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Tumor necrosis factor-related apoptosis—-induced
ligand(TRAIL)-& 93 A 2o 4] A ZAbEALE <
o7 4 9l TNFER F shteol= (Wiley 5 1995,
Pitti 5 1996). 121} TRAILS] Ag]ehs 7]%L o}
A w7l Aol glek o] A Ul M Ze A= ol
e TNF S¢| o2 Az 54 249 Fasl3}
¥ FAME 7T AeH(Wiley 5 1995, Pitti 5
1996). 3t Alol M= 2 TRAILS] 4847} 3
ZE A ojw] B A LAz AFE $EA
DR4 (TRAIL-R1)9} DR5(TRAIL-R2) (Pan =
1997a), ©]7| (decoy)$~2-A] DcR1 (TRAIL-R3)3}
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DcR2 (TRAIL-R4) (Pan % 1997b) 18] 31 osteo-
protegerin (Emery 5, 1998)7} ¢lt}. v]= TRAIL &
A AsAR 71zte] B ® A2 AR by
ol Az AL7|zte] obX7bA] w2 FE i AA
ke,

MAP (Mitogen-activated protein) kinase: Z-f-%
EAN| =z A A &3}7), tyrosine kinase 444 18|12
AzAde] Gehia A pgA el 23 M=z oL
A= Al55 W3}A) 75 (Schaefferel Weber 1999,
Chang=} Karin 2001). o]& WA £ F)A}=2 extr-
acellular signal -regulated kinase 1/2 (ERK1/ 2), c-
Jun N-terminal kinase/stress-activated protein kinase
(INK/SAPK) 12]312 p38 MAP kinase 3Z#2 Y&
4 vk ERKY2:= F2 Al $93 AAdaEz
FA 7} 9lem (Tsukada 5 2001), INK £} p38 MAP
kinase5-2 ~EFH 20} Abo]| 27101 o3 fis
] (Nagata®} Todokoro, 1999), ¥-3}¢} A|zAbe} 3
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#4 =3 B3 Hgich ERKI2: B93slA ohofdt
Az At ] 28] A e] et dlE Ee,
ERK1/2:= UVel 23] A%l p53 2lAkslel MPPT
o o3 gl 417 EAeA Fed dFS et
3 Aok (She 5 2000). =3t $19] A sl o) 2A
© 2 ERK1/29] #A3t= A74A P12 HlZ A A
Z QEES Foln (Xia 5 1995), FGF-2¢ <]gt
EKF1/22] A}=-2 TNF-ael] 9j3] fitsl A=zx1g
AP RE L9298 R 33FE= Aol RuEH
(Gardner2} Johnson 1996). ®=3F ERK1/2 g4 512] o
e 27 AZAEARE FE387)e FEsitha B
= ¢l (Berra 5 1998). v = ERK1/27} tfefst A}
2 AAelAM HHo] gl Byt A& Hu
WUAEE TRAIL 2lsAd 712kl A 271e] A &34
&2 93zl Aol it

ERK1/2¢] 3}9] A& AL 342 ribosoma S6
kinase (RSK)(Merienne 5 2000), ETS domain
transcription factor Elk-1 (Tsai 5 2002) 18|31
anti —apoptotic Bcl-2 protein family (Desire 5 2000)
& stk AgE AT E ERKU2 Alsdd
A o] Bel-2, Bol-XLe] W3S §x31 At
A elzt A ES] AEES E3d (Boucher 5
2000). =715 Bcl-2 ghiiA 9] oF2 Bcl-2/Bax ©|Ad
A} o] glon Baxe| MEALANM=e}
Hel] dvte AL =8l Aol ]Sl Bd-
2/Bcl-XL2] 3pisl-e ulxlA (Domen 5 1998), A
X=A EA (Srivastava 5 1999), A& A =}
(Garland2} Halestrap 1997) 2} p53(Park 5 2001) 5
I 722 gekst AaseA Hlzg He & 4 o
T o d752 Ba-27hiAd s e] TRAILS
ol sl AMlzApPEAE F<tell cytoch-rome ¢ 4]
AAlE A4 A} BE Ve By sw 9
o} (Sun 5 2001).
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1. MZ s

