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= Abstract =
Inhibitory Mechanism on NF-«B Transactivation by Dexamethasone
in Pulmonary Epithelial Cells

Kye Young Lee, M.D., Yoon Seop Kim, M.D., Mi Hye Ko, M.D., Jae Seok Park, M.D,,
Young Koo Jee, M.D., Keun Youl Kim, M.D., Sahng-June Kwak M.D.”

Department of Internal Medicine and Department of . ‘Biochemistry",
Dankook University Medical Schodl, Chonan, Korea

Glucocorticoid receptor (GR) functions as a suppressor of inflammation by inhibiting the expression of many
cytokine genes activated by NF-«B. The goal of this study is to investigate the mechanism by which GR re-
press NF-4B activation in lung epithelial cells. We used A549 and BEAS-2B lung epithelial cell lines. Using
IgGx-NF-«B luciferase reporter gene construct, we found that dexamethasone significantly suppressed TNF-a
-induced NF-4B activation and the overexpression of GR showed dose-dependent reduction of TNF-a-induced
NF-4B activity in both cell lines. However, DNA binding of NF-xB induced by TNF-a in electromobility shift
assay was not inhibited by dexamethasone. Super shift assay with anti-p65 antibody demonstrated the exis-
tence of p65 in NF-#B complex induced by TNF-@ Western blot showed that IxBe degradation induced by
TNF-a was not affected by dexamethasone and [«Bx was not induced by dexamethasone, neither. To evaluate
p65 specific transactivation, we adopted co-transfection study of Gald-p65TA1 or TA2 fusion protein expres-
sion system together with 5xGald-luciferase vector. Co-transfection of GR with Gal4-p65TAl or TA2 re-
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— Inhibitory mechanism on NF-xB transactivation by dexamethasone —

pressed luciferase activity profoundly to the level of 10-20% of p65TAl- or TA2-induced transcriptional
activity. And this transrepressional effect was abolished by co-transfection of CBP or SRC-1 expression vec-
tors. These results suggest that GR-mediated transrepression of NF-xB in lung epithelial cells is through com-
peting for binding to limiting amounts of transcriptional coactivators, CBP or SRC-1. (Tuberculosis and

Respiratory Diseases 2000, 48 . 682-698)
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N B

B9 A% 28 (glucocorticoids) & T &7 AN A
7 gl AMgEe AY9YAlA (immunosuppre-
ssive agents)©|z} 3% (anti-inflammatory a-
gents) 24 F7j7k ARg- A} IS g ek A 5
gz EB7ea 84 geiR oA 5 d4H &%
o] 71 & AAolct. B3] HZ 29 wWejdeld
A 71=9F ) Fo4d0] RZHgdl] wel whd W4
B A NI 2E F]Ae] AMgo] Ao &
e A3 HEAM 2 94 Fa4o] wivtEa A
= AAelth. ol A3 FaAddx Bl ¥
AmA s e F47ided difiMe B 94 A 7
2%t = W3] WA AR & dgeled, &
Ao} o]2.8] cytokines, chemokines, adhesion mol-
ecules 5o T}¥¥ FFUWNET FEAES BA
(transcription) o] AP 2go] F& vHo
24 1 ofeiFE-& Jehlie AoZ WA 7t o
E]_z).

HANAZ 22 25 MERE $384 mo-
lecular chaperoneo. 2 z8-8h= F #2+2] 90 kDa
heat shock protein (hsp90)2} § ®z}e} 59 kDa
immunophilin proteing<)] oj&] MxFujo} ujgA
A2 EA3= glucocorticoid receptor (GR)dj
AgsA "o GRE 48 754 =dde Fe
steroid hormone receptor familydl] &8h= 483
Sl A2 ligand 2T FAlo] dze] ¥t
wAsle)  hsp907t #elEli HolEAF (nuclear
localizaion signal) 7} k=25 0] $4d3lg GRe] o

2 o5t AAMH 2ol s €t ¥4t
GR& o|FME B3t FAHFAz 2o hgdh=
2kl 5’-upstream promoter o] glucocor-
ticoid response elements (GRE) & 14}sled DNA
o Aoz AAE FEIAYU JAEHA e
+GRE #% $714¥9& GGTACAnnnTGTTCT
2 g8iA dan AAGAE f=shs &4 nGRE:
Bk ¥ g7iA g9 ¥Holg B, GREE %
olg|§ AHAH W AARHE FAdFT 2 Ro|
e 95349 $E539e 448 & o +GRE
& Zt= 393 {44 (anti-inflammatory genes)
o] A} 371 # =844 nGREE Ze 93uin
4 f-1xke] WAL JAIE 338 £ 4 let nGRE
& pro-opiomelanocortin gene %9 A9 {4}t
o ARt §¢le] HoiE ¥ 43HQ GRE &4 AA}
ZA& lipocortin-1, f-adrenoreceptor, Clara cell
protein (CC10), IL-1 receptor antagonist, IL-10
9 g934 ABAEy A 7 Alzle2H o]
Fojz}, NF«B 84318 2dske oA 99
Q) IkBax HAmAs 2o o8 2 HAle} §Aol
Z7tse fFARol7le ) kBa #3114 GRE
3% g7IM gl g d vk gid-

T o]F AFYAY KT AL Tte
2 iz PyPestn 2EE YdFE
g ¥yFoz AYE 4 gid. dAE FANAS
2% TNF-q IL-18 IL-2, IL-3, IL-6, IL-11,
GM-CSF%9] cytokines} IL-8, RANTES, MCP
-1, MCP-3, MCP-4, MIP-lq, eotaxins-9}
chemokinesf-AxHE2] HALG A3 Aoz ¢4
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A Atk 2t olF diFE9 cytokines
chemokines §3AS-9] promoterdls HAJAIE
z#¥sh= nGRE 3% €7148& 44¥ + gloA
olt GREE ¥ FHAH drzHo] ole}, 4%
£ #83k= cytokines chemokines #2159
A #ojdke R HARIAE (trnascri-
ptional factors)3 GRo] A3 &g o 2 Xy
© 2A%2 Aol rt. A4z GRE 133
22 leucine zipper® Zt31 ey o8 i tle
ARIAED AfEle] 45 FEshe Aoz ¥wEA

om oleie Wao| FAFWEE ekl Fa

N\Hez g3 Aoz Hrisn Qo*®. GR
A Aoz 4EA de MRAERE
NF-«B, AP-1, CREB, OTF-1 z&g]i STAT5%
o] &&iA Yo}, o] FolM FHPFALH AP
7Vg FE 9= Aol NF-«Bojt.

