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Inhibitory Effect of Resveratrol on Lipopolysaccharide-induced p21
(WAF1/CIP1) and Bax Expression in Astroglioma C6 Celis
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Resveratrol, a phytoalexin found at high levels in grapes and in grape products such as red wine, has been
reported to possess a wide range of biological and pharmacological activities including anti-oxident, anti-inflammatory,
anti-mutagenic, and anti-carcinogenic effects, but its molecular mechanism is poorly understood. In this study, we
examined the effects of resveratrol on lipopolysaccharide (LPS)-induced growth inhibitory activity and cell
growth-regulatory gene products in astroglioma C6 cells to elucidate its possible mechanism for anti-cytotoxicity. It is
shown that LPS induced time-dependent growth inhibition and morphological changes of C6 cells, which were
recovered by pre-treatment with resveratrol. The anti-proliferative effect of LPS 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 biot analysis in time-dependent manner in C6 cells. In addition, the pro-apoptotic Bax expression was
also up-regulated in LPS-treated C6 cells without alteration of anti-apoptotic Bel-2 and Bcl-XL expression. However,
resveratrol significantly inhibited LPS-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.
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C6 417 WA FollA] lipopolysaccharideol] )3} p21 (WAF1/CIP1) W BaxQ] W& 710l U|X|{= resveratrol®] F&k

221E St ZRUEA Y] #4318 microglia A ZF413
ago] gulalAl il HEEHSS MHAQ! nitric
oxide (NO), tumor necrosis factor (TNF), prostaglandin (PG) &
S 2oloitt. oleist GEMAIER olAl ZHCERE HE B
Soke A R o FH AFZAE £48 7154
cke BEHEQ &Wol EAz =51 o HZ S
BHAEY dBMof vigt @ ATE
7 EEIACE 53] HO @EZHEO] Alzheimerd] WHEE &
717187, MAAHA L Y AHe 98iY 4 ok di
Sol wEEHAY Ko WANE EE= ABNEZ 2EF
microgliacl gk @7t FEEE IPYHIL Yok w1
microgliaZ} =01 A0S A0 % 152 47}5]= B-amyloidol] 9
of &d3lElo] Bamyloidd] HHE w7 £ SE2A17H, HA
AR 7Y Alojol wHEE %&H The d7aaEse] W4ixH
Al microgliaZ} ¥ £obg olsiAg ¥ ol koldR(mel ¢
2 EPEEA g e H T g rhsdol By
I AP & AgaE FUEe] JFAL AAEE] BaH
olm ¥ &golut i HZo] ey M, MANT aH T
of QUot. olESt ARIER dEurt YEel HolAg A1AA9
Fo BEY # opet 7IsHe HolMe 598 gEe gy
SHL ASE Allsh= Aolgt 8kl
OHH resveratrol® ET O 4], 4Z Eof £ BRFiL ¢
om "RV 52 EToA ZEo|9 B APHOE BE] A}
U =58 BEsW] flo #4415k wolE &9 phytoalexin®] &
Zojc}?. Resveratrol®  trans-resveratrol, cis-resveratrol jzd!
resveratrol  piceid®] 37IX  HEHE EMsiEd  olF
trans-resveratrolo] FE §5 HMollA] 71A Hojul Ao U
AT ResveratrolZ ofg] 7HAl HYl} AAF SolL 7o)
ler 5al 52 28 o, LEE7), BE S0 Bo] E4
ot HZ @? dsoll 9JSHH resveratrol Q1A b}, 1Y
o, thaEel Hot 58 Zadt e G EF o4 apoptosisE
2hplo] HIE 1 QoM™ 87 [B6 almlA oM S &
At ST E HEQIR ol Qg Mz RS AMBIN L,
EY Lol apoptosisE2  RESGCYY. IElm FY
pheochromocytoma (PC12) A ZolA] oxidative stressL} XS
2 QIAIE UedXl B-amyloido] SISt MZEHHE A BE
E AN BT B 8 0 Jri™. 2 dFoli s thEAQl
g2 2 UEdZl lipopolysaccharide (LPS) Xizlo 98}
A ZO M ZEA oAl I apoptosis Fat HE FAXEY]
HIAIE resveratrol?] kg ZARBIRCH B 7§
HNE G710l 01 HIASIIA} Sk
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1. A Zuier 2 LPSS} resveratrol®] &g

