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The Role of NF-4B in the TNF-e-induced Apoptosis of Lung Cancer Cell Line

J. Y.Kim, M.D., S. H. Lee, M.D,, B. Hwangbo, M.D., C. T. Lee, M.D.,
O.H, Kim, M.D., SK. Han, M.D., O. S, Shim, M.D., C. G.Yoo, M.D.

Department of Internal Medicine and Lung Institute, Seoul National University, College of Medicine

Background : The main reason for the failure of anti-cancer chemotherapy is the build up of resistance by can-
cer cells to apoptosis. The activation of NF -#B in many cancer cell lines is reported to be underlying mecha-
nism behind the build up of resistance of cancer cells to apoptosis. However, this relationship varied depending
on the cells used in the experiments. In this study, the role of NF-xB activation in the TNF-g-induced apoptosis
in lung cancer cell line was evaluated.

Methods : NCI-H157 cells were used in all experiments. Cells were exposed to a high dose of TNF-a (20 ng/
ml) for 24 or 48 hours with or without blocking NF-4B activation. TNF-a-induced activation of NF-4B was
inhibited either by overexpression of IxBa-super repressor (IxBe-SR) or by pre-treatment with proteasome in-
hibitor. Cell viability and apoptosis were evaluated with MTT assay and Western blot analysis for PARP frag-
ment, respectively.

Results : Cell viability of NCI-H157 cells was not affected by TNF-¢ treatment alone ; however, combined
treatment with TNF-g and cycloheximide reduced cell viability significantly, indicating that resistance to TNF-
@ is mediated by the new proteins synthesized after TNF-¢ stimulation. To evaluate the role of NF-4B in the
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transcription of anti-apoptotic proteins, delete NF-«B activation was inhibited before TNF-a stimulation, as de-
scribed above. Ad5ldBa-SR-transduction inhibited TNF-a-induced nuclear translocation of p65. TNF-a-in-
duced cell death and apoptosis increased after inhibition of TNF-e-induced activation of NF-«B by methods.

Conclusion : These results suggest that TNF-a-induced activation of NF-xB may be closely related to the
acquisition of the resistance to TNF-g-induced apoptosis in lung cancer cells. Therefore, blocking of NF-+B
pathway can be a useful therapeutic modality in the treatment of lung cancer. (Tuberculesis and Respiratory

Diseases 2000, 48 : 166-179)
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Qe FuelA o AT Alge] Al HA ¥39E
AR 28% Agoln Ful9] Ee FIEE 7t
Axw oz fHgo] O FVME Aoz e
. okl U4g AAske waAEsge 27l
wAse] £&0] 758 ASE aFold, € ¥
et A" W)e) vlasEsietel ta A%
= 143 YHNEY PHAEE SRR
grA g g A W &g 7Idaivt o™
o}, 8 AMET Qe B HoAlsh AR A
T o] apoptosis& REFo2A UANEE AFRAIIE
Aol ¥ 2% 7jdeln, YAXEIt AWz g
el oM o] apoptosisell thE WA HSe] <%
Aoz oz 2ok

NF-«BE #AgdEe #e] B P=TIA kappa
light-chain 2@dg 2k AARIAZ Ao
o' ojfo] Thakgr AEEANM BH % GZukgol A
209 48 = WEAA (ubiquitous) AARRIZL
oo} FQIHYT 4 NF-kBE MX A B39
ez A, p6S(EE RelA) subunit$} p50
subunit ¢elx Batgo] 2zt 65 kDad} 50 kDa
9l = 7} Z§{e) @ido] AYE heterodimert
4 £§ Fejolrpdt HZo| YAEF} apoptosis
ol WA YehlE 71380 NF-«Bel 843171 38
# e $rh= mavt dwaz k. Van Ant-
werp $°& mutationg B3 91413} ( phosphor-

ylation) R 2sjo] AFE Hole transdominant-
negative 1«Ba mutant& A% H o|& human
lymphoma cell lines] At313le} NF-«Be} 4& o
A&t o|%] TNF-a8 71 ) M¥e| apoptosis
7} Z7}sted NF-¢Be] #4o] TNF-a #&
apoptosisol] thg Agte] FaF UL Pria B3
s91, Wang %%} 938 TNF-a fd
apoptosise] A3& HeolE human fibrosarcoma
A|EZd] super repressor [kBe& wEAjA NF-«B
o §43e A ZE W TNF-e¢ #%¢ apoptosis7}
Z7}s}n, ionizing radiationolvt HAAEAIR
daunomycin®] BEI7t FUHAT. o] AEF]
t}A] NF-xB¢] subunitq! p503} RelA& W A7)
2} TNF-go] WAdo] thAl 8550}, NF-«B gA4ol
apoptosisoll tig A&l AL A¢e ¥ Ao
AAVEIQCh BHAlT 9B M ZoAME NF-«Be] 84
1} apoptosis®] Ajo] F@sin]"s, oJd MEME
NF-xBe] @4o] 23]8] apoptosis& FWAZI}*"

B AN ESHA T BetRsd WAdE Jehle
J|Ae o}7 g AR A] Fe Fujolt vlEAX
wjore] AMZA W AEFM NF-4Be] subunit
Ql p50¢} wyo] F7tso] e, NF-xBe] &
Az717} apoptosisoll ¥ A¥at Aol AYrke B
28 ApAolRd nlAMEsgAEe] A8
&t WAl NF-¢Be] #4o] B 7Fs/del st
lo} o] ARdo| HlEthd NF-«B 49 JAE §
B g ARe AHE ¥Y + Y& Rl AF
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7HAE ALY EFM NF-«Be] 843 apoptosis
ste] BAIE ABE A7) AL Akl B o
ToAE HAAESL HEFA NCI-H157 M3
ol adenovirus& o|&3l 2|%e]A super repres-
sor mutant l«kBe #3218 4}9J8}A} proteasome
inhibitordl MG132& $o3le] NF-4Be] #4¢
AL W HLAEFI} TNF-aoll tha ey
< WAdel SEEHEXE AATo 2N HAN TR}
o YA 8 i WA7|1AE BT S0 s
8] A 71oqstaz}l g

