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ABSTRACT

We examined the effect of indole-3-carbinol (13C, CoHoNO), an autolysis product of a glucosinolate and a gluco-
brassicin in vegetables, on MMP-2, -9 activities and TIMP-1 and -2 inductions via microtubule-associated protein
kinase (MAPK) signaling pathway in prostate cancer cell line, PC3 cells. Our results indicated that I3C inhibited cell
growth of PC3 cells in dose (0, 50, 100 M) and time (0, 24, 48 and 72 h) dependent manners. Using gelatin zymo-
graphy for MMP activity, we demonstrated that 13C significantly decrease MMP-2 and -9 activities in PC3 cells. We
also observed that 13C decreased the proteins and mRNA levels of MMP-2 and -9 in PC3 cells as well. Inversely, ex-
pressions of TIMP-1 and -2 protein and mRNA in PC3 cells were increased by 13C in a dose dependent manner. In an-
other experiment, we showed that I3C inhibited PC3 cells invasiveness by using marigel invasion assay and we also
found that 13C suppressed MMP transcriptional activity by MAPK signaling pathways. Taken together, our results su-
ggest that I3C may contribute to the potential beneficial food component to prevent the cancer metastasis in prostate

cancer cells. (Korean J Nutr 2008; 41(3): 224~231)

KEY WORDS : indol-3-carbinol, MMP, TIMP, PC3 cells, MAPK pathway, invasion.

N E

YA H2 Selvteh B b A 3
S 9l GO TR 50T o1 F - el 2
BB Bolt AT Y 5 PN M B g0
2 W3] 49 A B d ¢ T4 WA b
Fonl, o AP YA F HALel olo} 2912 x|
shu k2 Seldete] AR Faewe 1wl
F9) 571, AR ATz AQAR WSS a7 5
7beha 9le  ohlet BF WAl B T7h ow
Eshe goltk At WS W] G 2 A

A5d 120083 2€ 119

e 120089 48 29

$To whom correspondence should be addressed.
E—mail : somebodykr@yahoo.co.kr

B o o=

Aol F28 Q1o g 4EA glon 53] F2N 57
FAE 59 nA)2 APARe] A4S AFshs Al
2 A o

wpeba] AR 9 MM B3, qh, F FRE TR
3] AF 3k Aol ML A ¢ JdE Fol
g T%o] E Zo|t}? ojeidt FRELE: ErlEY 2
o|5# (lycopen), 29 AA® (genistain)-< At
ALY AL dAlshe Aoz dalA ok

¥ A¥eM = ARt QAR gulFE nEFe, F
ZZehy 2L Aol vbF &R = glucosinolate,
glucobrassicin®] AW ARHER] Q1= (CHNO, 13C) 4
APAGAE digh ool dis) ATt A
A7) AE2 AHAY BEAR AH7) Ptk Qs
AFAE A Thekdt FHAE, FEHAIE, Ay, o
At 283 A AE ] FAAA S} G1/S7] AEF7)
AAZE delA Jokt Y FEAEAA i, #, 7 &

e

cr

© 2008 The Korean Nutrition Society



I EERE QIES AATEUA LS} ATARGALY e

w3 A9t Hojol thet A= mln|alA| o] Folx) 1
ek o] HE3} Hololl= cell adhesion} extracellular
matrix (ECM) & #3lI3h= Zo] "2ttt Matrix Me-
talloproteinase (MMP) &4-& &0 zhgah= a3 ot
NAa47 ECM @2 S 2l A¥7} k& 7)o
B olFshztl 2% 98 3 MMPE ECMe)
473221 collagen, gelatin, fibronectinS-& 2aljal= &
AF 17 EF7F €A Jo MMP-2 (gelatinase-A) 9}
MMP-9 (gelatinase-B) & 714 =2] F2 A8 type IV
collagens #3llshe &4 % Ho|Ajo] & oF A3} 7 =
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M ZEHQS

B Ade] AR Q1A AL AEQD PC3 cell> AT-
CC (American Type Culture Collection, UAS) ol]A] 4]
sty ARt AlEE 10% fetal bovine serum (FBS,
Gibco BRL, Grand Island, NY, USA)¢l| 1%2] penicillin 2
streptomycin®] X3% DMEM ¥JA] (Gibco BRL, USA)
£ ARg3te] 37°C, 5% CO. 23 dhelld Hjkalsit). A%
(LKT Labs, St Paul, MN)< dimetyl sulphoxide (DM-
S0, Sigma, St. Louis, MO)°ll %] 10 mM 2] stock £
How Azxe H -20Ce] Bysto] 44 T2 iR
3| Mste] A3

NIZ3A

A719} Tz Wi F ¥iAE AASIL tetrazo-
lium bromide salt (MTT, Amresco, Solon, OH, USA)
£ 0.5 mg/ml =71 FA WA Z 34Ee] 2 mRN B
8kal 321 49k CO, incubatorellA] ¥iSEAIZ] TR MTT
AlekE AR AASL DMSOE 1 mi¥ 25381 well
o A€ formazing BF %91 & 96 well plateel] 200
212 74 ELISA reader (Molecular Devices, Sun-
nyvale, CA, USA)Z 540 nmolA F35E =Askglch
S 25 Al S elon, o oidt Pk 3 0
Z}Z Statistical analysis system (SAS) Z=2 73 (v 9.0)
o7 Feigith

