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Smad-dependent Expression of Gadd45b Gene during TGF-f-induced Apoptosis in EpH4 Cells. Hee
Jun Cho and Jiyun Yoo*. Department of Microbiology/Research Institute of Life Science, Gyeongsang National
University, [inju 660-701, Korea - Transforming growth factor-p (TGF-B)-dependent apoptosis is im-
portant in the elimination of damaged or abnormal cells from normal tissues in vivo. Gadd45b has
been known to participate in TGF-B-induced apoptosis by the activation of p38 kinase. In this report,
we show that Gadd45b is an immediate-early response gene for TGF-f during apoptosis in EpH4 cells.
To elucidate the molecular mechanism of TGF-f-induced Gadd45b gene expression, we cloned the
5'-flanking region of the mouse Gadd45b gene. When transfected into EpH4 cells, this 5'-flanking re-
gion conferred promoter activity and inducibility by TGF-B. Deletion analyses demonstrated that the
minimal promoter activity was detected in the proximal region 220 bp upstream of the transcription
initiation site. We also found that the proximal Gadd45b promoter is activated by TGF- through the
action of Smad2, Smad3, and Smad4. Finally, we show that the expression of Gadd45b gene by TGF-B
is suppressed in EpRas cells in which TGF-B could not induce apoptosis, suggesting that Gadd45b
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may be a crucial target for TGF-B-induced apoptosis in EpH4 cells.
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Transforming growth factor-p (TGF-p)= A X 9] A
AsAY AEAPE S FEdte A 7}74
= 2o AZYAAN dYd 7% 7P7<] el é"]c}
[1,2]. TGF-o] 9J&} frE&+= /‘ﬂi’\}‘ﬁ #AQ L AA
AR AM &S AL AEES AASEH 8.8
S 3t o & E9, TGF-f= ?Jﬂl ol A 7o) A7]& .%.75—1_1
stedl 83 75 S BB slon, A FAA Ad
H AT AZEAES 7E8HA FY{3-5].

TGF-Boll o3t Mo Hg :}4L type [} type 1I serine
/threonine kinaseZ ©]Fo]% heteromeric receptor com-
plexdl] 2l&] A Hr}. TGE-§7} type Il receptor kinase] Z
gt &AJ38lE type II receptor kinase?} type I kinase®&
A4ks} AVAH A3} Al7)aL, TGE A5 e Ao Alxd
Ul A& Y gl A o] Smad29} Smad3 @l o] ¢lAks} &
o] &A13lE ) Receptoro] 23] &A3tH Smad2¢} Smad3
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G AL Smadddt A9stA Hi F U2 ol FstA HH,
3l oA & transcription factor$}e] A3 28-S F 3
o 7R FAAESY FHE 2H3A FrH69). ANA
TGF-gof| #g A< TGF-poll 98 FEH< o 744 &
A b A28 dAlstE 713 X FEHY ko, A4
H o2 TGE-pol 98] s MEAE S & &R 3
71 BtARE 11 28712 o Bg A obA R Aol
o AA71A] 4HR R = oxidative stresse] Z7}, Bel-2
family f A5 ©d A, Baxs} 22 A EAIE 4 #
A2 BE F719 o 71A] caspase B HE 9] A3
0o TGF-pol Y& =5« A EALE HAHNAM Fad
&3 g@3t= Aol @A JAT10-16]. 35]10“ of 2} 7}7]
AXW AsAg gl dEo] TGFB 93] FEHe AEA}
Hol| Boditts BRugol e QA 0}7-‘177}7‘1 1 AA)
& 4713 LA A Lrh17-20]

Gaddd5be stressit} 2] 7}A] cytokineol] 23] 23 o]
THE Gadd45 family A o) stz A, B A3A7} o
Hol] e AR ofstd TCGF-pol| &3 fres=
A2 S NEALE Ao A o] *‘7}3}‘3}'7 %_}3424 3
TH21). &3] Gadd4bb @22 A ZTAVE S &R &= F
3% 988 d93l= p38 kinase?) upstream kinase?!
MTK1 (also known as MEKK4)3} A3}l MTK1S 24331
A 71A Bl A0 2 p38 kinaseE EA3 A A TGE-po
A3 A ZAIE S FEdte AoZ €8 A vH21,22]. & 4
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ToA e TGF-po] o) HEAIDo| FRETY ¢HA Ae
EpH4 M ZoA Gadddsh §7A ) Wy wales fagon
TGF-poll 9J3) S ==& EpH4 AX 9 AIEAE HA oA
Gadd4sh AR 7158 dotr A} sttt £§ ras A
A7t dE@ e o] TGFfol| 9§ MEALHo] JAHE EpRas
M X =[23] TGE-Bell &g+ Gadddsh [Azre] W o
EpH4 A| ¥ 8l3 AAHS sttt

