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Background : The importance of pro-inflammatory cytokines, especially tumor necrosis factor & (TNF-¢) and
interleukin~18 (IL-18), have been extensively documented in the generation of inflammatory lung disease.
Lung epithelial cells are also actively involved in initiating and maintaining inflammation by producing pro-in-
flammatory mediators. Understanding the mechanism of pro-inflammatory cytokine expression in lung epitheli-
al cells is crucial to the development of new therapeutic modalities for inflammatory lung disease. Transcription
of most pro-inflammatory cytokines is dependent on the activation of NF-«B. However, the relationship be-
tween pro-inflammatory cytokine expression and NF-4B/IxB pathway in lung epithelial cells is not clear.

Methods : BEAS-2B, A549, NCI-H157, NCI-H719 cells were stimulated with IL-18 or TNF-¢ at various
times, and then IL-8 and TNF-a mRNA expressions were assayed by Northern blot analysis. [L.-18or TNF-a-
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- Pro-inflammatory cytokine expression through NF-¢B/I«B pathway in lung epithelial cells —

induced NF-4B activation was assessed by the nuclear translocation of p65 NF-B subunit. The degradation of
IxBer and kBB by IL-180or TNF-¢ stimulation was assayed by Western blot analysis. The phosphorylation of I«
Be was evaluated by Western blot analysis after pre-treating cells with proteasome inhibitor followed by IL-18
or TNF~a stimulation. The basal level of IKKa expression was evaluated by Western blot analysis.

Results : I«kBe and 138 was rapidly degraded after 5 minutes of incubation with IL-18or TNF-¢ in BEAS-
2B, A549, and NCI-H157 cells. The activation of NF-«B and the induction of IL-8 and TNF-a¢ mRNA expres-
sion were observed by IL-18or TNF-a stimulation in these cells. In contrast, neither the changes in NF-4B/Ix
B pathway nor IL-8 and TNF-a mRNA expression was induced by IL-18or TNF-¢ stimulation in NCI-H719
cells. IL-13- and TNF-@-induced 14B phosphorylation was observed in BEAS-2B, A549, and NCI-H157 cells,
but not in NCI-H719 cells. The basal level of IKKa expression was not different between cells.

Conclusion : NF-«B/IxB pathway plays an important role in the expression of pro-inflammatory cytokine in
most lung epithelial cells. The absence of the effect on NF-4B/I«B pathway in NCI-H719 cells seems to be due
to the defect in the intracellular signal transduction pathway upstream to IKK. (Tuberculosis and Respiratory
Diseases 2000, 49 : 332-342)
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He dEAQ] 93 E22s TNF-q IL-2, IL-
6, IL-8, lymphotoxin, GM-CSF, A-IFN, adehe-
sion molecule 5& & 4 AhS,
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HPAEFS] A549, NCI-H157, NCI-H7195 AH&-

3ttt BEAS-2B Al £3F= KGM media, g
¥F3E 10% =¥, #ydd 30 mg/ml, 2EH
Enlo]Al 50 mg/mle] A7+ RPMI-1640u)4&
Z}z} o] g3}l 37°C, 5% CO, incubatoroj 4] wjoFs}
Aot

2. A7AR W Ao}

¥ 34 A}83 Recombinant human TNF-a 9}
IL-18& R&D system (Minneapolis, MN, USA)

oA 43t aL, proteasome inhibitorZ ARR-FH
MG132+& Peptide Institute, Inc.(Osaka, Japan)
oAl Fufsle] ARM-3lETE. Rabbite] polyclonal
anti-human 1«Bgq, polyclonal anti-human p65 an-
tibody+= Santa Cruz Biotechnology (Santa Cruz,
CA, USA)dlAl F9stgdct. Horseradish peroxi-
dase& £l goat anti-rabbit secondary antibody
+ Promega (Madison WI, USA)9|A] rhodamine

