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Induction of Cell Cycle Arrest at G2/M phase by Ethanol Extract of

Scutellaria baicalensis in Human Renal Cell Carcinoma Caki-1 Cells
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ABSTRACT

Objectives : In the present study, we investigated the effects of ethanol extract of Scutellaria baicalensis (EESB)
on the progression of cell cycle in human renal cell carcinoma Caki-1 cells.
Methods : The effects of EESB on cell growth and apoptosis induction were evaluated by trypan blue dye
exclusion assay and flow cytometry, respectively. The mRNA and protein levels were determined by Western blot
analysis and reverse transcription-polymerase chain reaction, respectively.
Results : It was found that EESB treatment on Caki-1 cells resulted in a dose-dependent inhibition of cell growth
and induced apoptotic cell death as detected by Annexin V-FITC staining. The flow cytometric analysis indicated that
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EESB resulted in G2/M arrest in cell cycle progression which was associated with the down-regulation of cyclin A
expression. Our results also revealed that treatment with EESB increased the mRNA and proteins expression of
tumor suppressor p53 and cyclin-dependent kinase (Cdk) inhibitor p21(WAF1/CIP1), without any noticeable changes
in cyclin B1, Cdk2 and Cdc2. In addition, the incubation of cells with EESB resulted in a significant increase in the
binding of p21 and Cdk2 and Cdc2. These findings suggest that EESB-induced G2/M arrest and apoptosis in Caki-1
cells is mediated through the p53-mediated upregulation of Cdk inhibitor p21.

Conclusions :

Taken together, these findings suggest that EESB may be a potential chemotherapeutic agent and

further studies will be needed to identify the biological active compounds that confer the anti-cancer activity of S.

baicalensis.

Keywords : Scutellaria baicalensis L.,
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Table 1. Oligonucleotides used in RT-PCR

Gene name Sequence

evelin A Sense 5}TCC AAG AGG ACC AGG AGA ATA TCA*S"

¥y Antisense 5-TCC TCA TGG TAG TCT GGT ACT TCA-3

evelin Bl Sense 5}AAG AGC TTT AAA CTT TGG TCT GGG-3 .

¥y Antisense 5-CTT TGT AAG TCC TTG ATT TAC CAT G-3

Cdk2 Sense 5-GCT TTC TGC CAT TCT CAT CG-3'
Antisense 5-GTC CCC AGA GTC CGA AAG AT-3

Cde? Sense 5:*GGG GAT TCA GAA ATT GAT CA*B"
Antisense 5-TGT CAG AAA GCT ACA TCT TC-3

53 Sense 5-GCT CTG ACT GTA CCA CCA TCC-3

b Antisense 5-CTC TCG GAA CAT CTC GAA GCG-3

91 Sense 5-CTC AGA GGA GGC GCC ATG-3

b Antisense 5-GGG CGG ATT AGG GCT TCC-3

97 Sense 5-AAG CAC TGC CGG GAT ATG GA-3

b Antisense 5-AAC CCA GCC TGA TTG TCT GAC-3

GAPDH Sense 5-CGG AGT CAA CGG ATT TGG TCG TAT-3'
Antisense 5-AGC CTT CTC CAT GGT GGT GAA GAC-3
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Figure 1. Inhibition of cell viability and induction of apoptosis by
EESB in human renal cell carcinoma Caki-1 cells. (A) Cells were
seeded at 1 x 105/ml in a 6-well plate and treated with variable
concentrations of EESB and MESB for 48 h. The cells were
trypsinized and the viable cells were scored by hemocytometer
counts of trypan blue-excluding cells. Each point represents the
mean = SD of three independent experiments. Significance was
determined using Student's t-test (*, p < 0.05 vs. untreated control).
(B) After treatment with various concentrations of EESB for 48 h,
the morphological changes of cells were imaged using an inverted
microscope (original magnification, x200). (C) To quantify the degree
of apoptosis induced by EESB, the cells were stained with
annexin-V/Pl and the percentages of apoptotic cells were then
analyzed using flow cytometric analysis. The data shown are means
of two independent experiments.
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Table 2. Induction of G2/M arrest by EESB in Caki-1 cells.
Cells were treated with different concentrations of EESB for 48
h. The cells were stained with Pl and analyzed by flow
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Figure 2. Effects of EESB on the levels of G2/M-associated cyclins
and Cdks in Caki-1 cells. (A) After treatment with various
concentrations of EESB for 48 h, total RNA was isolated, and
RT-PCR was performed using the indicated primers. respectively.
(B) The total cell lysates were prepared and separated by
electrophoresis on SDS-polyacrylamide gels. Western blotting was
then performed using the indicated antibodies and ECL solution.
GAPDH and actin were used as the internal controls for the
RT-PCR and Western blot assay.
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Figure 3. Induction of p53 and p21 by EESB in Caki-1 cells. (A)
After treatment with various concentrations of EESB for 48 h, total
RNA was isolated, and RT-PCR was performed using the indicated
primers. respectively. (B) The total cell lysates were prepared and
separated by electrophoresis on SDS-polyacrylamide gels. Western
blotting was then performed using the indicated antibodies and ECL
solution. GAPDH and actin were used as the internal controls for the
RT-PCR and Western blot assay.
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Figure 4. Increased association of p21 with Cdks by EESB in Caki-1
cells. After treatment with the indicated concentrations of EESB for 48
h, total cell lysates (500 ng) were prepared and immunoprecipitated with
anti-Cdc2 (A) or anti-Cdk2 (B) antibody, separated on 12% SDS-
polyacrylamide gels, and transferred onto nitrocellulose membranes.
Western blots were probed with anti-p21, anti-Cdc2 and anti-Cdk2
antibodies and an ECL detection system. IP, immunoprecipitation.
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