che N Wy
1. eNz

A9 A% HgMEF NCI-H157L n)= 2
A4 (NCI)9] Frederic J. Kaye #il25E #g
wetch. Adenoviral shuttle vector 2 ARg-gt pAC-
CMVpLpA ¢} adenoviral packaging plasmid 2 A}
£% pJM17& u]Z Texas the}e) Robert Gerad
ArF2HE AFUton] 32¥3} 362 serineo]
alanine2 2 X#¥ IxBa-superrepressor cDNA (I
#Be-SR) & v|= North Carolina tj3te] Albert S
Baldwin  34olA]  A]32%c}l.  Recombinant
human TNF-a¢= R & D System (Minneapolis,
MN, USA)¢) A 74]31% 1 phosphate buffered sa-
line (PBS)9l 3¢l & ofa] A2 o] Mg w7}
A -70°Cell B@s}dct. Rabbite] polyclonal anti-
human I«kBa, polyclonal anti-human p65,
polyclonal anti-human Poly(ADP-ribose) poly-
merase ¥F:= Santa Cruz Biotechnology (Santa
Cruz, CA, USA)dlA F<Jst%ict. Horseradish
peroxidase& &<l goat anti-rabbit secondary &
Fl& Promega (Madison, WI, USA )9 A, rhoda-
mine isothiocyanate-conjugated goat anti-rabbit
immunoglobulin G &&= Jackson Immuno-
Research (West Grove, PA, USA) 9|4 2zt 79

34}
2. MiZulet

dHl AHE- YA EF NCI-HI57€ 10 % S8
¥4, penicillin (30 g/ml), streptomycin (50 g/
ml)o] £33 RPMI 16408 ]84 37°C, 5% CO,
incubatorol| A} wjjeks}c).

3. Adenovirus2] x|t

3-1. Adenovirus-IxBa-SR (AdSIxBa-SR) 2|
H|=t

IxBa-SR cDNA7} 4}Q)=lo] e pCMV4-IxBa
SR¢} adenoviral shuttle vector pAC-CMVpLpA
&€ BamHI# Hindli2 Zz# & 3 1 %
agarose gelolA] A7|9%E3}a] kBa-SR cDNA¢}
pAC-CMVpLpA& Wizard DNA Clean-up
System (Promega, Madison, WI, USA) & o)&¥
4z #28tich. dde pAC-CMVpLpA & calf
intestinal phosphatase2 @<l4lslsle Ay A&&
A3 & pAC-CMVpLpAs}t IkBa-SR cDNA &
T4 ligase2 H-2oA 247t W3l AFARD
°]& E. coli DH5) 44]3}%) ampicillino] S0l
LB agar plateo]A] 121752 vl9ksi e}, PAE
colonyE @] 5 mle] LB brothol]A] whay 7l1e *
Wizard plus Minipreps (Promega, Madison, WI,
USA)Z A9J¥ plasmid& £ej8l9a o]& BamH
I3 Hindll 2 @& pAC-CMV-1xBe-SRe] &
& #9313t [«Ba-SRe] 4141¥ Wik DNA o
7IMEE $A3le glsigct

3-2. pAC-CMV-sBe-SR2} pM179| Sutolg) .

pAC-CMV-1«Ba-SR 20 ug, pJM17 10 ugd 2.5
M CaCl; 50 ¢ & BF 32 2549} o] 500 4
¢ 2 e 89 500 u¢ 9] 2 X HEPESY) 37|18
Boldon MA3] Yo 4 ¥ dedA 3087
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A3l 1 AAEo] A7 3t 100 mm L)
apaAle] 60-70% 7t & wizbA] ik 293 A =]
glo] o2 ZH|E 1 mle) T FAAE Lid\s
® By AodA Ya 37T, 5% CO; incuba-
torefl Al 1A B viFaiict. videl & A AL
PBSZ & W MAY ¥ 15% glycerol 44 2 ml&
Wi 187 Ao BAsKch(glycerol stock).
PBSZ 2 MAE ¥ 8% YA 100 U/mlel
penicillin/streptomycino] ##-8 RPMI 1640€
10 ml ¥ 37%C, 5 % CO; incubatordA] ujj ksl
k. M7t AzkA ujekg Al 100 % A1 %
cguao] TRY RPMI 16402 ZokFich 1 %
Sg¥Ao] i€ RPMI 164002 293 MEE 2-
3 z=7b wjorstel AX7t $3A dsin WF Aol A
wolx)7] Alsh= MESA AT (cytopathic effect,
CPE)7} A71=x1g dasigd. MESAEFA7} 4
A ZAN BASE AEE wioW -70ClA 2 2}
J deln mole APL VEI HMEdE £3A1A
adenovirus-IxBe-SR (Ad5IxBe-SR)¢] crude -3
HYg At

3-3. Adenovirus DNAS| g2l

100 mm “iFHAIS] 60-70% & AT =2 ¥
% 293 M¥o] Ad5IkBe-SRe] crude L3 100
10 & RPMI 1 mlo] 4jo] H7hekaL 377, 5% CO,
incubatorel A 1A17t B¢ ZAENY ¥ SRA=
wjokol & B3} 2-34 F AxS4a3p) 8
s ujrd g AAs PBSE 29 A% ¥ 1 ml
¢} 8889 (0.6% SDS, 10 mM EDTA, 100 ug/
ml Proteinase K)& ®iL 1A%t urx]3lgct. 250 4
¢ 2] 5MNaClg & & Bolz=al B & ¥ 14]
7+ de &df wWAE F WY &4dg 15 ml
eppendorf tube2 &7 4°CelA 12,000 g ojl’fog
3027 YARE Agsach AEdE 22 23
9] phenol/chloroform o3} 4L & oAl 12,000
golA 58z gt 33dE 3o so-
dium acetate, pH 5.2¢} 2uj¢] ethanol& Wi -20

ColA viral DNAgE AaAzch Adg viral
DNA& 70% ethanol2 MA& ¥ 25-50u¢ TE
gelo] 3o B@HAL. of viral DNAE ATEL
A% 9 DNA g9714284& B3 AdSlkBe-SRY
& #lE gt