N2 2

MIZ Hy

EpH49} ras oncogeneo] HAHEEE transfectiond}
Al2+¥ EpRas | EE[24] Dulbecco’s modified Eagle me-
dium (DMEM, 10% FBS, penicillin G, streptomycin sulfate,
Gibco BRL, Rockville, MD, USA)-&- o|-83}af 37°C 5% CO;
# ¥l A 71tk EpH4 A2 39 4 ZaALojn,
EpRas M| £+ EpH4 M X ras A4S LA AE=2
A Martin Oft ¥FAH(Onyx Pharmaceuticals, California, USA)
2HE Asdol B AFd AHEEEH-

Apoptosis assay

EpH4 M X9l AlgS #FA371Y3s] DNAY inter-
nucleosomal fragmentation-g- detections}= cell death de-
tection ELISA kit (Roche Diagnostics, Indianapolis, IN,
USA)E A&t Y. TGF-B (5 ng/ml, R&D Systems, Inc.
Minneapolis, MN, USA)E A& EpH4 A X2 8¥ 7} A]
7tott} cell lysateE 353} cell death detection ELISA kit
(Roche Diagnostics, Indianapolis, IN, USA)¢} ¥H-g-A171 &
ELISA reader (Bio-Rad Model 550 Microplate Reader, USA)
g ol &8sty AE AHE A= E A3

RNA =2 % Northern blot analysis

TGF-BE * 2§ EpH4 A9} EpRas MEXZHE total
RNAE RNAeasy kit (QIAGEN Inc. Germany)E ©}-8-3}¢]
£33, %3 RNAE Aol A EBEE 2H 5o AF
t}. %3 RNA 10 pge formaldehyde-agarose geloj]
953}, nylon filter2 &7 ¥ o-"PE label® Gaddd5
ALE probeZ Alg-3}o] hybridizationS 433} t}.
nylon filterE SSC/SDS solution®.& A ¥ A& ¥ auto-
radiography & 53l Gadd45b A9 ¥&ES FlsFr)

%

—r

o 2 Bk N
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Deletion mutants A= 3 promoter 24

Mouse Gadd45b 7 2}¢] promoter £-9] 4,730 base pairE
pGL3-Basic vector (Promega, Madison, WI, USA)¢]| cloning
8t O G71M YL sequencingS F3f <13t H 2] o
ME Q] primerg AAI ¥ PCRE o] &3l o] FF9 de-

letion mutantsE A 2}3} % t}H21]. Promoter activityg &4 &}
7] Y84 reporter F+HAAE ALESHE luciferase BAL =3
319t} Luciferase 8438 24317198 2.0x10° 7)o} M EE
6-well plateo]] 33}, 24217 Fof] ZHz}o] mutantE-$ fu-
gene 6 (Roche Diagnostics, Indianapolis, IN, USA)E |83}
o transfection A7) tha 9k 40A)7} & Dual Luciferase
Reporter Assay kit (Promega, Madison, W1, USA)E o] &3}
o Zt MEE9Y luciferase F4& FA3IH T

Electrophoretic mobility shift assay (EMSA)

TGF-pE A 2] EpH4 M| ¥ 2 5-E nuclear extractE F3
gk 2[25], 10 pge] nuclear extractE Gadd45b promoter?] +5
o| A +35A}0) ] sequenceE A3} v-"PE label 3} probe
(Fig. 3A)¢} ®H-&-A]Zith Competition 4 F & $)3] label ¥ ]
%<& probes} F L3 oligonucleotideE probe?] Fof B]3|
1008 H7}sl¥en, probeE ¥7] Ao nuclear extracte}
HESA AT HES-9-8 5% polyacrylamide geld)] #7145 Al
7111, autoradiography 2 probeol| binding3}t-S &<t}

