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= Abstract =
Pro-inflammatory Cytokine Expression Through NF-«B/IxB
Pathway in Lung Epithelial Cells

Gye Young Park, M.D.*, Seung Hee Lee, M.Sc., Bin Hwangbo, M.D.,
Jae-Joon Yim, M.D., Choon-Taek Lee, M.D., Young Whan Kim, M.D.,
Sung Koo Han, M.D., Young-Soo Shim, M.D., Chul-Gyu Yoo, M.D.

Department of Internal Medicine, Seoul National University College of Medicine,
Clinical Research Institute, Seoul National University Hospital, Lung Institute,
Medical Research Center, Seoul National University

Background : The importance of pro-inflammatory cytokines, especially tumor necrosis factor @ (TNF-@) and
interleukin-14 (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-4B. However, the relationship be-
tween pro-inflammatory cytokine expression and NF-¢B/1xB 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. IL-18or TNF-o-
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induced NF-«B activation was assessed by the nuclear translocation of p65 NF-4B subunit. The degradation of
IxBe and IxBAby IL-18or TNF-@ stimulation was assayed by Western blot analysis. The phosphorylation of Ix
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 IKKq expression was evaluated by Western blot analysis.

Results : [kBe and 1B 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-xB/Ix
B pathway nor IL-8 and TNF-o mRNA expression was induced by 1L-18or TNF-¢ stimulation in NCI-H719
cells. IL-14 and TNF-a-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/IsB pathway plays an important role in the expression of pro-inflammatory cytokine in
most lung epithelial cells. The absence of the effect on NF-«B/I4B 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)

Key words : NF-«B, [xBe, Lung epithelial cells, Pro-inflammatory cytokine.
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o} 5 9xjofl+= kB binding motif 7} A3t NF-«

AR o)s) walo] A Aor 4#R
otk &, NF-«B 727} 94307l Alolgvile] &
oA B% A& (converging pathway)g o]ss
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NF-¢B= A97l%5, 4598, 83 gz &
a3}, MEAT SOl Bodshke dARIAZA Aol B
E Azd 4%k NF-«Be 724 22 Ag
(Rel family)ol] <3} o] heterodimery} 32
homodimer el 2 A8k o) 713 HEAQ Aol
p503} p652] heterodimer gejolt). 714 4be) ol 4
IxBel Zste) M2 o vigs) Jeiz &3t
= NF-4BE wlolalx 2443, WiE4, TNF-o9} 1L~
18 59 E3uliA Aol o3 &Adstdnt. &,
o} F- z1Fe] 93l I«Br} Bl =T Aol EXstd
NF-«B7} & £02 o]F =] da] §-17t9] «B ele-
ment (GGGAATTCCC)o ZEsle] 2 f3x}9
HALE 7bA20)8 ol ARE B WA &A433)
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e d#23d 939 2288 TNF-¢ IL-2, IL-
6, IL-8, lymphotoxin, GM-CSF, 8-IFN, adehe-
sion molecule & & 4 Qb s.

¥ gaAzelA @FuA AlolEFRIe] Eule)
NF-«B/IkB Z 2o}l #AXN)] &3 A4 &S
ARoln] o FojM xR ule} NF-«B/IkB 729
27N zGol7t e vl dEME & deiA 9
2 & Aot B d7dde 8 AudEdA
IL-18%} TNF-a A=< o3 NF-«Bo] &4s}e}
SN Aol E7IQI Wde] dRde BEsin o A
Az 2 zlo} HFE HrlskHT

che Y

1. MZF

2 dFdle 34 ¥ JuM¥E3 BEAS-2BA ¥9}
HA £33 A549, NCI-H157, NCI-H719& A&
3l¢itt. BEAS-2B A3 KGM media, ¢
EF= 10% 984, 44 30 mg/ml, ~2EF
Enlolal 50 mg/mle] HrbE RPMI-16408A&
24z} o} g8led 37°C, 5% CO, incubatoroA} ujjaka}
Pyl