Azzs Aol A Al E<] HeLar 25 At
g3t} o] MEE: 10% 7t &3 A7) fetd
bovine serum (FBS)7} A 7}%l Dulbecco’'s Modified
Eagle’'s Medium (DMEM), 37°C, 5% CO, ujj 2F7] o] 4]
719 ek Al 2= AFE TRAILS A E]317] 24]7F A
1% FBS7} A7Hel wiek w2 7 APS 243
o}.

2. NE MEE

AZ%= phenol red7} 41 10% FBS/DMEMul %]
100pLel) 79 5x 10712 96 well v el Aol 24
Azt wFlet Alzel| BAE AEE] TR
Aol M=z vjeF wjz= phenol red7} $lE 1%
FBSDMEM 90mL = wAls|F<ieh TRAILS 4ng/
pL= x2)slgden] g, Genistein (Cabiochem, San
Diego, CA, USA), PD98059 (Calbiochem), G6976
(Calbiochem, San Diego, CA, USA), or Caphostin C
(Calbiochem): TRAILS A z2]3}7] Al FAI7F A A
7] slgde). TRAIL-S X2]s}7] 2A]17H-e) 10% Triton
X-1002] 10uL-2- ez Mlzel A=A 12
A HlZEL 3-(4,5-dimethyl -thiozol -2-yl)-
2,5-diphenyl -tetrazolium bromide (MTT Sigma, St
Louis, MO, USA) 10X solution (10 mg/mL)<] 11 uL
o4 471753t el Hgiet viA oz wE wjok)
7 MTTE S AARAT Azsl 243te das
100% DMSO2] 100uL& FH7FsliA 20853t £50]
Foz 94 g3 AZsh 783 ELISA 34718
7}A a1 570nme] 33 el A =33 o} 10% Triton X -
100& 7M1 a2 2o 2 ARE-8hsd.

3. Western Blotting

[

Westen blot £4& ¢34 Hela 4| £+ phos-
phate-bufferd saineg 7}x12 RJFck 18] A

EE2 Tolx] A& $x® RIPA g3 (1% Triton
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X-100, 20 mM Tris-HCl, pH 7.5, 100 mM NaCl, 1
mM Na3v04, 40mM NaF, 5mM EGTA, 0.2% SDS,
0.2mM PMSF, 100 M Leupepsin)& A 7}siA] A=
L3S APt Az g3 B 105t 4°CellA
1580092 HA4¥2] Hdo AEHE Dol o
A A=y (Bio-Rad, CA, USA)& ARt A3t
Ak A7195S $3te] AL sample buffer
(5% -mercaptoethanol, 15% glycerol, 3% SDS, 0.1M
Tris, pH 6.8)¢ll 43l 2|71 3853t FodFic) 18
3y al0% SDS gelel 4] #elgich. olg A el
-2 semidry trans-blot system (Schleicher &
Schuell, Germany)E A}-4-3}ed polyvinylidene diflu-
oride(PVDF) membranes= &7t} 0|27 &A=
il 5% nonfat dry milk7} 7% Tris-buffe-
red saline(TBS) (10mM Tris, pH 7.5, 100mM NaCl)
2 2ol 22]3 TBSE 33 443 3% nonfat
dry milkz} *~7}%l TBST (10 uM Tris, pH 7.5, 100
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UM NaCl, 0.05% Tween 20)ol] anti-ERK1/2, anti
phospho-ERK1/2, anti-bcl2 protein, or anti—-b-actin
3}A) (1:1000 dilution) (Santa Cruz Biotech, CA,
USA)E #H7lsled Aellr] 124]2F A= ukg- A3
ok g3d o4& TBSToIA 33] A3 & oA
3% nonfat dry milkel] horseradish peroxidase-
conjugated secondary 3}A] (1:2000 dilution) (Santa
Cruz Biotech)E Al-20)|A] 2A)7k53tF HE-E Al FTh
oA TBST=Z 33] M % a2 ECL W
(Amersham Pharmacia Biotech, UK)& o] &3jx] 7}
Az o]gA Aozl Atz hAdg ensito-
metry (Vilber Lourmat, France)E o]-4-3sj4] ERK1/2
w Boacting] g 24N Agic