i1sothiocyanate-conjugated goat anti-rabbit IgG

antibody= Jackson ImmunoResearch (West

Grove, PA, USA)dA Zt2t Fstdct.
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AEE PBSZ 2 & £ 4C 9 cytoplasmic ex-
traction buffer (CEB, 10 mM Tris-HCl (pH 7.
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B0 =2AAT. AEE & folM 04% NP-40/
CEB/protease inhibitor (10 mM aprotinin, 1 mM
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thylsulfonyl fluoride) &8 oz 587 Q2L
ajA) A} HEE rubber policemano @ RAIAY
A Fol =& e, 2500rpmoA} 587 AR}
of FZd (XD 9) & 4] 93 AFEeD,
S protease inhibitor’} E0J7F CEBZ M 3&%
t}. Nuclear extraction buffer (NEB, 20 mM Tris
-HCl (pH 7.9), 0.4 mM NaCl, 1.5 mM MgCl,, 1.5
mM EDTA, 1 mM DTT, 25% glycerol and the
protease inhibitor cocktails) <] pellet-8 ZojA] 10
B 4F oA Meldk & 2500rpmeflA] 587 ¢
AEEsta Al 8 gulg 24 deiM Bask
t}. @ FE= bicinchoninic acid method
(Pierce) & °]8-3to A3t}
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T=E 53519 d. 30mgel ©@we 10%. SDS-
PAGE=Z #A7|9%3s}la Nitrocellulose membrane
© 2 o]FAlZc}t. Membraneg PBS=z #Ag 5%
skim-milk 2 1417} $¢F v]Eo] AjFe agksiic).
5% skim-milke] 1:10002.8 343k rabbit
polyclonal anti-p65 antibodyl} rabbit polyclonal

anti-IkBe antibody & membrane®} A-&o|A )
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Fig. 1. Expressions of pro-inflammatory cyto-
kines genes in lung epithelial cells. (A)
BEAS-2B, (B) A549, (C) NCI-H157,
and (D) NCI-H719 cells were stimulat
ed with IL-18 (5ng/ml) or TNF-a (5ng
/ml) for 0, 1, 4, 8 hours. Total cellular
RNA was extracted using TRIZOL rea-
gent. IL-8 and TNF-a¢ mRNA expres-
sions were assayed by Northen blot
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t}. BEAS-2B MEJME IL-18 2 F 1AM
E] TNF-a mRNA<] @&lo] Z7}817] Alatsle] 84
273 A& TNF-¢ 23] g [L-8
mRNA 9] & e 147 & 2E Z71817] Al 4
AT Fofl Hdl 2L HYT 8T Foll= 71A A4
B2 Zadke e RETH(Fig. 1A). A549 A%
A IL-18 A2 9§ IL-83} TNF-o mRNA ¢
FEE 1A & BE Z718k7] Alasledan 442k
AL oIFAT) 8AI7E FollE Hadhe FHE B
AcH(Fig. 1B). NCI-HI57A|¥ME TNF-e9}
IL-18 A=ol} 2]% 1L-83 TNF-¢ mRNA9] &
o] Z7}3lgck(Fig. 1C). vk, NCI-H7194) %0
AMe TNF-a¢} IL-18 2 % 8A]7HA] IL-8
mRNA &de} Z717t Fas)A] gskd(Fig. 1D).
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o2 olFHE Aol BEHJG(Fig. 2C). &%=}
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Fig. 2. Tnmeﬂependent activation of NF «B in lung
epithelial cells. (A) BEAS-2B, (B) A549, and
(C) NCI-H719 cells were stimulated with IL-18
(5ng/ml) or TNF-¢ (5ng/ml) for the indicated
times. Equal amounts of nuclear and cytoplas-
mic protein extracts (30 mg each) were subject-
ed to SDS-PAGE, and translerred proteins
were analyzed by Western blot analysis for the
presence of the p65 subunits of NF-xB. C : cy-
toplasmic extracts, N . nuclear extracts.
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Fig. 3. Total cellular level of NF-xB expression
in lung epithelial cells. BEAS-2B cells
were stimulated with [L-18 (5ng/ml) or
TNF-a (5ng/ml) for the indicated times.
Equal amounts of total cellular extracts
(30 mg each) were subjected to SDS-
PAGE, and the expressions of the p65
subunits of NF-xB were analyzed by
Western blot analysis.

