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i, BB{E A BV RAICKBHIREEICBNT, £FEI T FIVTH S extra cellular signal-regulated protein
kinases (ERKs) OBENHEINTETNEINEDHRENZDODWTIREEAEH LMo T, BRAIE
INETIZTw MIREETFMIRICBWT, Cat R GPx HEICLAANEMEERILA ML AERICL VR
MBI DNA WiH{bZ - 7= apoptosis NFEEIND I EEZHSNITLTWS, ZO apoptosis FHH A
AZZXLITBNWT, ERKs OFEMHEENIREEEL TWB I EZ2EHLE,

—7. IMREEFMROI P RY ZEEEZ MIT 7oA IC&D A2 U —2 0 755818 T, HEER
D&H > I REMHEFD—DTH S FTY720 22T, FICHHMIZ Jurkat BX Hela Z0HifaL 0 BEEL
PO RUZERWTIERZBIT L. FOHE, COEYII NI RUTICESEICERL., BB
ETRAEEBICEBBRZTNEL. SIFICRUTRSOF M UO—AcORBEFRTHIENHEMNE
Aoy A

1. W9 EHH

A 2 BYOR#Z2EFOILEEDIT,. TNSORBBBICBVWTE(LA MLV ADOEENEEINT
W3, EREBIEANVANHIBEBEEICES T2 ZEEHGMTEINTRY, BiC apoptosis & ORIEMN
HHENTWS, LA M VABHHRBEHEMRER2Z2E T RiRELZEEL., MR T2
NEMSEEA NV ARREEB LU, HREELA L AERH & U T catalase (Cat) FHEHR @ 3-amino-
1,2,4~triazole (ATZ), glutathione peroxidase (GPx) HEHID mercaptosuccinic acid (MS) ZHW, T v
NMFREREER BT AHNEMEEBLA DL ADEERZRAN-, INETIC Cat BXLY GPx OEMHEEIC
S H5NREMEECA ML AEBMCLD, Ty bIREEFMSE (apoptosis) MBI ER I, iz, ZOE
LA VA EYRBMERET MO —A P450 OBEERH B I & 2HE L TER (Free Radic. Biol. Med.
27 1 1019-1026 ; 1999). Apoptosis IZBWTIX caspase ROBEENELHLSNTWSMR, caspase FEHEF
HRT7HRR - ABE<HEINTBY, TOEDANZAALATDNWTIEELRITEBTETND LTSV
W, B, BB A LRI BHBEEICBWT, EFEI T F I TH B extra cellular signal-regulated protein
kinases (ERKs) OGN HMEINTETVANEOEREITOWTIRHIFZEAEHLONZR> TR, £IT
A, FEFEIES VB3 caspase BTN ERKs OBEEHIZDODWTHANE, £/, 7RE—T 2D
FHRAO—DELT, S FACRYTOBRBMNOETOHEEEEOEEREICLD., FhI/O—-ACc®
apoptosis inducing facttor (AIF) Z2EDT7 R b= AFBRRERTFVBHIN, TNSOENTT R -T2
D—EHORIENBERLIINDIEBRMENDXEDITR-T, MTT 7Tyt idEMiEFo3I bas By
TOERIEFETLOIRETHD, TRV AFERBEYOAI Y —Z 2B LET v EARTH 5 & T4
ENEDOT, T PARUTEOEEZFELFEINTD I EbEAT.

2. gk

Wistar REEMET v NERWI S5 F—FEREIC L O AL 2 BEE L /-, BEififa% 10 % FCS. 100 nM
insulin &7 100 nM dexamethasone #i0Z 7= WILLIAMS' E E#iZ2 MW 95 % air /5 % CO2, 37 C
THEELRE, NEEEBEA MLV ZAE R &L T Cat BHEH 3-amino-1,2,4-triazole. GPx FHZE H
mercapto-succinic acid & /=, Trypan Blue &FEHEH (%) ZHlE LHIREOERZE LR, £i2. B
ARV AE#HHEEFETH S dihydroethidium (DHE) B{LE T L7z, O WEEIX Hoechst 33342 TH
& UBEMETER LU, DNA OBR{LtREICIE T Ha—A5 NVERIKE 217> 7=, Caspase OEEHEIE
HIZENEBRRTTF RERAL, TORGEEHEEYA 707 L —N)—F—THIE L=, £/~ ERKs OfFH
BEETHS Ek-1 0V VE{LEBZIEEL L TYIAY > T O0v T4 Y THEN7EZ, I ROV RUTOEE
frkd DIOC6(3) OV ARIEME flow cytometry THEIELZ, FhIO—Ac OHIE. SDS BXIkE
#B, fiFbhro—LAcHiEEHAWE Western blot Ik VBHER LA, £/, EMHLE O Caspase D



