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Induction of G1 Arrest by Methanol Extract of Lycopus lucidus in Human Lung Adenocarcinoma
A549 Cells Lycgpus lucidus, a herbaceous perennial, is used as a traditional remedy in East Asia, in-
cluding China and Korea. It has been reported that L. Jucidus has anti-allergic effects, inhibitory effects
on cholesterol acyltransferase in high glucose-induced vascular inflammation, and anti-proliferative ef-
fects in human breast cancer cells. However, the molecular mechanisms of the anti-cancer effects of
L. Jucidus have not yet been fully determined. In this study, we evaluated the anti-cancer effect and
the mechanism of action of L /ucidus in human lung adenocarcinoma A549 cells using methanol ex-
tracts of L /Jucidus (MELL). MELL treatment showed cytotoxic activity in a dose-dependent manner
and induced G1 arrest in A549 cells. The induction of G1 arrest by MELL was associated with the
up-regulation of phospho-CHK2 and the down-regulation of Cdc25A phosphatase. In addition, MELL
treatment induced decreased expression of G1/S transition-related proteins, including CDK2, CDK4,
CDKG®, cyclin D1 and cyclin E. MELL also regulated the mRNA expression of CDK2 and cyclin E. On
the other hand, the expression of p53 and the cyclin-dependent kinase inhibitor p21 was not induced
by MELL. Collectively, these results suggest that MELL may exert an anti-cancer effect by cell cycle
arrest at G1 phase through the ATM/CHK2/Cdc25A/CDK2 pathway in A549 cells.
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Fig. 1. Effects of MELL on cell growth and cell morphology in human lung carcinoma A549 cells. (A) Cells were treated with
various concentration of MELL for 24 and 48 hr. Cytotoxic effect of MELL was determined by WST assay. Results are expressed
as percentage of the vehicle treated control £ SD of three independent experiments. (B) Morphological changes by MELL
treatment. Cells were treated with various concentration of MELL for 48 hr, and then visualized by light microscopy.
Magnification, x100 and x200.
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Fig. 2. G1 arrest of cell cycle in MELL-treated A549 cells. A549 cells were cultured and treated with MELL for 24 hr. Cells were
harvested, and then stained with propidium iodide for 30 min and analyzed by flow cytometry. DNA-flourescence histogram
(A) and quantitative data of cell distribution (B) are shown.
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Fig. 3. Downregulation of G1 checkpoint proteins by MELL treatment in A549 cells. (A) Cells were treated with various concentrations
of MELL for 24 hr. The cells were lysed and cellular proteins were then separated by SDS-PAGE, followed by Western
blotting using antibodies against CDK2, CDK4, CDKG6, cyclin D1 and cyclin E. Actin was used as an internal control. (B)
A549 cells were cultured and treated with MELL for 24 hr. First strand cDNA was synthesized by reverse transcriptase
enzyme and PCR reaction was carried out using primers for CDKs and cyclins. Numerical bottom panel of each band indicates
the fold change in the band intensity compared with that of control.
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Fig. 4. Effects of MELL on the expression of upstream signal proteins leading to G1 arrest in A549 cells. Cells were harvested
and lysed after incubation with the indicated doses of MELL for 24 hr. The cellular proteins were subjected to Western
blot analysis with anti-p-CHK2, anti-CHK2, and anti-CDC25A antibodies (A) and p53 pathway-related protein antibodies
(B). Numerical bottom panel of each band indicates the fold change in the band intensity compared with that of control.
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Fig. 5. Detection of cellular DNA damage in A549 cells treated
with MELL. Cells were treated with various concen-
trations of MELL for 24 hr. As a positive control for DNA
damage, 2 mM H;O, was treated to A549 cells for 24
hr. Genomic DNA was isolated and electrophoresed in
1% agarose gel.
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