NF-«B= €& B AH¥ol4 immunogloblin
kappa chain f-2x}te] Wa =4do Fojshs A&o)
FRAsHEA Hgd FARIRLEA p50 (NFxB1)¢}
p65 (RelA) 9] o]8o]Z=4] (heterodimer)7} XZ3
o2 o glon o] 9o p52 (NFxB2), RelB, c-
RelZ9] subunito] &AJ3l0] olE7te] o8] clelgh
Z§o] 7Fssltt. NF-xBe 99 9 943 fdd @
oeke 71 528 FARIRZA olgjt FEH A
837l S8 S5% 847148 22 g F vl
BAd=ol = NF-«B7) Alxdue] kBake oAl
@A) o8] oFsol AUtkrt B =)o) B}
H I«B7} <1443} (phosphorylation) §JHA]  ubi-
qutin-proteasome 7Zo| 2l&] 83 (degrada-
tion) E| =t o]} FAlofl p50-p65 o5 o] NF-+B
7} freiso] Moz olFde «B Hold 4riMY &
fle] DNA) #Hitoz «B o4 fdAxEY
g fEshe 2o ¥3A Q. NF-«BE €4
3} A7l 22 o8 TNF-¢ IL-18 PMA, reac-
tive oxygen metabolite$o] ¥ F ol IL-2, IL-
6, IL-8, INOS, GM-CSF, COX-2% #o @ 4=
gol] gofdhs df-Ee] {HxHE0] NF-«Boj 2
8 EAsiEe oz d9A QUo. agn o)F fA

zte] ditio] RANAZ =] ol <Alsjuz
NF-«Be] @43} dA7} §9Fa4E fdshe 7H
FRE V1Mo AR D Qlot.

FAHAZ 280 NF-kB& Alsh= 7|doz A
solis AT AL kBag] BAMGEO o8 o]Fof
Aok g ous? ol T MEe} @37 5 AY
Ao} Hela M9} e SRHMIANT st
Ao =o glon] ojfd PPYMEE Yoz
g dFMe A sagd 23k NF-«B A
7t kBe fr=st @& glokz wela Aok, HA)
2 HYAEE AT tiFE AZENME oA
458 GRI NF-«Bre] daizl-gvld 4328
o ojsf NF-«B #4 9417} f=€ctx 2uEz ¢l
E]_ll,lz)‘

g FHAET e AFNEEAN AFHE
E9 3Fd) dig A 71N g3k Hof o}
Yzt 35302 g3k Fodiths AMIL ojn)
Z g2 AMdold. sidT¥Es TNF-q IL-18
IL-65 9= vul/BA cytokines® E& IL-§,
RANTESS-9] chemokines 22]i prostaglandin
E2, endothelin?} #& 9Zvi/lEAES Hvlsiv
GEUgd FAHe 28 GM-CSFE8 gy
HEANEE 59 TozM A3 FZAE 7)
g 9zl oo, B oplg) sAmMEs
ICAM-13} & {FIARAEL B3I d2XE
o] f37 olFlE 28 ¥ EFIHIIE {o)
uehx] ARAHEA 2} vlRrlAl2 AN A s e e
HAgoA R M o] FFAAMET= ddHos by
A% ouE Uxstn on AuHEgoe] 2123}
T EAe] 379} 7|1/ AN FYA ARge] W
=9} FaAol u3o] & o M ENA B9
s2gd JF FgF 7|dE A7k AL ¢ =
e Lol AA4EY I FAME AFuke-o] HAo]
=& NF-«B £49 oA47|4¢ 93l AL 2y
A32EA} 2= Mg & 2AEY BN Rzge
Hdstn Boh Ao 4k g A F
8% 7128 E AT ATE 7HAE Rolgt AL
gt
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AT EE tdeg ¢ RinAs =g NF-«
B #4949 £44 714 AF% =B 28 &
2 %& dAez IkBa AAMES FARIAE 3t
B3R F 7HA 713 2E7 ffdivhe BaelY |
«Ba 7Z2& #do] glo] dujAzte] J3 8ol o3
NF-«B 4] dAlgr= B g ¥ 1 74
FH 223 71A0) A BT g ol A=A Rt
I Utk ol ¥ d72ke AEAIMEFA A549
AxFe} 7)1z du TS BEAS-2BAXFE i
o2 TNF-qo 9§ NF-«B 4#%0 #A0d3
229 Ed =M dexamethasoneo] ojoj
T A4¥gE vixeA, 8o 2 BA431E FEAA
GRo] NF-«B transactivation®& %A gA|3h=r}
of tig #2414 J]A9 HFE Eo=M AUVAE
& N4 sgel Boldd FgFaAE A A=
+ FANAZ 2249 F=AE NEE] A8 Vx
ARZ §437] 8t ¥ Q78 APt

o7 ud
1. MEZR W Al

A549 (Type Il pneumocyte) A|¥3Fs} BEAS-
2B (transformed bronchial epithelial cell)&
RPMI 1640 (supplemented with 10% fetal calf
serum, 2 mM L-glutamine, 100 U/ml penicillin
and 100 U/ml streptomycin) wjFi& o]83lo]
37°C, 5% CO; incubatore A} vjkslgict. TNF-a
+ R&D System (Minneapolis, MN)olA] 78}
9L dexamethasone®} PMA & Sigma(St. Louis,
MO) Aol A FI8tH et

2. Plasmids % |} ¢

NF-«B oj&4 #AH4E€ H718k7] 98k lucifer-
ase reporter gene assay-& ©]8-3}%ict. ol& #8
NF-«Bol&4 42 & d¥< IgG « chain 4=}
9] NF-4B binding siteq] IgGx-NF-xB site (se-

quence 5-GGGGACTTTCC-3’) oligonucleotide’}
minimal IL-8 promoter (position -67 to +44)2] 4
& (upstream)ol] R3}=F 71&H IgGs-NF-«B
luciferase reporter gene constructg& o]83}9n
ol ujZ Az eridte] Dr. Peter Kaoo g HE
Algakgle}e-19(Fig. 1). NF-xB2J&4 luciferase
W Re] Boldg RISl Hsle NF-«B 2¥
2917} 2<% min-IL-8-luciferase construct& oj
2 plasmidg o]83 Y1 lipofectamin-plus (Gi-
bco-BRL, Gaithersburg, MD)& o]&3lo] UA|H
f4d2} 3 TNF-a PMA 219 di§t lucifer-
ase assay 2 NF-«B 50|34 AAg4& gl3qict.
et H o2 IgGk-NF-4B luciferase 428 4&8
3= A549 N ¥F9t BEAS-2B AXFE 53]
98t} Lipofectamine-plus (Gibco-BRL, Gaither-
sburg, MD)& ol&3ld {Hz FYL AT F
G418 400-600 pg/ml H=3loA wigsto] WA Al
XEES st