A4 IL-18% TNF-e 253813 217744 A% W)
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ojdel Ai= ¥ MM RRFo| o
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3. NF-«B2| §d2io} IkB 3ot el

M EFo] wE NF-«Be| 8/43}e] Afole} kB =4
o] BN e 387 sty IL-18 £ TNF-«a
2 AT & A7t & [xBe 2 [kBAo] B 44
€ Western blote 2 3r7}38l9ct. BESA-2B, NCI
-H157, A549A X oAM= IL-18 == TNF-o A=
ata 5% F5E kBe7t £357] AFs|A 308
Folle ¢ds) EaEdor 608 FPE A4
[kBa7t @2 =2cH(Fig. 4A, B, C). NCI-H7194)
FoMe IL-18 A5 F 908714 1kBa 2l 2871
BEHA gotn TNF-a AFo 28 608 Fd Ik
Ba o] wdo] of7t ZAHE 4L HArHFig.
4D). MR T & 7 25l 7 IkBR Ral=
1kBee] & 2}o]& B =d], NCI-H157 HlEj A

= TNF-eZ2 =33l 158 $58 kBB @y
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4C). NCI-H719A41 2= 1kBa s}t 2o IL-18 =}
3 F 087X LBt BHHA Wtth(Fig.
4D). o] Zste o AWMERNN oRAZo o
NF-¢Be] @43 IBel Rajo] olghe Arbshe
27ole),
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4. 1xBa B2} 1kBa l4t3le}e] TRy

IkBa7}t Eali=2i¥ 1kBa 9] A4ksl7} Hai=]olof 3t
7] W&ol v A2 AlEe e LkBa B B}
o] Xjol7b 9B 2}=oll 2% IuBa ¢1Akske] zlolo)]
7IVER=218 H7Hsldth.  Proteasome ARl
MG1322 Hxxstef Q14tslEl 1kBe ol EaE oA
- el A IL-189F TNF-e2 x25ta] Q14ks} Ix
Ba7} AxW 244171 F Western blot-& AJa§38}%
t}. BEAS-2B, A549, NCI-H157 M ¥ ojA= IL-18
9 TNF-a 502 v|aks} IkBadl ula] o]Fo]
Zad i3l IkBart #EEQIAH(Fig. 5A, B,
C), NCI-H157 A EoM= Qlaks} [kBart #3253
&uTH(Fig. 5D). o] Az= # M2 w& Ik
Ba 23 @te] alojr} of- 25 2j% kBa o) 9
Aste) ztololl 7)AFE ARk 4ot}

5. Z7IKMME} IKKe ol BN 8M

SF A=l ofgt IkBae} Q4rsh= 14B kinase©]] 9
2oz d2A gt #H AT FH M ]
kBa 433t 77} kB kinase ¢] 2@e 2% <
A& #EAs] 9sled BEAS-2B, A549, NCI-
H157, NCI-H719 AZd|A 71248 o] [KKe 23
& Western blot 2.2 Hrleldct. BE N XA 7]
el 9] IKKe T8l 2107} g1ich(Fig. 6).
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Fig. 4. Time-dependent degradation of IkBe and IxB# in lung epithelial cells. (A) BEAS-2B,
(B) A549, and (C) NCI-H719 cells were stimulated with IL-18 (5ng/ml) or TNF-o
(5ng/ml) for the indicated times. Equal amounts of total cellular extracts (30 mg each)
were subjected to Western blot analysis for [¥Be and 1kBS.
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A)BEAS2B |8
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C)NCLHI57 '

D) NCI-HT19 m

Fig. 5. Phosphorylation of [«Be in lung epithelial
cells. (A) BEAS-2B, (B) A549, (C)
NCI-H157, and (D) NCI-H719 cells
were incubated with or without protea-
some inhibitor, MG132 for an hour, and
then stimulated with IL-18 and TNF-a
for 30 minutes. Western blot analysis for
[xBa was carried out with whole cell ex-
tracts using rabbit polyclonal anti-IxBa
antibody. C : control, I:IL-18 T:TNF-g,
IxBa®: phosphorylated 1xBa

o Fa§ R jck &, # FIAEA P
AL EFIIE QFMEE F4 95 2R H5n
BRI, FASAE] AESE VA g
48 FFA7IE e o A AgAes vl
20} Ao QANE, Eo Si57s, 2 sehEd
ol o3 A AlelEAIIS BHulie] 9% S
dosZz S} 3 4| AEs 93 vhge] 23w
gk o2} soluble TNF-a receptor & 7| v|a]]
g7Ro2 felAA 4FNsS s 71sE 7t
2w QUct. w2k, B guja et Ale|Esiele) AHd
2432 g4 HARE osishks o o dlf F8