2 dFo] ARE C6 MANAME (astroglioma cells)=
American Type Culture Collection (ATCC, Rockville, MD,
USA)ollA] 3131 21, 10% fetal bovine serum (FBS) W 1%

penicillin & streptomycin (Biofluids, Rockville, MD, USA)O| X%
g dulbecco’s modified eagle medium (DMEM) #iX](Gibco
BRL, Grand Island, NY, USA)E A}&38l 37T, 5% CO, &7
SlollAd uiESITE  Resveratrol %! LPSE=  Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA)lAl TFI3l5Ch
Resveratrol2 ethanolol] 35]41510] 200 mMS] stock solutionS
UHE0] AMBEI M, LPSE 3 At EF-<rol 10 mg/mlo] s%
B M5le] ARSIt LPS W resveratrol@] 28t A E Ast 4
o A= resveratrolE LPS AHz| 40280 HASLZ wixlol
S5l WA Aoiskdrk

2. HematocytometerE 0| &%} MEES] &

N ZHHE 6 well plateZ 0|86l platerd 1x10°709} C6
MEE BFSIIL 244170 B¢t QFHEIRZI &, LPS ©E K&
resveratrolil} EFHAE] & AFAIZ S0 MigsidTt 18 A
ZEE phosphate-buffered saline (PBS) EAUOF $£AH5HL
trypan blue (Gibco BRL)E @45I3 2H, 0]& hematocytometer
ol 70 & Yakat AvlA(x 200) SlolA] oK HEQ] &
ZH5ld AT Hla 2451

3. Reverse transcriptase-polymerase chain reaction(RT-PCR) &44

FUTE RolM FHiE ANZEES UMeE TRIzol B
(Invitrogen, Carlsbad, CA, USA)E 0l823lH total RNAE H7]
sigicth 2el¥ RNAS HEst &, ONE-STEP RT-PCR PreMix
(iNtRON BIOTECHNOLOGY, Korea)& 0|83} 2 129] RNAO
Al ss cDNAE FHYEIICE HAATF Aol &35k o] DNASE
templateZ AHESH] #a o §FXKTable 1)Z polymerase
chain reaction (PCR) 21 02 SZ513tt”. olwl housekeeping
FHXIQ) glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
SZAEE internal control2 AMEEIGCE ZF PCR ABEE 1%
agarose gelE 0]8okd F7]@ &8I ethidium bromide (EtBr,
Sigma) £ Aol & UV 3lolA] #RlaI%

Table 1. Gene-specific primers for RT-PCR

Gene name Sequence
3 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCCY
P Antisence 5'-CTC-TCG-GAA-CAT-CTC-GAA-GCG-S'
o1 Sence 5-CTC-AGA-GGA-GGC-GCC-ATG-3
P Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3
Bax Sence 5-ATG-GAC-GGG-TCC-GGG-GAGS
Antisence 5-TGG-AAG-AAG-ATG-GGC-TGA-3
Bl Sence 5-CAG-CTG-GAC-CTG-ACG-3
Antisence 5-GCT-GGG-TAG-GTG-CAT-3
BeXL Sence 5-CAG-CTG-CAC-CTG-ACG-3
j Antisence 5-GCT-GGG-TAG-GTG-CAT-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-8
‘ Antisence 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

4 gzl 2], Jr1EE

Ag ol Edled LPS s & resveratrol X
BiXlol A XIS} MESS lysis buffer2 265 &, 1
2 Az W THkEg =2 = 5%9Y

[ heay

%l Western blotting
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SDS-polyacrylamide gel H7|HEC T Belsigcy”. 2aig ©
WAE gHRe acrylamide gelE
(Schleicher and Schuell, Keene, NH, USA)2.Z electroblottingoil
Q)& Mo)JAl7) &, 10% skim milkE g6+ PBS-T (0.1% Tween
20 in PBS)oil 4°Coll4] 1417} o] &} HHUSHEA] HIEo1&Ql Thill &l
Soll St blockingS AAIGIGCE 1211 &8 hdol tigh
SHE membraneo] HEAA S A HEE €2 F,
PBS-TE Aojuiil &3 &Aoll theh ozt A ¥igE dAle
% ECL (Enhanced Chemi Luminoesence) £ (Amersham Life
Science Corp., Arlington Heights, IL, USA)E H&A7] T
X-ray filmoll ZHEAIA S8 TjZl9] kg BAGKIr & 48
AR2E BHES Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA) & Calbiochgm (Cambridge, MA, USAjojA] T1519] 2,
olx} &FE AFE% horseradish peroxidase-labeled donkey

