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Triptolide-induced Transrepression of IL-8 NF-«B in Lung Epithelial Cells
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Dankook University Medical Center, Chonan, Korea

Background : NF-«B is the most important transcriptional factor in IL-8 gene expression. Triptolide is a new
compound that recently has been shown to inhibit NF-4B activation. The purpose of this study is to investigate
how triptolide inhibits NFF-xB-dependent IL.-8 gene transcription in lung epithelial cells and to pilot the potential
for the clinical application:of triptolide in inflammatory lung diseases.

Methods : A549 cells were used and triptolide was provided from Pharmagenesis Company (Palo Alto, CA)
In order to examine NF-«B-dependent I1.-8 transcriptional activity, we established stable A549 [L-8-NF-«B-
luc. cells and performed luciferase assays. IL.-8 gene expression was measured by RT-PCR and ELISA. A
Western blot was done for the study of I¥Be degradation and an electromobility shift assay was done to ana-
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lyze NF-¢B DNA binding. p65 specific transactivation was analyzed by a cotransfection study using a Gal4-

p65 fusion protein expression system. To investigate the involvement of transcriptional coactivators, we

perfomed a transfection study with CBP and SRC-1 expression vectors.

Results : We observed that triptolide significantly suppresses NF-¢B-dependent IL-8 transcriptional activity
induced by IL.-18 and PMA. RT-PCR showed that triptolide represses both IL-14 and PMA-induced IL-8
mRNA expression and ELISA confirmed this triptolide-mediated IL.-8 suppression at the protein level. However,
triptolide did not affect IxBe degradation and NF-¢B DNA binding. In a p65-specific transactivation study,
triptolide significantly suppressed Gal4-p65TA1 and Gal4-p65TAZ2 activity suggesting that triptolide inhibits
NF-4B activation by inhibiting p65 transactivation. However, this triptolide-mediated inhibition of p65

transactivation was not rescued by the overexpression of CBP or SRC-1, thereby excluding the role of tran-

scriptional coactivators.

Conclusions : Triptolide is a new compound that inhibits NF-¢B-dependent IL-8 transcriptional activation by
inhibiting p65 transactivation, but not by an IkBe-dependent mechanism. This suggests that triptolide may
have a therapeutic potential for inflammatory lung diseases. (Tuberculosis and Respiratory Diseases 2001, 50 © 52

-66)
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1. MZESF 3 Al

A549(type 11 pneumocyte) A ¥EFE RPMI 1640
(supplemented with 10% fetal calf serum, 2 mM
L-glutamine, 100 U/ml penicillin and 100 U/ml
streptomycin) wj¥H-L o]&sle] 377C, 5% CO,
incubatorq]A'} wjorsigct. Phorbol 12-myristate
13-acetate(PMA)+ SigmaA}(St Louise, USA),
IL-18+ R &DAH Minneapolise, USA)olA 7%}
\%{QU% triptolide= "= PharmagenesisA}2E]
ARty

2. Eepxo(= (plasmid) % |RHFAL

NF-«B 2|&4 IL-8 {3ze] A& e Hrls]
#3le] IL-8-NF-«B luciferase report gene con-
struct& o} &3} luciferase reporter gene assay
E 39 IL-8-NF-«B luciferase report gene
construct® 74kl Adwebd, ¥ 4o primers
(sense : 5" - ATGTCTCGAGAATTCGTACCCA.-
GGCATTAT TTTATC-3’, antisense . 5-TTGT-
CCTAGAAGCTTGTGTGCTCTGCTGTC -3';%
£3 F¥o] Zzt Xhol# Hind Il Eg39 )9} A4}
9le] W& A 328 DNA lugg o] 43l IL-8
F72} (IL-8 FAAF AlF R9E 7]F08 -1481 to
+44) AFe] FHELIANE AP ES AL FolE
luciferase ¥& ®E (vector)$l pCLN15deltaCX
o] Xhol-HindIlll 92 subcloningdle] 4+
A IL-8-NF-¢B luciferase reporter gene con-
struct 2 TEH Ao},

kg o= IL-8-NF-4B luciferase §&ZE W
el ABAY M EH(AB49 IL8-¢B-luc) & BEs)
71 18t QoA dFE IL-8-NF-4B luciferase
reporter gene constructE Lipofectamine-plus
(Gibco-BRL, Gaithersburg, MD)& o]|&8}d

