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Indol-3-Carbinol Regulated Tight Junction Permeability and Associated-Protein Level
and Suppressed Cell Invasion in Human Colon Cancer Cell Line, HT-29

Kim, Sung Ok™**
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ABSTRACT

To determine whether indol-3-carbinol (I3C, CsHoNO), an autolysis product of a glucosinolate and a glucobrassicin
in vegetables, regulated tight junction proteins (TJ) and suppressed cell invasion in colon cancer cells,this experiment
was performed. Our results indicate that I3C inhibit cell growth of HT-29 cells in a dose (0, 50, 100 # M) and time (0,
24 and 48 h) dependent manner. Using the wound healing and matrigel invasion study, respectively, I3C inhibits the
cell motility and invasion of the ovarian cancer cell line. The TEER values were increased in HT-29 cells grown in
transwells treated with I13C, reversely, paracellular permeability was decreased in those of condition. Claudin-1,
claudin-5, ZO-1 and occuldin have been shown to be positively expressed in HT-29 coloncancer cells. I13C occurs
concurrently with a significant decrease in the levels of those of proteins in HT-29 cells. But E-cadherin level in the HT-
29 was increased by I3C. The reduction of claudin-1 and claudin-5 protein levels occurred post-transcriptionaly since
their mRNA levels are no difference by I3C. Therefore, our results suggest that I3C may be expected to inhibit cancer
metastasis and invasion by tighten the cell junction and restoring tight junction in colon cancer cell line, HT-29.

(Korean J Nutr 2008; 41(1): 13~21)

KEY WORDS : indol-3-carbinol, TER, claudin, invasion.
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AE BRudHa 3 13CE AAFLIALY 538
SHEZ] A& Mol g AAIFT Y Budh? ® gt
250 glo] edol] ol - FQ 3t FopolA|ut X
DA g Aol tist A= Fuleld A<
ATHA god, gFME vln|alA o]FoiR 1L Uk

AE 248k to|ue] F2E 7R 9lo] A 38,
dF 7ela TN Fot 72 WEE Ui A
A I SRl YAATE Ao HAeH= A8
gz B2 AZE JlEX2E FES 23 WYA
EQ7} AvERe] Adsta o] £ vz 3
Z4& 98 AlZA)Y strandE A oL g8l @
243 A4 gBAQ 70-1, claudingo} Adsle] TF2
el AFE NEFAY AT S8 Martinez”
+ 19709 = AYAE shollA TIS #27}F ¥ghtia
AorstRt. Peralta $7°& el FapAru AL
718 A (FFAATE AT Sl A dF =
ARt Gy JHE gigdels ST EY] ST
7} A4 A ZRY ok Ry A2 AR
N2 o&f T] FATUNAE (53] 21709 claudin ¥
AP o] w35tk Claudin @ae 2k gz QA
%9 claudin @AFY AEL] G937 A2 Q1 H Q)
tx &84 Stk 21 F72 S geAs yitse
claudina~& Y&AT strand®] F23 FAHALAZ & W
AelM TIS Fi% §A& 24 k™ L3 TI= AX
ko] Ada) 295 Alolol] AW T o]F-g Bt
© 954 g3t 2ElElE AR AES] 49 3
A3 A= claudin ©] FL3HE wEhA o)d TJ
@ldel claudin®] B2E QA% TI9) sl Ao
7) A&7 Hdojol A3 g FAZ HT AT FHo
Art. 0|9} o] WaAAT GHA (claudins, ZO-1,
occludin) 3 Y2FA% A=Al (E-cadherin) off oist A
T s F2 stk Alggc)

IHERE & A AR iy AEQd HT-29 celldl
A 13C9 FdEg 7138 ATslr] sl 13Co) et
AEAA T] FHE frEste] AEE 7IEAZE FHE
£ A=A A9 olFA, A& Z7lZ claudin-1,
=5, ZO-1, occludin, E-cadherin ©##a 9k&le] u)x):=
q3ke dolr 1z} APt
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M| B
B Aol AR QAR Al ES HT-29 cell ATCC