3-4. AdSIBa-SRel £4#el(plaque purification
assay)
60 mm jeFUAIE @A) A 293X & PBS=
3 23 ANY 3 3-2.9] FAHoJM L crude 23
dlg 10--10"74A d&H o2 MAIA 47 1 ml
W ejeFyAle] gol 1175t ZEAAT 4CH
water bathé]A4 =41 1.3 % Noble Agar (Difco)
o} o 2 X RPMI+4% FBS + Penicillin/
Streptomycing 4l #AZxT7t 0.65% Noble
Agar+1 X RPMI+2% FBS+ penicillin/strepto-
mycing] #lglg §g F=A AAE 60 mm
MiekaAle] 6 mld MAE Fgick. 30#3E LA
agar7} 2& %o 377C, 5 % CO. sjerlol A Wk
9k 5-7Y ¥ agar Yo NESAIR} T4
Hoz uehid TRl Ayled (plaque) Ol
plaque 17]¢] viable virus particledl] 2l3} 7]
o o]g ol4d UgAe) virus FEE ST
$58e§ 98 943 228 plaque 107/]& Pas-
teur pipetteo.2 agarst ¥Al Azt A7
plaque® 6 well ¥} Ale] 293 Ao ZHEAA
viral particle® ZZAZ ¥ 3-3.2] ¥go.2 viral
DNAE Balste] Ad5IkBe-SRelE #UsAct. ol
Are] plaque EuAE F A3 w0 ABY ¥
AdSIkBa-SR & Hal8lQcH(P1 lysate, P2 lysate).

3-5. Ad5IBa-SRe LiYEE U 1T 55
Zo|

Plaque ¥2l34& 8 9& &F AdSlkBe-SRE

g5 UYL AN OARE ¢ =R FHRAR

th. 150 mm | 30740 203A1E7} 242t 80

% olAtg AASTE wjFe F P2 lysateE 10
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pfu/cell(multiplicity of infection : MQOI) o] =7
WOl 141z §<t 4971 Saugz s B33} 37
C, 5% CO. wj%¥7]olA wjoksigin}. 2-39 & ne
AE7t 88 HA NEXEYEE B=dl, old
MEE Rol ¢hds] 4841712 CsCl ZY4EEE
212 A8l Ad5I4Be-SR AFSHLYL dr}.
Plaque assay & %3 »xg ¥tz 0.1% BSA
€ ksl o8] A2 Wre) AE drix) -70C
o 2@t}

4. AdS5IkBa-SR 2| transduction

100 mm wjFgAIe] 60-70%7F & ez wopa
NCI-H157 w238 PBSz 213 Sk
20 MOI7} 517 1 mle] RPMI¢] 8148 AdSIxBo-
SR 894& X Yo 1% WY ¥ 1ADEG =
WFHNE £5°] AdSIkBa-SR o] AE 9o
IF HAA Sk 1412 £ LA AAST 9a
HAE ¥ Og 5% CO, 37°C Hi<k) AN
HE ¥ AY9e Al

5. MTT Assay

Phosphate buffered saline (PBS)d #Z% ¥xv}
5 mg/ml7} B 58 %9 MTTL4¢ 2 ume] filter
Bl A FBFEAD F G0 Yz Yo 2t
9% HE2 ALY dokx) 4o BBEYT. 96
well plate2] Z+ welle]l 100 y¢ < gde Yo
¥ MTT §4& 10 ¢ ¥ A7lsle) MTT B2 5
=8 0.5 mg/ml2 W3}, 37°Co)A 4417 ot
incubation ¥ ¥ vj¥H& A Ak 100 % DMSO
50 1l & 718} 590 nmoA ELISA nEyz2
BUE (optical density) & 243910}

6. HEA Y

2 well chamber slidedj] W95+ M8 3% formal.
dehydeZ eolx 5837t TYA7|2 0.5% Triton

X-10022 4N permeabilize A]Zt}. PBS= 3
A AlA% £ 1% bovine serum albumin (BSA)e
2 HI5o] e AUt 1% BSA9) 1: 100
22 4% rabbit polyclonal anti-p65 P T=
rabbit polyclonal anti-IxBe 843 3087 Mx9)
W3R & PBSZ 3% Masict. 1% BSAd]
1:10002 3A4% rhodamine-isothiocyanate-
conjugated goat anti-rabbit immunoglobulin G
PAE Y1 3087 oo $AF £ 509 glycer-
ol2 mountingdly MRC-100 confocal micro-
scopeZ #3190},

7. Western M

AEHe] FYHe Whole Lysis Buffer (0.1%
Nonidet P40, 5 mM EDTA, 50 mM Tris, pH 7.5-
8.0, 250 mM NaCl, 50 mM NaF)=g 228 3
bicinchoninic acid o2 ww wxg 24319},
30 g9 Y& 10% SDS-PAGE= Hrdsaa
nitrocellulose membrane o 2 o] FAF}E. Mem-
braned PBS& 3% 59 skim-milk2 17t =
< HlBo] ¥ APt 5% skim-milk ]
1:1,000e2 3]4% rabbit polyclonal anti-p65
A, rabbit polyclonal anti-IkBa &4, =& anti
-PARP 3§ membranest &) whaf ghgA)
U ¥ PBSZ 1584 39 A3siqo). Membrane
& 5% skim-milke] 1:2,00002 343 goat~
anti-rabbit HRP-conjugated AR 1A E<
VARl & PBSE 1584 39 A4 ECL
kit& o] 88 wAA A,

67 2o

1. NCI-H157 Mz 2] TNF-qoj] cljst Wi}
cycloheximideZ} olol| o}kl ¥

NCI-H157 M=o TNF-a (20 ng/ml) & Fs}n
2447k0] AT Fo] NEHELE MTT assay =
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Fig. 1. Effect of TNF-a with or without cycloheximide on the cell viability and apoptosis. NCI-

H157 cells were treated with media only,

TNF-a (20 ng/ml), cycloheximide (CHX, 10 z

g/ml), or TNF-a and CHX for 24 hours. (A) Cell viability was determined by MTT
assay. Data are shown as (the) mean percentage of control +standard deviation. ' : p<
0.05 compared to TNF-a or CHX. (B) Under the same condition as above, PARP was
detected by Western blot analysis with anti-PARP antibody. The degree of apoptosis
was determined by the cleavage of PARP and the appearance of 86kD fragment of

PARP.