A549 S ER FHA FUE AP F
G418 4004g/ml s58l)A A v Fsisich.
NF-#B p659) transactivation @7-& $JalAle=
p65 o)A AAEAE wkdsl= Gald-pb5 fusion
protein expression vectorg o831t} & Gald,
Gal4-p65TAl, Gald-p65TAZ L3 e} 5x
Gald-luciferase reporter gene construct (Gald 2
79171 53] whEs]o] 913 luciferase f2jet 4
el AS)E ol g
- AAREE #X<IA}(transcriptional coactivator)
9l CREB-binding protein(CBP) %} steroid recep-
tor coactivator-1(SRC-1) & WE|5 (27} pRe
/RSV-mCBP, pcDNA3-hSRC-1A)< Addisin
olAle MAIZRE AUk, o]EL Gald, Gald-
p65TA1, Gal4-p65TA2 ¥ vectorEd T &
AR A8E AlElEld olF AARETEALAPL
triptolidecl] ©}8F NF-«B p659] transrepressiond]
nixk= JEke Bkt

3. Luciferase assay

T MEFE APAE] mat 24 well s FE7]
et & e Al ufFAe AASIAT phos-
phate buffered saline(PBS)®& 13 A&3% % 0.1
mle] 88k (lysis buffer) (0.1 M HEPES, pH
7.6, 1% Triton-X, 1 mM DTT and 2 mM
EDTA)& 33 #7ksle] 8@ F 4CAA 1087
14,000 rpmog AlEse] ARk At
PMA (20 ng/ml)¢} IL-18 (1 ng/ml) 2 2}Zah=
AeolE 6417 A5 & 9Ae 58350 Brad:
ford assay(Bio-Rad laboratories, Hercules, CA)
g o|g3le wilsE ST F 204ge] OHES
luciferase assay mix [25 mM glycylglycine, 15
mM MgSO,, 1 mg/ml bovine serum albumin
(BSA), 5 mM ATP and 1 mM D-luciferin
(Pharmingen International) o} &7}18 & TD-20
/20 Luminometer(Turner Design, Sunnyvale,
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4. ELISA

A549 M EFI A PMA (20 ng/ml) ¥ IL-184)
o]t IL-8¢] ¥4 triptolider} A= GF&ke
Hrsp] 9] Al Erfokdol A OptEIA™ Human
IL.-8 ELISA Kit (Pharmingen, San Diego)& o]
&l IL-89] =& 438t PMA (20 ng/
ml) % IL-18 (1 ng/ml) 25 F 6417t Fof] A2
gl IL-8 S22/t g welldl] 100 w0
A g3 242F ¥EeAIZ) Fol &) (detection
antibody, biotinylated anti-human IL-8 mono-
clonal antibody)& 100 ¢ % 21 1A 7159 §1S
AHt. ZAakslA (hydrogen peroxide) s} whaiA|
(TMB, tetramethybenzidine)& 1. 1M phos-
phoric acid2 WHg-& F2A1Z1 $ 450 nmo|A] §3
=8 2459 o 5w IL-82 el 1
EERUE ol§elel 1L-89) Ao FEE A
o},

o,

32 o

].

Ol

5. HTA-FEEL04HLS (RT-PCR)

ABA9A| EF A IL-18 Ao <3 IL-8 mRNA
ZAtel] triptolider} WX& 9IS H7isly] S8 o
AA-FHEAAAN S-S At Azl Ao
60 mm ZFArle] ujofls AAT F Trizol(Gibeco
BRL, Gaithersburg)E #7}3lc}. ©]& eppen-
dorf tubed| &71 % chlorform& Y3 A& &3kt
F 2-3% Hd| 4°C 13,000 rpmollA] LAEE S
th ZAAHA RNA7ZE 2385 A5de 9 F
0

isopropy! alcohol & ¥a1 L&A 1087 vheA]7]

oligo(dT)eoll H7}ele] 65Cel|A 587 2
(annealing)#]7] % First strand buffer, 0.1 M
DTT, 2.5 mM dNTP, RNAase inhibitor, reverse
transcriptase(RT) S thrl E7lele] 42°CollA] 14]
7t vke-x)7A cDNAE 4%t

