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In this paper, we investigated whether resveratrol could induce the expression of cysteine-rich angio-
genic inducer 61 (CYR61), which is a member of the CCN families. We showed that resveratrol
up-regulated CYR61 protein expression in three different human colorectal cancer cell lines. In addi-
tion, resveratrol induced CYR61 protein expression in a dose- and time-dependent manner in a
HCT116 cell line. To investigate the relationship between various biological activities of resveratrol
and CYR61 expression, HCT116 cells were incubated with several NSAIDs, antioxidants, or
resveratrol. Interestingly, resveratrol only induced CYR61 protein expression. The expression of CYR61
was not related to the presence of p53. A promoter assay revealed that the 786-bp promoter region
(-732/+54) contains a regulatory region and that indole-3-carbinol and 6-gingerol could not induce
CYR61 expression. In conclusion, our results indicate up-regulation of CYR61 is extremely resveratrol
specific. The results can help to shed light on the unique biological function of resveratrol.
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AEEFU ZEAAY oF EAshe dovHES
(Resveratrol, trans-3,5,4'-trihydroxy-trans-stilbene)- 2] &
oJ3 AArE = phytoalexin®. 2, WA Y] 7Aoo Hoz§
S ole A FAEEY IS U2, 7] BFTE ZdA
resveratrololl 3 443, FAF, Fuivt, I A4S W
T o Agdds a3 AE71d Sl HuHdg
[5,14,15,17].

CYR61 (cysteine-rich angiogenic inducer 61)-& connective
tissue growth factor (CTGF/CCN2), nephroblastoma over-
expressed (NOV/CCN3), wnt-induced secreted proteins-1
(WISP-1/CCN4), wnt-induced secreted proteins-2 (WISP-2/
CCNBb), wnt-induced secreted proteins-3 (WISP-3/CCN6) &
S X338k CON familyF 9 3hto]tH3]. CCN family T
2 angiogenesis, chondrogenesis, cell proliferation, migra-
tion, differentiation 5 T3 A& o] #Ast= FHA
2 g8A do13]. H2de g 71dE F3He tumor
metastasisol| = Bl = 3l Ao 2 Bud vl Q8] ®3,
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CYR61 ©¥1de theFet oF REdo] A cancer migration}
progressiondl] F 8.3 9GS = A2 B EHATH6,11].
WA, CYR61 %77} non-small-cell lung cancerdl| 4]
down-regulation %1913, CYR61 A7} null?l lung
cancer A|EFo] CYR6l FAAE o WA A
growth arrest’} fr=go] R lTH16]. =3, 22 ATH
o o3 ol AT A7t B-catenin-c-myc-p53
pathway®ll &3l fr=go] R =th16]. E¢, Chien 59
Bar[4]dl 93hE FA" CYR61 @2 o] Ao ol8) endo-
metrical cancer cell®] MXAPHo] FEE oW, o] gt A
FAPEE Bax, Bad, TRAIL# 22 A EAPE#H T do] 3
AtE selatnt. 71E A7 2AE SFE B9 CYRolF
AR 718 S 2 angiogenesistt metastasiss ol T2 %
e et AzEY, dF 2AdqA s o XA
A slE Aoz ddEnt AT, o} H7tA] Fo|EF
v]Z resveratrolo] 93 CYR61 frAze] ¥ 2 4o &
o A3= AR AAojth

webr, £ AT M e go] EAWZQ resveratrold] o] g
CYR6L F2Ate] o Hdy} HdZ2HE APk 5, 2l
7F A A2 HCT116S A4S 2 resveratrol 29l
]38} up-regulation® = F32 & SR}, o}H7A] Ha
H v} 81 resveratrolol] 93t CYR61F- A1) Hd 3 A=
Ao Ut A+E st H T o) e AT A I resveratrol
Sold AT 1 71HE oJFfjsted E5S = AR

7,
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Mz H 2y

MzZetb Al

£ A7 A€ tget AlEF<1 HCT116, HCA7, DLD-1
2 American Type Culture Collection (ATCC, USA)| A +
A3t 3L, p53 null)l HCT116 Al ZF+= Johns Hopkins <]t
©] Bert Vogelstein HIAFZH-E] TS wotth A 259 wj e
2 At 10% FBS (Fetal Bovine Serum, Gibco-BRL Tnc., USA)
7} %% Dulbecco’s Modified Fagle Medium (DMEM,
Gibco-BRL Inc. USA)E AH&-3t4iTh. Tho] EA| 7| Z(resveratrol,
indole-3-carbinol, 6-gingerol), NSAID (Sulindac sulfide,
Indomethacin, SC-560, DFU, Acetaminophen)$} &4+3}A|
(Butylated hydroxyanisole (BHA), Butylated hydroxytoluene
(BHT)) DMSO (Dimethyl sulfoxide)= Sigma-Aldrich
Chemical Co. (USA)oA TY4ate] AH8-3HSiTh