{American Type Culture Collection, UAS) sl 13}
o] AR&EIgith. A& 10% fetal bovine serum (FBS,
Gibco. BRL, Grand Island, NY, USA) ¢l 1%2] penicillin
2 streptomycin®] E3kg DMEM A (Gibco BRL,
USA) & AHgst) 37T 5% CO, 24 3lelA wRekatich
I3C (LKT Labs, St Paul, MN)< dimetyl sulphoxide
(DMSO, Sigma, St. Louis, MO) ¢l =< 10 mM®] stock
ghoz Axg F —-20T] BAste] A FEE HiA
o 3A&te] APt

NE 34 Mg

A7) FAZANA 24417 v F wiAE AlAS L
tetrazolium bromide salt (MTT, Amresco, Solon, OH,
USA)Z 0.5 mg/ml %7 EA viAE 3A3te] 2 mI¥
BE381a 3417 B¢ CO, incubatoroll Al BIRAIZ] v
MTT AJokS 742284 #|As 2 DMSOE 1 mi® 253}
o] wellol] AAE formazing BF <! F 96 well plate
o] 200 p1¥ &714 ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)E 540 nmolX FE=E 543}
Pk AL BF A i dglon, o g Bagsd
% 932 Sigma Plot 4.0 2% (SPSS Ins) 0.2
Tk
ME 25 4

E AP AE 54 (motility) & FHsH= Aol
AZ7} wjoFEoglE a1 ml Hog 4AHE T
S0l A7 W Iz MEI} o] F3t A= e ARRE
ojEH oz FA3= AYolh 30—mm HEBF Al
20 pg/ml rat tail collagen (BD Biosciences, Bedford,
MA, USA)e.g :Elsle] 2 X 10° cells/ml HT-29 AlE
B & DMSO, I3CE APEEE 1243 A A2 319
1ml o2 A4AE etk PBSE AE AAZIE AlA
sz B free WX (FE2) F2o 23t o)L =7
i) o) DMSO, 1E2 ZH Aol A7t Y& o=
48A17F FQF PRt At Jdog Mxolsg |yl
Aoz BAsl] ARE Atk

SIS TE Y 53

B AL 12-well Z2)7HE o wjek7]of) (1 cm® surface
area, 0.4 mm pore size, Costar, Corning, NY) ¢l 2 X
10° cells/ml HT-29 AEE Az]ste] AL wjFstod
olwj MEutel Al AFS A7) AIAE FAH3] &
% A% integrity® S3Ich TE F29 AES
vk MZol| 48412 HElste] T dmiAEe] A714 A



YL 5] AL WA AZE T2AE T
A AEe 9E Bt 29 A 43 2

st AR S3ick

T SHAESY] EAolES Yol APoR 2 X
10° cells/ml HT-29 M EZ transwellold AZATLS 3
dN7 ¥ DMSO, ue H3te] 48212 B9t vjakst
Stk Transwellold #XE 2% AAS D njg) dYF
PBS (Ca™ X3 2 9l AR 2 29 AlFsta A7t
o)A oZ [“C] D-mannitol (Sigma)E apical @9l
A7kt AlGsiA 443 52 aAA AEE E38)
T 9 S SAEth AXES E3% mannitol
4 LS 6500TA liquid scintillation counter (Beckman
Coulter, Fullerton, CA) & AME3l] S50k

Mannitololl thgt H&7] F343 AF (P, (cm/sec))
= Py, = (VI/A - D) - (dQ/dt) A 2)& ARgsle] At
BT (dQ/dt, B F9E Vr, o B9 #F (15 mD; A,
transwell ¥ ®3 (1 cm®; DO, %7] mannitol E5).
NI AR

Transwell plate®] matrigel (BD, Biosciences, Bed-
ford, MA, USA) & FHat] M) J&4E Ak
2 X 10° cells/ml & HT-29 MZE wjoksto] ZzF DMSO
=2 MGk w7 oligedl= 20% FBS ¥iA| S
AREEI o Q153 DMSO A AXe ulg7] 9% £
Fete] F84 27107 37T CO, vhekr)olA 24A17F w)

’