¢DNA*= 10xPCR buffer [500 mM KCl, 100
mM Tris-HC1 (pH 8.3), 15 mM MgCl,], 2.5 nM
dNTP, Tag DNA polymerase (TaKaRa TaqTM,
TaKaRa, Shiga, Japan)¢] ukg-elo|x] ZZE]c)
DNA thermal cycler (Gene Amp PCR system
9600, Perkin Elmer)dlx 94C 1% (denatura-
tion), 55°C 1¥(annealing), Zt&]3l 72C 1%
(extension) 2.2 25 cycle ¥rE3&gth. PCR W
%o 1.5% agrose gell electrophoresis 313931, -
acting@ & Wb o7 Adsle] BAI . AMEg
oligonucleotide= F%F AZ(Bioneer, &5 #H¢)

slg.om «7)A ¥ (base sequence)2 oz ¢} 2t}

B-actin sense ; 5-GTGGGGCGCCCCAGGCA-
CCA-%

Bactin antisense ; 5’-CTCCTTA\ATGTCAC-
GCACGATTTC-3

IL-8 sense ; 5 -TTGGCAGCCTTCCTGATT-3

IL-8 antisense ; 5’-AACTTCTCCACAACCC-
TCTG-3’

6. Western blot £

AB49 M EZFA A IL-189] 3 kBaee] £ajd
triptolide”} v|x)&= G S Hrishr] 3] Western
blotting & Algstach. Zt M¥EFE 5709 60 mm
ZA (dish) oAl 80-90% 2] confluency”’} HEE
kst & [L-18 1 ng/ml =& Z}Z} 0, 10, 30,
60, 1205 X8 & trypsin/EDTAE $:335le] &
&) (lysis) &9 (1% SDS, 1mM sodium vana-
date, 10 mM Tris-HCl pH 7.4) 0. & ZAA¥x 834
(whole cell lysate) 2 53 7 587 4°C 14,000
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rpmolA fAlEEEe] DdHHEEE It Brad-
ford assay® viesE 2450 387 71dsly
A (denaturation)A]7l ¥ SDS-PAGE(12%
gel) 2 A7|9%53sled nitrocellulosed] o]A3}%c).
Blotg 2514+ (blocking buffer, 4% milk, 1%
BSA, 10 mM Tris-HCI pH 7.5, 1060 mM NaCl, 0.
1% Tween 20)9)4 1A17t 8] % (incubation) A}7)
& rabbit polyclonal IxBa % (Santa Cruz bio-
technology, Santa Cruz, CAYE 4% milk, 1%
BSA, 10 mM Tris-HCI pH 7.5, 100mM NaCl, 0.1
% Tween 20 & EF3 4% mik &9 1
1000 843t 1A]7HE< ALl wigsigdet. 10
EHX 33 AlE% & horseradish peroxidase conju-
gated anti-rabbit IgG7} 1 : 500022 345 g
gxdom 23 YAWESS 1A AR F 94 33
A A3karr] ECL(Amersham, Arlington Heights,
IL) A&start

7. Electrophoretic mobility shift assay (EMSA)

Zt MEFE 100 mm FA(dish)olA 80-90%
confluency=A widst & (1) FAA, (2) tri-
ptolide (20 ng/ml) 12417k, (3) IL-18 (1 ng/
ml) 1A]17}, (4) triptolide® AA A% & IL-18
N7tz Z}zh A28 & trypsin/EDTA R 4838}
4t} 100 ¢ Buffer A (10 mM HEPES (pH 7.
9), 1.5 mM MgCl,, 10 mM KCI, 0.2% NP-40
with protease inhibitors)& X718t ¥ 25 gauge
FAER 5-63 FHAA AEete oAz 4
CollA 15871 14,000 rpm o2 YAlEE] s A2
 pellet& 92 F, 100 ¢ Buffer C (20 mM
HEPES (pH 7.9), 25% glycerol, 0.42 M Na(l, 1.
5 mM MgCl;, 0.2 mM EDTA plus protease inhibi-
tors)& H7isled g A7) I 4°ColA 308
7r Ao At 4ColA 1587 14,000 rpm o2
AAREE chromating  pelletAl# #3&(nu-
clear extraction) AH-& ¢& % 4CJA Buffer