2. 7R B A2t

£ A8 A3l Recombinant human TNF-a$}
IL-18= R&D system (Minneapolis, MN, USA)
oM F<9l5}%¥il, proteasome inhibitor2 A3}
MG132% Peptide Institute, Inc.(Osaka, Japan)
oA Tofisled AMEslsith. Rabbite] polyclonal
anti-human 4B, polyclonal anti-human p65 an-
tibody+= Santa Cruz Biotechnology (Santa Cruz,
CA, USA)oA +9lstsitt. Horseradish peroxi-
dase® <! goat anti-rabbit secondary antibody
= Promega (Madison WI, USA)9JA] rhodamine
isothiocyanate-conjugated goat anti-rabbit IgG

antibody  Jackson ImmunoResearch (West

Grove, PA, USA)dlM Zz 7¢)stgict.

3. MZEX= o HUTIo| FRlRE

ANxg PBSz 29 A& & 49 cytoplasmic ex-
traction buffer (CEB, 10 mM Tris-HCI (pH 7.
9), 60 mM KCl, 1 mM EDTA, 1 mM DTT)¢} 5
27 =2 AEE 99 $A 0.4% NP-40/
CEB/protease inhibitor (10 mM aprotinin, 1 mM
leupeptin, 1 mM bestatin, 0.5 mM phenylme-
thylsulfonyl fluoride) E3r8do g 687 N X d&
Ba Az, MEEZE rubber policeman® ® F4AY
A Fol B thg, 2500rpmoflA] 5E1F dAwelst
o F&d (Nxd 99)& A A A,
3l-8- protease inhibitor7} €07t CEB2 M&H319
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)<ll pellet-& EojA 10
B2 G SdA Al F 2500rpmolM 583 9
AR 4l o g F4] dejA Baskd
b, ¥ %% bicinchoninic acid method
(Pierce) & o]&-3to] S48t

4. Western £A4tH

AE e U Whole lysis buffer (0.1%
Nonidet P40, 5mM EDTA, 50mM Tris, pH 7.5~
8.0, 250 mM NaCl, 50mM NaF) 2 %% & g
g E2A89c 30mge] 9w 10%. SDS-
PAGE=® #A719%3l1 Nitrocellulose membrane
o2 olZAlZt}l. Membraned PBSZ A% 5%
skim-milk 2 1A]7F B¢ v]5o] A& Ajdstict.
5% skim-milke] 1:10002% 348 rabbit
polyclonal anti-p65 antibodyi} rabbit polyclonal
anti-l«Ba antibody & membranes} A-&oA] ¥A]
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yhgAIL & PBS= 1584 39 Asksict. Mem-
brane® 5% skim-milkd] 1:200008 3%
goat-anti-rabbit HRP-coated antibody=® 1A%}
2ot wheAlzl & PBSE 1584 3W A#Esidx
ECL kitE o] &-8f waA[Zc].

5. Northern £Adg4

TRIzol Reagent (Amersham, USA)E o]&3}d
% RNAE 23319t} 2238 RNAE 75% etha-
nol& AMHEsL Fr] FolA ARAAA 20mie]
diethylpropylcarbonate (DEPC) 2|3t &5
so HASh 3o RNA (10 mg/lane) &
1.0% agarose/2% formaldehyde gelol| A7) %s}
&} Nylon membrane {Amersham, USA)<]] blot-
ting&tdch. Human TNF-o¢} [L-189] cDNA+
random priming kit (Stratagene) & 0]-8-3lof [a®
PJdCTP (Amersham, Bedford, MA) ¥H}s 59
A4E 29t Hybridizatione hybridization buf-
ferdlA] 2A)Z} prehybridizationA1338} 5 radiol-
abeled ¢cDNA probe (1x10° cpm/ml final con-
centration)& #H7}8+ ¥ overnight hybridization
£ slqlr}. ogd, 50~55C A AHE § X-ray
film(Eastman Kodak Co, Rochester, NY) & o]-&
sta] 70°C oA S Bt Bust ¥ Sk