B3¢ @ TNF-o@ F981A @2 =g Al
FAAEE 2ozt gloix NCI-H157 sibAEF<
TNF-e¢] MESAEs] i) W& Bele ol
#isigith. NCI-H157 sigti£5e] TNF-ool df
& WAo] TNF-a A3A] BA4se Az e ¢
& A WrEy] 918k TNF-o¢t QA oA
A9 cycloheximide (10 g/ml)& FAl°l 2oz}
TNF-a} cycloheximide ©% §olzd] wis #9
4 AEAZ&o] ZAHR(Fig. 1A), apoptosis7h
$urelo] (Fig. 1B), NCI-H157 st 232 TNF
-0l tiE WA TNF-oA3A JAEE AMad @
ol o AL &+ A

2. AdSixBa-SR2| o[glofl it IxBa-SR B
e

TNF-a AFA] §A=E -apoptosis o] NF-
B AAQLA] ojs) wHo| F7tEEA 45§ Bt
87 $lstel, NF-«B @458 Adstas 3.

24 1 3w Wiz gRAJoR RHEHA ¥
= IxBe-SR& 2¥shk= adenovirus vector& A=}
st 4 A=E adenovirus vectors] o|YoE
AX WellA 1kBa-SR ©Hje] ¥¥e| FtdeAE
B7}etgict.  AdSLacZs} Ad5lkBa-SRE& NCI-
H157 M¥d] ZgA7Ix 2041ke] BE F West-
ern BAo2 IkBe-SR ©¥e] wHg vaATt.
t)Z adenovirusgl Ad5LacZ& ZHAZ MEAAM
= YA LkBeol WHT SR BEUM,
Ad5IxBa-SR& ZEAZ MEoAME IkBe-SR &
W 7ZatA LdEUL(Fig. 2A) TNF-a A52%
23s1A gsteh(Fig. 2B).

3. Ad5lxBa-SR2| olol oj¢t NF-«B Wrdsiel
oA

IxBa-SRe] Hgdoz TNF-aol &3 #&¥ NF-
B BHSE AL F AeAE BT
Ad5LacZ¢} AdslxBe-SRE g/l N2& TNF

- 171 —



—JY.Kim, et a] —

A. B.

Time after TNF-a Sumulation (min)

-3 0 5 18 0 60 9
& l? p

== i - AdsixBa-SR _I‘Bﬁ-sn

Fig. 2. Overexpression of exogenous [xBe-SR which is resistant to TNF-ga induced degradation.
(A) NCI-H157 cells were infected either with respectively. (This relationship is not
clear.) Twenty hours after transduction, whole cell extracts were separated with 10%
SDS-PAGE and transferred to nitrocellulose membranes. IxBa activity was detected
with rabbit polyclonal I«Be antibody. (B) NCI-H157 cells were infected either with
AD5LacZ or AdSIxkBa at 20 MOI for 20 hours and then incubated with TNF-a (5 ng/
ml) for 5, 15, 30, 60 and 90 minutes. Whole cell extracts were assayed for [xBa by West-
ern blot analysis.

TNF-a + - +

AdSLacZ AdSIxBa-SR

Control TNF-a Control TNF-a
C N C N C N C N

Parental cell  AdSLacZ AdSIxBa-SR

B.

Fig. 3. Blocking of TNF-a-induced nuclear translocation and DNA binding of NF-xB by exoge-
nous [«Ba-SR. (A) AdLacZ or AdlxBa-SR-infected NCI-H157 cells were treated with
media alone or TNF-a (5 ng/ml) for 30 minutes. Cytoplasmic (C) and nuclear extracts
(N) were extracted separately and analyzed for the presence of p65 by Western blot
analysis. (B) Immunofluorescent staining for p65 was done with anti-p65 antibody fol-
lowed by a rhodamine-conjugated antibody, (C) EMSA wusing [*P]-labeled
cligonucleotide probe which is specific for NF-xB.

g2 0¥ ASET AED Qus o Yag 22t SRE 2WARK AXME TNF-a 23] )@ NF
¥ ne) 2280 p659) e Western 24 A88t  -xBo] #y o5o] AAsIgth(Fig. 3A). o] Ashe
% qich. AdsLacZ@ ZQAD ATAME A2 Mol p6Se] U@ weSPAMoze ST F,
T 2z AEgod BAHY p65 Bllo] TNF-g 42 AdSLacZ® 29A17 MENME 716 AE
F £ o yz ojFsie A7o] BBt AdSIBe-  AolM BREY p657F TNF-a 242 Fol= dufo)
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24 hour after TNF-a
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Fig. 4. Dose-dependent effect of TNF-g on the cell viability either in AdLacZ or in AdlxBa-SR
infected cells. NCI-H157 cells were infected with AdLacZ (open bar) or AdIxBa-SR

(solid bar) at 20 MOI for 20 hours

and then incubated with various doses of TNF-a (1,

5, 10, 20, 50 ng/ml) for 24 and 48 hours. Cell viability was evaluated by MTT assay.
Data were shown as (the) mean percentage of control +standard deviation. ': p<0.05

A Z2 B R Ad5IxBa-SR& Z94
71 MEHE TNF-a AT Folx p657t F2 HZ
AdA QAsE e BYcH(Fig. 3B). E% NF-
«Boll specific®t [32P]-labeled oligonucleotide
probe@ o434 EMSA& Aejetg g #, AdSlk
Ba-SR& 7219412 MEAME TNF-a Ao 9§
NF-«B DNA binding activity7} 9A|sI3ieH(Fig.
3C). olate} @z IxBa-SRY FHE¥o= TNF-a
3o o8 NF-«Be] R4z} uols el
DNA bindingo] @43] Agtdg ¢ & U