D (20mM HEPES (pH 7.9), 20% glycerol, 100
mM KCl, 0.2 mM EDTA with 1 mM pheny-
Imethylsulfonyl fluoride (PMSF), 1 mM DTT) =
6417t T3}, ddl g 5% $ Bradford
assay® WFTE 3339t EMSAE F2d
Al 75 mgS 1 pge] poly(dl-dC) : poly(dl-
dC)et 2.5 pgol(a-**P)-labeled oligonucleotide
probe (1x105 cpm)o] 3 2014 o] B
(binding buffer, 25 mM HEPES(pH 7.6), 0.1
mM EDTA, 10% glycerol, 50mM KCI, 0.05 mM
DTT)l A7l 4Colal 3087 e+eAFT. 0.5
x Tris-Borate EDTA (pH 8.3) g9 4%
nondenaturing polyacrylamide gel& A 7]g3%58l]
ol E -DNA B34 & #2l§¢ F autoradiography
2 AAE d9r}. Oligonuclectide 2214} (probe)
= IgG kappa chain &87k¢} 5 flanking F$}2]
NF-kB site(5'-tcgaGTCGGGGACTTTCCTCT-
GA-3)E AMgalda oldl tidl 4rA strandg
5 Zo] ] 7le] 97] overhangg ZHEE 1okl
Z§HS-(annealing) A1 ¥ (@-¥P) ACTP (Ame-
rsham, Arlington Heights, IL.) ¢} non-radioactive
dA/T/GTPs, 1glx Klenow DNA polymerase
{New England Bioclabs, Beverly, MA) & ¢]-&3}¢]
A Zstgc}h. Cold competition assay& HsA+
250 pg(100x )¢ cold oligonucleotide probeZ&
radio-labeled probes} #-8-AJ7])7] 5Eo) HA wt
SAI A

z o

1. Triptolideol] 2t NF-«B o|&M IL-8 MAHEA
oJmS 2

AggA A PMASH IL-18 A=) 218 NF-4B
o&A IL-8 fazke] HAHEAel the triptolided]
A ase FAs7) 945k triptolide(20 ng/mlb)
2 AAAF ¥ PMA(20 ng/ml) ¢} IL-18 (1 ng/
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Control
Triptolide
20 I Stimulant
-l gz Triptolide + Stimulant

Fold luciferase activity

PMA (20ng/m!)

IL-18 (1ng/mi)

Fig. 1. Inhibition of PMA or IL~-1#-induced NF-
kB- dependent IL~8 gene transcriptional
activation by triptolide. A549 I1,-8-NF-¢
B luciferase cells were pretreated with
or without triptolide (20 ng/ml) for 12
hr and harvested 6 hrs after culture in
the presence of PMA (20 ng/ml) or IL-
18 (1 ng/ml) for analysis of luciferase
activity. Data represent the mean +SD.

ml) & #=+sled Juciferase assayE 3 47} tripto-

lidem AN Ao AHAE 47 ek 79} 1
isled luciferase 4o} oF 50% A% IAlEE 2
2 ®HH(Fig. 1). Triptolide BEo0z= 79

luciferase FA4H37} gt

2. PMA 4 IL-140] 2l3t IL-8 AAdol| chat chuyxl
£Z0l|Me] triptolide®] xS}

A Fol A PMAS} [L-180)] 213} [L-8 $n6]%
7Yl 3l triptolide®] &8 #Aslr] Hai i
plolide A% %o WE AwAFAGAe] L8
==& ELISA #ios 439t

[1-89] F=& thxAXFe] 868 pg/midlA
PMA(20 ng/ml)¢} IL-1(1 ng/mh)E =3 &
4853 pg/ml, 3155 pg/ml2 Z7}8101, triptolide
(20 ng/ml) & AAXT HExF|XE 884 pg/ml,
697 pg/mlE 734319t (Fig. 2).