2t d 1

2t

EpH4 MIZXAM TGF-pOfl 2§t MIZEAIY ASOH
Gadd45b9] g Bis]

TGF-pe o9 T/ ARAM HZAMES fEdTL
42 A Utk EpH4 A Xe #9 FA FFHHNEEA AYH
A AoAEY EES 251 9lom, TGF-poll 93] A EAL
Ho] FEEY= Ao A UH23] Gadd45be #H <9 7F
A2 A TGF-pol| &) ¢ o] 571 ™, p38 kinaseE acti-
vationA| A TGF-pol| &g NXAIE & fF=dctn 424 9
tH2l]. ¥ AFANME TGF-poll 93l MEAIHo] frEdrin
487 9= EpH4 M Z oA TGE-pol 93] FEHE A XA}
H AT Gadddh AR LE HEE FAEAT
EpH4 A ¥ TGF-BE A atH - uf o] de B 1[23]9} v}
ZMA R oF 8AZ AERRH AZAMES #EE £ 9o
o, 4A2 FolE A9 BE AT/} ARHE BT 4 9]
9ITHFig. 1A and 1B). TGE-po| oJa] M| EAlHo] Yo}
S Gadd4sh 3 29] Bd-& Northern blot analysisZ #
2% 43 TCF-p X g ¥ 30E 58 2 &do] $71814 14]
b Tl HaYd o231 1 o|Foe A} HATE &

% 91 thFig. 10).

Gadd45 78X promoter study

TGF-goll 93} S =5+ Gadd4s5b §AAe] Bd =7}7}
RNA polymerase®] 2]3} transcription®] Z7}2 38 # 3}
=2 gRlstr) s, olHe A-FlA Gadddsb FAA
promoter ¥-3-3 promoter’7} gl luciferase reporter 3
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Fig. 1. Upregulation of Gadd45b expression during TGF-B
-induced apoptosis in EpH4 cells. Induction of apop-
tosis in EpH4 cells by TGF-f was verified by cell mor-
phology with light microscopy. Magnification, x200.
(A) and cell death detection ELISA (B). (C) Northern
blot analysis of Gadd45b RNA expression in EpH4
cells stimulated with TGF-p for the indicated times.

A}-9] upstreamo]] cloning$t construct [21]E& o] -85} 1 ac-
tivityE 915ttt EpH4 A Eoll X Gadd45b2] promoter
activity= TGF-goll 93} ¢F 6] £713HS & + AN TH(Fig.
2A). TGF-Boll 93} Gadd45b A A9 promoter activity 5
7}oll B43 Q] promoter sequenceE YolR 1A} of g 7}A]
5 -deletion mutants® AZ3F oMW, 21719 mutantsE 9
promoter activityE <13ttt o & 7}A 5-deletion mu-
tants 7}-&H) Gadd45b x| transcription start siteZ &
B 220 base upstream2 ¥ §3}= mutantsE2 25 TGF-B
o] 98] promoter activity?} Z713tE X5 100 base up-
stream7} X| deletion Al Z-& 3¢ 2 activityZ} Z7}3}A] &
S5 31 4 AAtH(Fig. 2A). o] 3t AF}= -220 baseH-
E] -100 base A}ole]l Ao TGF-Pol &]$+ Gadd45b pro-
moter activity®] F7ho] B42<Q transcription factorz}
binding¥HS ojujdl= Aol