NES| B

Transwell plate®l] matrigel (BD, Biosciences, Bedford,
MA, USA) & Z®3o] AE9 A& A3 5 x
10" cells/mlZ WHEo] 712} DMSO, Q1E-4& Aelslsitt. At-
tractant®™ 20% FBS WIAIE AHg313loH 13 DMSO
2] M¥+= upper chamberd] £5F31] serum free 27
OF 37T CO, wi7]olA 48417t vk &1t Upper
chamber %S PBSE A WEoZ Hohlu 438
2 uA3te] FulE-dda olo]2A Y (Sigma) & GAs}
Sok @49 FEE dojuo] &rlolE FEiel 1A}
of dujFer I AX & S35k

Matrix metalloproteinase (MMP) &4
MMPEA4S &obE7] $18ll gelatin zymography & 24|
sl A1z 0w wjekst Ax] sl 400 X g2

5¥-7F Gl B9kt Al 2X sample buffer
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(Invitrogen Co., Carlsbad, CA, USA)E Yo A7|9%
AEE TE3 10% ZEjotadetntol=e 0.1% et
98 kst Ag olgdt] AEE AV|dE & F 25%
Triton X-100°22 30%37} renaturation &L 2441%¢
developing buffer (50 mM Tris-HCI, 150 mM NaCl, 5
mM CaCl’, 1 M ZnCF, 0.02% NaN; at pH 7.5) & 37T
ol A wjekatict. 0.5% (w/v) Coomassie brilliant blue
G-250 (Bio-Rad Laboratoies, Hercules, CA) %02
1413 @Ak 2M2W (methanol : acetic acid : wa-
ter (3:1:6))2% A3l iz R3] Y& HTR
9135l integrated optical densityS ©]-&ah] #Aakst
o %E kst YeRlth AE8E 53407 3 of
& ANE] ZEzke) ARof| A BFeE AEujgFA o 2 A4

sgick

mRNA &3

A719F FL3 20A FHlE AEE PBSE A3t
1 TRIzol reagent (Invitrogen)Z 4ColA] 1A7F E4F
Helate] total RNAE #2/313ich. #2]€ RNAE A%
3t &, oligo dT primer?} AMV reverse transcriptase
(RT)E o]83l4 2 g2l RNAIA cDNAE EAaHch
TFE0) RT product (template cDNA) | 2.5 mm dNTP,
10X buffer, DEPC water, premixed primer (GenoTech,
Korea) @ Taq DNA polymeraseS Y31 Mastercycler
gradient (Eppendorf, Hamburg, Germany) & ©|-£-3}%
polymerase chain reaction (PCR) B0 2 ZZ3}3it}
RT-PCRE o]&3t £4& AT A4S FHe Ta-
ble 1o Yehd ulel Zon, olu housekeeping A}
2l glycealdehyde-3-phosphate dehydrogenase (GAPDH)
FRAE E8519 internal control® AREEIIT) Z+ PCR
AEEY ¥A AolE #]18l7] $18te] 1X TAE buffer®
1% agarose gel® =1 well G 2H2}H9] primerel] 3%
3= PCR AFZ9] DNA gel loading solution (56X, Qu-
ality Biological Inc.) & 4114 loading 3t % 100 V &}

Table 1. Sequences of the primer pairs employed in the RT-PCR
reactions

Gene
GAPDH

Sequences of the primer pairs (5° — 3"

Sense 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3'
Antisense 5'-AGC CTT CTC CAT GGT GGT GAA GAC-3'
Sense 5'-CAGGCTCTICTCCTITCGCAAC-3'

Antisense 5'-AAGCCACGGCTIGGTIITCCIC-3'

Sense 5'-TGGGCTACGIGACCTATGACCAT-3'
Antisense 5'-GCCCAGCCCACCICCACTCCTC-3'

MMP-2

MMP-9

TIMP-1  Sense 5'-TGG GGA CAC CAG AAG TCA AC-3'
Antisense 5-TITTCA GAG CCTTGG AGG AG-3'
TIMP-2  Sense 5'-GTC AGT GAG AAG GAA GTG GAC TCT-3'