4. Ad5IxBa-SR2] ojglol NCI-H15672| TNF-a i
Aofl ojxie &t

IxBa-SRe] Fd¥os NF-xB 84& JANAE
o, TNF-a 5o} & MEAEE} apoptosise] ey
o Wy} AeAE 7ttt Ad5LacZ¢} AdS5lk
Ba-SRE Z@AZ AEd TNF-e9] £3(1, 5, 10,
20, 50 ng/ml)3} W& AR (24, 484D & 2ej3t
oA MEAEEe) HSE MTT assay® gelsie]
. AdSLacZ& @A MEHE TNF-eol &
gg ZNHANAE AESAH BEHA kot

PARP
86 kD

Fig. 5. Effect of AdlxBe-SR transduction on
TNF-g-induced apoptosis. NCI-H157
cells were infected either with AdLacZ
or with AdlxBa-SR at 20 MOI for 20
hours and then incubated with TNF-a
(50 ng/ml) for 24 and 48 hours. PARP
was detected by Western blot analysis
with anti-PARP antibody. The degree
of apoptosis was determined by the
cleavage of PARP and the appearance
of 86 kD fragment of PARP.

AdSIxBe-SR& @A MEANME TNF-a9] &
2 27)e) wje} ML) BAE&o] FaFUTHFig. 4).
Ad5lsBe-SRE #¥Alzl NCI-H157 Aol A
TNF-ool &l3+ MEEAo] apoptosisol] o A4
& #187] 13te} TNF-a Fof ¥ A2k el o
2} PARPo] tj§ Western #4& ARl
AdSLacZ& ZaA7 AEAE TNF-a2 233
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120

100
80
60 !
40
t
20 [_L_I
0 A L )

Control MG132  MGI132 & TNF

Cell Viability (% of Control)

Fig. 8. Potentiation of TNF-g-induced cell death
with proteasome inhibitor treatment. NCI-
H157 cells were treated with media alone,
MG132 (50 uM), or MG132 & TNF-q
(20 ng/ml) for 24 hours Does the word
‘respectively’ belong, since the cells were
treated with either MG132 or MB132 &
TNF combination?. Cell viability was eval-
uated by MTT assay. Data are shown as
(the) mean percentage of control + stan-
dard deviation.

': p<0.05 compared to MG132
*: p<0.05 compared to control

L 48A)3t0] A% ¥ <zte] 86 kD EHo] Bty
UAT Ad5IkBa-SRE 7971 AEoAE= TNF-
a A5 24Xk F4E 86 kD o] $aey] Az}
8 48AIRt Fol= PARPHT} 86 kD &40 pje
o] #¥x5o] AdSIkBe-SRE U7 AEA
TNF-qf] 2|3 MEBEE&<] AE apoptosisol] 9
T AYE ¢ F AAYH(Fig. 5).

5. Proteasome 2{X[7} NCI-H1572] TNF-o Ui
off o[l &n}

IxBa= <1413}9} ubiquitinatione] T3¢ AA pro
teasome?] #8-02 F35y] w20 proteasome
9 8¢ AV kBee] Ralrt AT Gaia
AT ol NF-«Be] 84318 248 4 Ut
Proteasome 28-9] ¢J#]7} TNF-g 2}20j o3 4
EPELY vXe 9L W] 9ske NCI-
JH157 M¥ o proteasome A& MG132 (50

Fig. 7. Time-dependent change of TNF-g-in-
duced apoptosis after proteasome inhibi-
tor treatment. NCI-H157 cells were
treated with MG132 (50 M) and TNF
-a (20 ng/ml) for 4, 8, 24, and 48
hours. PARP was detected by Western
blot analysis with anti-PARP antibody.
The degree of apoptosis was deter-
mined by the cleavage of PARP and
the appearance of 86 kD fragment of

PARP.

#M)s} TNF-¢ (20 ng/ml) & Sl 24413t
ol MTT assay& Als}c. h=o) )&y
MG132 ©@% FoATNE HEYEE Holsh)
431578, MG1329} TNF-a & o] Roisy
& de AEAEEol U B2 (Fig. 6).
MG1329} TNF-a2| §4] Sejo] 2§ HEEAo]
apoptossisol] o8 YL AIE7] st MG132
% TNF-e& SAlol $dstn Atz oja}
PARP9] 23} 458 PARPdj ¥ Western 24
L2 BAHAY. MG1329} TNF-08 FAlo] Bo
B3l 247 FRE PARP7} Zasta PARPg]
86 kD ¥7do] Basy] Alzts 48417 o= 86
kD £2xto] BAFc}(Fig. 7).

L

drhelste] B Anox B7skn, tyEg Sa
TR ARE FUAE] FAA d Wy g
ol A& 439 Ade] o YHolch. seke Aok
A 7P &R YF Yol T e goz v
AFge] Al i Aloln, Be FdeT JAFA
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F¢] 272 A8 fiEel VIS Ak sige]
doisg AAEe vaAEsge 204 AgE|o]
248 W F UE AT 2FH, e e
o] B7hsEA o] Aol YA X EE Al
g Dk AT AT FAAR g
A 3o gAld) ol2E A$E =8, ujebA vk
AEsgtelel gAad dig WeZlae Ei
olg 2Eap= Ao AFIHAME AL s}Aojct.

Aol ogMEe) Bgol AxEse ot &3}
o #EY FARES ALY EFY0l g o
2M gk A8t olFoich. #x B gz
o)A w7AE e} Beutge] A Za% 4% 3
= AR FRUHE NF-«Be H2 EolA
= qte] W 3 AIES] apoptosise] ¥ iAol
T 203 98& S Aoz AN A A=z
NF-¢BE apoptosis& #&3He A3l <8t 84
seuss,  #IojE 53 NF-«Be 4ol
apoptosis A& AU BaEgo] F5& U3
gtk NF-4B p65/RelA #3A7} fie mices] &
7)o Zbol] BEAY apoptosis7t WS, A
Agol AHSHE ¥e AE(d; daunorubicin,
etoposide, vincristine)3} EIARL PR D 2 B
apoptosis& F&fro 2N EIE LH, %A
g E§ apoptosisol th¥ A%E B3] YAAS
o] WAE BT ™.