# 7
1. 2% XtZoll ot AZalsH Ato|E}ele) wd

G5 A=) o) G5 Aol €74 mRNA 2
& B7ke7) Astel A2E TNF-e9} 1L-18 (4%
Sng/mhH 2 A=k 1, 2, 4, 8X7ko] AT &
RNAES FZ8le) 9%uj7/} cytokine®) TNF-¢%}
IL-8 mRNAYEE Northern 4% o2 W78t

(A) BEAS-2B

Time after IL-1B (brs) Time after TNF-ot (hrs)

0 1 2 4 8 01 2 4 8

TNF-o.
288
188
(B) A549
Time after 1L-1§ (hrs)

O

(C) NCI-H157

Time after [L-18 (hrs)  Time after TNF-o (hrs)
0 1 2 4 8 0 1 2 4 ) 8

(D) NCI-H719

Time after IL-1 (hrs) Time after TNF-o (hrs)
0 1 2 4 8 0 1 2 4 8

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-o mRNA expres-
sions were assayed by Northen blot
analysis
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th. BEAS-2B A¥®od= IL-18 2= & 1A
E] TNF-o mRNA <] @dlo] Z71817] Algtata] 84
AR A&HYR TNF-a¢ A=) o3k 1L-8
mRNA o] 2@ 1A & BE F7B7] A& 4
AT ol A 2EE BYm 8AZE FollE 74 A
B2 Zashs g BYcH(Fig. 1A). AB49 A%
o4} IL-18 A= 2]8 IL-83) TNF-o mRNA ¢
HS 1A § R Z718) AR 447k
HHE o)FYUE 8AIT Tl Bl e B
¥rHFig. 1B). NCI-HIS7A¥dM= TNF-o9}
IL-18 A=) 9J8F IL-87 TNF-e¢ mRNA 9] 2§
o] Z7}8Fth(Fig. 1C). z2aju}, NCI-H7194 %)
M TNF-g¢} IL-18 A= % 8A77#] IL-8
mRNA @] F7p7F 222 gsieh(Fig. 1D).

2. 2% X}50fl ofgt NF-«Be| g3}

45 ATl g G AlolEglRle] Wda NF
-«B o} Bd3glelo] HANS ey Siste] AEE
IL-18 =& TNF-a2 A3}z 15, 30, 60, 120%-0]
A F AEFE wNn o galg 47 319
NF-¢B2] subunit¢l p659 th§r Western &4
£ Algslsct. BEAS-2Bs} A549A4 304 7]A
Feolrle o @ FEoA Ae] p65 Tl
#oto] #Age}. [IL-18 &= TNF-¢ A= 168
FHE o ol ] p65 whlo} wio] Zrlsla o
< 6087k A&=EHAH(Fig. 2A, B). NCI-H719
ARME IL-182 A5 F 1208714 sz A2 3
o] p65 Lol tx2Fa} xjolE Holx] go} IL
-18 2=l o3 NF-«Be] 8437t #a=]x] ook
il TNF-g #5025 6080] Z=e Fo p6s57)
oz olFsl= Ao B (Fig. 2C). ¥t
o] 23+ NF-¢Be] @437} Al¥u] NF-«Be
d 371 A% 7FeAE wiAls] fiste] AlxE IL
-189} TNF-eg2 #A=-3tz 5, 10, 15, 30, 60, 90,
120%0] AFAs F AX & gil-g F53} p65o
)&+ Western blot& Al8i5}¢ic}. BEAS-2B A=

A) BEAS-2B
Time after IL-1B-(min)

0 15 30 60
C NC N € NC N

Time after TNF-a (min)
0 15 30 60

B) A549
Time after IL-1§ (min)

0 15 30 60
C NCN C NC N

¢ p65

Time after TNF-¢t (min)

0 15 30 60
C NCN C€C NC N

C)NCI-H719
Time after IL-1P (min)
0 15 30 60 120

C NCNICNUCNZGCN

Time after TNF-¢ (min)
0 15 30 60 120

- P65

.