A T k7] A%L AHS PSS HAl Wxo
2 golf1 FnpEAAT oflo] 24l Y (Sigma) 2 G2st
ot Eol= Fuprel A% IS nys] v
© 2 matrigelell F&H AE $5 FH33L

mRNA E9

3719} TUg 20004 FulE AEE AHA5E Al
&3} TRIzol reagent (Invitrogen Co. Carisbad, CA,
USA) & 4ColA 1A17E 51t Hel5}e] total RNAE ¥
skoitt. #2]¥ RNAE A3 3, oligo dT primer$}t
AMV reverse transcriptase (RT)E o] 83l 2 19
RNAIA cDNAE $A4&3ic) vH501- RT product (tem-
plate cDNA)®l 2.5 mm dNTP, 10X buffer, DEPC water,
premixed primer (GenoTech, Korea) ¥ Tag DNA
polymerase® ¥l Mastercycler gradient (Eppendorf,
Hamburg, Germany) & ©|€3 polymerase chain reac-
tion (PCR) o2 FF3ldvh RT-PCRE o831 ¥

]
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Table 1. Oligonucleotides Used in RT-PCR

Protein Primer sequence
Cluadin1  Sense 5'-TCA GCA CTG CCCTGC CCC AGT-3'
Antisense 5'-TGG TGT TGG GTA AGA GGT 1GT-3'
Cluadin5  Sense 5'-GACTGCCTTCCTGGACCAC-3
Antisense 5'-TGACCGGGAAGCTIGAACTC-3'
10-1 Sense 5'-CCCTACCAACCICGGCCTT-3
Antisense 5'-AACGCTGGAAATAACCTCGTIC-3'
Occudin  Sense 5'-CTGICTATGCICGTICATCG-3'
Antisense 5'-CATTCCCGATCTAATGACGC-3'
E-cadherin  Sense 5'-GAA CAG CAC GTA CAC AGC
CCT-3
Antisense 5'-GCA GAA GTG TCC CTG TIC CAG-3’
GAPDH Sense 5'-CGG AGT CAA CGG ATTTGG TCG
TAT-3'
Antisense 5'-AGC CTT CTC CAT GGT GGT
GAA GAC-3'

A& ANE3 FRR] F/HE Table 1o viepd e} ¢
o olg Hlmw FAAR glycealdehyde-3-phosphate
dehydrogenase (GAPDH) #3215 ¥gkslo] A3 of
Z fAAE AREsIsith 24 PCR AMEE9] o4 aolg &
Q15}7] $138}oI1X TAE buffer® 1% agarose gel& W&
3 well F Z+z}+9) primere] 31@sh= PCR AHE< DNA
gel loading €% (5x, Quality Biological Inc.)2 41014
loading 3t & 100 V 3tellA &elsl] Kodak Picture
works’ photo enhancerZ ©|8-3t0] AFZ 29 it

CHHA W

DMSO ¥ b0l A2le wixlelx 24t dAIELES PBS
Z Aoy 0.05% trypsin-EDTAZE #5417 U= A
wel slo] AxE BSih oA Bobdl AR A
NP-40 lysis buffer2 #7}ale] 4 CollA 3087 vke-
F, 14,000 rpm o2 30W7F AAEE sto] 2 4% o
Fkgiek 4% 4e @A FEE Bio-Rad ©@¥d 4
Aok (Bio-Rad, Hercules, CA, USA) 3 7 AR
2 A g T2 AEHHE AoA AEE A
o} olglA whE T WA 8~12% SDS E&ota
Holujol= AG o]g3lo] W95 o® Rt £
A S a3t A YEZAEZ = B (Schleicher
and Schuell, Keene, NH, USA) el HojA71 & 10% &
X423 PBS-T (0.1% Tween 20 in PBS)ol &
Fo] AR 2417 AL RESAIA 8] FolzQl whulz]
Eof U3 blocking AAI8l PBS-TE 158 AL A1F
3tk &g el 12} anticody (claudin-1, —5, ZO-1;
Zymed, San Francisco, CA, USA), MMP-2, —9; Neo-
Markers, Fremont, CA, USA), B-actin (Sigma, St. Louis,
MO, USA)) Z Azlate] AellA 1417 o B 47Cel)

an

A
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2] overnight A|7l thS PBS-TZ A¥sl1 2z 13}
Aol gz 22k FAE ARSI Aol 1A A
BhS-AIZ L) tA] PBS-TZ AlA8laL enhanced chemilu-
minoesence (ECL) €% (Amersham Life ScienceCorp.
Arlington Heights, IL, USA) S #8120 ok A4
Xray HE Z3AA SHIRA & Bk
Western blot2 913 AME® 22} A2 AF-¥ peroxi-
dase-labeld donkey anti-rabbbit @ peroxidase-labeled
sheep anti-mouse immunoglobulin® amersham Life