NF-«B p652] transactivation A& A&
p65 Eolz HANHAS wkddk= Gal4-p65 fusion
protein expression vector& o]&3}¥ct. p659]
transactivation7}%5& C-ZU29] (o}u]xAl 286-
551)0] A3 o] AFA p659 transa-
ctivating domaind} yeast #AA}RIZ} Gald DNA-
binding domaing& Z¥FFA 3 Gald binding
sites& 2t reporter gened FAIBIAIF|E Ao=
Ba3tm ¢} ®, p65 transactivating domaing
TA1 (o}m)a=Al 521-551)3} TA2 (o}u|x=At 286-
521)2 FA4dslo] el TA1S S48 48 Ho
U TA2E 840 PMA =& Ha & jit). Gald,
Gal4-p65TAl, Gal4-p65TA2 L¥HE vectors}
5xGal4-luciferase reporter gene construct ol
Stanford %} Dr. Glenn D Roseno 2 8-€ A|F
werct.

GR 28 vector$} BA} E84UA} (transcrip-
tional coactivator)ql CREB-binding protein
(CBP) ¢} steroid receptor coactivator-1 (SRC-
1) 23 vector= (24 pCMV/GR, pRc/RSV-
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Xnol Ig kappa B Spel .81

Clal

Bgill

CPCEAGTCRG GGACTTTCCT CTGACTAGTT GAAAAGATGA GGGTCCATAA GTTOTCTAGT AGUGTCATGA

PETAARAAGE CACCBGAGCA CTCCATAAGE CACAAACTTIT CAGAGACAGC AGAGCACACA AGCTT

min IL-8 promoter
+ Ig kappa B site

NEO

minimal IL-8 promoter (human)

Hindil

+44

7 SV40 small 1
intron + polyA

Smal

Fig. 1. The Schematic diagram of IgGx-NF-«B-luciferase reporter gene construct.

mCBP, pcDNA3-hSRC-1A). Agdtjsta o]z} ¢ 1t
ALRRE A|Fusio).

3. Luciferase Assay

G AZ3E Y A ue}t 24 well vjFE-7]
BRt 3 g Aol vl g AAse PBS2
13 A3Y F 0.1 mlg lysis buffer (0.1 M
HEPES, pH 7.6, 1% Triton-X, 1 mM DTT and 2
mM EDTA)E 33 M718to harvestd ¥ A4 4
oA 1087t 14,000 rpmog AR A
w2 gjr}. TNF-e (10 ng/ml)e} PMA (100
ng/mhol JiAE 6AZ AT F dYAE 3]

¥ct. Bradford assay (Bio-Rad Laboratories,
Hercules, CA)& ]85l WY =& ZHH *
20uge] @YAL luciferase assay mix [25 mM
glycylglycine, 15 mM MgS0O,, 1 mg/ml bovine
serum albumin (BSA), 5 mM ATPand 1 mM D
-luciferin (Pharmingen International)]o] 37}%
F TD-20/20 Luminometer (Turner Design,
Sunnyvale, CA) 2027} luminescence& 33] uhi
2331

4. Electromobility shift assay (EMSA)

Z+ X8 100 mm dishojA] 80-90% ¢ confl-
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— Inhibitory mechanism on NF-B transactivation by dexamethasone —

uency Sl WiFE ¥ (1) ¥AA (2) dexametha-
sone 1M 13A]7¢ (3) TNF-a (10 ng/ml) 1417+
(4) dexamethasone A3 ¥ TNF-a 1AjZteg
Ztzt A% ¥ Trypsin/EDTAZ harvest 3t
100 /4 Buffer A (10 mM HEPES (pH 7.9), 1.5
mM MgCl,, 10 mM KCl, 0.2 % NP-40 with pro-
tease inhibitors) & M7}3F & 25 gauge FAlubsR
5-63 F3AA ATHE HFHAIIL X 4=
1587} 14,000 rpmeo.g f4# 213l MEH pellet
& 9e ¥, 100 4 Buffer C (20 mM HEPES
(pH 7.9), 25% glycerol, 0.42 M Na(Cl, 1.5 mM
MgCl;,, 0.2 mM EDTA plus protease inhibitors)
€ Wislq ¥ FHIA7|n 4CHM 308
stirring3lgdct. 4°ColA 1587 14,000 rpmog
QA¥eldle] chromating pelletA]# 32 (nu-
clear extraction) AJE& d& ¥ 4°Co)A Buffer
D (20 mM HEPES (pH 7.9), 20% glycerol, 100
mM KCl, 0.2 mM EDTA with 1 mM phen-
ylmethylsulfonyl fluoride (PMSF) and 1 mM
dithiorethreitol (DTT))2 6A]7} FA{3}e]
€ Y5¢ ¥ Bradford assay2 o] 3= & £33}
fAct.

EMSA: 2% 39 75 g 1 g9 poly
(dI-dC) : poly(dl : dC)¢&} 2.5 pge] [32-aP]-la-
beled oligonucleotide probe (1x105 cpm)o] ¥%
¥ 20 (9] binding buffer (25 mM HEPES (pH
7.6), 0.1 mM EDTA, 10 % glycerol, 50 mM KCI,
0.05 mM DTT)e] ¥7}3le] 4 ColA 3087 kg4
0 ¥ 0.5x Tris-Borate EDTA (pH 8.3) buffer
A 4% nondenaturing polyacrylamide gel & A
719%38te] @ A-DNA EAE #eisld auto
radiography2 ZA3}§ LUt AFEE  oligonu-
cleotide probe IgG kappa chain fZzle] 5
flanking $9}2] NF-«B site (5 tcgaGTCGGG-
GACTTTCCTCTGA) & ARS8 olof) thdt 4e
A strand& 5 Zol yl7le} ¥7) overhang® L%
2 59kl annealing®t ¥ [a-32P] dCTP
(Amersham, Arlington Heights, IL)$} non-ra-

dioactive dA/T/GTPs, 28]ii Klenow DNA
polymerase (New England Biolabs, Beverly,
MA)E ol83}o A=3ct. Cold competitiong
A= 250 pg (100x)2] cold oligonucleotide
probe & radio-labeled probeg} ¥Whg-A]7i7] 58-A
ol AA ¥-g-Alzc}.