peroxidase-labeled  sheep

nitrocellulose membrane

anti-rabbit immunoglobulin %

anti-mouse immunoglobulin® Amersham Corpofi4] FUBIHTE

2 3

1. LPSo} 98} C6 AlZTAZO Telwsl 4 Zalodzol]
resveratrol®] ¥&F

Resveratrolo} LPSol| 2|9+ Al &

AN ZS FenEs)

1A

6k71 $15kd Lpsoll OJgh Cé U SAAR
ol ujx)= al 2A0ﬂ L]’

resveratrol®] Qo .75_/\}8}93‘\\‘/} Fig.
ERA HlQ} Zo] LPS7E Az C6 4l

2l Ajgto] S7HESE AFaA Y —’?"—i@ol HAEH SAl0
MZEL0] Thh ZAEE o 4= QJRYCt 2L} resveratrolo] &
R AL resveratrol®] XT] L7 E7EESE ALY HEY
AzEgol Ha uixlolA] wgE MEZY =ECR JEde
2 ICHFig. 1B & 2B).

IS

2. LPS Xglo} 98t ps3 Bl p219] W Fio niile
resveratrol®| &gk
CHe2 AP AZA LPSol QS AlEE40 REXAQ]
OlhE ZAKE) f6ld MESA] Tl R 58 ZEHRIA}
o sEHs SUAR FHAK] p53 & cyclin-dependent kinase
(Cdk) inhibitorQ! p21 (WAF1/CIP1)9] wldol n|xje LPSY] &
5k RABICE Fig. 3A 2 4Aol LJER HI9} 220 LPSS] A2
L7 S7ES4E R F FAAS dEo] AR Y 5
TolAM BF LPS AP 5% JEH 0 S7IHAUCE £ LPS A
ol Qg AAAMES FA AHoll= p53 ¥ p219] FHUA &
OFIL ASE & 4 AUt WEk LPS AHZloll g LA A
9| ZAIH W resveratrolol 2it A1A WA 2O HAIA 3
B2aar ZAE F AR wE 283 d3Hol JEAY o
HE ZARISICE Fig. 3B W 4Boll LIERA 118} Z30] resveratrold]
A Aeloll 9sled LPsoll sl FEE = Ue p53 B p2l &
AL wal Z717} resveratrol Af] QEXMO T LAHUSES
o 4= Qdrt 01219 Al LPSo) Qg AZuM 9] F410
A= p53 W p219) vl 7ol ¢dekdol Q2m, resveratrol

T REAGEY LS 571 AAE Eoto] LPSoll 219 U uM L
o] ME 541 Aol et B g3} g drisid Erh

(¥ 1 2 [] [T
LPs !dbﬂ
B Bae (BN
LPS (10 pgmh foré h

Fig. 1. Effects of resveratrol on LPS-induced morphological
changes in astroglioma C6 cells. (A) Cells were treated with 10 pg LPS for
indicated times. (B} Cells were pre-treated with resveratrol (Res) for 40 min, before
treatment with LPS. After incubation for 6 h cells were sampled and examined under
light microscopy. Magnification, X200
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Fig. 2. Effects of resveratrol on astroglioma C6 cell viability in
the presence of LPS. Cels were plated at xi(" cells/60-mm plate and
pre-incupated for 24 h. Cells were treated with LPS for indicated times (Al or
pre-treated with variable concentrations of resveratrol for 40 min (B) before treatment
with LPS. 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.