Scienceo| A 7913t
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Fig. 1. Effect of I3C on HT-29 cell growth and cytotoxicity. HT-29
cells seeded 5 X 103 cells in 100 #| culture media into 96 well
plate. After cultured for 24 h, these cells were freated with I3C
according to concentrations for 24 h. Thereafter, cell survival and
toxicity were determined by MTT test according to dose and
time dependents. DMSO (0.01%) used as a vehicle control, and
0.1% DMSO did not affect cell viability or morphology (data not
shown). And also DMSO treated the same concentration in
each cell group. Data are shown as mean of tiplicate samples
(error bars, £ SE) and represent the invasive cell numbers com-
pared with those of control cells. The significance was deter-
mined by Student’s H-test. *: p<0.05 vs. untreated control cells.

SHIAE]

B Ay BE AL 5o 3¢ ol A
o} AYAI= HAH AR AR BAREAeR
24 T fo4o] vehd dEAM {24 0.05% -l
A Student’s ttestE AAII jzTtel gk f-elAdE
AAEAt

2 b

N34 2fAe] DAL= IS 9%

A it M FA A v ¢EY FTFS
Lol 7] A& A ASL 2443 F g F MTT
XS Fig. 1004 vepd uke} Zo] HT-29 AZ
AEXT FE YEHOZE AX F2o] HoFoz
AFom, E3] 100 M ol FEol F29A)
A= oF 70% AT B F]Aok wEA BE AFeA
AE FhE AR F4 oA n)x)= o] AL 50,

100 xM SEZ Aalo] Z7te) 8e sk

NIZoIs ¥l OAf= QI %

AE Aol <3 Ut AE HT-299) F4)Al9} A
o|AAS] AWFE Yotr7] fll MW AP eg HT-299
o]l mAE AT FFS AA3F PHE o)Lt
AlEolgAE A3k AEupyedia A3 uke} ol
AE F2ol ggt AX o5& A A T8 Hl
A Agaisict. Axuer gl 93l goz AAE
e BE Fitl FEE AES Hs] 48A17F 9
HjokslAA AA AZF Ao R oo R AEEn AR
£ At (Fig. 2). A& A2 5 & o= gxAx

12 i i

DMSO

48 ((h)

Fig. 2. Effect of I3C on HT-29 cell motility.
The 2 X 105/ml cells were grown to con-
fluency on 30-mm cell culture dishes coat-
ed with rat tail collagen (20 p¢g/ml) and
then treated with vehicle or 100 M 13C
for 24 h. A scratch was made through the
cell layer using a pipette tip. After wash-
ing with PBS, serum free media (to pre-
vent cell proliferation) containing either
vehicle (DMSO) or I3C (100 M) was add-
ed. DMSO (0.01%) used as a vehicle con-
trol, and also treated the same concen-
tration in each cell group. Photographs of
the wounded area was taken right after
the scratch was made (0 h) and 48 h later
to monitor cell movement into the wound-
ed area.
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otk & AP Q15| AEFA olAle) FEFE vl

£ olf MEO WAHY W4 Bz == wash o

02 FPPsloict weby the Agos WaAY o
e HHsE A8 YT,

MIxe| SATHE ¥4 OAl= QIS 3%
FIFIARY A71H AP HL AT TS
olr e ol HES ARAY w GEAZY confluence
¢} integrity ?] Yol X ¥*7} 5w EVOM Epithelial
Tissue Voltohmmeter (World Precision Instruments,
Sarasota, FL, USA) & AMg-3to] #7]13 Ad+-e 4%t}
Fig. 39] Zd|A DMSOE A3t A¥= 74.3 + 13.6
(Q X cm?) €] 50, 100 «M A=L A3 AT ol|A
o] AFAZLE 200.31 + 27.1, 321.47 + 17.7 (Q X
cm?)E 227} 23 (p < 0.05) 02 Zrlepch =3t 3
H2 YehdiAlE dAT SAEL FapdulgEe] A
714 A F7ke) tig Q18] g3k A w7) 98
A AR JAEE Hzlsle] 72407 i T w4 QA%