Cold competitioni} & "o 2]§ super shift
€ 98 250 pg (100x) 9] cold oligonucleotide
probe®} NF-«Be] p65 subunite] ¥ rabbit
polyclonal 3% (Santa Cruz Biotechnology,
Santa Cruz, CA) & radio-labeled probes} Whg-A]
717 5&Ael HA ¥r2-AlH .

5. Western biot

AB49H X Fo A TNF-ao] 9% IkBag] £l
dexamethasoneo] ulxe 43& Uy $3d
Western blot-& Al3j3}gdch. 2zt M8 67)2] 60
mm viFH A4 80-90% 2] confluency’} H=&
w3t ¥ TNF-a 10 ng/mle] =2 Zz} 0, 3,
10, 30, 60, 90+ MA@ ¥ Trypsin/EDTAZ har-
vestdlo] lysis €9 (1% SDS, 1 mM sodium van-
adate, 10 mM Tris-HC] pH 7.4) 9.2 whole cell
lysate & #5¢ ¥ 587F 4°C 14,000 rpmeljA ¢
AlResle gilFag detl. Bradford assay2
9 g 233t 3837 7143l denaturation
A7l & SDS-PAGEZ (12% gel) A71%9%3to
nitrocellulosed)} trasfergt}. Blot& blocking
buffer (4% milk, 1% BSA, 10 mM Tris-HCI pH
7.5, 100 mM NaCl, 0.1% Tween 20)°A 143}
incubation® ¥ rabbit polyclonal kxBa %
{Santa Cruz biotechnology, Santa Cruz, CA)&
4% milk, 1% BSA, 10 mM Tris-HCl pH 7.5, 100
mM NaCl, 0.1% Tween 20 5& X¥% 4% milk
€99 1:1000 A3t 1AHFL d-2oA incu-
bation 3z 108% 33 MH3HE F horseradish
peroxidase conjugated anti-rabbit IgG 1 : 5000
3% blocking buffer2 221844 whg-8 1417 A
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2 & o) 33 MAF F ECL(Amersham, Arlin-
gton Heights, IL) ZH&3}t.

2 =

1. NF-«Boll Solx2l MAIEE HoHa & e ¢
HEl A5499] BEAS-2B IgGx NF-«B lucifer-
ase (0|3} A549 9! BEAS-2B IgG«B-luc) A|
Z3 85

B3 E A oA e] R 2F NF-«B 849
H3le 37)sly] Y8l A549 ¥ BEAS-2Bu#4dy
A A718 1gGek-NF-xB luciferase construct
& lipofectamine-plus (Gibco-BRL) %oz #
A0S A)PE F G418 400-600 pg/mle] =7
oA Aedujesled § WA cloned poolingdts
A549 W BEAS-2B IgGsB-luc AX3E #5319
t}. NF-«B Eo|d& #<glalr] sl IgGy-NF-«
B site’} €12 minimal IL-8 promoter?t EAsh=
control vector® 3} e whjog A549 %
BEAS-2B minimal IL-8 luciferase (©]3 A549
min-IL-8-luc) & ¥S3l] dlzMEFE A3
th. A7)0 85 AlEFe] NF-«B &4 lucif-

erase WEAR FHPAHE A} K3k A549
IgGkB-luc M2F9} ZAIEFQ A549 min-IL-8
-luc A¥EFE dEZQ NF-«B 4384 TNF-a
(10 ng/ml)s} PMA (20 ng/ml)2 6Aj7t A%
% luciferase assay& Al8)atct. 1 Z3l A549
IgGB-luc M 23 TNF-a 215 3|4 4.5
+0.64), PMA &=l &M 5.8+£0.7u12] lucif-
erase ¥4 2712 Hd v dlRAEFQ AbB49
min-IL-8-luc A XF A TNF-a A= o8 1.
2+0.15), PMA 239 oJ@AE 1.3+0.1 uje} 2
748 ¥93, BEAS-2B IgGkB-luc HlEFA =
TNF-a 229 2Jg§A 4.5+0.6u], PMA =z} ¢
8|4 5.8+0.78]9) luciferase A 718 B W
B ) 24 L3¢ BEAS-2B min-IL-8-luc A3
A= TNF-a =} oj8] 1.2+£0.14, PMA =59
oM E 1.3+£0.1 W9 3718 Ho IgGe-NF-«B
o Eol&Ql AR AHE W F e ARE
NEFE Y5319 3S §9¥ & YUK Fig. 2).

2. TNF-a Xi=20]| 2|$t NF-«B luciferase 4 &
Ztofl ch#t dexamethasone2| x| &1}

s xe A TNF-a A5 9§ NF-«B &

fold luciferase activation

IgGk-kB-luc

min-IL-8-uc

1 Control
TNF (10 ng/ml)
B PMA (20 ng/ml)

Fig. 2. Stable A549-IgGx-NF-xB-luc cell line shows specific NF-xB-dependent transcriptional

activation induced by TNF-¢ and PMA.
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luciferase fold activation
[6)]
i

A549 IgGk-luc

BEAS-2B IgGkB-luc

1 Controi

3 Dexamethasone
e TNF
I Dexa/TNF

Fig. 3. Dexamethasone inhibits TNF-a-induced NF-4B activation in A549 and BEAS-2B lung
epithelial cells. A549 and BEAS-2B cells which stably expressed an IgGx-NF-¢B-lucifer-
ase reporter gene construct were pretreated with dexamethasone 1 @M for 12 hr fol-
lowed by the addition of TNF-a 10 ng/ml for 6 hour. The cells were then harvested for
analysis of luciferase activity. Data presented are representative of at least three inde-

pendent experiments.

4 AAEAYl ¥ dexamethasones] oAl &Z7E
#Asl7) Slsle] A549 IgGaB-luc 4 ¥F& Dexa-
methasone 1 mM (Sigma)& Az £ TNF-a
(10 ng/ml) 6213t AF381e] 43713 vle} o] lucif-
erase assay® Al 2 B3} Dexametha-
sone AAx)o] &Jsf TNF-a z}=0] 2l%F NF-«B lu-
ciferase 8448 A549 IgGxB-luc Mx 32} BEAS
-2B IgGiB-luc A XF BT 40% 2o 9
A7l d3Hd BAA oln| &eizl ule} o] sy
M2 A TNF-a 2}59)) €3k NF-«B 2j&4 A
A4l ¥ dexamethasones] oA AvE VI
g 4= AA}.(Fig. 3). Dexamethasone §Eo g2
NF-«Be] 717 848 o 20% A= A sh= 2=
& Bgch.

