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Background : Proteasome inhibitors can promote either cell survival or programmed cell death, depending
on both the specific type and proliferative status of the cell. However, it is not well known whether
inhibition of proteasome activity is related to apoptosis in lung cancer cells. In addition, the exact
mechanisms responsible for apoptosis induced by proteasome inhibition are not well understood. In the
present study, we have examined the effect of proteasome inhibition on lung cancer cells and tried to test
the mechanisms that may be associated with the apoptosis of these cells,

Methods : We examined the effect of proteasome inhibition with MG132 or PS-341 on cell survival in
AH9 and NCI-HI57 lung cancer cells using MTT assay, and analyzed the cleavage of PARP by
Western blot analysis to find evidence of apoptosis. Next, we evaluated the activation of caspase 3 by
Western blot analysis and the activity of JNK by immunocomplex kinase assay. We also examined the
changes in anti-apoptotic pathways like ERK and cIAP1 by Western blot analysis after inhibition of
proteasome function.
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Results :

We demonstrated that MG132 reduced cell survival by inducing apoptosis in AXS and

NCI-H157 cells. Proteasome inhibition with MG132 or PS-341 was associated with activation of caspase
3 and JNK, reduced expression of activated ERK, and downregulation of cIAPL.

Conclusion :

Apoptosis induced by proteasome inhibition may be associated with the activation of

pro-apoptotic pathways like caspase 3 and JNK and the inactivation of anti-apoptotic pathways in lung

cancer cells.(Tuberculosis and Respiratory Diseases 2003, 54:403-414)

Key words : Proteasome inhibitor, Apoptosis, Lung cancer.

M E

ApoptosisE d# ] Asad, dytd 54E 7t
A AE APE HAoloh Axe 24 #3 44
2 -3 So] A $4Le Fojo] AEe A& A
F8 G o] shAe &34 (homeostasis)S
aA @b mElA apoptosis7t 94 7HA €
-"43}1 Az EAGA] £ 24 HAE 2
2 g 7HH AW g ded doh
& :=:°1 ore AAH oo & MFEFo] Ho}
74]5101 Al E B Agelga &+ Atk
Proteasome< multicatalytic protease complex®
A AE7} ubiquitin® ATPel &3t} A&
gle 2ad o A&k, lysosomes FaHA
e AR 7]EAU % XME}” vhokst dulg,
E3) cyclin, cyclin-dependent kinase inhibitor £}
myc, p53, NF-kB, IkB, c-fos, c-jun &% Z2 2z
Z AN} AxE0] proteasomes E3 BaAHHY,
olA% M YWE Fi AL AE F7] £
H A5 Ad AA 24, FEAES downre-
gulation, endocytosis o w9 F3 J&g 3

Al

_rﬁrzﬁomﬂx
N_Arlo

ot} 3, proteasomes Ed) EIEHE BE

bl

@lo] apoptosis Al BHE BEFEYe] W
WA ubiquitin-proteasome system®] apoptosis
o) zHe] Fod dge & Aojetes Mol A
A Hck #ZolE proteasome AAAE ¥
gxlo] Folste] £ AHL AdkE Bt &
2 WA, proteasome AAA7}F deo] M2 AR

GAZ B W Utk

Proteasome A7t AE9 apoptosisol H A&
Qe AT FH wt zolE Roln YTk F,
Bart ggd £ waA 2G5 @¢ AEE

o) M= proteasome AAASZ FA3HH  apoptosis
A A Y w2 RdahE ARSAE

bl apoptosis’h SrEtHE Aol P ey
o}A74= Het AEANAM proteasome AH7E 7]
= gijo] #ME LEA dA e et
Proteasome 21 Aloll 913 apoptosis®] & 71H&
oA AstA FHEEo YAE FAT 71EY A
ol 98] proteasome HAA FHE pb3, pZi,
Bcl-29F 72& short-lived ©#E9 AX W 3
I stress kinase?! JNK& &4d3}7t Halx o
o}, mEZ=gol2RE cytochrome c7} ]
H1 Apaf-10] 24359 AHO = caspase Y,
3, 70] e 8485 HA apoptosis7t R E
Aoz ANHZ Yo dwidom M}
apoptosis® FEste Eo| =ZHW, apoptosis
2 AR ste dzrt Al Z43tE o] apoptosis
7} HisEe A%S wolrh wald, gaHon
apoptosis7t FrE57] HaME apoptosisE =
st Az #Astel 34 & apoptosis A2
o A7} Has ool gtk o} A proteasome
A7F & apoptosis®] A&l x|z Ao #3fA
= 4y gA £ deiolth