Fig. 2. Time-dependent activation of NF-4B in lung
epithelial cells. (A) BEAS-2B, (B) Ab49, and
(C) NCI-H719 cells were stimulated with IL-18
(5ng/ml) or TNF-a (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 transferred proteins
were analyzed by Western blot analysis for the
presence of the p65 subunits of NF-#B. C : cy-
toplasmic extracts, N : nuclear extracts.
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Time after [L-1B (min)

0 5

10 15 30 60 90 120

Time after TNF-ot (min)

Fig. 3. Total cellular level of NF-«B expression
in lung epithelial cells. BEAS-2B cells
were stimulated with IL-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-«#B were analyzed by
Western blot analysis.

oA IL-182} TNF-a A53kaL 2420704 AX U
% peburale] wrel e A KA HATH(Fig. 3).

ool Avte o AFMZAA AFAF ot
NF-«Be} 245tz 437 AlelEele] 2ddEs
AAkshE agdolrt.

3. NF-«Be| gd3ie}l kB Eslite] By

Mo uk2 NF-4Be] &4d3lo] xjole} kB 23
o] FALE 7] A3t IL-18 E& TNF-e
2 2 T AR whE kBe 2 IkBR2) B3 ¥
€ Western blote & #7}sgtt. BESA-2B, NCI
-H157, AS494| 2= IL-18 & TNF-a A=
sl 58 FHE [kBaert B AlFEA 302
Fole= A BaElen 608 FRE AFAR
1kBa7t B2 ETHFIg. 4A, B, C). NCI-H7194)
FAE IL-18 A= & 908744 kB o} Hai7}
HaEA] ki TNF-o 208 608 39 Ik
Beol #ge] o7t ZAHE e HIcH(Fig
4D). AEFo| w& o5 2= 27t kBB L=
[xBa2] #& zpolE& R4, NCI-H157 A ZojA

L TNF-¢2 =231 158 T%E «kBge =4

| Zasty] Alzksl 308 g @ HEE Byl
I 60% ZREE ATgAHE FFE RAo(Fig
4C). NCI-H71941 2l 4= 1kBa 9} 2ol IL-14 =}
= Z 90874 IBp7F BeEA guth(Fig.
4D). o] At # A A EFA A= o
NF-¢Bo] @43l kBe] ol e Abahe
Aol

o

o 1

4. 1xBo B2t 1xBe QlAtsielel BiedAd

1kBa7t 2alsledm kBe g QAErE Aalglofot &
7] wWiso] ke dAlE Axd] uE kBe £l B
o] ztojrt 9 A=of o3t 1kBa UAk3le] Apolol
719lsk=x12 Hristgdct.  Proteasome AIAQY
MG1328 #x#)sta] 14kstE 1kBaol £81& oA
T Aol A IL-189F TNF-e2 A4=38te] <ditkst Tk
Bae7} AXY 22171 & Western blot & Al33}El
t}. BEAS-2B, A549, NCI-H157 A %4 IL-18
9} TNF-g #o 2 H]|Q1aksl 1xkBaol vla] o)Fo]
Za8 Qxs kBerd TEHJAAT(Fig. 5A, B,
C), NCI-H157 AZlAE ¢4k}l [kBa7} 2=
IeH(Fig. 5D). o} Axs o Mo o Ik
Ba 53 el xpol7} &5 Aol o kBadf <
Akslel ztololl 7]QEHE AABRE 470lH

5. 7|MAlE] IKKe 2| HEH 24

9%z} 9J8k IxBao] 4k3H= 1kB kinasedl]
o Zow 4R gick # AuAEY FHol ©E ]
kBa 243} §5%7} kB kinase o] &) 23 2
218 #Eslr] ¢sted BEAS-2B, A549, NCI-
H157, NCI-H719 AxoA 71x4ele] IKKe 3
S Western blot 2.2 3i7lslgct. 22 AEo)A 7]
A4 o] IKKe 28l #tol7t sigich(Fig. 6).
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A) BEAS-2B