Western blote] AF&® A< anti-CYR61 A, anti-
ACTIN 33 Santa-CruzAHUSA)ZRE T8t AH8-814
o} F3gk 23F 3A1Q] horseradish peroxidase-conjugated an-
ti-mouse A ¢} horseradish peroxidase-conjugated anti-rab-
bit &A% Santa-CruzAt2FH TFA3 AT

Total RNA 22/} Cligo DNA microarray &

Total RNA 2]+ RNeasy mini kit (Qiagen Inc. USA)&
o3t Az ZREZ | whet £ skt FAT total
RNA® A &3 %, oligo DNA microarray 233 RT-PCR
Aol AR A E A resveratrol] A2l <]
3 A o2 e FAATES AEE7] 938 oligo
DNA microarray 43S 33ttt o] 23 total RNAE ©]
4349 v= MicroarraysAte] 485K Human Array-lllumina
HEEBO oligo DNA microarrays AH&-3le] F)A| =2 E g
(Daejeon, Korea)ol $1&+ste] F=a)st it

Reverse transcription-PCR
A Total RNA 5 ngs F3O2 314 Superscriptl

Table 1. Sequences of oligonucleotide primers used for RT-PCR

RNase H-Reverse transcriptase (Invitrogen, USA)E ©] &3}
o (DNA < sttt AlxH DNAS FH o2 o mi-
croarray A @A up-regulation ¥ ¥ F 471(ATF3,
NAGL, p21, ¢ CYR61)9} 2T £ 322 GAPDH 345
Aeste] 2 82 E0]2 <) primer (Table 1)E ©]-&3}o]

PCRE #8% ¥, 179502 48 FAsdt

Western Blot Analysis

35k Al 2ol RIPA €59 (50 mM Tris-HCl [pH 8.0],
150 mM NaCl, 1% NP40, 0.1% SDS, 0.5% sodium deoxy-
cholate)& H7kste] AEL2HE @ d S L3ttt F 30
nge 9¥AS st 4-12% acrylamide gel (Invitrogen,
USA)ol A #7]9%S 3 F, nitrocellulose membrane
(Invitrogen, USA)2.2 715 o2 W23t} Transfers v}
% membrane 5% skim milk7} $-f2 TTBS &4(0.1%
Tween-20, 100 mM Tris-HCI [pH 7.5], 0.9% NaCl)ol 4] 1A17F
o]’¢ blocking 3FAt}. 12k &A1<] A 2= blocking &7 2
& 2AA 4T YRLAA 1247 o YL, 23 FA =
1ARF A2 A Aetsict. i AlF s v § ECL
kit (Amersham, England)E A}-8-5to] 23AA Xray filmO.
2 w23 ¥ g8

CYR61 promoter /2] cloning

CYR6L frazte) e 28-S A4-3}7] 913k CYR6L pro-
moterE cloning Atk WA, CYR61 F3 29| promoterE
&3t %= BAC clone (RP11-290M5, Research Genetics
Inc, USA)E 7434, tetracyclin®] %ol 1= LB #j Aol
A SZ3A . PlasmidE FE3 %, CYR61 34+ pro-
moterd] 50]A<l primer (Forward: 5-CTGTGGGTATTA
ATTTGC-3’, Reverse: 5-GGAGAAGGCGCGGAGGGCGC-
3VE |43t promoter A% (-732/+54)& PCR HH5-0.2 F
%39t} 53¥ Promoter F9& 27 T-vector (Invitrogen,
USA)el cloning & %, 747} luciferase vectorQl pGL3-basic
vector (Promega, USA)9l cloning ¢ ©& pGL3-CYR61

Gene names GenBank Acc. No.