Tt 2 3 N

LPS(18 pgimi)) LPS (10 pgini)for 6 h

O 85 1 2 3 6(h) Con 0266 10 20MRee

Fig. 3. Inhibitory effects of resveratrol on the-transcriptional levels
of p53 and p21 induced by LPS in astroglioma C6 cells. C6 ceils
were incubated with LPS for 6 h (A) or treated variable concentrations of resveratrol for
40 min, before treatment with LPS (B), and total RNAS were isolated and RT-PCR was
performed using p53 and p21 primers, The amplified PCR products were run i agarose
gel and visualized by EtBr staining. GAPOH was Used as a house-keeping controf gene

LPS (10 pgénl) LPS (19 pgini}for § h

l&SGIJﬁW Con. 8 26 5§ 10 20 pMRes

F|g 4. Inhlbltory effects of resveratrol on the translational levels
of p53 and p21 induced by LPS in astroglioma C6 cells. G5 celis
were incubated with LPS for 6 h (A) or treated variable concentrations of resveratiot for
40 min, before treatment with LPS (B). Cell extracts were prepared, and the expression
levels were examined by Western blotting with anti-ps3 and ant-p2t antibodies, ard
ECL detection system. Actin was used an Internal control.
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C6 A1Z WM ZAA] lipopolysaccharideol] 2§F p21 (WAF1/CIP1) U Bax9| WS 710 o]Xji= resveratrol®] HEF

3. LPS AMeloll 235} apoptosis atted {AAel wd W]
D|X| & resveratrolQ] &k
LPSof 9jgt {1Z WA 28] E4IT|7} apoptosis F239)
H oRE ZAB] Y5k apoptosis A B0l Y&
*Q FHAEY Wl vixle= LPSY) HEe RAKBKRCE Fig.
! 6A0] LIERH 119} Zo] apoptosis Fatoll ZIZA0] HES
2 Led%l Bax FHAQ] wslo] LPSQ] Azloll Q)5
g sEolA AMEARE JERCE ML EU6I6eE
\Tt Jevt apoptosis $t GIA 8 AFABHO] U=
2 Bal-XL |SFXIC] wa2 LPS Aild Qgle] 2 Wkt
ARt F LPS7L A2IE LA WA ZollA= Bax?] k& S
MEAPEY EE 8E RSz FFo| HojZlo). 1L} Fig. 5B
2 6Bol LIERA HIQ} Z20] resveratrolQ] A Xgloll Q15kd LPSo|
I3t Bax WH E7} HAL B HE £EolA 2F AT
Ol LPSA) 95t BaxQ] 813 E71E ZH4A|Z 2 FA] resveratrol
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Fig. 5. Effect of resveratrol on the induction of Bax mRNA by
LPS in astroglioma C6 cells. C6 cells were incubated with LPS for 6 1+ (A
or treated variable concentrations of resveratrol for 40 min, before freatment with LPS
(B), and total RNAs were isolated and RT-PCR was performed using indicated primers.

The ampiified PCR products were run in agarose gel and visualized by EtBr staining.
GAPDH was used as a house-keeping control gene.

1LPS (10 pgimh) LPS (1@ pgimiifor 6 h

05 1 23 6(h) Con. 8 25 5 10 20 pMRes

Fig. 6. Effect of resveratrol on the induction of Bax protein by
LPS in astroglioma C6 cells. C6 cells were incubated with LPS for 6 h (A)
o treated variable concentrations of resveratrol for 40 min, before treatment with LPS
(B). Cell extracts were prepared, and the expression levels were examined by Western
bloting with indicated  antibodies, and ECL detection system. Actin was used an
nternal control,
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Resveratrol2 T2 AlEH o)A} BIEIZ|0LE ZETH CISH 9
2 ogAo] Wl ABEH AAZIE AKIE HEE] AT £t
2F ghsojllE= phytoalexin®] JEolct. /Al Ui
resveratrol®| A2lgd EME QOMIH, WA 1A B2 ATV}
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ojZor A BE S AL EHTEA low density lipids (LDL)S)

1 high denisity lipids (HDL)E &71A[H HDLo|
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9 &4 L HolE A5, radiosensitizer2419] JlE,
antiestrogenic §3} & angiogenesis 3% E"?*9] glotg 3 of
Al 2 LEdA AT Egh resveratrol2 cyclooxygenase (COX) &
4 9 nuclear factor kappa B (NF-xkB)@} ¢d#=lo] A7} Blo)
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H#E endonuclease 59 FHE AHICH. 0]ELS XME
dimer®] FHERE EXNGIH 189 ¥ & Halt ey
apoptosis7} FUEE= RAOE UBH Urt Wkl LPS &zlo)
QI3 MAMMEL] EAAA L ATE apoptotis FEboll Bel-2
family] 7t5d ARE ZARIGCL 1 23 BaxQl whdlo] Al
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resveratrol®] M Xgl= LPSoll 2l¢h Bax W E |AXHOZE R}
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