4. Hoechst 33258 Staining

Hela Al 252 20833t 4% paraformaldehyde.
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Fig. 1. Western blot analysis of ERK1/2 activation in TRAIL -treated HeL a cells. A, HelLa cells were untreated (CTL lanel) or treated
with 4 ng/ml of TRAIL for 0.5 (Inae2), 1 (lane3), 2 (laned), 4 (lane5), 6 (laneb), 12 (lane7), 24 (lane8) and 36 h (lane9). B,
Quantification of figure A results. C, HelLa cells were untreated (CTL lanel). Cells were left untreated (lane2) or incubated with
either 10 M of PD98059 (lane3) for 2 h, followed by treatment with 4 ng/ml of TRAIL for 6 h. D, Quantification of figure C
results. The phosphorylation state of ERK1/2 was detected by western blotting with a phospho-specific ERK1/2 antibody at
indicated time points (DbERK 1/2). The same samples were probed with ERK1/2 antibody as a loading control (ERK1/2). Tota
levels of ERK1/2 were used as an internal standard in quantification of phosphorylated ERK1/2. The levels of ERK1/2 are
expressed as arbitrary units of relative value. *; The difference from the cells incubated with vehicle alone was statistically
significant (p<0.05). #, The difference from the cells incubated with TRAIL alone or concurrent addition of PD98059 was

statistically significant (p< 0.05).
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A8k 8 g/ml of Hoechst dye 33258 (Sigma, St
Louis, MO, USA)2 53-%9oF gM3ict 18] 1A
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=2 393}t 29 1A-BE 3, TRAILZ 9
8|4 ERK1/2¢] 73t &A43s 9ok TRAILS
228k Hela M| Zol| A ERK1/29] A13}= 30%]
A 717 AlFRsE e, 4~64]7te A e
A= Bk 383 6AIZE o] Foll = A} A

stadrh & ERKL/29] o2 TRAILS] 2|5 o}F-=]
WS HolA] oska wEhA o)Zle #AEH

ERKLY2E A=kste] 7|&2=2 AHg-3hadeh MEK o
A Akl PD 98059 10 uM & 23S o, TRAILS]
°]3 ERKLY2 &43ts axtdqo=r A sttt (Fig
1C-D). ©]%o] TRAILS 2|38t HelLar] ZolA
ERKL/27} ojw oJ&te 3l=x] tolrr] <Js)a] <
2] TRAILe 9]&) 425 A £AE Aol A] ERK1/2
o] &I AAIT APS APt 17 2-AcA
B 7 X3, PD98059 10 uM < 3 e
TRAILYHS A2]gl& o 2o of 20% A= A=}
DAL F74E Aok AlvrE PD98059E A 234
ERK12E AAIL o TRAILS 53t A-5-&3 A
Z ek W3t o F213] Jehlo(Fig 2B-
E). o|3l AF}E> TRAILO] M ZAPEAL A5

.
.