Sequences

: 5-TGGTGTTTGAGGATTTTGCT-¥

A VL7 f{: 5-ATTTCTTTCTCGTCGCCTCT-3'
et N o0 R 5-GANTATICCCAGCICIGGTTY
P NN 07847 R 3.GICCACATGGICTICCTCTGY
e N 054 R 3.COTGTGGACATACCAGTTCC
GAPDH NM. 002046 E: 5-CTGACCTGCCGTCTAGAAAA-3

: 5-GAGCTTGACAAAGTGGTCGT-¥




(-732/+54)2 BH3H. HFH 22 RVprimer3 (5-CTAGC
AAAATAGGCTGTCCC-3')¢} GLprimer2 (5-CTTTATGTT
TTTGGCGTCTITCCA-3')E ©]&3} CYR61 Promoter re-
giong F7IMEEAS T3l FaA

Luciferase assay

Luciferase assayS 3 3t7] 9135t 6 well platel] welld
1x10°74 ¢} HCTII6 A 255 453 F 13 Sk st
o w Y = 1 uge CYR61 promoterE X3t plasmid
(pGL3-CY R61)9} 0.05 ug® pRL-null vector (Promega, USA)
£ FuGene6 (Roche, USA)E ©]-83}4] co-transfectiond} .
24X 7} transfection &9 Z} chemical&2 Q3| = wa}
2407F B Atk 1 F A EES 1 luciferase assay
g A7tste] MEE 48383 Dual luciferase assay kit
(Promega, USA)S A}-8-3} luciferase activityS &4 3t
49 2 pRL-null activity2 normalization ¢+ $ A}-&-3}

At

A
=

i

Mzt

1

[
e}

Resveratrolofl 9[sff AfHAoZ L]
o 24

HCT116 A 254 BFo] EA W Z resveratrololl 9|3l 28
Ao IdHe fAaAE AEe7] 918te] | Microarrays
AF¢] 48.5K Human Array-Illumina HEEBO oligo DNA mi-
croarray S A3} oligo DNA microarray 43S 433519
o 2 s, v o]} wdo] F7tE KA F 47H(ATES,
NAGI1, p21, CYR61)E 41838k, AgilentAH2] human oligo
1A microarray S ]%3}&1 Ag e A12]9 Bla E4519
o A E e FHAY wEHo] F Y platform°1 &
dstA & \_01 %7} QO]@}Q}Q—

rir

SARZe Y

microarray 4 75;.4 A &

¢

ATF3, NAGL, p21, 121 CYR61 447
Ae sl RI-PCRS 339tk 1 23, =
o] resveratrol®] o] 93] 719 &
Resveratrolo] 2|3 ATF3 f-%2}9] 7 %lz‘s:]_[lg] NAGI &3
Zho) B[], p21 SR T a[10]S
Hl 9121, resveratroldl] 9]¢ CYR61-A A< %}t}ﬂ_ 2 ZH
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Fig. 1. Changes of gene expression by resveratrol. HCT116 cells
were treated either with DMSO or 50 uM resveratrol for
24 hr. Total RNAs was extracted from chemical-treated
cells and were subjected to reverse transcription-PCR
with selected gene-specific primers.

# A7E ARd Agelt.

R

oh&ret MZF 2RO|AM resveratrolo 2|3+ CYR61 ChH
Zo| DA

Resveratrol®] 9J3f ddo] Z7t5 e o2 09 F4
F AF7A Bavt HA & CYRel At waa 3
245 A7tk |A, At AEF HCT116 HCA7%
DLD-1& Ao 2 2447 5<F 100 uM9] resveratrolS ] 2]
St oh5 CYR61 A o] &S SRl 1 2o, s
2E AY A EFNA resveratrol®] X 93 CYR61 ©
WA o] o] F7HE s &5k th(Fig. 2A). Resveratrol 9]
FEH(10, 25, 50, 100 uM) 2ol <}k CYR61 THd o] &
FFS 93 A3, Fig. 2Bol A HE uke} 7o) 25 yM re-
sveratrol 2] 5-E CYR61 @2 9] wg o] ol et
WA, resveratrol® FE7} Z71¥d wte} CYR61 Tl A 9
ool FASHA /18-S A8 H T 3L, resveratrol 2

Y

|
T
o
A

A2 A7k w2 CYR6l Tl dEWslE 3913 A7}, 24
AIZF AE5E CYR61 Sl A Wk o %_7}5101 Fl= A,
48A17F Aol A Ao wao] 2415 Ark(Fig. 20).
Ciekst Azl 7|52 712l chemicalso 2/8t CYR61
CHHA S5 H|W
Resveratrol2 3418}, I9%, & 7153 22 thakst A
44 715 s 7ML e AR 4 A ok webA old

Table 2. Selected Up-regulated Genes by 50 UM resveratrol treatment

No Gene names GenBank Sequence description Fold change Fold change
) Acc. No. (1" Exp.) (2" Exp.)

