significant changes in the expression of COX-1,
which was correlated with a decrease in PGE, synthesis. Taken together, these findings provide im-
portant new insights into the possible molecular mechanisms of the anti-cancer activity of bee

venom.
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%53}l ethidium bromide (EtBr)2Z A3 3 UV ol A
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Table 1. Sequence of primers used for RT-PCR
Gene name Sequence
WTERT Sence 5-AGC-CAG-TCT-CAC-CTT-CAA-CC-3
Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3'
TEP-1 Sence 5-TCA-AGC-CAA-ACC-TGA-ATC-TGA-G-3'
i Antisence 5-CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3'
hTR Sence 5-TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AG-3'
Antisence 5-GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3'
cmve Sence 5-AAG-ACT-CCA-GCG-CCT-TCT-CTC-3'
y Antisence 5-GTT-TTC-CAA-CTC-CGG-GAT-CTG-3'
Sp-1 Sence 5-ACA GGT GAG VTT GAC CTC AC-3
P Antisence 5-GTT GGT TTG CAC CTG GTA TG-3'
COX-1 Sence 5-TGC-CCA-GCT-CCT-GGC-CCG-CCG-CTT-3'
Antisence 5-GTG-CAT-CAA-CAC-AGG-CGC-CTC-TTC-3'
COX-2 Sence 5-TTC-AAA-TGA-GAT-TGT-GGG-AAA-AT-3'
Antisence 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3'

Antisence

5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'
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Fig. 1. Growth inhibition and morphological changes of A549
human lung cancer cells after treatment with bee venom.
Cells were plated at 1x10° cells per 60-mm plate, and
incubated for 24 hr. The cells were treated with various
concentrations of bee venom for 48 hr. (A) The growth
inhibition was measured by the metabolic-dye-based
MTT assay. Results are expressed as the means+S.E. of
three independent experiments. (B) Exponentially grow-
ing A549 cells were incubated with various concen-
trations of bee venom for 48 hr. Cell morphology was
visualized by light microscopy. Magnification, X200.
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Table 2. Effect of bee venom on the progression of the cell
cycle in A549 human lung cancer cells

Dose % of cells
(mg/ml)  Sub G1 Gl S G2/M
0 0.91 57.05 23.03 19.43
1 1.74 55.91 22.86 19.85
2 187 55.17 22.05 2158
3 2.24 57.66 16.32 2425
4 283 55.93 19.51 22.20
5 497 55.72 17.54 2231

The cells were treated with bee venom for 48 hr, collected,
fixed, and stained with PI for flow cytometry analysis. Data
are presented as the mean values obtained from three in-
dependent experiments.
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Fig. 2. Inhibition of COX-2 expression and PGE, production by bee venom treatment in A549 human lung cancer cells. (A) After
48 hr incubation with bee venom, total RNAs were isolated and reverse-transcribed. The resulting cDNAs were subjected
to PCR with COX-1 and COX-2 primers, and the reaction products were subjected to electrophoresis in a 1% agarose gel
and visualized by EtBr staining. GAPDH was used as an internal control. (B) The cells were grown under the same conditions
as (A) and lysed and then cellular proteins were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with anti-COX-1 and anti-COX-2 antibodies. Proteins were visualized using an
ECL detection system. Actin was used as an internal control. (C) The cells were treated with the indicated concentrations
of bee venom for 48 hr and collected. The PGE; accumulation in the medium was determined by an EIA kit as described
in materials and methods. Results are expressed as the meanstS.E. of three independent experiments.
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Fig. 3. Effects of bee venom treatment on the levels of telomere
regulatory genes in A549 human lung cancer cells. (A)
After 48 hr incubation with bee venom, total RNAs were
isolated and reverse-transcribed. The resulting cDNAs
were subjected to PCR with the indicated primers, and
the reaction products were subjected to electrophoresis
in a 1% agarose gel and visualized by EtBr staining.
GAPDH was used as an internal control. (B) The cells
were lysed and then cellular proteins were separated by
SDS-polyacrylamide gels and transferred onto nitro-
cellulose membranes. The membranes were probed with
anti-hTERT antibody. Proteins were visualized using an
ECL detection system. Actin was used as an internal
control. (C) After 48 hr incubation with bee venom, telo-
merase activity of cells was measured using a
TRAP-ELISA kit as indicated in the protocol. Results are
expressed as the meanstS.E. of three independent
experiments.
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