Fig. 2. Effec of PD98059 on TRAIL -induced apoptosis in HeLa cells. A, Hel a cells were pretreated with 10mM of PD98059 for 2h
and then treated with 4 ng/ml of TRAIL. Cell viability was determined by MTT assay at indicated time points. Values, presented
as percentage of control cells incubated with vehicle, are mean SEM of three separate experiments. CTL = control. Hel a cells
were untreated (B) or treated (C) with 4 ng/ml of TRAIL for 24 h. Pretreatment of HeLa cells with 10 mM of PD98059 were
treated (D) or either not treated (E) with 4 ng/ml of TRAIL for 24 h. The figures are shown that Hoechst 33258 stained nuclear
morphology under inverted fluorescent microscope at a magnification of 200 (B, C, D, E). White scale bar =5mm. The figures

are representative for four different experiments.
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Fig. 3. ERK1/2 activation is mediated by tyrosine kinase in TRAIL signaling. A, Hel a cells were untreated (CTL lanel) or treated
(lane2) with 4 ng/ml of TRAIL for 6 h. Cells were incubated with 10M of Genistein for 2 h, followed by treatment with 4 ng/ml
of TRAIL for 6 h(lane 3) or not treatment (lane 4). B, Quantification of figure A results. The phosphorylation state of ERK1/2
was detected by western blotting with a phospho-specific ERK1/2 antibody at 6 h (pbERK 1/2). The same samples were probed
with ERK1/2 antibody as aloading control (ERK1/2). The levels of ERK1/2 are expressed as arbitrary units of relative value. C,
Hel a cells were pretreated with 10mM of Genistein, 100nM of G6976, or 100 nM of Calphostin Cfor 2 h and then treated with 4
ng/ml of TRAIL for 24 h. Cell viability was determined by the MTT assay. Values, presented as percentage of control cells
incubated with vehicle, are mean SEM ofthree separate experiments. CTL = control. *; The difference from the cells incubated
with TRAIL alone or concurrent addition of Genistein was statistically significant (p< 0.05).
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Fig. 4. Activated ERK1/2 regulates the levels of Bcl-2 proteinin
TRAIL signaling. A, HelLa cells were untreated (CTL
lanel) or treated (lane2) with 4 ng/ml of TRAIL for 12 h.
Cells were incubated with 10 M of PD98059 for 2 h,
followed by treatment with 4 ng/ml of TRAIL for 12 h
(lane3) or not treatment (laned). The expression levels of
Bcl-2 were detected by western blotting with a Bcl-2
antibody at 12 h (Bcl-2). The levels of b-actin were used
as an internal standard in quantification of Bcl-2 (b-
actin). B, Quantification of figure A results. The levels of
Bcl-2 are expressed as arbitrary units of relative value.
CTL = control. *; The difference from the cells incubated
with TRAIL alone or concurrent addition of PD98059
was statistically significant (p< 0.05).
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B ol F} (Walczak 5 1999). TRAIL W7 o] = A
2o 75 W87 418 =FAAD b7
A5ze] Aol WE o7t BET Aol
of i B ie] w=w TRAILo] JINK
(Muhlenbeck % 1998)¢} p38 MAP kinase(Lee %
2002)¢} 72 MAK kinase 422 A 3tA1ZIctx
oA} o2t Azl AEHA ule} A ZApE
A} e Az FAEb odske Fu) 3l olofst
folell &3t ERKV29] Ap=-2 of2] Alzo] A=zt
420 Ao QgL HAE Aoz IdHA ok
Fasel asbestosel] 93] f==% Al EzAEAbelA
ERKLY27} MZAPEALS fr=dhes J8e 3ox
He By vt ¢lev} (Goillot 5 1997, Jimenez
% 1997), ¥ Ade|AM = ERK1/29] #4357}
TRAILe 23] =% Az=A Az HisiA] Al
£5 B33 7oz vehgeh & A9AT) v}
7R 2 PCI2A| Zol| A serum s A AR S o fr=
S A ZAE AN ERKY27L Al 105 w7t 7]
=5 Yelydga B3 g8t gl (Kim 5 2000),
Jurkat M| oA Fasel] 2]3t MEZEEAAM = 2+
Azt B3 = sioh(Wilson 5 1999). 5 $-e], - Al
& Aol A TRAILS o3 =% ERKL29] A4
37} PD980592 A7 FTozx AA|FHYEH
o) TRAILS) 98] =8 AzAbAte] F7hsh
Bado] giek ubeby ole¥ Ak Hela ) zelA
TRAILe] MlZzApEat sHA oA ERKL2E 73317
FRHAAL, o)A TRAILT 22 A Z5H 24
ol mEgozi ehhs Wl 2498 ReiFT