3. GR =4 NF-«B-2|FM FANY o) &0}
Dexamethasoned] 2|8 TNF-a 54 NF-«B &

4 A7} GRAl 9% ZHdE #As7] i3t 4
A EFM 25 GRE FLTYAY £ TNF-e2 2}

FEdct. 2 23 GR 28 vectore] DNA %48
0.2,04, 0.6 g 2= FAH o2 Z713d] o2} v)a)
3l 3¢ TNF-a 239 2j§ NF-«B #4944
& #$AY F AQlch olF &= A549 ¢
BEAS-2B & AXF 25dlA 33 A A9s
Yehligick(Fig. 4).

4. Dexamethasone0| kxBa Z&0]| 28t NF-«B &
Adslol| o|xl= I

NF-«B 84l JoA 7HF a8 3Ao| o) ¢y
29 BadllA #¥EHE Aot o7)dls 1kBe?)
$4E& f=3lo &FHow NF-xBel fal8 v
3= Wi s [kBe9) Q4tsie} B8 el NF-
B #4E& JABl= F 71A] Wgol <A Yl
T-Axot ST T3 22 AGMEME HAe)
Wyo] Z A glom® Fale] AS-E salicylic
acido] 9|§ NF-«B &4 o4 »jdoz & <A
b, wekA] dexamethasoneo] SJAMIA EofA]
NF-«B A M & JAsh= 714 & W3l7) 98ty
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luciferase fold activation

A549 BEAS-2B
TNFra - - - - 4+ + + + - - - - + + + +
GR - _A - —_1 . /I - —_]

Fig. 4. GR mediates dexamethasone-induced inhibition of NF-«B activation by TNF-a.
A549 and BEAS-2B IgGr-NF-«B-luc cells were transiently transfected with in-
creasing amounts of pCMV/GR, 0.2, 0.4, and 0.6 pg respectively. Total
transfected DNA amount was adjusted by empty pCMV vector. After 24 hour of
transfection, cells were treated with or without TNF-a 10 ng/ml followed by har-
vest for luciferase. Data presented are representative of at least three indepen-

dent experiments.

24 dexamethasoneo] IxBe & fE3 =X
Western bloto 2 213l 9t} 3kAT Fig. 5.
o A2} Zo] A549 M EFA I«Bet= dexametha-
soned] oj8 §-=5A] = AIE BT ¥ opY
2} dexamethasone& TNF-qol &% IxBag] 28
o] ¥ 3 vxx E&HAH(Fig. 6). TNF-a
AZA] kBas h$ 4143 (38 olW) £3lEr] Al
zpsta] 304801 A< Algtzlchzl 60%0ld 1kBart
ASAeHA e ol 1kBa?t NF-«B #4332} 2
& AAME 57| giol9 ol NF-xBe] A&
BA3E BAEHe A2 FH 9 shtoltt. o ¥

I«Ba2] €39 dexamethasoneg A3 J3& 1)z
2 R3lme o 9AE MolFo] ofo] W=
NF-«B¢} DNA Z¥o| dexamethasoneo] b}z
J3kg EMSA 2 #Ql3}%ct.

5. Dexamethasone0] TNF-a X}=0]] 28t NF-«B
o] #ojsnt DNA ZHhofl ojxli= I8

TNF-a (10 ng/ml) 1X)3t 2}=Fo 2 £=31% NF-«B
37l f=gEe #IE 5 gdsdeni(ane 2 in
Fig. 7) cold competitione.2 ¢4 2Agse A
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Dex (hr) ) 0 2 4

35

Fig. 5. Dexamethasone does not induce [xBa synthesis. A549 cells were treated with dexametha-
sone 1 M and harvested at different time points indicated above for Western blot analy-

sis with a polyclonal [xBa antibody.

A. TNF-a (min) 0

kBa

ERK2

B. Dex/TNF-a (min) 0

kB a

ERK?2

3 10 30 60 90

10 30 60 90

L A e

Fig. 6. Dexamethasone does not affect TNF-g-induced 1xBa degradation. (A) A549 cells were
treated with or without TNF-a 10 ng/ml and harvested at 0, 3, 10, 30, 60, and 90 min
for Western bot analysis with a polyclonal IB antibody. (B) The same experiment with
(A) was done after 12 hour pretreament with dexamethasone 1 zM.

o 24 (lane 4) NF-xBoj E0]#<¢l band ¢J-& #4<1
&, p65 YME ¢]8-% super shift(lane 3)7}
#3x]o] NF-«B £9)A transactivationo)] 83
7Ve& B33h= p657}F o] NF-«B B3kAo} A3}
I AL HAY 4 AAch. 22 dexametha-
soned ©|2J§ NF-«Bs} DNA ZHgo Ay F3e

o]x]x] 943trl. (lane 6) o]¥A dexamethasone®]
NF-«B HAHEAE <jA|8l=]3t DNAZHE Wsist
A R = AL dexamethasoned] £]% NF-«B
ZAARA 94l DNA 2§ olfo 243 AALS}
e AozA v FHow pb59 oF transac-
tivationo]) ojm§ J - v] X =x]F FARIe] Mgkt
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< D65

“ <« NE«B

<« free probe

Fig. 7. Dexamethasone does not inhibit TNF-a-mediated induction of NF-¢B DNA binding. Nu-
clear extracts were prepared and analyzed in an electromobility shift assay (A549 cells)
in A549 cells with a radiclabeled IgGx-NF-xB probe. Equal amounts of (7.5 t2) of nucle-
ar protein was loaded in each lane. In lane 3 and 7 a rabbit polyclonal antibody of p65
(Santa Cruz Biotechnology, Santa Cruz, CA) was added to the nuclear extract 5 min
prior to the addition of radiolabeled probe. In lane 4, a 100 X excess of unlabeled IgG«
oligonucleotide was added 5 min prior to the addition of radiolabeled probe. (lane 1.Con-
trol ; lane 2. TNF-a; lane 3. TNF-a/p65 Ab; lane 4. x100 cold competition ; lane 5.
Dexamethasone ; lane 6. Dexamethasone/TNF-«; lane 7. Dexamethasone/TNF-a/p65
Ab)
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6. GRoJj 2|8t p65 transactivation X