B A7 AE NF-xB¢] §4¢] A X9 apopto-
sisoll i AT Qo] glthe Abdel it §
A aANEAQGHETN NF-«Bel #7489} ks
apoptosis 2Hg-9] A#AE Wx, thdo2 NF-«
Bel @4& A& @ ¥ apoptosis ol FH

=A@ goHgosA FFHo HANEAY b
g9 A2$ Pue 2asA SAck NF-«Bel ¥
Je AAE7) A8 RA= 3283 36'9] serinec]
alaninec.2 XP=lo] proteasomesy <)% degre-
dationd] Age BHYesEA A&KHoE NF-xB¢}
$4¢ AT 4 & super repressor IxBa mu-
tant geneg ojdnloj2i2g ol &3l AT

transduction Al7IALt TS [kBasl E81& =
= proteasomee]] ¥ A MG132& 2dsl
= 9 o83t

Sensitive$t A ZFE 4 pg/mle] TNF-¢ F42
© 7¢] RE MEZ7} A8, 10 ng/mle] F=
oWoME BE ME7 ApRshked HIHA, & a+
oM olg¥ wAMNEGAEFA NCI-H157 ATE
TNF-2& 20 ng/mle] 32 Fodld= M2 Al
o] Aol gloiA TNF-a9| XS A g
He Bstgch(Fig. 1A). NCI-H157 2ol
TNF-gol thgt iAol TNF-a A=l oisf M2 k)
A e 9@ AJAE 8A] $)3led TNF-e
¢} 7 translation JAAQ  cycloheximide
(CHX, 10 pg/mD)& Ao Foigisd o A
zgo| HoaiA BAslolA (Fig. 1A) NCI-HI157
AEZe] TNF-¢o g WA TNF-a AFA &
A5l #-apoptosis AFE Mol A2¥ o]
o8 WAAETRE ARE ST TNF-a%}
CHXS] 54 Foi% 24A7 el PARP| 12 K14
Western blot analysis& Al8131%l& o, apoptosis
WA $2sE 86 kD fragmente] d¥ol Z7t
o] AlZ8] APde] apoptosise] HH& F3} Yol
&8 ¢ 4 USUtH(Fig. 1B).

TNF-a A29) o} ¥Asle &-apoptosis &
& Uehle o] FAd BARIARL NF-xBe] &
Ho| BAS=AE 5] A8l NF-«Be] 243
8 A% 5 MEAEET apoptosise] WBHE A
gkt NF-¢Be] 84318 Adshs A AA e
2= adenovirusg ©|48] IxBa-SRE A7)
= g ALgagch. IkBe-SR& 3243 3689
serine & QAEIE]A] 9% alaninel 2 g3t 9
B AQzoz B gt EdAT NF-«B2}
o] AWs-e wild typed} FUH A&HoE NF-«B
o) §ANARE GAIE & e B3E& JHx At
NCI-H157 M2 AdikBe-SRe] Aistgle 4, 1
«Ba-SRo| spesigla (Fig. 2A) HLdE lkBe-
SR& TNF-q8] =2k Rasx ggich(Fig.
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2B). FU¥E IkBa-SRe) uy: Uz ojggel
A5 Y= (data not shown) o= IxBa-SR7}
MEZUel NF-xBe] 8o 29 olFE AIY »
2 ohel oz o)gy NF-«Bs} sjujo| A Agta)
o] oAl AE AW E Zojy= AW} ALE AR
&7ielt}. Adenovirus& °]3 1xBo-SR ¢ A9l
% FL¥o] TNF-g z}=o] o3 NF-«B<] 843}
o ¥y °)% % DNA Zge AR AL o
53 2ol A}, =3¢l AdSLacZg
HUE HEe} Ad IkBe-SRE AU M=o s
TNF-a2 A3% 3o z4z}e] AZM MzFa 8
GUE Yol 359 5 p65 P o] &% Western
blot analysis & A&t Ad5LacZ & A A
¥ TNF-0& 223 3o 3y de A p65e]
ol /M= ukshe, AdSIkBa-SRE 493t
AZAN= TNF-¢ 243 Fojx Y Do) p65
Fdol F7HA @AH(Fig. 3A). o= Ad5lkBg
o] A¢le] NF-¢Be] @43 @ o o]F-g A3k
& AABRs a0l p65 gAE o8¢ oy
BHYNNE e 2AL Hox Ad5lkBe-SRE
AYY MEFE TNF-0z AT FuolA
P65 Ho] AU} (Fig. 3B). NF-4Bdj] Eoj3
probeE o]&3 EMSA A% Ad5IxBa-SR 9] 4}9)
& NF-+B2] DNA binding & QAP ARS8
dg 4+ AUTH(Fig. 30). olde] AL ade
novirus& o}g-s}a] xBe-SRE ME Uz Cale 5l
& o) NF-xBe] 438i¢} 8y o]% % DNA bind-
ing®] A7} JFsEln, wapy NF-(Be] ztg oz
BHo] ZvhEgle AR anti-apoptosis z-4-2
Hehis @] 4 s} Fereg AAehs A
ojc}.

Ad5lkBa-SRo]  4lgl® AEF}  dzFQl
AdSLacZ g 49J8 H|¥39) TNF-¢ 9 FEE 1
ng/ml4E 50 ng/ml7}=| S7H71HA TNF-q &
o ¥ 24Xk} 48A)7ho) AEYEEL Uolugte
9, Ad5IkBa-SRE 4}ql& T XM= AdSLacZ&
AU Foll wis N TP AWIA FasRT

(Fig. 4), PARP¢| tg Western biot analysis§
Alste] B9 ul, AdSIkBeg UQJe Al xe} Abg
< apoptosis] H3& Fijo Yoitgg o & A
fAtH(Fig. 5).