ANZAEALE dode Zow dejx 97
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2 2o B2 7oA tyrosine kinasee] <Al 7}
o7 279 AZA HEzAEAE f=dids B

2 3 ¢t} tyrosine kinase2] SA|A 7T 29
Al (Hiwasa 5 1999) o]} 3}stEala) 222 b=
oAl AlztElE Ml ZEAPEIANE SRR ghel
up ARk, =3k growth—factor 2]& Al ZellA] =
o2 AgRE AfE AEALLE fEsiehe
BRyx ¢dh(Otani & 1993). = A FoA=
genisteino] tyrosine kinaseol] ®js] 733 AL 7k
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L Ao jsoflavone 3&Eo)gty 3w 9
(PapaZ|S|s-42000) tyrosine kinase”} G w2 ZA3+

472} ERKL27Fe] A3t w7z 24 AA s
A4 9ot (Luttrel S 1997). o]x R uEI} wpxt
7HX 2 B A A = genisteind zt:= tyrosine
kinaseZ A3 S = TRAILe °J3) f=% ERKY
29] #Aje] aHH oz AAF]Lh =3} Genistein
<+ XS HelLar| zellA TRAILe °J3f
=5 H=ZApde] AFs] F7tE ok 2, G6976
1} calphostin -2 prtein kinase C A 412 %1x]E]
Y& Aol TRAILS] o8 AzAlEe] Jae
F) E9h WA o q Ao ERKV2 243
7} TRAIL® 23t Az A Alsddelr] k9l
A Z=AA=2A] tyrosine kinaseel] &8 =4 =31 9]
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o} (Kasof % 2001, Srivastava 2001). =3t Bcl-2=
A FEe W TRAIL] oJsiA AMgIAl 3=
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Abstract

The Activation of ERK1/2 Via Tyrosine Kinase Pathway Attenuates
TRAIL -induced Apoptosisin Hel a cell

Yoo-Hun Noh, Myoung-Woo Lee, Dea-Sung Kim, Do-Yeon Lee, Sug-Won Kim,
Yong-Koo Kang, Dong-Seup Sohn, Soon-Cheol Park, Yoon-Hee Chung,
Kyung-Yong Kim, Sung-Su Kim, Won-Bok Lee

Department of Anatomy, College of Medicine, College of Medicine, Chung-Ang University

Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) serves as an extracellular signal triggering
apoptosis in tumor cells. To characterize the molecular events involved in TRAIL —induced apoptotic signaling, we
investigated the role of extracellular signal -regulated kinase 1/2 (ERK1/2) in the apoptosis using Hel a cells. Here we
show that TRAIL pronounced ERK1/2 activation through a tyrosine kinase-dependent mechanism, subsequently
elevated anti —apoptotic Bcl-2 protein levels. Pretreatment with Genistein, an inhibitor of tyrosine kinase, significantly
attenuated ERK 1/2 activation and enhanced cell death. Moreover, inhibition of ERK1/2 with PD98059 promoted
apoptotic cell death through the down-regulation of ERK1/2 activity and Bcl-2 protein levels. Taken together, our
results suggest that the activation of ERK1/2 via tyrosine kinase pathway plays a protective role as the mechanism of

cellular defense through the up-regulation of Bcl-2 protein levelsin TRAIL —-induced apoptosis.

Key words: TRAIL, ERK1/2, Tyrosine kinase, Bcl -2 protein, Apoptosis.
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