TGR-pe} A5AY BRlE o 744 A5AY B2
So] BJA7t 28 Smad PUAS] 228 758 o

A B
6 9
LR ]
£ o —
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3% g5
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Fig. 2. TGF-B-induced transcription of Gadd45 requires Smad2,
Smad3, and Smad4. (A) Serial deletion mutants of
Gadd45b promoter constructs were transfected into
EpH4 cells, untreated or treated with TGF-§, and as-
sessed for luciferase activity. (B) EpH4 cells were trans-
fected with -220/+235 Gadd45b promoter construct and
various Smad expression plasmids as indicated. Cells
were then stimulated with TGF-§ and assessed for luci-
ferase activity.
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e Aol & A UAtH69]. TGEPol| 2|3t Gadddsb
promoter activity®] &7} TGF-p&] A& Heef 83 9
5.3 Gah Smad WA S o] alsh=A] Helshs] 94,
Smad YMAEL wFHA| 7|1 TGE-poll &3+ Gadd45b &4
A}2] promoter activityE 24 3} H t}. TGF-fofl ¢}3) activity
7 E7vste 7FE AL promoter H4E Egete 220/
+235 mutants& Smad2, 3, 42 2@#3}= vector [21]¢} 3
Z}7} transfection Al 7] TGF-pE * &84 ¢tolx 1 pro-
moter activity7} of 3B E F7}eHS #FE 5 AU H,
TGFf= ol g9 activityE TS FHAIIe AL AT +
ATHFig. 2B). 3 Smad TR BAs] BEAHQ
(TGF-p] type 1 kinased] 9|3} $14t8 5)&) 2911 Cter-
minal domain©] A7 ¥ dominant negative form2] Smad2
9} Smad3E @3 vector (Smad2 AC9} Smad3AC) [21]
£ o] &3] Smad29} Smad3e] 7)%5& AEYE W TGF-
Boll ©]3l Gadd45be] promoter activityZ} 571814 &5
#A3HHFig. 2B). ©]#3t A= Smad29} Smad37}
TGE-gol] €3 Gadd45be] promoter activity9] Z7}to| ¥4
2 9L s AS gnse Ao

Gadd45b A A+] promoter sequenceE EA3|E A
Gadd45b s A A}9] transcription start siteE +12 39S o
[26], +120] 4 +163} +250] A +31A}0]¢] sequenceo] Smad
Sl A o] binding¥ & = HFol EATFE &+ UAT
(Fig. 3A). o]& A} Edl Smad @& o| bindings}=A &<l
3t7] 938l +590 A +35A10] 9] sequenceE probeZ 1] elec-
trophoresis mobility shift assay (EMSA)E <3g A3,
Smad @A o] TGF-pE AP W o] A Fol binding
S AT 4 JUNTHFig 3B). FATH $o AIA
Gadd45be] promoter activityol] 523 Aoz ZSHUH
220 baseX-¥] -100 base A}o] 9] sequenceo]= Smad T A
o] binding® 4 g1 Ado| ZASA] gston], AA o]
B ol q¥& probeZ 3] EMSAE 483 o1 TGF-p
o 9% AZ$ AN binding® A2 F $131cHdata
not shown). Smad @8} A2 transcription factor2A 1 &
A2 F3A9 FFE 2A37|E AT, B HildA
Splolut AP-13 22 T2 transcription factorEd 74
Ao HEg Ay G A JATH7-30]. o9 22 2
HE st E o, EpH4 M Zo)A TGF-po &3 x5
= AEAY 34 59 Gadddsh FAA7) LAE 7] YA
= TGF-pol] o8] &A3sld Smad @ do] Gadd45b pro-
moter2] -220 base$} -100 base A}o}¢] binding H o] 3l& tf
£ transcription factor$} $HA 248 7lsAlo] okl A7
A}y, AA 2 Gadd45b promoter?] -220 base<} -100 base A}
o] 9] g4l Splo| binding® 4 U= GC box7} EAste
) (Fig. 3A)[26), Sp13} Smad S AZ+9) interactiono} i} ©]
XEe FaAdd B3 AYo] FIIE FraEojo} & Aol
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A B

ggettttcta geoctgtegeeg ctgetggegt tcacgcetect
(-220)
cccagccoctg acccecacgt ggggccgoeeg gagcetocgaq
GC box
cteegeectt tceccatetcca geccaatctca gegegggata
GC box
cteggeectt tgtgecatceta ccaatgggtg gaaagegceat
gectecagtg gecacgecte cacceegggaa gtcatataaa
ccgctogeag cgccocgeogeg ctcacteoecge ageaaccectg
(+1)
agtetgegtt catctcoctgte ttcttggatt aatctegagg
Smad Smad
gggattttgce aatcettettt ttacccctae ttttttcttg
ggaagggaag tccecaccgce tocggaagge ctocgacact
tctggtegeca cgggaaggtt tttttgcetc ttgggtteogt
atctggactt gtactttget cttggggatc ttocgtggag
gtccgetgtg gagtgtgact gcatcatg
(+235) Competitor —

Fig. 3. Binding of Smad proteins in the Gadd45b promoter.
(A) Shown is the 468 nt sequence, which contains 230
nt of the 5'-flanking region and 238 nt of the first exon
(235 nt of 5’ untranslated region and 3 nt of coding se-
quence). Nucleotide numbering starts at the tran-
scription start site (+1). Sequences of Smad binding el-
ement are indicated. (B) EMSA was performed with 10
ng of EpH4 nuclear extract and the labelled Smad
binding element (SBE) probe. Two-specific DNA-pro-
tein complexes (indicated by arrows) were formed
when the labelled SBE probe was used. Competition
analysis was performed in the presence of an 100-fold
molar excess of unlabelled mutant SBE (mSBE) or SBE
oligonucleotide.

