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Deoxycholic Acid-Induced Signal Transduction in HT-29 Cells:
Role of NF-¢B and Interleukin-8

Dong Ki Lee, M.D., Sun Young Park, Soon Koo Baik, M.D., Sang Ok Kwon, M.D.,
Jun Mo Chung, Ph.D.*, Eok-Soo Oh, Ph.D.*, and Hyun Soo Kim, M.D.

Department of Internal Medicine, Yonsei University Wonju College of Medicine, Wonju;
Department of Life Science, Ewha Women’s University*, Seoul, Korea

Background/Aims: Deoxycholic acid (DCA) has been appeared to be an endogenous colon tumor promoter. In
this study, we investigated whether DCA induces nuclear factor-kappa B (NF- ¢B) activation and IL-8 expression,
and tauroursodeoxycholic acid (TUDC) inhibits this signaling in HT-29 cells. Methods: After DCA treatments,
time courses of NF-xB binding activity were determined by electrophoretic mobility shift assay (EMSA). Also,
we performed Western blotting of IxBa to confirm NF-4B activation. Time and concentration courses of
DCA-induced secretion of IL-8 were measured with ELISA in supernatants of cultured media from the cells. To
evaluate the role of NF-xB, IL-8 levels were assessed after pretreatment with using phosphorothioate-modified
anti-sense oligonucleotides (ODN). Moreover, DCA-induced secretions of IL-8 were measured after pretreatment
with TUDC. Results: DCA dose-dependently induced prominent NF- 4B binding complexes from 30 min to 8 hr
and degradation of I xBa. The secretions of IL-8 were increased with DCA (50~200 M) treatment in a time and
dose-dependent manner. Pre-incubation of the cells with TUDC (0.1~10 yM) for 2 hours caused significant
decreases in DCA induced IL-8 secretion. However, transient transfection using p50 or p65 AS-ODN showed no
effect on IL-8 secretion. Conclusions: DCA may play as a colonic tumor promoter through anti-apoptotic effect
of NF- B activation and IL-8 expression, and DCA-induced NF- 4B independent IL-8 expression is inhibited by
TUDC. (Korean J Gastroenterol 2004;43:176-185)
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Nuclear factor-kappa B (NF-¢B)&= &
st AL IARZA NEFA oL
MEAZTE ALt gt AZFo|A NF-£B7
= MEABALE A FgAC tid A =
ths AR5 o dEely giget 2FelA NF- (B
By wrt F7HetE A7 273 NF-«Be @437t
g T4 AL AZAG HARE @45AA gL
o] FAFS AAFSTE EE cfEF el AP Mo
E71o g I o4& 2 Interleukin-8 (IL-8)2 X t}joF
1G] HolgA oA LHo] Fr13le ERFHE FX
AAE BRHENATAAR WA ok g
ZFo|A IL-83 IL-85EA7F LA R dol 5
7babe oke] Holst A ABBAES Heoln” 7 Aol
FHrete tidet ERjelx 7+ Holrt gle FAtel HlsHe
23 o IL89 b Frhs ALY 2 ogeke] ol
IL-80] T3 9% S on|gith

1 # A7 HT29 i3 AZFE o]&ste o

w12
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o] ¥ NF-¢B¢] &/d3} of7¢} IL-8 LA
Fol ¥ 11 IL-82] ¥& o] AALZZA 21x}9l NF- 4Bol
£ A% golnaA vk w3 oo
stete ke 2 A B EESAUSA|IEYA
(TUDC; tauroursodeoxycholic acid)2 2132 s & IL-8 ¥
Ao A AFE BFrrete] dSAIEH Aol Y7 AEAZ

i

L AZF, Aok 2 gAle] 74

AAellA 71gs g MEFQ HT-29 NEFE =
AEFSYAME, T=HoZTEH LoFitol 10% F-Hot
&E A (Gibco BRL, Grand Island, NY, USA)3} A Al(FY
A 100 UmLe} AE#AETIo]Al 100 yg/mL)7} &6
RPMI-1640 #j#](pH 7.4, Sigma, St. Louis, MO. USA)Oﬂ/\i
MepstATh AT HES 37C, 5% ol AL Frd
M 23 fAST B Aveld Aga gEa
DCAS EM-ZF AU S AZEHAHTUDC; tauroursode-
oxycholic acid)2 SigmaAK(St. Louis, MO, USA)Z 8-¥
4333l T4 polynucleotide= Gibco (Grand island, NY,
USA)oll A 43ttt 14kBa @A|, NF-¢B p65-3-), NF-
kB p50-3A= Santa CruzAHCA, USA), NF-«B oligo-
nucleotide’= Promega (Madison, WI, USA), [P] dATP,
Poly (dI-dC)+= Amersham (Piscataway, NJ, USA)ollA] <]
&}94 Tk Quick spin column- Beringer-mannheim (Indianapolis,
IN, USA), IL-8 3= R&D (Minneapolis, MN, USA)A|Z
& 7Y