Control
Triptolide
5000 s Stimulant
B8 Triptolide + Stimulant
4000+

PMA (20ng/ml)

IL-1B (1ng/ml)

Fig. 2. Suppression of PMA or IL-18-induced
1L.~8 production by triptolide. A549 cells
were pretreated with or without tri-
ptolide(20 ng/ml) for 12 hr and har-
vested 6 hrs after culture in the pres-
ence of PMA(20 ng/ml) or IL-18 (1 ng
/ml) for ELISA. Data represent the
mean +SD.

3. PMA 2 IL-150 28t IL-8 {EX} MAl R0
CHst triptolide 2] M| &2}

g Ak Eol A PMASH IL-189] 2% IL-8 f-d4
HAK] Z7lo Wit triptolideo] gats #2317 9
s} triptolide Ao} w2 MEFo] IL-8 mRNA
& QA-ERELAANE R BRI, IL-18
(1 ng/mbz. 42 2, 442 A= A4 512 1L
8 mRNA<9 o8 §=7} & vbH Triptolide(20
ng/mD 2 122171 X218 49 11L-8 mRNAS] &
Fo] Folal Aasidrh(Fig. 3).

4. kB EsllulAof] triptolider} ojk|l= A&

TriptolideZ} #Atsa] Zo|A] NF-¢kB #HAME <A 8}
= 71AE 8r8)7] 98 triptolider} IL-18 (1 ng/
ml)dl| 23t [kBe] &l S nXeA Lopia
2} Western blotting ©.2 &<13l9it}. kBe= IL-18
243 F 1049 A143] Bl = irt A2kl Al
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Triptolide - -

Time (hour) 0 2

1-8

B—actin

| —248bp

—400bp

Fig. 3. Suppression of IL- 1B—ind1iéed IL-8 mRNA transcription by triptolide. A549 cells were
pretreated with or without triptolide( 20 ng/ ml) for 12 hr and harvested at 6 hrs after
culture in the presence of IL-14 (1 ng/ml) for RT-PCR. ‘

ixBa

ERK2

B. Triptolide/IL-1B (min)

IxBa

ERK2

A.IL-1B (min) 0

10" 30 60 120 180

Fig. 4. No effect of triptolide on IL-1#induced IxBa degradation. A. A549 cells were treated
without triptolide(20 ng/ml) and harvested 0, 10 min, 30 min, 1 hr, 2 hr, 3 hr after treat-
ment of IL~18 (1 ng/ml) for Western blot analysis with a polyclonal I«Ba antibody. B.
The same experiment was done after 12 hr-pretreatment with triptolide (20 ng/ml).

met Al Yehtes s Boled ol: IkBavt
NF-«B &A43}ol] o3l AANT=SE= fdRle]7] o &
olt}. o]8Jgt NF-«B €43} A| &= IkBaed] A
53 NF-4Be] AUzl gAse dxjsl= 939

Az switch-off system 7]3ojt}. ¥bA triptolide
£ IL-189 <)%t IkBee] E3jo] o} Fd e v
A 53l (Fig. 4).
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1 2 3 4 5 6

«— NF-xB

<4— Non-specific

| 4— Free probe J

Fig. 5. No effect of triptolide on IL-14 mediat-
ed induction of NF-4B DNA binding.
Nuclear extracts were prepared and
analyzed by electrophoretic mobility
shift assay in A549 cell line with a
radiolabeled 1gGg-NF-£B probe. In the
lane 4 and 6, a 100x excess of unla-
beled IgGx oligonucleotide was added 5
min prior to the addition of radiola-
beled probe. Lane 1 ; control, lane 2 ;
triptolide (20ng/ml), lane 3 ; IL-18 (1
ng/ml), lane 4 ; + X100 cold competi-
tion, lane 5 ; triptolide/IL-14 lane 6 ;
+ 100 % cold competition.