NF-Be] 848 oAsk= 5= wg Yoz
proteasomec] g A4l MG1328 2431y
. MG132 %oz proteasome©] HA|Em on.
dogenous 1«Ba9) 2817} A 5)n) maja &Aoo
2 NF-«Bo] g49] A7} Fhssi)e-2 MG132
(50 uM) @5 £ Yo uj3 JuiAdA
Re MEAZEE HYOW, TH MG1329} TNF
—eg FAlY FI¥ MEFE= MG1328 dEog
T Aol v gojaA) A EYEgo] Bas
it} (Fig. 6). MG132¢} TNF-¢ $4] Sojo] ojg
M EE49) 2717} apoptosis #Ag S8 o]FoH
TAIE golis] 98] PARPoj & Western &
A& Aot MG132 9EFITY MG1329}
TNF-q BA1Rd2 250y apoptosis7} #z=]Q)
21} 53] FARAZNA TNF-q 5o 48217 %
ol apoptosise] WAo) AU (Fig. 7).
MG132 @5RcgdA gz Hlslo A XA E
gl ZaslgEy oJxe MG1327} tumor supre-
ssor gene?l p539] WAL ZpAj7|= 2+g-o] 917]
dEoz @esn, MG132¢) TNF-a9] FA1%q
2 OSFAZ vs NEAZGo) e 2% A
< MG1329] 9§ proteasome inhibition a3 o
To2 Hzter.

o}d<] Auox NCI-H157 HEHEFo] IkBa-
SRE& 4U3AY proteasome qAAE Rsly
NF-rBe] #4218 94598 o TNF-eoll ojg
WAl SEHAA s EE) apoptosis] 33
£ B3 AMdEE 2e ¢ 4 Ao 7189 dA3q)
AMe NF-«B £49] o] ga AEAEE ¥
37h A7l ol8-® A 2ol wjat Mz data Bn
H3 9lth. NF-«Be) #4¢ o#siw ojd A¥E
< apoptosis FYg & Y=o Fas}a| s
oA HEEL MEPEE olmy Ato)& Ho)x]
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eroni™s, wiwid] apoptosise] YAjo] A= M
ES Qu}e. H2o| Batra $4e ¥ AFdA 4%
o olg% Axs} $Y¥ NCI-HI57H %] AdSlx
Ba-SR& AYANA BSHE o AXAEE] Fad
Qg B v} Qick. AT 19 AFANE A
AEETE AR, A AEo] apoptosise]
AAE FAAEAE GASIA Fgton, TR & A
FolME NF-«Be #4& Az o=
Ad5IxBe-SRE& Alshes W oo MG132& ¥
&t Wie 372 AE A Jgdze 9
o7} vk Az

B g7 Afgeoze wadEse MERA
NCI-H157 M E5Hg tios 7] g o 2
g TE HANENG AMEF & HErle
olgi¢o, wWat o] B AEE dyoz &
el Yo Yoy Aoz AlgEtt. ¥ NF-«B
= thors 29 P4 dad ArRlelnz §
AEe) Bxoz AN o TS Avde
A3% & gl Agol YA FHsAel ot weEt
A A Hgoje] o] 7FsAd dHME 7t AF
7} Bag Aoz H74Ed

NF-xBe} #go] <lsjs #Aslslo] anti-
apoptosis #8-& sHe @A olF BAe &
Azl disME olA7tx] 848 WA AU
2o Wu $2& Jurkat cell linesl A longer im-
mediate—early response gene (IEX-1L gene)o}
TNF-ao /814 f==], NF-xBEAS] Al
ojale] HAE ZAEWEA TNF-aoll 9% apopto-
sise] WAMAL, NF-«BEAe] dAd Axd
IEX-1L& A1A17& @ TNF-aof <% apopto-
sisd] ThAl Age Yehlle HolA NF-«Bel| o3}
o §55°] anti-apoptosis& JeEtE FAAR
IEX-1L gened] 7}5A& Budch ¥F anti-
apoptosis®) H¥& UehiE o2l gene®d T
W& E3lo] apoptosis R A8 Y HA
7149 ol&7t tg 2JE + U& e AR
grh

2 o

Al ¢

g AREHL dE Be e AR
apoptosis& FE¥ro M SHIEE APEAITIE Rl
Zg 24 slAolth. Aol ¥ X dve] 74
glole et ¥ 2] apoptosisol] th WA 5ol &%
Aoz olsi=El QIk. A2 Hale] A W ¢
M EZo)A apoptosisol] th¥ A 5o NF-xBe|
g4} 288 g8 Pon A UAATT Y
AEAME Auky Z9HE RBo)i glol apoptosisd]
U3 WA Y53} NF-«Be] §4d3)ele] gAFL Al
%o we} zolE Holm ek, & AFoAE HlAA
¥99t M ¥ZF7} TNF-a % apoptosisoll A&
VeElE 7)1d04 NF-«Be] 988 #3stas 3
ct

9 H:

Bl A TG EFQ NCI-H157 A|Xd] TNF-q,
cycloheximide (CHX), TNF-e¢} CHXE& %% ¥
oJ3}iL 24 A1t ¥ MTT assay 2 MEPSEE 37t
Q1 apoptosise] WA #F= PARPY dig
Western 2402 3718}¢ict. AdSLacZe} AdSlk
Ba SRE 20713 B¢t 29AD ARe] AEE 1,5,
10, 20, 50 ng/mle] TNF-a2 24, 48A47 A5 ¥
MTT assay& 29301, & F=9 TNF-o2
24, 48Xt A= ¥ PARPO| ti$¢ Westrn #4&
X839t 1kBes) E3& A3z proteasome in-
hibitorql MG132& A3l TNF-o2 24, 48
A7 A= X MTT assay$} PARPo|| ti@ Westrn
BAMe AlgEsct. AdSIkBe SRE AHAIU A&
TNF-e2 A=2% ¥ NF-«Be}] #4318 EMSA=
F718rA-

g o

1. TNF-¢ ©% Rzt AE AEL9] ZFas
apoptosis7} B&EA] Wk TNF-a?} CHXE& &
o] RajElie W AX FETE9 Fis WA
apoptosis7} #E=5%lt}. 2. Ad5lkBa SRS ZHe
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2 IhBa} FLEY AT} MG1328 A8 Al
EoM TNF-a 429 2J8 NF-«Be] 2437} o
A=At 3. Ad5IkBe SRE 747 A 29}
MG132& AAx|3le] NF-4Be] §4& JA% AE
ol TNF-a A= F H¥ HEgo Zadn
apoptosis7} 425t}

d 2:

HIAM X A ¥3e) TNF-o §92 apoptosisol] o
& WA NF-xBe] &43lq] s gA== ANz
9] S % Ao HAE s, NF-«B 843}
o] A o] FTEY 4 UL Aos Azl

# 1 2 #

1. Sen R, Baltimore D. Multiple nuclear factors in-
teract with the immunoglobulin enhancer se-
quences. Cell 1986;46:705-16.