& A7) FAYAIAL) W18 APYE S48 2
o F7HE RS 4717 AP 24ARE §

Azt MAs) de) $F0R HEolghr) ol2id A3
o Eel AF FIATAEY ANH AP FTh= <
Moz Axdstel] fefsty g Wzhe 7tdFolt} =
2 AT E TE AP o7 A Z7ME oAl
20| W78 APAe] AEFNOZ Q3 271X Hal
719 7221 B AEE ks & MTTE AA S

TEER value (ohm*cm)
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Fig. 3. Effect of I13C on TEER: The 2 X 105/ml HT-29 cells were
grown to confluency on transwell plate and then treated with
either I3C (50 M or 100 #M). Compounds, as indicated, were
added fo both the apical and basolateral compartments in
triplicates. Transepithelial electrical resistance (TEER) was meas-
ured after the times indicated. DMSO (0.01%) used as a vehicle
control and also treated the same concentration in each cell
group. Data are shown as mean of triplicate samples (error
bars, + SE) and represent the invasive cell numbers compared
with those of control celis. The significance was determined by
Student’s t-fest. *: p<0.05 vs. untreated control cells.
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AT} 2447F wioFste] AAIgE MTT Axel 593 A3
£ ¢ol £ A3 FAEe] AA A F71
7} AEFA ) gt Aol o} A& JFUL st
Stk olgl e A= ARt Aol XeElg QlEe] ¢
A% A FFE Fo] ME AT 2E a7 AB
o] U & T AT ek o P Sl B
AL A28 AdE ERls] Y38l mannitol
of FAYAE EAE [“ClD-mannitolE o] &3t] Azt
2 293 mannitol2 7oA X717 AT F3E 3
A3k A S v

MEE 22 Sy OA= 25 9%
Fig. 48] Z7}olA transwelld £33 mannitol 0]
iz (9.3 £ 1.6) B3l AE A=) AE (6.8 + 1.71,
* 1.33) ol ZHzh Zadsia 53], 100 wM s A
2| AlZoM e dA £33 (p <0.05) T3] T34
AU AL A7) A3 49 AAFAE e
olg} Z& A= g AlXel UE HEA Q=] AE
WRAAY FA G v|H FHYHLE F71E AXE
NEAE FIE FAAHE 2E 8l & 5 A
o A3or o|ie] Ango] AfEoE U AFLEY
7V J3ke wo] F= 9] o] olxﬂoﬂ kS 1]X| =X

dotr7] A3l matrigel I AL 3Gk

Papp A-B x 105 (cm/sec)
o~
T

DMSO

13C (M)

Fig. 4. Effect of I3C on the paracellular permeability of HT-29
monolayer. The 2 X 105/ml HT-29 cells were grown to con-
fluency on franswell plate and then treated with either 13C (50
#M or 100 zM). The apparent permeability coefficient, Papp
(cm/sec) for mannitol of HT-29 celis treated for three days with
either I3C (100 M) or the vehicle, DMSO was determined as
follows: Papp = (Vd) - (dQ/dt)/ADo, where dQ/dt is the linear
appearance rate of mass in the receiver compartment, Vd is
the donor compartment volume, A is the surface area of the
franswell membrane and Do is the initial amount of mannitol in
the donor compartment. DMSO (0.01%) used as a vehicle
control and also freated the same concentration in each cell
group. Data are shown as mean of triplicate samples (error
bars, + SE) and represent the invasive cell numbers compared
with those of control cells. The significance was determined by
Student’s t-test. *: p<0.05 vs. untreated control cells.
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Fig. 5. Effect of I3C on HT-29 cell invasiveness. The cells were
exposed to 100 M of I3C for 6 h. Treated 2 X 105/ml cells were
plated onto the apical side of the matrigel coated filters in
serum-free medium containing either I3C (100 xM) or DMSO.
0.01% DMSO used as a vehicle control and also treated the
same concentration in each cell group. Medium containing
20% FBS was placed in the basolateral chamberto act as a
chemoattractant. After 48 h, the cells on the apical side were
wiped off using a Q-tip. The cells on the bottom of the filter were
stained using hematoxylin and counted (three fields of each
triplicate fitter) using an inverted microscope. Data are shown
as mean of tiplicate samples (error bars, = SE) and represent
the invasive cell numbers compared with those of control cells.
The significance was determined by Student’s t-test. *: p <0.05
vs. untreated control cells.