2. oFEe] A

HT-29 A ¥3F% 10 cm petri disholl A wjoFst & 1%<]
trypsin©. 2 wojWl & 1,500 rpm O SE7F AR YES 3
Aot YAEE S HT-29 A|EE 24-well dishol] 2|EF(3~5
x10°7)/mL)3}e] 10% Q4 @93t Sejo} Exo] 3w
RPMI-1640 ]| ] of A] 24/\1” wjokg & 33] WA & Zo}
FHs AARG dSAEFYae HE s /502
RPMI-1640 w7 o] 5] 2jate] FH|3E Fof] 10 yLA 24-well
o] H7}sko] F¢ioh a]£A1 S DMSO©] 0.1 M =

% 20Ce] T A

A

_IE l‘-lN

S5 A= A5 HT-29 Al3EF9) Caco-2 MEEFof| A Al
Xo] AELL MTT [3.(4,5-dimethylthiazol-2y1)2,5-diphenyl
tetrazolium bromide] assay 2} thymidine incorporation assay S
ot AEgHor ZHs gl NEE FA8
At 7 AT AE FE ALts 96
well-plateo] 1x10%mL HXZ BF3}e 70~80% &3 4
B dEAEI} HEZ 24 oksldth. DCAE AN X
Hj&fetell &A1 A 54%01 = 1 of 3]A3stof 2 uLe
pore sizeol] A7 Z}2+e] FEZ 96 well-plateol] 7}

tryphan blueE

A1 7F
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atlth. Alzbell whet tjz=t3} DCA A2 well] Al ul
S W 20 yLe] MTTE 96 well-platec] 37}l
37ColA 5~6A]7F vjoF Zof 20% sodium dodecyl sulfate
(SDS)9} 50% N,N-dimethyl-formamide”} /5 75 uL<]
lysate buffering solutin® 2z} welle] 37}3lo] 37 CollA
overnightd} g th. 2~3A17F =<t 96 well-plateE 2z Z g3}
o] 570 nm F}FolA WFEE ELISA 5 7](Molecular
Devices, Menlo Park, CA)E AHFzHozx Z=A3}grh
Thymidine incorporation assay= 96 well-plateo] z Z710]
g7 welld 1 yCi¢] [H]-thymidine (Life science, Boston,
MA, USA)S @& ¥ 37T, 10% o]4tateka ufokr] o] 4]
1~2A1ZF wf k@t & Al 3 7](Harvester) & o] g8t 2z}
MZS oo RzA|7]m oJ7}R|Z cocktail solution
(Beckman, San Francisco, CA, USA)3} 412 5o liquid

scintilation counter (Beckman)S- o]-£3lo] =74 3}gith
4. DCA A} % 1,kBa ¢ Westem Blot

HT-29 NXZFo] HSA|Z 51H(0~400 M)T} A
7487 Foid & PBSEHO T Al W Ao 23 bufferdl
{150 mM NaCl, 1% NP-40, 0.1% sodium dodecyl-sulfate,
50 mM Tris-HCI (pH 7.5), 10 mg/mL lupeptein, 2 mg/mL
aprotinin, 1 mM phenylmethylsulfonyl fluoride (PMSF)} 500
uLell A atedth. S 2E scraper® AN EE Fol 9L 9
ol A 3027t vekst 3 4T 14,000 rpmol| 4] 1587 N2
22 stk 948 F 45 HolA Bradford YL o]
gkl duide At FE2d 9WE100 uge
15% SDS-polyacrylamide Aol Z7]%dE%t &, 7L nitro-
cellulose membrane (BIO-RAD, 0.2 ym pore size)oll
blottings} it} Btell 1xBa #A|(Santa Cruz)$} o]z A
(Santa Cruz)® ¥/JA|Zl 3, enhanced chemical lumine-
scence (ECL; Amersham, Piscataway) W o]-83}o] X-
L=ZEA1A bandE ATk FFO
whilo] RalEglEAE o-wbulin 33 (Sigma) & F3to] 1]
RTA

.