Antisense 5'-ATG TTC TIC TCT GTG ACC CAG TC-3’

oA} B<lsle] Kodak Picture works’ photo enhancers
o] g3t AR 29 33ick
T 9ol

DMSO % QlEo] A2jd wixlolr A& dHEZES PBS
2 Aoju11 0.05% trypsin-EDTAZ A7) o3 94
st MEE Brh olgA Eopzl AEe| NP-40
lysis buffer® #7}8te] 4TolA HkSA & 44 B
st} 1 AEae] o F5E Bio-Rad @ A Al
ok (Bio-Rad, Hercules, CA, USA) 0.2 Hdlo] Zako]
Laemmli sample buffer (Bio-Rad)E 4114 samples
HESTE olgA we 9WAS 13% SDS-EjotaHot
ulol& A o]g3l A7|PFoE EEEint #ejE &
N2 ek A4S &8 (Schleicher and Schuell,
Keene, NH, USA) el AoJr)7l F, 10% skim milkE &
3%k PBS-T (0.1% Tween 20 in PBS) o]l &7-0] =2
A 2X7F AE incubationdle] H|5o]FQl dlA S of
3 blockingS AA18}3L PBS-TZ 156% A% AlH 5
Za)g o)) 12} antibody (MMP-2, -9 (NeoMarkers, Fre-
mont, CA, USA), TIMP-1, -2, p38, ERK1/2, INK (San-
ta Cruz, CA, USA), B-actin (Sigma, St. Louis, MO,
USA)E 717} Aelale] Adelx] 1A Ex= 4TollA ov-
ernight )71 t}+& PBS-TZ A3t H8)® 13} anti-
body®ll W= 2%} antibodyE AREEF] Ab2ollA 1AJ7H
AL ¥SAIZTE tA] PBS-TE A& 312l enhanced che-
miluminoesence (ECL) §<% (Amersham Life Science
Corp. Arlington Heights, IL, USA)-& A&A17) v} &
Aol A Xray filmel] ZH3AIA £ TR k& FA8

Ack.
SHA=

B A7) BE 43S SUHoR 39 ol Arskgith
AEAI= SAS T2 738 (v 9.1 2= 7
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QISO| MEMANIES| MEFA OA= I

o1=0] QA AYHY AE PC3 AEZF2 ol njx)= A3k
< o} B 93 AEL 0, 50, 100, 150, 300, 400,
500 pM =52 247+ drlste] 24, 48, 72A17F Wi 3
MTT assayE Yol AT SXAFo7 AE AX 5
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Fig. 1. Effect of I3C on cell viability in prostate cancer cell line,
PC3 cells. Cells were seeded at an intial density of 5x 104/mi.
Cells were treated with various concentrations of 13C and in-

cubated for 24, 48, 72 h.
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FES w|HA] %= 50, 100 M FEY Q=S 7 A
glato] 48A1F wiokat Zt7ke] wix|E Rol AP,
Fig. 2A8} o] AEAT F5 J&EFHoZ MMP-29} -9
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th 783 MMP-2, -9 mRNAS} ¥h8a uhg)oke- Fig. 2B,
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Fig. 2. Effect of I3C on activity and expression of
MMP-2 and -9 protein in PC3 cells. Cells were seed-
ed in 100 mm dish at a density of 5 X 104 cells/ml;
the monolayers were incubated in the absence or
presence of 0, 50, 100 uM I3C for 48 h. A: Medium
was collected, and the activities of MMP-2 and -9
were measured by gelatin zymography. Photograph
of the MMP bands, which is representative of th-
ree independent experiments, is shown and quan-
fitative analysis of the bands. B: RT-PCR bands, ph-
otographs of ethidium bromide-stained gel, which
were representative of three independent experi-
ments, are shown. C: Western blotting bands were
performed to expressions of TIMP-1 and -2 proteins
listed to the right of the figure. Immunobiot analy-
ses were performed as described in the materials
and methods section. All experiments were taken
to three independent exprements. Each bar re-
presents the mean + S$.D. caiculated from three
independent experiments. The data were evalu-
ated for statistic significance using a t-test. The

4— MMP-9

«— GAPDH

£— MMP-9

g £ — j-actin
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means noted with a * were statistically different
compared with the control. A p-value <0.05 was

considered significant.
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Fig. 3. Effect of I3C on TIMP-1 and -2 mRNA and
protfein expression in PC3 cells. Cells were seeded
in 100 mm dish at a density of 5 X 104 cells/mi; the
monolayers were incubated in 0, 50, 100 uM I3C.
Total RNA was isolated and RT-PCR was performed
fo investigate the mRNA expression of TIMP-1 and -
2. A RT-PCR bands, photographs of ethidium bro-
mide-stained gel, which were representative of th-
ree independent experiments, are shown. B: West-
em blotting bands were performed to expressions
of TIMP-1 and -2 proteins listed fo the right of the fi-
gure. Immunoblot analyses were performed as de-
scribed in the materials and methods section. All
experiments were taken to three independent ex-
prements.
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Fig. 4. Effects of 1I3C on MARK signaling pathways
and invasion in PC3 cells. A: Cells were treated
with 100 uM I3C for 48 h phorylation levels of ERK1/2,
p38 MAPK, and JNK were measured by Westem
blotting. B: The cells were cultured in 100 uMI3C for
48 h within a Matrigel invasion chamber. Micro-
photographs of filters and quantitative analysis of
the Matrigel chamber invasion assay are shown.
Invasion was expressed as invasive cell numbers.
Each bor represents the mean = S.D. calculated
from three independent experiments. The data were
evaluated for statistic significance using a 1-test.
The means noted with a * were stafistically differ-
ent compared with the control. A p-value <0.05
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