NIZY A2 OAf= OIS 9%

A 7142 AJEQ) matrigel® T3 chamberE ©)
&3t HT-290M129] 84S dold A Fig. 59 2]
100 pM =2 A2 23 4 (p<0.05) 2% #4
atict webA e diEAIE HT-299 ol8Ade F
85 TR AAES B 4 Uitk v A8 A
I AT (ME-AXL 94, 2243h 7 dug oz 2
e Loty AL o] AAlo] FFE v|x=A] HE3
17 13 B dAE western blot2 2 A¥ 5
NZ| LB ST AR CHE WHTER] O
A= PIE9 3%

A D2 chilzel claudin-13 claudin-52) ©hald
2 mRNA 3L gi2AEeA w&do] &3ko claudin-
13 claudin5 2 LG AE A7 T JEHO
Z dA% 743l RT-PCRE mRNA +F2 e 2
7 mRNA 28L& ¥3tE Holx| ogtr} (Fig. 6A, B). ©]
thA] gelg 9J38] PCR primer #1E-2 223t primer
AREElS] Blgh Adfol L 71 ool Wssl itk
up2bA] HT-29 AEoA %2 claudin-1, -5 2& <A
= post-transcriptional 7}3¢) &3 R o7 Alg¥ch TJ
ol A3 2 ®<) Z0-17% occulding] @A 2 mRNA
B QlE A kel W fF oz s (Fig.
6). E-cadherin® ME-HE o172 A&} FHo|/Zkda)] &
Wzl 7)52 7P FokAEeA 2] E-cadherin 22l

i

Fig. 6. Effect of I3C on TJ protein expression and distribution: (A)
mMRNA levels and GAPDH was used as an intemal standard (B).
Protein levels; Western immunoblots were performed to quanti-
tate TJ proteins listed to the middle of the Fig. HT-29 cells were
treated with 50 M or 100 #M of I13C for 72 hrs and then Immu-
noblot analyses were performed as described in the materials
and methods section. Actin was used as an interal control.

e AXY A8AE o 2 A5 3 & M E-
cadherin 2@ M FEAA Bago] FA 3] WA
AE Az} Frol wEh A7} mRNA Tdo] #oH e
2 7} 85tk (Fig. 6).
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WA Ao) wig- Fo3EE $AES) ol H&, A
olo] P u|A 5= Y= ERFFEL 71 ojslig) AT
7} Zedht, BaAEe AR S A94 &
Y 715S fA8ke A Az H1E olvh AduA o
o] B U] =y oloh M WA s A
A EN AT F7HE ALE JtEAZE T3
S 2H, 3L A ATE fAY EEor 21 F
79 claudin 99AFS T3k YA IRES =
#yAog ALY Claudin 982 3, A5,
Frer ey AHEAG AXA HREE st HE
TAELS U2 Hels o Ao B gvta B &
Qo AE Ew Aot 2207 P "ozl 23 oA
9] claudin-3, —49] ¥ GAEL BES F7HA71L
AAE L] & o] FL AZea Byt T2
Z 9o Hol& #Y) YA FFMEAX Y TIS H-el
FES v B g ATe @3] o]Foix|a itk

B aAfoMe A v ME HT-29 celldl] =&
2latge W d2td o] 3|EH AEY] FIIETA
X2 AVE Mg F7HE AA AZE TIEAEE T
e AA s} (Fig. 3, 4). ©]8]st 3= Dhawan
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PE ot AEolN FRIAATIAIE Y H7H AEHA
AZE 7t2A2x F3ds) 9o ARaAE Yehdo}
Budte] dxg A%E rA) Aggarwal 57 th
gL AES} AFAES AEo Q% A D22
& FTIEE o] BAE dAse a3t 9l
Ul B3 SiGich webA QlEo] YAEe] UAAZ B4

= THAPIER a g Jehioy Alg g

st WA gto] B e U2 2abo)M o
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