2. Kopp EB, Ghosh S. NF-4B and rel proteins in in-
nate immunity. Adv Immunol 1995;58:1-27.

3. Bacuerle PA, Baltimore D. NF-4B : ten years
after. Cell 1996;87:13-20.

4. Siebenlist U, Franzoso G, Brown K. Structure,
regulation and function of NF-¢B. Annu Rev
Cell Biol 1994;10:405-55.

5. Van Antwerp DJ, Martin SJ, Kafri T, Green DR,
Verma IM. Suppression of TNFa-induced
apoptosis by NF-xB. Science 1996;274:787-9.

6. Wang C-Y, Mayo MW, Baldwin AS. TNFa and
cancer therapy-induced apoptosis : potentiation
by inhibition of NF-4B. Science 1996,;274:784-7.

7.Cai Z, Korner M, Tarantino N, Chouaib S, IxBa
overexpression in human breast carcinoma
MCF?7 cells inhibits nuclear factor-4B activation
but not tumor necrosis factor-e-induced
apoptosis. J Biol Chem 1997;272:96-101.

8. Hehner SP, Hofmann TG, Ratter F, Dumount A,
Droge W, Schmitz ML. Tumor necrosis factor-o-

induced cell killing and activation of transcription
factor NF-4B are uncoupled in L929 cells, J Biol
Chem 1998;273:18117-21.

9. Abbadie C, Kabrun N, Bouali F, Smardova J,
Stehelin D, Vandenbunder B, Enrietto PJ. High
level of c-rel expression are associated with pro-
grammed cell death in the developing avian em-
bryo and in bone marrow cells in vitro., Cell
1993;75:899-912.

10. Jung M, Zhang Y, Lee S, Dritschilo A. Correction
of radiation sensitivity in ataxia telangiectasia
cells by a truncated IsB-a Science 1995;268:
1619-21.

11. Mukhopadhyay T, Roth JA, Maxwell SA.
Altered expression of the p50 subunit of the NF-
«B transcription factor complex in non-small cell
lung carcinoma. Oncogene 1995;11:999-1003.

12. Bose HR. The Re! family : models for transcrip-
tional regulation and oncogenic transformation,
Biochem Biophys Acta 1992;1114:1-17.

13. Bours V, Dejardin E, Goujon-Letawe F, Merville
M, Castronovo V. The NF-«B transcription fac-
tor and cancer : high expression of NF-¢B and Ix
B-related proteins in tumor cell lines. Biochem
Pharmacol 1994;47:145-9,

14. Chang CC, Zhang J, Lombardi L, Neri A, Dalla-
Favera R. Mechanism of expression and role in
transcriptional control of the protooncogene
NFKB/LYT-10. Oncogene 1994:9:923-33.

15. oA, 257, GHES, wHie, AL, N3
A FFQ UTE AR E HFHEIA, A g,
HERT HAB=2 1996, pl8.

16. Baeuerle PA, Henkel T. Function and activation
of NF-4B in the immune system. Annu Rev
Immunol. 1994;12:141-79.

17. Beg AA, Sha W, Bronson R, Ghesh S, Baltimore
D. Embryonic lethality and liver degeneration in

- 178 —



— The role of NF-«B in the TNF-a-induced apoptosis of lung cancer cell line —

mice lacking the RelA component of NF-kappa
B. Nature 1995;13:167-70.

18. Fisher DE. Apoptosis in cancer therapy: crossing
the threshold. Cell 1994;26:539-42.

19. Slater A, Kimland M, Jiang S, Orrenius S. Consti-
tutive nuclear NF kappa Bjrel DNA-binding
activity of rat thymocytes is increased by stimuli
that promote apoptosis, but not inhibited by
pyrrolidine dithiocarbamate. Biochem J 1995;15:
833-8.

90. Bessho R. Matsubara K, Kubota M, Kuwakado
K, Hirota H, Wakazono Y, Lin YW, Okuda A,
Kawai M, Nishikomori R. Pyrrolidine dithi-
ocarbamate, a potent inhibitor of nuclear factor
kappa B (NF-kappa B) activation, prevents
apoptosis in human promyelocytic leukemia HL~
60 cells and thymocytes. Biochem Pharmacol
1994;16:1883-9.

21. Giuliano M, Lauricella M, Calvaruso G, Carabillo
M, Emanuele S, Vento R, Tesoriere G. The
apoptotic effects and synergistic interaction of so-
dium butyrate and MG132 in human retinoblas-

toma Y79 cells. Cancer Res 1999;59:5586-95.

22. Robertson JD, Datta K, Biswal SS, Kehrer JP.
Heat-sheok protein 70 antisense oligoers enhance
proteasome inhibitor-induced apoptosis. Biochem
J 1999;344:477-85.

23. Kawakami A, Nakashima T, Sakai H, Hida A,
Urayama S, Yamasaki S, Nakamura H, Ida H,
Ichinose Y, Aoyagi T, Furuichi I, Nakashima M,
Migita K, Kawabe Y, Eguchi K. Regulation of
synovial cell apoptosis by proteasome inhibitor.
Arthritis Rheurn 1999;42:2440-8.

24. Batra RK, Guttridge DC, Brenner DA, Dubinett
SM, Baldwin AS, Boucher RC. IxB-a gene trans-
fer is cytotoxic to squamous-cell lung cancer cells
and sensitizes them to tumor necrosis factor-a-
mediated cell death. Am J Respir Cell Mol Biol
1999;21:238-45.

95. Wu MX, Ao Z, Prasad KV, Schlossman SF. [EX
-1L, An apoptosis inhibitor involved in NF-
kappaB-mediated cell survival. Science 1998;14:
998-1001.

- 179 —




	a: 
	f: 


