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Analysis of Differentially Expressed Genes by Resveratrol Using Membrane Microarray. Jong-Sik
Kim, Min-Jung Jang, Hyo-Eun Kim, Soon-Young Kim, Byung-Oh Kim' and Ho-Yong Sohn™. Dept. of
Biological Sciences, Andong National University, 'Dept. of Applied Biology, Sangju National University “Dept.
of Food & Nutrition, Andong National University, Andong, Korea, — In the present study, we investigated
whether several phytochemicals (resveratrol, genistein, epicatechin gallate, dially disulfide, caffeic acid
phenetyl ester) and sulindac sulfide could induce expression of tumor suppressor p53 protein in hu-
man colorectal HCT116 cells. We found that p53 was dramatically induced by all phytochemical treat-
ments except sulindac sulfide. Among treated phytochemicals, we selected resveratrol for further ex-
periments because it is one of the highest p53 inducer. Using a Western blot analysis, we found that
resveratrol induced p53 in a dose- and time-dependent manner. Additionally, using membrane-based
microarray analysis, we found that twenty-five genes were up-regulated and two genes were
down-regulated by resveratrol treatment. Among the up-regulated genes, we selected 4 genes and per-
formed reverse-transcription-PCR to confirm microarray data. The results of RT-PCR were highly ac-
corded with those of membrane microarray. In addition, we found that thrombospondin-1 (TSP-1) ex-
pression was not dependent on p53 presence, whereas mammary serine protease inhibitor (MASPIN)
expression was dependent on pS53 expressed by resveratrol treatment. The results of this study may
help to promote our understandings of the molecular mechanisms of chemoprevention that are medi-
ated by resveratrol in human colorectal cancer.
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HCT116 A £+ Johns Hopkins ¢]t] 2] Bert Vogelstein 4t
AAZRE B¢ Ut F FHY AEF g2 10% FBS7L
A7t8 McCoy5A WA & AHEstAom, v 37T, 5%
CO; 24 3+ incubatoro| A A A)5+$3t}. Resveratrol & 1)
£8 A FEL SigmaAl(MO, USA)2 R 79< stgch 2
% A (anti-p53, anti-ACTIN)= Santa CruzAHCA, USA)2
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Western blot analysis

439 ¥ RIPA $3 (50 mM Tris-Cl [pH 8.0], 150
mM NaCl, 1% NP40, 0.1% SDS, 183 0.5% sodium deox-
ycholate) S #H7}slo] lysisAlZAth & AE 28 5 30 g
o] gwAg Hste], 4-12% acrylamide gel (Invtrogen,
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2 v}z membranee 5% skim milk7} 3-8 TTBS &
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1A12F o] A blocking &} T} 12} &4 9] * 2] blocking £
Az 2o FAA 1247k 0|44 4°C cold chamberd A 4
Az, 23 A9 AL horseradish peroxidase-con-
jugated anti-mouse & anti-rabbit 33 E 1417} A& A
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(Amersham, England)& AM&-3le] W33A|A Xeray filme 2
exposed & sttt

Total RNA & v

8% A EF25E RNeasy mini-prep kit (Qiagen,
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sulfide® 24A17F < Astglet. 2 ATolM p53 &
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Fig. 1. p53 protein expression in phytochemical-treated HCT116
cells. HCT116 cells were incubated with either VEH
(0.1% DMSO), resveratrol (RES, 50 pM), genistein (GEN,
50 uM), epicatechin gallate (ECG, 50 yM), diallyl disul-
fide (DADS, 50 pM), caffeic acid phenethyl ester (CAFE,
10 pM), or sulindac sulfide (SS, 5 pM) for 24 hr. The cell
lysates were prepared and subjected to Western blot
analysis using p53 and Actin antibodies.
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Fig. 2. p53 protein expression by resveratrol. (A) HCT116 cells
were treated with four different doses of resveratrol.
(B) HCT116 cells were collected at six different time
points after 100 pM resveratrol treatment. Thirty micro-
grams of total proteins were used for Western blot
analysis.
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Fig. 3. Changes in gene expression by sulindac sulfide. HCT116
cells were treated either with DMSO (A) or 100 M re-
sveratrol (B) for 48 hr and then superarray analysis was
performed according to the manufacturer’s instructions.
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Fig. 4. Gene expression changes by sulindac sulfide-treated
HCT116 cells. HCT116 cells were treated either with
DMSO (A) or 100 pM resveratrol (B) for 48 hr and
then RT-PCR was performed using gene-specific

primers,
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nullql HCTI116 HEFE o]&std TSP-1 KAz}
MASPIN #2479 2d& 8931¢t). TSP-1 F3A= an-
giogenesis®| negative regulator2 %4z 3101, wild type
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Table 1. Up-regulated genes by 50 uM resveratrol treatment

No. Gene Name GenBank Description

1 APEX/Refl BC015601 APEX nuclease (multifuctional DNA repair enzyme)
2 PUMA/BBC3 AF332558 Bcl-1 binding component

3 BRAP NM_006768 BRCA1 associated protein

4 BRCA1 U68041 Breast cancer 1, early onset

5 cdk1 NM_001786 Cell division cycle2, G1 to S and G2 to M

6 p21Wafl 147233 Cyclin-dependent kinase inhibitor 1A

7 chk1 AF016582 CHK1(checkpoint, S.Pombe) homolog

8 CSNK2A2 NM_0018% Casein kinase 1, alpha 1

9 FAF1 NM_007051 Fas(TNFRSF6) associated factor 1

10 GADD45 M60974 DNA-damage-inducible transcript 1

11 HIPK2 NM_022740 Homeodomain interacting protein kinase 2

12 mdm?2 7212020 Mouse double minute 2, human homolog

13 RTP NM_006096 N-myc downstream regulated gene 1

14 NUMB NM_003744 Numb homolog (Drosophila)

15 pig8 AF010313 Etoposide-induced mRNA

16 PKC alpha NM_002737 Homo sapiens protein kinase C, alpha

17 p53R2 AB036063 Homo sapiens p53R2 mRNA for ribonucleotide reductase
18 MASPIN NM_002639 protease inhibitor 5

19 stratifin AF252284 Homo sapiens 14-3-3 sigma protein

20 SIRT1 NM_012238 Sirtuin silent mating type information regulation 2 homolog
21 Spl AF252284 Homo sapiens transcription speiificity factor Spl

22 TSP1 NM_003246 Homo sapiens thrombospondin protein

23 TNFAIP1 NM_021137 Tumor necrosis factor, alpha-induced protein

24 ASPP2? 009582 Tumor protein p53 binding protein, 2

25 WIG1 NM_022470 p53 target zinc finger protein

Table 2. Down-regulated genes by 50 yM resveratrol treatment

No. Gene Name GenBank Description
26 CKI NM_001895 Homo sapiens casein kinase 2, alpha 1 polypeptide
27 MAP4 M64571 Microtubule-associated protein 4
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Fig. 5. Confirmation of regulatory effect of TSP-1 and MASPIN
gene expressions by p53. HCT116 cells or p53-null
HCT116 cells were treated with 100 uM resveratrol for
24 hr and then RT-PCR was carried out using gene-spe-
cific primers.
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