Ras0f| &Jafl transformation® MIZEMAM Gadd45b2] &
B s}

EpRas Ml X EpH4 M Xo) ras frAAE SUAAH A
318 A2 A[24], TGF-poll 93t A XAPdo] ¥z &
O €A Ue A Eo|t}23]. EpRas Al X 2] ¢ ras
Hxte] w&o] 93] phosphatidylinositol 3-kinase (PI3K)
pathway7} 843} & w, PI3KS] 8437} TGE-pel| | A
FAEE Ak Zasthe Aol FeA A o
ML) X TGF-pol] 9|3 Gadddsb F7321e] S &gt 4
3 EpH4 A3 vl TGF-pol| 93 &@ F7171 #A 3] 7
A3tHes st ti(Fig. 4A). T3k EpRas A XojA
TGF-po) o] &t Gadd45b 17 A2} promoter activity’= EpH4
AZol M) A a4 HelsAchFg 4B). olHT
A3 Raso| Aol o TGF-pol| &g Gadd45b2] F A=}
o] W& o] A= o] EpRas AlE A TGF-pof 23 A| LA
"ol QAHRE 7HeA S AAREE Aot o= o
§F 712k 0.2 ras Fr ARV} Gadddsh ALY o] FES
X2 15t A7 FEE oo & Aol

2 9o

Transforming growth factor-p (TGF-p)ol| 93] &+
MEARE A2 AR 220A &4 e 2oy HIAA

EpRas

£3-TGF-B

Gadd43b B +TGF-B

Luciferase activity
{arbitrary units)
-] L ~ L L h -

EtBl’ T

TGFB(hr) 0 o5 1 2 4 0 05 1 2 4 EpH4  EpRas

Fig. 4. Expression of Gadd45b in EpH4 and EpRas cells. (A)
Northern blot analysis of Gadd45b RNA expression in
EpH4 and EpRas cells stimulated with TGE-§ for the
indicated times. (B) EpH4 and EpRas cells those are
transfected with -220/+235 Gadd45b promoter con-
struct were stimulated with TGF-B, and assessed for
luciferase activity.

HQ Z2AS AAs=H 88 9T Bttt Gadd4sb
T p38 kinaseE A A7 2.8 TGF-po 93] FrH e Al
IAE AL sl gg T 2 A Ao B AT e TGE-
ol &l MEAIHO] dojub= EpH4 M F oA Gadddsb
A7) walo] TGRpo] 93] 2APL wejZoln). ojma
71& 0 2 TGF-pol|l &)%) Gadd45h §AR 9] o] 2AE =
Al ol 7] QA3 Gadd4sh 72 5-flanking regionS
cloning3} 3 .7, EpH4 A ZoA TGF-fol] s} -1 pro-
moter activity?} F718-S <1514 o8 7}A deletion
mutantsE A| 28t promoter activityS ZALgH A3 HA}
MNAIH 0.2 HE 220 bp upstream § 9ol promoter activity
o H42<l sequence7t EAFE sttt E3 TGF-p
of &3t Gadd45b A2 promoter activityo] Smad?2,
Smad3, 18]31 Smad47} 83 7|52 d9d T Q15N
o PR e 2 ras TR T O] TGE-poll o & M4}
Ho] A 5o EpRas Al E| A TGF-Bol| 93+ Gadd45b
rAare] wElS 8Qls A3 EpRas AT oA TGF-pol 9
gk Gaddddb wAke] WEo] AAEE FstAnt. o H 3
A= Gadd45b A7) EpH4 A Z ol A TGF-pol] &3k A
IAME S fEsteH 83 7o S 99T st =5
= st Aol

ALl 2
o ATE 20059 E AR AL(ZKAAAAR F&A 7z

AR SR SRS AT A4S wol FPHAE
1) THKRF-2005-003-C00140).
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