B AFoAE #He AEFIME proteasome
Ao <& apoptosis7t FEAHTAE ERIEA



— The mechanism of proteasome inhibitor-induced apoptosis in lung cancer cells —
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1. MIZE BQF

H AEFQA AM9 AE9 NCI-HI57 AEE 3
7C, 5% CO:9] ZzstelA 10% fetal bovine
serum(FBS), penicillin(60 g/ml), streptomycin(100
g/mDo] A7FE RPMI 1640 wi=| o] ufjoFaledch

2. Al <

Proteasome %A A1 MG132(Z-Leu-Leu-Leu-H)
+ Peptide Institute, Inc. (Osaka, Japan)olA <)
&}tk Rabbit polyclonal anti-PARP(poly(ADP-
ribose) polymerase) @A, anti-pro-caspase 3 3
A, anti-JNKI A, anti-cIAP]l &4 183
recombinant GST-c-jun< Santa Cruz Biote-
chnology, Inc. (Santa Cruz, CA, USA)AA F¢
39t} Rabbit polyclonal anti-ERK(ERK1/ERK2)
%A, anti-phospho-ERK &A1& Cell Signaling
Technology, Inc. (Beverly, MA, USA)lA ¢
3} v}, Horseradish peroxidase(HRP)7} conjuga -
tion®  goat anti-rabbit ©]x} FAE Promega
(Madison, WI, USA)9A, protein-G sepharose
beads®} ECL kit Amersham Pharmacia Biotech
(Uppsala, Sweden)oll 4], protease 9A#|+= Roche
(Mannheim, Germany)°l4, [v-“PJATPE ICN
Pharmaceuticals, Inc. (Costa Mesa, CA, USA)®
A zZtzt ek

3. Mx MEgol &3

AE AEEL 3-(45-dimethyl thiazol-2-yl)-25-

diphenyl tetrazolium bromide assayZ o]&3l4
238Utk %-well plates] welld 2x10°71¢) A
g 733 19 F proteasome JAAE =
atod AR AlZE Fob wigETh g Ao
MTT 898 05 mg/mi7bAl A7 bska 37TA 4
Az EQt vtk MEde AAS F 50
o] DMSOE #71ste Zoln ¥-#JEAZ o &
ata] 590 nm AN FREE AU 470
welle] A4& B389t

4. Western blot 24

HdE AEA MGIR2 F& PS-3U1E Fd3in
A A17HEeE wWlekdt ¥ whole lysis buffer(0.1%
Nonidet P-40, 5 mM EDTA, 50 mM Tris(pH 7.5
~80), 250 mM NaCl, 50 mM NaF)& o]&3}c
FAE @S FZ3Ach 30 pgd AE 9He
10% SDS-polyacrylamide gelolA] #7|9% AlZ
th 447 F9F 400 mAS YA FFE whyr
&% nitrocellulose membrane©. 2 transferA]7) i
°] membrane< blocking solution(5% skim milk
in 1XPBS/Tween 20)2.2 1A7+5<t blockA 7]
¥ rabbit polyclonal anti-PARP & 4|, anti-pro-
caspase 3 A, anti-]JNK1 &4, anti-ERK %4,
anti-phospho-ERK &4d], &2 anti-cIAP1 A&
1 100002 H7lste 127417 B¢t dhgAZ o
AH F olx FAE 1: 200022 Hrlete wh
A7l F "W Z e H&LS ECL Western blotting
detection system ©]-&3tth
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date, 10 mM MgCl, 50 mM NaCl, 1 mM DTT),
1 ng/ml GST-c-jun, 10 uCi V*PIATPS 7}t
30Co A 3087 vheAZ Tk SDS protein sample
buffer® 7}ste] HHE-& FFAZ F 10% SDS-
PAGEE Al&3t1 nitrocellulose membrane®|
transfer® 9 autoradiographyE Al 3d3tgeh. X,
=29 JNK7} immunoprecipitation HA=AE &
o13l7] 98t} & membranes ©]-83t anti-
JNK1 32 immunoblotg Al & 3t5th
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A7t 2o e AE P89 Ho]= SPSS for
Windows Release 110 Z&713¢] Mann-Whi-
tney U-test® o]&3td #4830
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Fig. 1. MGI32 decreases cell survival in lung
cancer cells. (A) Time-dependent effect of
MGI32 on the cell survival. AB49 and
NCI-H157 cells were treated with 50 M
of MG132 for 0, 4, 8 24 hrs. Cell viability
was assayed by MTT assay at each time
points.  (B) Dose-dependent  effect of
MG132 on the cell survival. Cells were
incubated with 0, 1, 5, 10, 20, 50 #M of
MG132 for 24 hrs. Cell viability was
assayed by MTT assay. Open bar repre-
sents for A9 cells, and black bar for
NCI-H157 cells. Data are shown as mean
percentage of control+standard deviation.
T: p<0.05 compared to control.