5. IL-18 xt3ol| 2/t NF-«Be| #olS1} DNA Z
gtofl triptolide}t njxl= Hgk

Triptolide7} IL-18¢} 2] NF-4Be] 3o]Fy}
DNA A% wx: 98e #okp) skl
EMSAE Ajggsioict. 2 2y IL-18(1 ng/mi) 1
ARE AZo 2 % NF-B HeA/l 4ge 3

ol& 4= 912l o cold competition© 2 s = A
& 2 £ 919l th(Fig. 5). T2} triptolides= IL-18

H
2% NF-¢B DNA 23| tis] oprdl d3kg o]

8. Triptolideol] 2|t p65 transactivation M| &}

14re] Ao A triptolider}t IL-189 213 NF-«B
&4 IL-8 AAEAS 2uglA] A1 gL lucifer-
ase assay S £33k 813 vbd NF-«B 8474 29
Ay kBao) ¥3 @ NF-¢B2] sjolF3} DNA
YA 17 L AR BHS BASY
t}. o)y triptolide”} U}E A8 E Bdlo] NF-«B
%L" & AR g AlAbsie ool EaR
23] & W NF-4Bel DNA ZE o] 2o 3}
AoB =% 9o T JlsAdes M =2
& NF-B FARd) Sloid) 714 223 g
= [N PARES

[od

AQ

}1

pITEIY

rrU1or

ol
Fr

p652] transactivation 7i%ol| 4
olg} 7F4&}aL triptolide7} p65 transactivation
) PlRE dEe 2ARIA. p%oﬂ Eolael A
g Brslyl Qe gre] AARIAR] Gald
2} p65 transactivation domdan fusion WY a-&
& 5H= expression vector®} Galdo] gt A&
£ #4718 4 9J+= 5xGald luciferase vectorE
EAo FAz #9938 5 luciferaseE A3
I Az Gald vectortt F-AAEUS 4S8
ase A9 =sbt AF ggdor}t pb5 transac-
tivating domaine] ZA$H Gal4-p65TAl Z&
Gald-p65TA2 ¥ Eef=v|=E §x Gald-lucifer-
ase reporter gened} WA f-d 2159l B Bl Zb2)
5.74)9b 500.8u)¢] AAIRFeo] ZriE #AE S ¢
9}, vHA triptolidew ©]#|3t p65TA1 & TA2¢]
AAL B4 dA3] e ZAE deRlo
triptolide”} NF-4B& JAIsl= 718 oA
p659)] &JF transactivation2 G| go =N ofFo]
Aths A& Bel5%c(Fig. 6).
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C—1Gad p65 TA1 B p65 TA2
101 m + Triptolide 10~ WM+ Triptolide 700- N+ Triptolide

2

=y E S 600-

2 84 B 8 k3

B @ © 500

o b 2

o 64 @ 6 @ 400-

s & @

(5} [ = _

:'é 4_ 'g 4_ 3 300

o o T 200+

S 2 S 2 G

L l i [T u. 100

Fig. 6. Inhibition of p65 transactivation by triptolide. A549 cells were transfected with Gal4,
Gal4-TAl (p65 TA1) or Gal4-TAZ (p65 TAZ2) vector and 5% Gald-luciferase vector.
After 48 hr cells were harvested for analysis of luciferase activity.

—1p65 TA1 ——p65 TA2
9 + Triptolide ESSI + Triptolide
. IR+ Triptolide + CBP SN + Triptolide + CBP
‘b 10- B2 + Triptolide + SRC-1 S 700- + Triptolide + SRC-1
= S 600-
B Y] B
© —]— 500+ T
& 64 —_ @
© © 400+
O ©
A A
— . — 300_
_‘:i 4 5 T
o - 2004 e
o 24 ° -
u U 100
S

Fig. 7. No recovery of triptolide-mediated inhibition of p65 transactivation by cotransfection
with CBP or SRC-1. CBP and SRC-1 were cotransfected with Gal4-TA1l (p65 TA1) or
Gald-TA2 (p65 TAZ) vector and 5x Gald-luciferase vector after pretreatment of
triptolide. After 48 hr cells were harvested for analysis of luciferase activity.
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