opat o] HARIzle] DNA ZH#3} transac
tivationo] YA|&t#] g AL dARIAZF DNA 2
3} =o9l (DNA binding domain)3} transac-
tivation E=uQle} o]% ZA (bimodular) 7}%e°]
ZA3l7) WFoict. & AARIAE Eold 471489
DNAo} ZAgsltiele RNA polymerase 11 & F4]
o2 3§ 7]12 AA} 7]7*(basal transcriptional ma-
chinery)7} ZAHE AlEE 7] 98l transac
tivation £H¢lo] @Aisis]olok &=t dexametha-
sone¢] o}g{8t transactivationg JAIY Aolzh=
7A4& A9rsich. ¥4 p659 ¥ transac-
tivation® dFsk= doaE ER FARIAYU
Gal4e] DNA-binding domain®} p652] transac-
tivating domaing] fusion @¥& encoding3dl=
plasmid¢} Gald-binding site§ Zt+= luciferase re-

porter plasmid& FAJSl #F3AFYY (co-trans-
fect)3lod luciferase assay & transactivation 4
& Z9she wiel 7 gol ARRER n & 9T
GNME o] AlxHlg <]83%ith. p65 transac-
tivating domain& TA1l (o}m|eAl 521-551)3
TA2 (o}u)xxAt 286-521) 2 FA 0] ded TAl
& B 848 Holu TAZE 84¢] PMA A3
& "az ¥} Gald, Gald-p65TAl £ Gald-
p65TA2 L#H plasmidg§ 5xGal4-luciferase re-
porter gene (Gald-ZA¥R9I7t 53] wislo] n
luciferase f-2=x}8} fusion=e] Y&)e A #3
AFEA 4] vle] WA RS F7P1 gadn.
A GRE& DNA <& F711EA FAld {345
Q3 DNA%] uje} wlelsle] p652] transac-
tivationo] TA1 ¥ TA2 25 #As] #4ae &
o159} (Fig. 8). ©] 9 dexamethasone GO
23 p65 transactivationd)] FEE& v R3}U=

fold luciferase activation

Gal4 Gal4-TA1

] + mock
:L + GRO.2ug
BE + GR0O4ug
Hl + GRO.6ug

Gal4-TA2

Fig. 8. Overexpression of GR inhibits p65 transactivation. A vector encoding a fusion protein be-
tween the DNA binding domain of Gal4 and either the TA1 (Gal4-TA1l) or TA2 (Gal4-
TA2) activation domains of p65 or Gal4 was cotransfected with increasing amounts of
pCMV (0.2, 0.4, and 0.6 g) and a 5x Gald-luciferase reporter gene construct into A549
cells. After 48 hr cells were harvested for analysis of luciferase activity using equal a-
mounts of protein. Data presented are representative of at least three independent

transfections.
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H](data not shown) o] Gald-p65 fusion pro-
tein expression systemo] ¢l¢j3oln} 1 AT}
- Asly] WEolr] oz AztEY weiA
dexamethasoned]] 23] #4stsl= GR& Aol &
AREQ] 34tt. GR 8-3A5Y7 dexamethaso
=9ne AX X ¢} FANAIRE He= WS 2YE
A &37F Jelgdcl. (data not shown)

7. HAIEAM BE0Ix CBP2} SRC-1 o)l ofsf
24AIEHE GRoj| 2i#t p65 transactivation |
k-3

ol2]§ GRo] £]§ p65 transactivation 4] &3}
£ %A Jelde RY7? 2L AAKIRK] GR3}
NF-xB Alolg] 45 dgAe F &d ko &
23 43 9%t Az dygdcl. 2o NF-
xB2] transactivationol CBP2} & HAMEA ¥

A (transcriptional coactivator or nuclear in-
tegrator) ¢} £& W¥do] Fa ¢ g dcjn W
A4 g™, £ SRC-17*® 2+ coactivator
= NF-«Bo] ZAREA a3 g $dn vy
7 Atk wEtA glold #Adg GR uislA p65
transactivation®} °j#l7} CBPY SRC-13} e
coactivator2 #Ud AZE o 2 g4 &3} 24

A& gdsto] Hgtth(Fig. 9). 2 d3} CBPY
SRC-1& f3A]J3d GRel| o8 ‘dA3h= p65
transactivation®] °jA| &I}E Ak dag B
of GRol| 9% p65 transactivation 2j4]= CBPu
SRC-1 # & ¥ FAzAH S Ao o3 o]Fo
g $AE F A¥) 285 3 sjAe2AME p65
9} GR 259 A transactivationo] ¥a3 CBP &
& SRC-1%9| o] Algse] Q7] W&o CBPE2
SRC-1¢] 2§ ¥-9lo dis] p652} GRo] 7AP#e
2 ZAgste 87] f&oleta Azte).

70

luciferase fold activation

Gald4  p65TA1

p65TA2

[ Gat4or TA1or TA2

Il + GR+mock
+GR+CBP

+GR+SRC-1

Fig. 9. CBP and SRC-1 rescues GR-mediated inhibition of p65 transactivation. A549 cells were
transfected with Gal4, Gal4-TAl or Gald-TA2 vector and 5x Gald-luciferase vec-
tor ; CBP, SRC-1 or equivalent amount of empty expression vector were cotransfected
as indicated. After 48 hr cells were harvested for analysis of luciferase activity using
equal amounts of protein. Data presented are representative of at least three independent

transfections.
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¢

GR3} NF-xB7} 4zt dARIAtZA 43l fE5
= Aty vk AuRd Ao iEHE E4E
Holm Qiths Mg ¥AY + . F 94358 7Y
A7l Zo g L3l NF-xBel 938 AAlA7]
£ GR i 43 Agago] dvke AMde el
U AEYATH 2 o A3 AT F44E &
AsHe $EAH YA & W S FE YA
¢ Za% MAlolct. AA2 Fgolut 2EH 2T
ojs} NF-«B7} 8431 g3} FAlo A8HE-H gk
A-34 2 (HPA axis) 9A] §43}s]o] $4l93
3289 fal7l F7bdves HolA NF-«Bet GR
Zte] 2¥& A7 AL WS TR ol
oA £ Aol A sdub T e] GRA
9]§ NF-«B 84 o4 714& ¥ A& g34 o
Age] He P2l g oldsla A M2E Aed 5
HE et HAA 2 Fa4de e 5 e
Aztgt.