(e}
e 5

ray ¥ Zo] membrane

5. Sighulo]l &3 electrophoretic mobility shift
assay (EMSA)

2k 50
HE olgstdth. b 2o 2 AHEs MEEL 4T
14,000 rpmef| A 1527F A& 3t 33k t). 400 Lo
buffer A (10 mM HEPES; pH 7.9, 10 mM KCl, 0.1 mM
EGTA, 1 mM DTT, 0.5 mM PMSF, 1 mM aprotinin, 14
mM leupeptin, 1 mM pepstatin, 80 ug benzamidine/mL)E
A7t 45 $lolA 30% 737} ¥ Noniodet P40 (FF

FE 01%H)E Ao} 1027 & Aol Tk EFEL

47T 14,000 rpmefA] 1027+ YA R E & 7 F5d2 o
31 o} 9l= A M Eof 20 yLo] buffer C (20 mM HEPES;
pH 7.9, 04 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM
DTT, 1 mM PMSF 1 mM aprotinin, 14 mM leupeptin, 1
mM pepstatin, 80 g benzamidine/mL)& F7}3+ &, 10
743 A £33 5 4T 14,000 rpmel| A 1087 9AE
Stk L5 mL Fuel 339S 7 e ¥ 9wz
& Bradford” W oz Z4stth

NF-xB A3 H9lo] g7 ¥9S 7} oligonucleotide
(ODN) {5-AGT TGA GGG GAC TTIT CCC AGG-3»
(Promega Corp., WI, USA)}2 T4 polynucleotide kinase
(GIBCO, NY, USA)E o]23lo] 994 Ex=2 [°P]
dATP (Amersham, Piscataway, NJ, USA)ZE ¥ A]s}%tch
Bio-RadAle] A A Z#H(Quick spin column; Bio-Rad
Laboratories, Hercules, CA, USA)S o] &3lo] A3t #] &
< [°P] dATPE A AIE 5 2ol [P] dATP7} A &
FBZ Wyo] $H3%h “PdATP7} ¥AE LEHE
wEo] F23 I WAG pg)2 0.02 ug/L poly (dI-dC)
(Boehringer Mannheim, Indianapolis, USA), 20 mM HEPES
(pH 7.9), 4 mM MgCl,, 50 mM NaCl, 1 mM EDTA, 1 mM
dithiothreitol} 4% glycerolo] ¥3HE 5 yLo] gllofa] 2]
& F AeofA 20~30E-7F ujekste] 6% polyacrylamide gel
7} 0.25X Tris-borate EDTA (TBE) bufferolA] 30 mV=Z
3~4A7F 719 FS stk

H719% Fole AL 80Tl AZAIA &4 -70TC =
o)A 6~18A17F Tt WA BEol =EAIZTH NF-«B
o) F4E Fay] 98 T E7e) Rel Bl ps03} p6s
of ot = u]Ee] Fal|(Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA)E o]|&3le] A FZEZHEH
supershift assayE A] 83l t}. o] & 9|35lo] ¥p50 &=+
p65 FA 2.5 uge 3027k wiYFTt FAlo] DNA ZFH e}
g7 A7Fstih. DCA (200 uM) = A= 308 & &7 o
Z AXF9 tEo] NF-4BY oA Ezxo=z PDTC
(pyrollidine dithiocarbamate)E >8]t & HT-29 A EF

o]A NF-¢Be] @4%E 243ttt

o, TP
off du £

3

6. I8 v o] e

AN

HT-29 M7} 50~60% 2] subconfluencyE f-X| ¢+ AHE]
S]H DCA A= 24x17F Aol w42 m&atd AF Ao
70% confluency ©]’3e] DHAMEZES FAAT A
DCAE FX9(1-200 uM), AIZHE A Fof AE 5
oAl ELISAE o] &3lo] IL-89 ¥»%E =43yt 96
well polystyrene plateo]] mouse anti-human IL-8 monoclonal
antibody (R&D System, Minneapolis, MN, USA) 4 ug/mL
= 549 A2 100 yLA 23 A SelA 16417 7w
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1%t} PBS-221(0.05% tween-20, pH 7.4)0. 2 33] A& &
1% BSA (PBS) 300 yLA S Q31 A&of|A] 3 A7 524
70 % standard (31.25~2,000 pg/mL)9} 7z 278 A= ¥
B2 100 pLA @3 Aofx 247k WAtk HRP-
steptavidin conjugate (Zymed, San Francisco, CA, USA)E&
1 :2,0002.2 PBSe] 323} z} welle] 100 L& =11 30
E7F kA7l & PBSENOF |23} ABTS substrate
kit (Zymed)E AFg-sto] WAEke] 405 nmellA] FHEE =
gkt Axtel E4 9 ¥FIAL Softmax 213
(Molecular devices, Garden Grove, CA, USA)S o]-£3}%)
T} S DCA w7l IL-8 3 e] &/dsto] nlx]:= NF-«B
o] &5 Lotry] Ao p-50 A2 dE AT EW
23 A 71 HT-29 A XS4 DCA (200 yM)ZE A}-=-314
24N 7 T IL-89] =52 ZA5t9t}t. w3 TUDCE =%
HE 2A7F A MEFo|A] DCA (200 uM)Z 2447+