Adepd s BAHLE FoAF AolE 2o
A549 Aol AEEE 71A FEle 65%, NCI-
HI57 Ao AE&S 7ANHY B%=2 Hast
AthFig. 1A). th& @A 92 ¥ MGIRE
Bojata 4N Fo AEY AEEE FAE
th AX9 AEE 5 uMe MGIR2 Fo42 A9
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Fig. 2. MG132 induces apoptosis time- and
dose-dependently. A549 and NCI-HI157
cells were treated with 50 M of MG132
for 0, 4, 8 24, 48 hrs (A) or 0, 1, 5, 10,
20, 50 #M of MGI32 for 24 hrs (B).
Total cellular extracts were separated by
8% SDS-PAGE and PARP was detected
by Western blot analysis.

AEEo] FAHLE FostA ZA e, F=7
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polymerase(PARP)] #3 58 A& Az &
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a1 24A|7te] A5 & PARP2| 3 Ao Hat
Hi 8 kD wdo] s o] 4843 7HR] A &E A
THFig. 2A). o2 Fx=° MGI3Z2E A E T3t
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Fig. 3. Proteasome inhibitors decreases pro—ca-
spase 3. A549 and NCI-H157 cells were
treated with 50 #M of MGI132 for the
indicated times(A). NCI-HI57 cells were
incubated with PS-341(50 nM) for the
indicated times(B), and were treated with
0, 2, 10, 50, 100 nM of PS-341 for 24
h(C). Total cellular extracts were sepa-
rated by 12% SDS-PAGE and CPP32 and
B -actin were detected by Western blot
analysis. Results are representative of
three separate experiments.

AM3E RFolA pro-caspase 32 wde] 3FAES
3, ol 48A7 F7HA] AEEHUCh B-acting
controlZ 3t pro-caspase 3 band®] densityE
vl &2 FA8] A AS499] AS 0, 4, 8 24, 48
AlZbAel zk2F 1.0, 0.7, 08, 05, 03913, NCI-
H1572] A%+= 242 07, 0.7, 06, 05, 0.59 HFig.
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Fig. 4. ]NK activity increases by proteasome
inhibition. NCI-H157 (A) and A549 (B)
cells were treated with MGI32 (20 ¢ M)
for the indicated times. NCI-HI157 cells
were incubated with PS-341 (0, 2, 10, 50,
100 nM) for 8 h (C), and treated with
PS-341 (580 nM) for the indicated times
(D). JNK1 was immunoprecipitated using
anti—-JNK1 antibody. JNK activity was
assayed by immune complex kinase assay
with GST-c-Jun and [7 -“PJATP as
described in Materials and Methods. The
amount of immunoprecipitated JNK1 was
evaluated by Western blot analysis. D:
DMSO control.

tein kinases(ERK)®| @4]3}¢} c-inhibitor of apo-
ptosis 1 (clAP1)®] 2&8d| uX= &3S Hrkst
gl ERKE A4S Algel A olzle] zp=d] 2]

A
MGI32 0 4 8 24 D (h)
=ms= - = < pERK
WESEEW T ERK
- —<— (-actin
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MGI32 0 I 5 102050 D (uM)
== . 3 = pERK

—_——asa==% < ERrRK

-’-—--’ —=— [-actin
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i w = P-ERK

= ESsee < ERK

P —<— [(-actin

Fig. 5. The phosphorylation of ERK is suppressed
by proteasome inhibition time- and dose-
dependently. (A) NCI-HI157 cells were
treated with MGI32 (20 mM) for the
indicated times. (B) Cells were treated
with MG132 (0, 1, 5, 10, 20, 50 mM) for 8
h. (C) Cells were treated with PS-341 (0,
2, 10, 50, 100 nM) for 8 h. The level of
phosphorylated ERK, total ERK, and actin
expressions were evaluated by Western
blot analysis. D: DMSO control.