1 ATF3 NM_182972 Activating transcription factor 3 10.07 20.37

2 NAG-1 NM_004864 NSAID-activated gene-1 5.71 12.59

3 p21 NM_078467 Cyclin-dependent kinase inhibitor 1A 4.86 482

4 CYR61 NM_001554 Cysteine-rich angiogenic inducer 61 3.76 471

*Second microarray experiment was done by using Agilent human oligo 1A DNA microarray.
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Fig. 2. Up-regulation of CYR61 protein by resveratrol. (A)
Human colorectal cancer cell lines (HCT116, HCA?7,
DLD-1) were treated with vehicle (DMSO) or resvera-
trol (100 uM) for 48 hr. After incubation, cells were har-
vested, and cell lysates were prepared for Western
analysis. CYR61 antibody was treated followed by
ACTIN antibody. (B) HCT116 cells were treated with
vehicle (DMSO) or various concentrations of resveratrol
(10, 25, 50, 100 uM) for 48 hr. Total proteins were pre-
pared from resveratrol-treated cells and were used for
Western blot analysis. (C) HCT116 cells were treated
with resveratrol (100 uM) and collected in different time
points (0, 3, 6, 9, 12, 24, and 48 hr). Total proteins were
used for Western blot analysis. CYR61 antibody was
incubated followed by ACTIN antibody.

gt resveratrol®] Thkg ] 247 CYR61 FAAH W 79
AL syl fste deoF Ae2dreS 7R A
Z]Xﬂg’Jr FAsHA & AFE-ste] o] 5 g CYR6L
< 9l WA resveratrold] 23 CYR61
8 7} resveratrol®] 9% ST #HHEAS 7
3171 98k 5744 FF9 HzHZ o F95 AA A
o8k CYR61 DA ] wd-S 8139t} &, HCT116 Al
Fo Hl2gZol=4 F§9F AAY 30 uM sulindac sul-
fide, 100 uM indomethacin, 25 pM SC-560, 100 uM DFU, 100
uM acetaminophen 2} 50 uM resveratrol-& 24A]17F F<t A2
g o, CYR61 &2 LS &<1stith 1 23 sulindac
sulfideE H|E3 H|AHZo=A ddF AAEL A
CYR61 @ o] kS F2) &%l 24 resveratroldl
oA gk CYRe1 TR o] B FE=7} 115 Utk (Fig. 3A).
o]H 3 AFE resveratrold] 93 CYR61 Tl A o] Tt
2 resveratrol?] IHF B = AHAQ FHgo] HE
AAsht}, E3), resveratrol?] 34t &3 CYR61 T
HE o] #EFE A Aste Fats 4S5 A
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Fig. 3. CYR61 protein expression in NSAIDs, anti-oxidants or
resveratrol- treated HCT116 cells. (A) HCT116 cells were
treated various NSAIDs or resveratrol for 24 hr. And
then, cell lysates were prepared and were subjected to
Western blot analysis using CYR61 and ACTIN
antibodies. VE, Vehicle; SUL, 30 uM Sulindac sulfide;
INDO, 100 uM Indomethacin; SC, 25 pM SC-560; DFU,
100 uM DFU; AC, Acetaminophen; RES, 50 uM
Resveratrol (B) HCT116 cells were treated with various
anti-oxidants or resveratrol for 24 hr. And then cell ly-
sates were prepared and were subjected to Western blot
analysis using CYR61 and ACTIN antibodies. VEH,
Vehicle; RES50, 50 pyM Resveratrol; BHA10, 10 uM
Butylated hydroxyanisole; BHA50, 50 uM Butylated hy-
droxyanisole; BHT10, 10 uM Butylated hydroxytoluene;
BHT50, 50 uM Butylated hydroxytoluene; EGCG10, 10
uM Epi-gallocatechin gallate; EGCG50, 50 uM Epi-gallo-
catechin gallate.

A= 37 279 chemicals¥} resveratrolE HCT116 A ¥F
o AgstAct. =, 10 uMT 50 uM9] butylated hydrox-
yanisole (BHA), 10 uM#} 50 uM¢] butylated hydrosytoluene
(BHT), 10 uM¥} 50 uM epigallocatechin gallate (EGCG)$}
50 UM resveratrolZ *]2]3F & CYR61 @l & o] dtel S 319l
stttk 2 A3}, b2 FdgAld oJeiM= CYR6l T A <]
o] A3 f-E25A &g+ 9, 50 pM resveratrolE X 2] 3t
73-F-ellvk CYR61 Tl A o] Who] o] o2 Z713S gl
é}ait}(Fig 3B). o] A=

o

P

resveratrolol] &3+ CYR61 T &
L v resveratrol 5014 Y-S YEHH, CYR61 Tl
Ao &L resveratrolo] 93+ 3HAkat AT B Ao]
AoE A7Ed.