A3 F LSS FEE St

[¢]

)

7. ODN9] #H]¢} cationic liposomeS- ©]-83F ODN
o] EdAEHA

Tl 2] ODNE GIBCO (GIBCO BRL)A}el| FF-3o]
A 239t ODNS A XU #HE&] § A(nuclease)ol] 2] g
B3]E =o0]|7] $I38] phosphorothicateZ WHWHA]|Z 0™ AS
(antisense)-ODN T+ S(sense)-ODN-2 NF- ¢B2] subunit®l
p-50 mRNA®] ATG A|t FE=(start codon)ol Tt Alx 2
9l A¥= p50 AS-ODN9] ¢17]4<d& 5°-GGA TCA TCT
TCT GCC ATT CTG-3’o]aL p50 S-ODN9] 7|Ade
5-CAG AAT GGC AGA AGA TGA TCC-3’o|git}.

AS-ODNZ} S-ODN2] E#;AHAML cationic liposome !
DOTAP [N-{1-(2,3-Dioleoyloxy) propyl}-N,N,N trimethyl
ammonium methylsulfate] (Boehringer-Mannheim, Mannheim,
Germany) & o] 2314t 1 mg/mL 359 DOTAP 24
4L, 25 yM %] ODN 32 yL, 7123 HEPES buffered
saline (pH 7.4, 20 mM HEPES, 150 mM HCIl) 56 yL& &
&3to] DOTAP3} ODN9| HE %57} zb2} 15 yL/mL, 0.5
uMeo] H == 5 37Col A 1527 A sttt HF5 &3
29 6-well plateLH Feiot B3 FAA T wiA el
2x10°/mL¥ EZ¥ AGS AEFo| A Hr}ato] 56/\]7
ksl o] % 80% Z1F2] confluencyE &215tgth E
g o] gdle] NEFE RFAA AT 5 24-well plate
o] 6X10°/mL =55 T B33k ODNY HE ®L 7}
0.5 uMo] HEZ Ao 713 F 16A]17F F<F v st
70~80% 2] confluencyE &elatgith. o] % A g= -Or
glol 8% 7t AR agste] 7k7 AS-ODNi} S-OD
o= 77 MEFo| DCAZ A2 ¥ NF-(Be| & Mq
IL-89 wae BAshgth

4 3}

1. HEAZY4t

%ol F HP9 AEe] AES Mg

B ZY AT A F AT RS FE 2
7kl W Aol 7} 9lof AF =Sl 50~100 uMollM = AEF
o] F7FetA ot 200 uM o]/Felx= 50% olet= zHA-at
3 400 uM o) Fol M= AETE A9 AL Fsht
(Fig. 1A). A|ZHEEE 150~200 yMo] ol SA| 24 A
T 18A7RE ARSo] Zadlel AR ASH AT
(Fig. 1B). T3} thymidine incoporationS ©]-23+ | X o] =
Hpe wsuel USAZYY Fol 8 FRE 2as

o 24217t 73} Fole @A 72 tHFig. 10).

=

U SAIZ YA Fo 247F 3 EMSAE £3 NF-4Bo] 2
3 Y=+ 300 pM Bl THE FA Fts)
(Fig. 3A) AZE=E
NF-¢B2] 2%

ole] MEFoIH ThFet 3ol og NF-4Be] BHEE
AA = kAR & dexl PDTC (pyrrohdlne dithio-
carbamate) 9} rebamipideE A 2|3 & NF-4B9 A=
M2 =430 2 geAZYA _1,:_01] °]%} NF-4BY]
%*éfi‘rﬂ FirstAle] et} AAFE=AE dotr gt
SAZYA o 247 ol 9] F AE HEER A
L% ob 25 QS AIEEe] 9 N Bel 4
AR £atel o o] FarsiAlo] elaked wj s
T U THFig. 4A). T B SA]Zato] o
sl 2455 NF-«B =] 7S S8 98] 77}
p50 A} p65 FAZ o]2-3}o] supershift assayS AP+
A1 7 E243}¥+= NF- ¢B complex:= p50/p50 homodimer
2} p65/50 heterodimer®] 2 & 4= U tHFig. 4B).
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Fig. 1. Effect of DCA on HT-29 cell viability and proliferation.
(A) After 24-hour DCA treatment, HT-29 cells viability using MTT
assay was decreased dose-dependently. (B) Treatment of DCA
resulted in time-dependent suppression of HT-29 cell survival. (C)
Thymidine incorporation assay showed that DCA induced a
significant decrease of cell proliferation in a time-dependent
manner.
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Fig. 2. Concentration and time courses of DCA-induced IxBa
expression in HT-29 cells. (A) Cellular extracts from cells
stimulated with DCA for 30 min showed a dose-dependent
degradation of IxBa compared with unstimulated cells. (B) 1« B
a expression was significantly down-regulated 60 minutes after
DCA treatment (200 yM). IxBa expression was assessed by
Western blotting.
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Fig. 3. Changes of NF-- xB binding activity after DCA stimulation.
(A) Stimulation with DCA for 60 min showed significant activation
of NF-xB binding activity with the increment of DCA con-
centrations. (B) NF- ¢B binding activity began to rise after 30 min
of DCA stimulation, and persisted to 8 hours.