Time after IL-1p (min) Time after TNF-¢. (min)

0 5 10 1530 60 9 120 0 5 10 1530 60 90 120

B) A549
Time after IL-1P (min) Time after TNF-o. (min)

0 5 10 1530 60 90 120 0 5 10 1530 60 90 120

C) NCI-H157
Time after IL-1f (min) Time after TNF-ol (min)
0 5 10 15 30 60 90 0 5 10 15 30 60 90
- I<KBo
kBB
D) NCI-H719
Time after IL-1 (min) Time after TNF-¢ (mnin)
0 5 10 15 30 60 0 30 60

Fig. 4. Time-dependent degradation of I«xBea and I#Bf 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 total cellular extracts (30 mg each)
were subjected to Western blot analysis for [«Ba and 1«Bg.

o8 SAEE EF WA d5Hd AlER olEH 2} A3 02 GFW-go] Fodsh= oz ¥HA U
Jout Aol /B WA, WY NBAG, 71BA o o) AuEE GZATAA Bolsle AllE
Z 2 A2 7|eAdgke daos AlE ¢t F¢lef 2l8)l interleukin, chemokines, colony stim-
3l H AuAEE vEdes R =RE ulating factors$} growth factor 58 A4k 2 24|

SFE BjdoE dolshe Woly 715 B 7k oy o g Fi4 GF Bl Aol E7)¢] network
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_ MG132
T C 1 T
C L «Bo®
A) BEAS-2B
B) A549
C) NCI-H157
D) NCI-H719

Fig. 5. Phosphorylation of I¥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-o
for 30 minutes. Western blot analysis for
IxBer was carried out with whole cell ex-
tracts using rabbit polyclonal anti-I«Be
antibody. C : control, I:1L-18 T:TNF-¢,
1kBdP: phosphorylated 1«Be.

o F8% A4¥e It &, o FAEAA
APRIEFRRIE AFAIEE 4 dF B9= T3z
AT, dFAE] BEEE VA 430
& FFAIE qEe oo o A9Ee v

Sl

<]

2 AFe) AR, EE A5, 249 88
Sl o3 37 Aol
Yosl7|=

FIE Bviste] g%
Bk 9 A AEE 9% wee) 24
1k o})z2} soluble TNF-a receptor & 7]
#7402 FEAA IS AsAIE 7]
A3 ot wEkA], # Al Ee} Afelggilel 4%
222 454 JA%E odsle o dol e Fa
g ot B AFeA= BEAS-2B, A549,
NCI-H157, NCI-H719 5¢} o s Eefa o5
Azl Sf3 A2 AlolEskele] Bl e Bt
st9itk. BEAS-2B, A549, NCI-H1574 o)A IL-
189 TNF-¢ 212 0 & cytokine networkolj 4] ¢
(proximal) AlojE7lQlo g A8k TNF-g¢¢ IL
59l el el §34 251989 A 4
SHES 55Y Re Ars ook R

Fig. 6. Expression of IKKe 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 IKKa

Zuj7) AtelEFIRIS] HELE NF-«B #HARIA] ¢
3l Aoz A Qlo] v A= 5 Audx
oAl o5 A=l ofgt @FHiA AtolEFRIY] B
S22} NF-«B/IxB ZAzeole] AdAle Frisidct.
B oo de NF-¢Be) subunitg] p65e) v &

