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Effect of Resveratrol on the Induction of Cdk Inhibitor p21 and Pro-apoptotic Bax Expression by
Amyloid-B in Astroglioma Cé Cells. Young Ae Kim', Sun-Young Lim’, Woo Shin Ko, Byung Tae Choi,
Yong Tae, Sook-Hee Rhee’, Kun-Young Park’, Won-Ho Lee* and Yung Hyun Choi*. Department of Ori-
ental Medicine, Dongeui University College of Oriental Medicine and Biomedical Research Center of Oriental
Medicine, Busan 614-052, Korea, "Institute of Natural Medicine, Toyama Medical and Pharmaceutical University,
Toyama, Japan, *Division of Ocean Science, Korea Maritime University, Busan 606-791, Korea, *Department
of Food Science and Nutrition, Pusan National University, Busan 609-735, Korea, *Department of Biology, Pusan
National University, Busan 609-735, Korea - Resveratrol (3,4',5-trihydroxy-trans-stilbene), a phytoalexin
found in grape skins, peanuts, and red wine, has been reported to have a wide range of biological
and pharmacological properties. Amyloid-$ deposition and senile plaque-associated astrocytes are com-
mon neuropathological features of Alzheimer’s disease. In this study, we have explored the effects of
resveratrol on amyloid-[3-peptide-mediated cytotoxicity in vitro and modulation of cell growth-regulatory
gene products in astroglioma C6 cells to elucidate its possible mechanism for anti-cytotoxicity. Exposure
of C6 cells to amyloid-B resulted in dose-dependent growth inhibition and morphological changes of
C6 cells, which were recovered by pre-treatment with resveratrol. The anti-proliferative effect of amy-
loid-3 was associated with the induction of tumor suppressor p53 and cyclin-dependent kinase (Cdk)
inhibitor p21 (WAF1/CIP1) expression assessed by RT-PCR and Western blot analysis in time-dependent
manner in C6 cells. In addition, the pro-apoptotic Bax expression was also up-regulated in amyloid-{3
-treated C6 cells without alteration of anti-apoptotic Bcl-2 and Bcl-Xy expression. However, pre-treatment
of resveratrol significantly inhibited amyloid-B-induced p53, p21 and Bax levels, suggesting that the
modulation of p53, p21 and Bax levels could be one of the possible pathways by which resveratrol
functions as anti-cytotoxic agent. Our results demonstrate that resveratrol may enhance the protection
against amyloid-f-induced cytotoxicity by promoting the survival of glial cells.
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Balg olAs 43 acrylamide geld nitrocellulose
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Table 1. Gene-specific primers for RT-PCR

Gene

name Sequence
P53 Sence  5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
Antisence 5'-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
P21 Sence  5-CTC-AGA-GGA-GGC-GCC-ATG-3
Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3'
Bax Sence 5'-ATG-GAC-GGG-TCC-GGG-GAG-3
Antisence 5-TGG-AAG-AAG-ATG-GGC-TGA-3'
B2 Sence  5-CAG-CTG-CAC-CTG-ACG-3
Antisence 5'-GCT-GGG-TAG-GTG-CAT-3
Bl-X, Senc.e 5-CAG-CTG-CAC-CTG-ACG-¥
Antisence 5-GCT-GGG-TAG-GTG-CAT-3¥
GAPDH Sence  5-CGG-AGT-CAA-CGG-ATT-TGG-TCGTAT-3

Antisence 5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3
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Fig. 2. Effects of resveratrol on astroglioma C6 cell viability in
the presence of amyloid-B. Cells were plated at 1x10°
cells/60-mm plate, and pre-incubated for 24 h. Cells
were treated with amyloid-8 for indicated times (A) or
pre-treated with variable concentrations of resveratrol
for 40 min (B) before treatment with amyloid-B for 6 h.
The cells were trypsinized, washed with PBS and the
viable cells were scored by hemocytometer counts of
trypan blue-excluding cells. Each point represents the
mean +/— SE. of three independent experiments.
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Fig. 1. Effects of resveratrol on amyloid-B3-induced morphological changes in astroglioma C6 cells. (A) Cells were treated with 10
UM amyloid-3 for indicated times. (B) Cells were pre-treated with resveratrol (Res) for 40 min, before treatment with
amyloid-B. After incubation for 6 h cells were sampled and examined under light microscopy. Magnification, x200
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Fig. 3. Induction of tumor suppressor p53 and Cdk inhibitor
p21 levels by amyloid-( treatment in astroglioma C6 cells.
(A) C6 cells were incubated with amyloid-3 for 6 h, total
RNAs were isolated and RT-PCR was performed using
p53 and p21 primers. The amplified PCR products were
run in a garose gel and visualized by EtBr staining.
GAPDH was used as a house-keeping control gene. (B)
Cell extracts were prepared, and the expression levels
were examined by Western blotting with anti-p53 and
anti-p21 antibodies, and ECL detection system. Actin
was used an internal control.
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Fig. 4. Inhibitory effects of resveratrol on the induction of p53
and p21 expression by amyloid-B treatment in astrog-
lioma C6 cells. (A) C6 cells were treated variable con-
centrations of resveratrol for 40 min, before treatment
with amyloid-B, and total RNAs were isolated and RT-
PCR was performed using p53 and p21 primers. The
amplified PCR products were run in agarose gel and
visualized by EtBr staining. GAPDH was used as a
house-keeping control gene. (B) After amyloid-§ treat-
ment for 6 h in the presence or absence of resveratrol,
cells extracts were prepared, and the expression levels
were examined by Western blotting with anti-p53 and
p21 antibodies, and ECL detection system. Actin was
used an internal control.
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Fig. 5. Induction of pro-apoptotic Bax by amyloid-3 treatment
in astroglioma C6 cells. (A} Cb cells were incubated with
amyloid-B for 6 h, total RNAs were isolated and RT-
PCR was performed using indicated primers. The ampli-
fied PCR products were run in a garose gel and visual-
ized by EtBr staining. GAPDH was used as a house-
keeping control gene. (B) Cell extracts were prepared,
and the expression levels were examined by Western
blotting with indicated antibodies, and ECL detection
system. Actin was used an internal control.
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Fig. 6. Inhibitory effect of resveratrol on the induction of Bax
expression by amyloid-3 treatment in astroglioma C6
cells. (A) Cé cells were treated variable concentrations
of resveratrol for 40 min, before treatment with amy-
loid-@, and total RNAs were isolated and RT-PCR was
performed using indicated primers. The amplified PCR
products were run in agarose gel and visualized by
EtBr staining. GAPDH was used as a house-keeping con-
trol gene. (B) After amyloid-B treatment for 6 h in the
presence or absence of resveratrol, cells extracts were
prepared, and the expression levels were examined by
Western blotting with indicated antibodies, and ECL
detection system. Actin was used an internal control.
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