L

FU

m[o

oo|EAOIZo| <ost M| AR ps3el st
CYR61 XA s may Y
o Al FrAAR] p53E MALRAIAZA B AEA4T,
A EZAPE S F4] 222 &2A JTH18]. Resveratrololl
o3 oF A FAAQ p53 Bl Ao ) W e ov] g
HE 91TH9]. Resveratroldll © 3t CYR61 f-AHe] W o] p53
JE2HAAZ Blsl7] 9ste] p53 null$l HCT116 A ZFS
AFR3F4 TR 2, HCT116 Al £3589} p530] nulll HCT116 A%
Zo] z+z} 100 uM resveratrolZ A2 3 tFS, CYR61 A4
E£o]3 primerE AHE39 RT-PCRS S35ttt 2 A3
Fig. 4014 B ukel o], HCT116 Al 54 p530] null¢l
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Fig. 4. CYR61 gene expression by resveratrol. HCT116 and
HCT116 p53-/- cells were treated with vehicle or 100
1M resveratrol for 24 hr. Total RNAs was prepared for
reverse-transcription PCR using CYR61 gene-specific
primers and GAPDH primers as a positive control.

HCT116 A EFo| X 25 resveratroldl] &34 CYR61 #H A
31215} th o] A= resveratroldl] 28 CYR61

THE S 3l
o) dre e 2ALRAAA p53e] EAjoe BH] Qe AL
gl

CYR61 promoter F9IE ERFot= Iuciferase vector
M=

oj4te] Axto] oJ3lH CYR61 @A L uf$ re-
sveratrol 5-9]& 0], resveratrold] 93 t)E 3 HALZA
ZFQ1 p53e] T FH P = B3k CYR6L F32He] 23
e AV GEE FAskdh webA, B AFANAME re-
sveratrol®] &3+ CYR61 f+7#Le] &d 248 AF317] S8t
o] BAC clone2ZFE CYR61 749 promoter ¥
(-732/+54)& PCR3}4 cloning 3% ThFig. 5A).

rﬁL 2

CYR61 promoter constructE 0|2t Luciferase assay

pGL3-CYRG61(-732/+54) constructs ©]-§-3}4] resveratrol
S FEH(25 50, 100 pM)E A 2] 5, luciferase assay S
TPt 1 A, X2 resveratrold] FE JEHOZ
promoter®] &4¢] F7FES At (Fig. 5B). 3 o]
3t A7 A= Fig. 4A9] Western blote] A2 %9} LX) 3}
= oz 395tk ATkt pGLI-CYR61(-732/+54)E o]
&3t golEA ML dF2I S 219 indole-3-carbinol
(I-3-C, 100 uM)#} A 7ol EA3k= 6-gingerol (100 uM)<S A
2] U3 luciferase assayS 339tk 1 27, 27 re-
sveratrol®] Aol s Aut =2 kO] luciferase activity#k©]
1= A Th(Fig. 5C). o] &g AT AT+ resveratrole] g
CYR61 frd7ke] W& o] - resveratrol 5o]Zolgte A&
OHAl gHH Al A slE A Fol T

2y, Age A= 73S ] fsiAe CYR6l
< Ff LAk stable cell line®] 7-50] Ad & o] ¥ ofof &}
H, o] & o]-&3ted CYR61 312 Fetdo] A2 v|X]
T QT FAA FE wgte gelo] Jasith HE3
CYR61-siRNAE ©] &3¢ A7} Wt=A] o] Fojxfof A ghst
resveratrole]l &3t CYR61-F-2e] Fojrd o] oju]o} A&
A 75 B8] oE & AS AR A4H
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Fig. 5. CYR61 gene expression by resveratrol. (A) A pGL3-
CYR61(-732/+54) construct was transfected into
HCT116 cells and treated with three different concen-
trations of resveratrol (25, 50, 100 uM) for 24 hr. As an
internal control, pRL-null vector was co-transfected and
used to adjust transfection efficiencies. (B) A pGL3-
CYR61(-732/+54) construct was co-transfected with
pRL-null vector into HCT116 cells using FuGene6 and
the cells were treated with either vehicle, resveratrol,
indole-3-carbinol or 6-gingerol. And then, luciferase as-
say was done by using Dual luciferase reporter system.
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