el KB ¢dltdl = BEAS-2B, A54S,
NCI-H157, NCI-H719 $2) # Asjalwo)4) ¢
Aol 2| JEviAl AlelEFIele] B PS W)
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Fig. 6. Expression of IKKga at basal states in
lung epithelial cells. Total cellular ex-
tract from A549 (lane 1), NCI-H157
(lane 2), NCI-H719 (lane 3), and
BEAS-2B (lane 4) cells were subjected
to Western blot analysis for IKKe
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59 NF-«B/IkB Z2sete] Aubdg #rsgc)
2 dd| A= NF-xBe] subunitgl p65e] ) 2
e NF-«B 24389 =gz AHsldEd, o=
NF-xB DNA binding activity 2} ‘d38§ dztalo]
de Aoz dejA Akt BEAS-2B, A549, NCI-
HI574XelA 2% 4= F 1548-0] Ak £
Yol p65 Lol F7ksl7] A1#H 60¥71A AE
=t ol # Ao 2% Al of d=
vl7f Ale|EFtQle]l #EI NF-4B fAis)ele] A
A2 AAlsls Aot NCI-H719 MiEoME= ¢
P AFoz A5 Alo]lEFIR1e] We] fEE =
il NF-xBo] B43te ghike]z)] o} o 4y
MzZejlA QEolA Ale]EFiele] wie] NF-xBe
FAstell 71203 St s 1 Q. NF-xBe| &
A3zt AEN F NF-«Be] 0@ F7ho) 2% 754
£ W71317] 23k IL-188 TNF-e2 =}l A
t Zaol] upg Had pb5e] wHs wasidtd
BEAS-2B Al ZoA] 2)5 A= & 120472 AW
% p65e] LE2 Frieha] eskn fAEA fx=
th. ol #l AmAEM 25 Ao 2% NF-«B
o] g2zt MEY F NF-«Be] UH Friucd 4=
AollA] Ao olFso] o] FolHf AAtsl= A7lo]
c}.
NF-«B7} 42 doj A o o|Fs]7] sl |
xBa 2] ¥ali7} dagslolof sh= oz dejx gl
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2 dFolMe F A=502 NF-«Brt 84355
37l AtelE7IRIe] WHo] Frtsh= BEAS-2B,
A549, NCI-H157 HZoA 58 FHE [kBaol &
37k Altg]o] 30% Folv ¢l UL 607
FHE AR kBaert thA] BdEE FFe BA
ol2igt kBa o] 2 e e AlEdA AlBE 7]
&9 A9t dAEEs Aolrh . kBa o] Eal7}
AR o2 7Y whe] #asEm, I Fo] NF-«Be
243l QS Aol BTl Ldo] fEHE A
o2 wol # Aul XA NF-4«BE43sl] &
Zull AlolEzlel Weel 1kBael Balzk Hays
= oz waEt. 9% A3 o3 NF«B &
3ste} AFuisg AtolEFIRIY] Bie] fEHA] v
NCI-H71941 2ol M IL-189 TNF-o & A=3l1n
2A12F 3717 1kBa o] 237 #EEA edsirh. oA
T NF-«BEAdsle] g g5ui7l AlelE7kle)
Bl [kBao] 237t B5rHLE ARBle 430
o,

oZ o Abujd 2o} 2a] NCI-H157 M| XA 9%
2= o3 [kBa ol 3, NF-«Be] #4353 2 9%
o7} AtelEzlQle] o] AR e AL H 4
Sl ateh NF-4B/IkB Aze] 2ol 2ol7} 2l
88 ARjele azolth. B AToAE A FINE
o] Zf/ol whE NF-«B/I«kB 729} 24 zlol7} 9
5 Ao o3 IkBae <4tet B4 o AJAE
#7}3}7) 93ke] proteasome inhibitor¢l MG132&
A1 kBao] EHE AT AelollA IL-184
TNF-az #=3tad 21413 1kBeo &4 455 &
#Zalgrt. BEAS-2B, A549, NCI-H157 A XA

= 95 AFo2 st kBaert BEHUAT NCI
-H157 AZEAE 4kt kBa7t #2E A gsdrt.
A ¥ AHAET] mE NF-«B/IkBeo] 24
Apole kBag) Aksle] Bofdh= Al AsHE
7ol zlojof] o2& 7bsAE BT F Ut