3 &AslE e 224 apoptosisE A5, A
3 Hog ERKE ¢AI8PH apoptosis?} #3HE =
Aol geid AF’. NCI-HI57 HEe] 714 2
oA ERK7} #/d3}5o] 2AvhFig. 5A). NCI-
HI57 Aol 20 uMe] MGI32E ¥4k Algh
Ao wel AA ERKe #43ta FHA it
ERKZ Western blot ¥4 22 #zslg =], 84
I FRE 43kg <148 ERKAF @A 8] 7HAsEh
o] 24A7F Fee @Ad] AAEATHFig. 5A).
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Fig. 6. PS-341 downregulates cIAP]1 expression.
NCI-H157(A) and AS49(B) cells were incu -
bated with 0, 2, 10, 50, 100 nM of PS-341
for 24 h. Total cellular extracts were sepa-
rated by 12% SDS-PAGE and cIAP1 and
b-actin were detected by Western blot
analysis. Results are representative of three

separate experiments.

MGI132¢) 2]3F 243} ERK®] 2@ g4% 1 uM
9] @2 FxolAxPe #AHANFig. 5B). PS-
341 HAAZE 24ts ERK2] wd #Zart #3H
2l tHFig. 5C). Proteasome A A= F A ERK®E
2P 4FE vHA FATh O GAR ca-
spase®} B3] caspased] #HEE JAFTLEHN
8} apoptosis #8& Ho|=? X (JAPIY| mlA=
proteasome ¥ A¢] &S HrlstA vk NCI-HI57
A Ee} A9 A3 2447HE<E PS-3418 FE
H7 Fol3 F cJAP19] 2Eg #Est e, 50
nM o]/e] Fxol clAP1 T e] A= H(Fig.
6). o]4te]l A= #H MFEo|A proteasome
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9] A7} B3 7t S AAEHE Aol

&

B AfdAe o o8 AXsH vidviAe ¥
¢t AHEIAME proteasome AAAQ] MGL32H
PS-341% 55t9S 9 apoptosis7t FLEE &
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o2 g @43tE ERKS 2o #TiH
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< U & ok FF olF rHHE A
18}7] ¥J3fA= caspase 34t JNKo] &4315 <
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apoptosis’® DAl JAHEAE AN Rojol &
Zojt}, =&, ERK$ cIAP1S overexpression A
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ATE 8% Ao AZdrh

E dFdAEe F 7Y AYG MEF st
Ztzt A3d< APsdct 2 AAE LAFEW
proteasome Ao i v HG AES Fi
o mwa guxe zel7t Y&FE & F AUtk
NCI-H157 AEE= A549 A Eo s A g
559 proteasome 2AAe] ]3] HE PEL2]
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Axo] 9lgo] WA Proteasome oA A7}
c-jun N-terminal kinase (JNK)¢ Z& stress
kinaseE BASAIAA apoptosisE fdels A&
g A2V gystEe 48 Ans Yot E
E3, proteasome HAAE FAsH ps3, cyclin-
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=% dF F29 WIE 9 5 ATk

HZ A% proteasome AAANE Mz oA
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RN =T A ) )
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Aoz A gl ol whE 2 sutm
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asome®] ©ia] wif AHFAME Eo|HQl A
&8s Yehile Aeg wEd go® 2 A7
e oA QA 9 APAA o|E proteasome
AAEL AT st apoptosisE o]
FREJATT AR O AGelAE AAE T
F ZUE YA w9 g9 aas o
HES Holg JASHAoH®® FMLe] apo-
ptosisll W& AFHE FAAHo] FAHAT)
BB 0% 3228 uhg AL proteasome o A A7}
& FAE AU YAAFE A gisty
HeHQ HME 4L HolE oz oS

71&] gebAdl dis] WAL Holv: UM X o
A FAARN BHo] HopAz Q= AA
oy % #A 2y FU ¥E Y4 A+ APE
o] wgd o Ho|g*

Proteasome A€} apoptosis$}e] @@ Ao o)
e HY AEY o glojA F4lo]
apoptosis®| o] 1 7] dE ML 7
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AgHel el & o] & Aoz sy
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7ol

Proteasome A7} ME9] apoptosisel W&
G2 ME TR wet Zolg Holx Y} Y
obA7tA] #H<et AEA proteasome A7} BlE=
A% 9 0 7)o BN S FEEe] 9
A R Aeolth E dAjoME HY MEFo)A
proteasome Ao 28 apoptosis®] H & FEE
#Eetn, 1 71AE FEstast s

g ®:

HeF AEFQ A549¢9F NCI-HI57 Mo prote-
asome A A} MGI329} PS-3418 Fosta A
o] HEES MTIT B4e2 371891, apo-
ptosis & PARP W¥lo] )3 Western ¥4
2 Zel3t¥rh. Proteasome A7} caspase 39
JNK®| #dste] vzt &38 742 Western 2
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