A5499} BEAS-2B N ¥3-& ]88 & A7olA
dexamethasone-& sdajA| Eoll A T-A %L} S8
5 oMol TE 7|Hog2 NF-«Be HARRA
€ JAge 2N FAFENE Uitk AHE &
&t & HAGYAMENE NF-«B #4729
AYQ kB 727}t obd #MujoflAle] pb5 transac-
tivatione] Ao ojfitie AMIE &Rl3gorn
T3 71402 CBPU SRC-13} e o] A}
23 ¥5UA (coactivator) 7} BAPThs ZAE0|
.
NF-«B &472°] ol 713 F4lol He 344
& IkB7} IKKe & IKKA 23] J4tglsla Fof
o] ubituitination@} proteasomeo]|A] Hajslo] o
2 olF3h= Aoz ¥R k. Iy B d72AH
o A2} o] NF-xBe] DNA 2L P8l ko
Wx NF-«B AAMEAE AdAlsl:e A¢7t S48Y
E ARdo] 2 &@iA7] AlFslen ol DNAZY
oo WA= Y HA) FIdE PR LA

ks A& AXBhE 2ot ., o] #y 213
o p65He] syt sl Aoz deiA 2l
t}. NF-«Be] 7% p502 DNA ZAje] gy &
transactivation?] 7|52 gle Aoz ¢&x Axn
transactivation p657} B9sh= Aeg w34 ¢)
=), A& ZhongF&? LPSY 98} p652] ser-
ine-276 9ol {1Aksl7} A3l p65-mediated
transactivatione] WAgCayr B3l 9D,
WangEx* p652] C-Z2 £.9]9] serine 529 ¥
flol QA sl TNF-aol 9]& NF-«B
transactivationo] §<¥& #R1% vl o] Yz} 2
A p652] Rt #olFolll DNA A=
olF-Y Fug mAA| R3HA NF-«B dAA[E4E
Z7M71E A& 39T vt At ol2d p65e] Uik
2= GRel &gt NF-4B <j4j7]de] g}zl E87}
g 4 deol, p65e] U] #FoEe kinaser
o}3] &3] BaAR] @& delo]7]dl GRo] p652]
Qatslel] G vX=A= F ATEolok B oA
g} gzrdch ot 32 kBE QadsiAFE B ki
nase (IKK)7} p65% <l4ks} AlZichk= B3i7} Qo]
IKK7} NF-xBg& z3ske F 7HH ZA=7F dve
Abde] w70 BIAT®, dexamethasone F-&
GRo] IKK¢d] ojm$ g%& v e o} B
g bl gl A ol i AFE A Folvh E
¥ dexamethasonedl GRo|] ¥ d7Au}s} 2ol Ix
Ba9] isbdle A 9L 7R RIUcks
Aoz xo} IKKe] o3 p65¢] 1aks}olgt A
o2 Y& vzl M a8 ¥ =T
< opd A k. 2 2ARA KK E§H FollA
Z+ ARgsipda Aast 71386 degAde] ke 7t
Aol Aj7i=e] ¢dAH® GR #-& dexamehasone
9] o= Agol HeAe #Ad E daot o
I Az

p65 ¢4t} o]9jell GR=} NF-«B 319 43 4]
1A F HS FE Ue Aol B dFA @EA
CBP 4 SRC-1 53 & #AAl fdsgddxieltt

(transcriptional coactivators). ZAl ¥F8AHAUA

- 695 —



— K. Y. Lee, et al —

£ WARRIALS} 7)&AAL7| T (basal transcriptional
apparatus) & QAT Y gL = wya
o|t}*. CREB-binding protein (CBP)2} p300:
T 715 BREAC] B fAE] Us WA
NF-¢B p65transactivationd] #edsl= coacti-
vator2 2 42 lom®® ol & 48,
CREB, STATs, Z28]2 AP-1 § o8] AARIzE
o FAMRA) Wad Ao WA Yok®. CBP
o9 NF-«xB #&4sle} o] Y& 4 =
coactivator2& SRC-15& & 4 . SRC-1&
CBP % p3002 B3AE ¥9stn glgo) oln] ¥
32 17| wj&oll NF-«B p65 transactivationoj
o3li= CBP¢} o] NF-«B p65 trasactivationo]]
Hojsteleks 718kl CBP @7 SRC-1& A¥
3t 2 ZAs GRel o8] B p6s
transactivation ¢j#]& CBP £& SRC-1& 3t
& Az)o.24 pb5 transactivationd PAFo 2 Hg
Al7le AIE AA719 ol coactivatorql CBP9}
SRC-19)] &3t NF-4B p65 transactivationo] NF
-kB2 GRo] ZAsh= Aoz A% 4 A} ¢
7k SRC-1& NF-«B % p509}9t 983131 p5o=
A Yeths Basl 901 GRe 9% p65
transactivation 9A¢] SRC-1¢] Foji}= 7]dL
CBP7} #4-3l= 7]"d] SRC-10] Ao axm o
FolA o] opdy} Sz

Z&3o2 GRe 9% sguAEoe] NF-4B
p65 transactivation?] YAl= Ay Z-AA A%
¥ ¢<] CBPY SRC-1 S s} p659} GRo| 7
A& o2 AYERI= squelching 7|70l ojs) ways}
T Aoz &€l gt 3% dexamethasone &
£ GRo] p659] Ql4tslo)) oW &g njxj=x], 1
2|2 p659} CBP &8 SRC-13e] Ao nlxje=
FEE omFA] eln A2 B 2ol 1 ¢)
= CBPY SRC-1 52| histone acetyltransferase
¥4 W38 2AH¥o=2M chromatin remodeling
o FAE e A7k Aol Wastelst M7y
.

= #

Mo

1. Barnes, P. J. 1995. Inhaled glucorticoids for
asthma. N. Engl. J. Med. 332:868-75.

2. Truss, M., M. Beato. 1993. Steroid hormone re-
ceplors ! interaction with deoxyribonudleic acid
and transcription factors. Endocrine Rev. 14:459
-79.

3. Muller, M., R. Renkawitz. 1991. The gluco-corti-
coid receptor. Biochim. Biophys. Acta. 1088:171-
82.

4. Bamberger, C. M., H. M. Shuttle, G. P. Chrousos.
1996. Molecular determinants of glucocorticoid
receptor function and tissue sensitivity to
glucocorticoids. Endocrine Rev. 17:245-61.