IL-189] Al¥ AzAgAAl= IL-1R accesso-
ry protein¥} IL-1R-associated kinase (IRAK) &
%3 TRAF-62 Agsn'** TNF-av TNF
recepter-associated facter 2(TRAF-2)$} recep-

tor-interacting protein (RIP)2 7 #4314 "o} -2
o] & AzE FZHoz NF-4B inducing kinase
(NIK) & #4347z 84318 NIK2 I«B kinase
(IKK)E #4377 kBaol QA8 7pA0Hs
¥ A Ee @& NF-«B/IkBa 24 zolz AL
EHe] TNF-ou} IL-159] #4328 IKK71#] 9]
AMEY Az AGRAF o= R Atolof iz 7}
Falg. B AFolMe IKK &40 %8 Aloldf 7]
Ask= A& Hrkelr] flste] 714 Aol IKKe
o El g s e MEF e Afol E A%
T 9o 2, 2 Ao 232 IKK 4%
zhoje]l o 7hgde WA & glAE | AHAE
o] & NF-«B/IxBe 378 Aole IKKHED} A9
A2} zpolol] g oz AZrHACE #H ¥ u}
& ABHGAA zlolel 7iHe S AN Z
AT frefel ©E Aold FFs4e BAE 5 Aok
Z, A549 A E= Ak, NCI-H157 A% A4
Alxgh, BEAS-2B Axe A4 7184 49AE,
NCI-H7194 2= A2 Fedolr] 2424 fefigh Al
F2A AEe] 7190 BE 2ol 7H54el vk
AgH oz thRrel o AuM ¥ NF-«B/IxB
AR G5 Al B A v g F8% AT
S a1, I8 AEoMe= NF-«B/IkB 72 239
AtolE Hoj=d ol KKK 49 @le] Axu
ANsAGA A o)l 718k Aoz Azbdrt.

2 <%

Al
BEA AlolETIRle EFA HAZ Fa8 vy
Edolt}. o A X FFAIENA BHFHe Aol
E7lele] 9lall interleukin, chemokines, colony
stimulating factors?} growth factors& A4F 2
pulgo s 24 92 2ol Ml APl =7l net
workel] 283 Hgg sk webAl 3| AN
o7l Atol 271} Wy 7]l gk olsl= %‘3‘
A A AR 7]AFHD} old] 7|28 =g XFH
Mol 388 Zoz A7t dF-7e] Alo|E7]
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< NF-«B ARzl ojsf i =led 3 AgM%
AlX @Fuisl AtelEFlelel wdn} NF-«B/IkB 73
2ote] FEA B3 A7 BEI AAojr}.

I I

BEAS-2B, A549, NCI-H157, NCI-H719 A o)A
IL-18 ¢} TNF-a A=) 2l3t IL-83% TNF-o
mRNA2| WY & Hrlsldn o5 Ldw B
3 NF-«B/IkB 7Zzete] #a4e grislr
93t IL-189 TNF-@ A5 2J3+ NF-¢Be] &
43t 4 kBa o} kBBS] £4) & s =
oA Ee] FFo) B NF-«B/IkB #=2 239 7]
A& 83k} IL-182F TNF-a 2130 23 I«B
a2 Austel 7|AGElA IKKe ol W Hrls}
.

A o

BEAS-2B, A549, NCI-H157 A= IL-18%}
TNF-a 2202 IkBa2} 1«kBA7)F B854 NF-«
Bel &443p71 &=l on IL-82 TNF-¢ mRNA
9 w¥o] f==r}. NCI-H719 A ¥ = IL-1
B9} TNF-a zA=o2 kB B&#o] 93t NF-«Bel
843}t 9 G AlolETIRQle] WEo] HwatsA) o
Qith. BEAS-2B, A549, NCI-H157 A ¥dr= IL
-18%} TNF-a A150.2 [«B &} Q4Hsl7) #ahs| 9=
%k NCI-H719 MZojlMe #a=z] oskct. 7134
o] IKKe H8e AX7 3fol7) FER=A] 9%t
o,

a4 B:

FE9] ¥ AnA X NF-«B/IsB H2= 4%
w7} Aol E7HQ] el wf ¢ F2% e stn, ¢
- A E A= NF-«B/IkB A2 249 xjo|& Hoj
H ole IKKRT} 49 @Al Axy Asde]
Ale] oldell 7IdeR=s Aoz Azt
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