rir
ol
1%
2
ro
2L
fu
e
i)
2
%0,
o
&
Z
T
=

[os]
rlr
&
o0
Lo

promotere] AFS FOoZH I 7]
A3t DCAS] A7 F IL-8¢] o L
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o T Fikolr A1 el wEt IL-89] o] Frhst
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Fig. 4. Effect of NF-- ¢B inhibitors on DCA-induced NF- ¢B activation and supershift assay using p50/p65 antibody after DCA stimulation.
(A) Cells were pretreated with rebamipide or PDTC for 2 hours and nuclear extracts were prepared after 60 min of DCA stimulation. Neither
rebamipide nor PDTC decreased NF- xB complex formation. (B) Supershift studies were performed using antibodies directed against two Rel
proteins (p50, p65) to determine the Rel protein composition of DCA-induced NF- ¢B dimers in nuclear extracts of HT-29 cells treated with
DCA (400 yM) for 60 min. As shown in lane 2 and 3, the upper activated NF- xB band undergoes a partial supershift with anti-p65 and
a nearly complete supershift with anti-pS0. Therefore, DCA induced a nuclear translocation of two activated NF- ¢B dimers: the classic

p50/p65 NF- kB heterodimer and a p50/p50 homodimer.
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Fig. 5. Concentration and time courses of IL-8 expression in DCA treated HT-29 cells. (A) After 8-hour stimulation with different
concentrations of DCA, IL-8 expression was increased in a dose-dependent manner. (B) Stimulation with DCA significantly enhanced IL-8
production in a time-dependent manner also. A statistically significant increase in IL-8 production was evident 8 hour after treatment with
high concentration of DCA. Cells were treated in triplicate with or without DCA. Statistical analysis was performed by a two-way analysis

of variance and two-tailed Dunnett’s test (P<0.05).

6. po0F} p65 subunitell thdk AS-ODN A2 ¥ v SA| =8
2F Aol w2 -89 e
A ZAE il IL-89] &2d3te] w|X= NF- «Bo]
J3S do}l K 7| 95t NF-,B2] subunite] o3} antisense
9} sense ODNS EM; A AT A E oA DCA (150 uM)
2 24X7F A2F Fo] IL-8S ZA3UT) p65 subunito]

T3t AS-ODNO 2 ]38t A ZF o)A DCA = 2447t
% IL-89 % S-ODNOoZ A& s MEFo| nlste =}
o]7} ¢1912™ p50 subunito]] th3+ AS-ODNO 2 X Al
EFolx= S-ODNEo = A2 et Ao H|8}o] IL-8¢] 5
E7b Zaske AEE Biou SAH Aeole gt

(Fig. 6).
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DOTAP-p65

IL-8 (ng/mL)

RPMI DCA p65AS p65S p65AS  p65S

150 M

DOTAP-p50

IL-8 (ng/mL)

RPMI DCA p350AS pS0S  pSOAS  pSOS

150 4 M

Fig. 6. Effects of NF- B inhibitions using AS-ODN for p50 or p65 on DCA induced IL-8 production. Although HT-29 cells transfected
with p-50 AS-ODN and stimulated with DCA showed a trend toward inhibition of IL-8 production compared with cells transfected with
S-ODN, no significant differences were found between p50 or p65 AS-ODN and S-ODN.
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Fig. 7. Effects of TUDC pretreatments on DCA induced IL-8
production. Cells were pretreated with or without TUDC (0.1~10
uM) for 2 hours. TUDC 0.5 yM or more significantly inhibited

IL-8 production (p<0.05), however, 0.1 yM showed no significant
inhibition of IL-8 secretion.
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