5. Barnes, P. J. 1998. Anti-inflammaory actions of
glucocorticoids : molecular mechanisms. Clin. Sci-
ence 94:557-72.

6. Pfahl, M. 1993 Nuclear receptor/AP-1 interac-
tions. Endocrine Rev. 14:651-8.

7. Bosscher, K., D., M. L. Schimitz, W. V. Berghe, S.
Plaisance, W. Fires, G. Haegeman. 1997. Gluco-
corticoid-mediated repression of nuclear factor-x
B-dependent transcription involves direct inter-
ference with transactivation. Proc. Natl. Acad.
Sci. US.A. 94:13504-13509

8. Auphan, N, J. A. Didonato, C. Rosette, A.
Helmberg, M. Karin. 1995. Immunosuppression )
by glucocorticoids : Inhibition of NF-4B activity
through induction of IxB synthesis. Science. 270:
283-86.

9. Scheinman, R. I, P. C. Cogswell, A. K. Lofquist,
A. S. Baldwin Jr. 1995. Role of transcriptional
activation of IxBe in mediation of immunosup-
pression by glucocorticoids. Science. 270: 283-86.

10. Brostjan, C., J. Anrather, V. Csizmadia, D.
Stroka, M. Soarses, F. H. Bach H. Winkler. 1996.

— 696 —



— Inhibitory mechanism on NF-4B transactivation by dexamethasone —

Glucocorticoid-mediated repression of NF-«B
activiy in endothelial cells does not involve induc-
tion of I«Ba synthesis. J. Biol. Chem. 271:19612-
6.

11. Ray, A., K. E. Prefontaine. 1994. Physical associ-
ation and functional antagonism between the p65
subunit of transcriptional factor NF-«B and the
glucocorticoid receptor. Proc. Natl. Acad. Sci. U.
S.A. 91:752-6.

12. Scheiman, R. I, A. Gualberto, C. M. Jewell, J. A.
Cidlowski, A.S. Baldwin Jr. 1995. Characteriza-
tion of mechanisms involved in transrepression of
NF-4B by activated glucocorticoid receptors.
Mol. Cell. Biol. 15:943-53.

13. Levine, S. J. 1995. Bronchial Epithelial cell-
cytokine interactions in airway inflammation. J.
Invest. Med. 43:241-9.

14. Wissink, S., E. C. van Heerde, B. van der Burg,
P. T. van der Saag. 1998. A dual mechanism me-
diates repression of NF-«B activity by glucocorti-
coids. Mol. Endocrinol. 12:355-63.

15. Newton, R, L. A. Hari, D. A. Stevens, M.
Bergmann, L. E. Donnelly, I. M. Adcock, P. J.
Barnes. 1998. Effect of dexamethasone on
interleukin-18-(IL-18-induced nuclear factor-x
B (NF-4«B) and xB-dependent transcription in
epithelial cells. Eur. J. Biochem. 254:81-89.

16. de Wet, J. R, K. V. Wood, M. DeLuca, D. R.
Helinski, S. Subramani. 1987. Firefly luciferase
gene  structure and expression in mammalian
cells. Mol. Cell. Biol. 7:725-37.

17. Mukaida, N, S. Okamoto, Y. Ishikawa, K.
Matsushima. 1994. Molecular mechanism of
interleukin-8 gene expression. J. Leukocyte Bicl.
56:554-8.

18. Cross, S. L., N. F. Halden, M. J. Lenardo, W. J.
Leonard. 1989. Functionally distinct NF-kappa B

binding sites in the immunoglobulin kappa and IL
-2 receptor alpha chain genes. Science. 244:466-
9,

19. Schmitz, M. L., S. dos Santos, P. A. Baeuerle.
1995. Transactivating domain 2 phosphorylation
in intact cells. J. Biol. Chem. 270:15576-84.

20. Finco, T. S., J. K. Westwick, J. L. Norris, A. A.
Beg, C. J. Der, A. S. Baldwin Jr. 1997. Oncogenic
Ha-ras-induced signaling activates NF-kappaB
transcriptional activity, which is required for cel-
lular transformation. J. Biol. Chem. 272:24113-6.

21. Kopp E, Ghosh S. 1994. Inhibition of NF-kappa
B by sodium salicylate and aspirin. Science. 265:
956-9.

22.Zhong, H, R. Voll, S. Ghosh. 1998. Phospho-
rylation of NF-xB p65 by PKA stimulates tran-
scriptional activity by promoting a novel bivalent
interaction with the coactivator CBP/p300. Mol.
Cell. 1:661-71.

23. Wang, D., A. S. Baldwin Jr. 1998. Activation of
nuclear factor-kappaB-deperdent transcription
by tumor necrosis factor-alpha is mediated
through phosphorylation of RelA/p65 on serine
529. J. Biol. Chem. 273:29411-16.

24. Perkins, N. D., L. K. Felzen, J. C. Betts, K.
Leung, D. H. Beach, G. J. Nabel. 1997. Regula-
tion of NF-kappa B by cyclin-dependent kinases
associated with the p300 coactivator. Science.
275:523-7. ‘

25. Gerritsen, M. E,, A. J. Williams, A. S. Neish, S.
Moore, Y. Shi, T. Collins. 1997. CREB-binding
protein/p300 are transcriptional coactivator of
p65. Proc. Natl. Acad. Sci. US.A. 94:2927-32.

26. Na, S-Y., S-K. Lee, S-J. Han, H-S. Choi, S-Y.
Im, J. W. Lee. 1998. Steroid receptor coactivator-
1 interacts with the p50 subunit and coactivates
nuclear factor-B-mediated transactivations. J.

-~ 697 —



— K. Y. Lee, et al —

Biol. Chem. 273:10831-4 29. Horwitz, K. B, T. A. Jackson, D. L. Bain, J. K.
27. Lee, K. Y., W-t Chang, D. Qiy, P. N. Kao, and G. Richer, G. S. Takimoto, L. Tung. 1996. Mol.
D. Roseén. 1999. PG490 (triptolide) cooperates Endocrinol. 10:1167-77
with tumor necrosis factor-a to induce apoptosis 30. Lee, S-K,, H-J. Kim, S-Y. Na, T. S. Kim, H-S.
in tumor cells. J. Biol. Chem. 274:13451-5 Choi, 5-Y. Im, J. W. Lee. 1998. Steroid receptor
28. Sakurai, H,, H. Chiba, H. Miyoshi, T. Sugita, W. coactivator-1 coactivating Activating Protein-1-
Toriumi. 1999. I«B kinases phosphorylate NF-«B mediated transactivations through interaction
p65 subunit on serine 536 in the transactivation with c-Jun and c-Fos subunits. J. Biol Chem.
domain. J. Biol. Chem. 274:30353-6 273:16651-4

- 698 —



	f: 