e NF-«B #&4sle] AgE AMgsiged, ol
NF-xB DNA binding activitys} 243t ?i;a\:}/‘go]
g Aoz dejA ot BEAS-2B, A549, NCI-
HI57AZel A &% 245 3 15%-0] A7 $RE
gfjo] p65 Lol Z7str] AlZE] 60774 x[—é;—
Hct. o A AHAEAA R 2= 2l
a7l AbelEFIRlel Wl NF-«B &4d3}e}e] @&
e AApsRE adolth. NCI-H719 MEdAE 9
B AZon @Fu) AlelE7Rle] wHe] fruwA
o=t NF-«Be| &4dste dhatslx] oo} o 4y
Az GZuA AtolEFIIS] Bde] NF-«Bo
ZAslo] 7191ghe Hs F3 ok NF-«Bej &
A3z} AlE F NF-«Bol 28 Zvlol o3 7He4
< Hrtelr] $iste] IL-189 TNF-a2 #}335t3 Al
7t Aztel wE AlEd) pe5e] LEe FEIAEY
BEAS-2B A ¥4 9% 25 F 1208712 A3
% p659] R ke Wskn dAsHA /A=Y
o} ol& # AulAEelA] oF b ofgk NF-«B
o] @437} M2 & NF-«Be] 98 Z7lEch Al
Aol Bog olFEd] o]Folg AAlshz Ado]
=

NF-«B7} AT o oz o)FHr] gsire |
kBa o] 287} dasolol s Aom d#A Qo
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B AFdMe B AFoz NF-Brt g4siEn
FZolA AlolEFIRle] Hdo] F7l8ke BEAS-2B,
A549, NCI-H157 M¥A 58 FHE [«Bae &
37F AlEEe] 302 Fole ¢Hs] R EUATL 607
TR AAE «kBart b ddse e Bch
o|8$t kB o} 23 S thE A EoA AlgE 7
&9 AT YA = ARolth ! kBa o] #3i7}
Ao 71 we] gEE, 1 Fd NF-«Be
g43e} GZuh) AlelEFIRleY] THo] fRse A
o2 Bo} 5 YA NF-xBR4se] the 9
ZF7) AbelElRl dHlE [kBao] Eali7t A3t
+ Aoz gadn. oF A 2§ NF-«Be] &
Asle} GFulr] AlolETRQle] WHe] FEHA W
NCI-H7194| 2 M= IL-189 TNF-e2 A3l
2N FA 1kBaol £87) BE=A ek oA
T3 NF-«BE4slo] @2 F3ui/l AlelEFIRIe]
B kBe9] a7t B3 AE ARHe 270
=3

t}2 ¥ e ¥} g} NCI-H157 4|3 A o} 5
Aol 2j3 1kBa o] B3, NF-4«Bo 843 2 g%
o7 AlolErigle] BEe] FAHA gv AL A A
A o] whe} NF-4B/IB 722l 7o) ajolrt ¢
£& Ak Aot B Aol o JuAE
o] 2o 2 NF-«B/IkB Aol 24 ajol7t 9
B A=) o8 kBe 48t Ao @ AJMAE
H7}4817] 98ked proteasome inhibitor¢l MG1322
¢133te IkBeol E3E A4AF AeldA IL-184
TNF-e2 A58 e Qe 1kBaes &4 §7& @
#Z39rtk. BEAS-2B, A549, NCI-H157 A)EojjA]
£ g% AFeg A3}l kBart HEE A NCI
-H157 Agoide ¢Jakst kBart #=EA] 39ttt
ujebA o) AuM EF] wg NF-4B/IkBae] 24
apole 1kBe 9] 14kslel] #ofehs AW Asdg
7o zolof o 7FeE BA4E & Ut

IL-189] M¥W Azdg44E IL-1R accesso-
ry protein®} IL-1R-associated kinase (IRAK) &
28] TRAF-62 AGdHn!*® TNF-ex TNF
recepter-associated facter 2(TRAF-2)$%} recep-

tor-interacting protein (RIP)& 744814 Hc}p? -2
o] & AgF FEAHog NF-4B inducing kinase
(NIK)& &4slA7]x g4d3td NIK2 1«B kinase
(IKK)E 843l A [Ba2 X38IE 7HALn
s A o] ke NF-«B/IkBa &3 Aol AE
®9He] TNF-qu} IL-189] F&A%8 IKK7}A<]
AZW A ASZHAE o= He zjolol] M= 7}
Each, B ApdAae IKK i @@ Aold 7]
ks A& Hrislyl sisted 714 oA IKKe
o wE g sl AlEF 7k Aol BT
£ figith. 28y, B a7 A9z IKK #4%9
apolof] ¥ FsAe wiAE & gAY o A
o] @& NF-#B/I¢Be 28 ol IKKHDH 48dt
Ale} zjojoll 2t Aog AyzrEct. # FHAE] w}
E AsAGA o)) 7S SaAE FAE 24
A xS Felloll W old 7HedE A4E 4 Aok
Z, A549 A= 49, NCI-H157 Al¥+ HH4]
M, BEAS-2B Ax: 4 718A AIAE,
NCI-H7194 2 A% dgdoa 242t gefist X
ZFEAY AXe 718 & 2ol 7Hs/del Ut
Az o s gipgel o AuAEoA NF-«B/I«B
Az 43| Aoleriel B ¢ a8 4%
& 3tx, Y AEdgaE= NF«B/IkB 22 249
olE Rol=g ol= IKKETH A4 dAle AlEY
Nz AGAA Q] o]l 7]¢lske Aoz Adrh

2 o

il P2 N

AZul7} AlolEFIS G54 HWEe] a3 ujil
Edolt). # AYAEE 932N ZHHE Aol
E7}ele] 28] interleukin, chemokines, colony
stimulating factors$} growth factor%-& A4t ¢
Br|gtoa 4 45 F9ore] AlolETIR] net-
workel] £83 9ee ot gEbA] # FuiA Rz A
FGZu7) AlolEF}le] B ydd] dig ojdle IF
A AAg] 71AFEY ol 723 Y2E A8
Ao 2o¥ Aew YzrE) diFEe] Alo|EFQ]
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& NF-4B dapizlol] ojs) wal=leo o Ao
olx Gzl Alo]EFl1e) WEH NF-4B/IxB 4
2oto] B BE A BEY AAolr).
2o
BEAS-2B, A549, NCI-H157, NCI-H719 A4
IL-18 ¢} TNF-a AS9) 9jd IL-83 TNF-a
mRNA2] 28 Pde Wil ojee] wds) &
29 NF-«B/IkB 7=zeolo] Bade Hriekr]
Aste] IL-189F TNF-@ A= 2]3 NF-«Be] &
48t 2 1«Be 9} kBB B8l ¥de #2siqct. 9
FulH 2 o] FFo) w2 NF-4B/IxB 2z 249} 7|
g FEskaat IL-189 TNF-¢ 2b=o) <3 14B
a2} sk Z|AgEe)A IKKesl $38 B}t
Hrt.
A @}
BEAS-2B, A549, NCI-H157 A ¥ojj4+= IL-189F
TNF-a =22 IkBa 9} IkBA7} 2a) 523 NF-¢
Be] @43y #tgsglon] IL-8% TNF-¢ mRNA
o} Wdo] #xgr}. NCI-H719 AZojjals= IL-1
B9} TNF-¢ A=to & kB 2ao] oJ$k NF-xBo
243 9 GF0iN AlelETIQle] WEe] BRHR &
sttt BEAS-2B, A549, NCI-H157 AjZojxs 1L
~189} TNF-q 2502 I«B o <l4isir) dabs |
7 NCI-H719 AjZeMe f3s) ekghe). 7144
ge] IKKe 28 Azt zlolzb #aw)x] 9t
o},
4 B2

F-2o] o A EA NF-«B/I/B Zas 492
w7 Abol BFRQI Wil ol ¢ F0% ddte 3far, o
F MEAME NF-«B/IkB A2 24e] 2o & Mol
=H ol IKKET} 49 Trle] Axy AEdeA
A2 o)gel] 7lise Aem gEc.
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