Western blot 1z & A% HICid. Hi—Caspase 3 HikzHWTITo 7=,

3. WHFER R
3-1. HiEE{bH (vitamin C. vitamin E) @ ATZ+MS FEMMEIC RFTEE

ATZ 20 mM & MS 7 mM OFEFEA CldEERIIEE 24 BEIT 1.0£0.9 $¥ETETLE (Fig.1-A),
IBIZZMEE, Hoechst 33342 WL BERARITVWHNAEMETERLEZEZ A ATZHMS OULE ZIT
ST OK 80 BIZEHMNAE SN/ (Fig.1-B;, RENIEHEEEL I L TWAE), F/z. 24 Friikgs
L7Z#ilad 0 DNA 2HHL DNA OF7 HO— AT NVEBEKIKEZEIToEZ A, ATZHMS @B %172 M
Bz DA DNA DM iR E Nz (Fig.1-C), ATZA+MS L& & R HiEE (LAl (vitamin C, vitamin E)
BREBRRICENT 2 EINSOBEITTRTHH XN (Fig.1-A,B,0).
3-2. LA R L A0

HHAFETHD dihydroethidium (DHE) BRIEBEEESE LT, ATZHMS UBICLHBEA RV ADHE
mERELU~Z, BE 12 BRE T b L AR ERICEIN L 0% plateau IEL R (Fig.2),
3-3. ATZAMS BEMPIIEICBIT D caspase DS

B 12 BRI WTHIRME K 28 U, caspase DiEM: (caspase 2. 3. 7. 6. 8. 9) ZHEL /=,
v MR EIFHIARICB T D caspase HKTFER) apoptosis §ISED positive control & LT, TNF-«
/actinomycin D L2727z, ATZHMS UBIZB W T EDRID caspase DIEMHED R S5Nh-o Tz,
—%. TNF-a /actinomycin D BICB W TIEEEE /L caspase OEMHALNRE 5N (Fig.3). £/, A
caspase MHEHITH D z-VAD-fmk FELBIZ BN T ATZHMS FEMRBIIZERZZ TN > DI
L. TNF-«q /actinomycin D FEHIfSEIZFTE 2T 2Nz (data not shown),
3-4. protein tyrosine kinases (PTKs) FHZEH| (genistein, herbimycin A) D

ATZHMS NETEREERN 1.320.8 X TH-o7=0, PTKs HEARITH S genistein 200 M F7/21E
herbimycin A 20 uM FNENONBE THEERIT 86.1£3.2 %, 89.4+2.2 ¥ THV., LEFEROBEDITEHE
W XN (Fig.4-A). X512, O S FHRIC genistein $ % WiE herbimycin A 12Xk D BEE ITHIHI
a7z (Fig.4-B), F=. WEEAICED DNA oA LbMEI & (Fig.4-C),
3-5. ATZ+MS ZHEHIEEICHBIT S ERKs DS
B 6. 9. 12 BrEliC R 2w, S 1% ® ERKs 2H4giEa . Elk-1 228 & U invitro T
kinase FJEZ{TW, U EBLX3/Z Ek-1 29I 70y 54 7 THRIELRE, BB ERKs 21
BT S MEKL1/2 OZEZZRITHS U0126 40uM DEZBIZDODWTHAN, §3E 6. 9. 12 BEHiCh
WTELBR IR L T ATZHMS UEiIck D ERKs OEMEENRE SN, U0126 MEIC L D IEM(L A %]
ENBERDoT Figh), £/ ATZHMS B TIIEFRDN 0.9+£0.6 X THo=H, U0126 FEFL
BTEERIT 90.2+1.7 % THD., EEROBPDIIEE ICHH SN (Fig.6-A). T BT, KEM. DNA O
A Bk X 1z (Fig.6-B,0).
3-6. FTY720 &, IEE®® Jurkattneo)ic{El&E %5 & DNA 5S4 —% 41, Caspase 3 OEFHL BB R T
LR, Fi7 AR b= ARFTHD Bel-2 HFEBBHALEESTFEARTH S Jurkat(bel-212x U T,
DNA S 4 —% Caspase 3 DI bbH4E Ukh-> ~=Fig.7-A,-B)., F0 2 BOMBLOBEEELEZI a2 R
UZWIERESES &, Jurkatheo) KD DHONSIEF M7 O — A c DFRENRE SN0, Jurkat(bel-2) D
FalRUZHSERFIr7O0-Lc DMHBIER NN EFig.7-C-E). O NS, ZOFEYN,
FaARUTZHSEFRIO-ACcERETEZENTR M= ADFERERSTND I ENHBALE, T/,
TRI=VAFRETF M7 O—-Lc DFEHIE Bel-2 itk o ans b5 M E -7, DIOC6(3)%E A
WEIMIRYTEBMOHETIE., Sy MIREEFMEOERI VO FREINELSIC. BEMOET
Mo Tz, EEMMRLVESNEZI PO RU T EBRBICEBMAOETINREZ > T,

4% =

Ty MIREETFHBICBNT, NREBLARLVARIOEORKEBS L DNA oAbz E-> 7~
apoptosis HIMIENFE XN, Vitamin C ® Vitamin E 72 & OFEELH O FERINC & A I3 9H X
Nz, £/, DHE OB LENEERFEEEFENICEMLUZ., LD Z &N 5, apoptosis I RNERMEREL A ~
VAMBEELZFRITILTWSZENHLNE 2z,
ATZAMS BT X VFEIND apoptosis 1 caspase (2. 3, 6. 7. 8. 9) DIFEMLZEEDT. 1 caspase
FHEZTH D 2z-VAD-fmk 12L&V apoptosis WHMH X NAno/zZ &5 caspase JEKRAFRIZZHIIEIE A
HZXLDEREENRBEI N, —F., RBEELREIIBWT, TNF-a /actinomycin D & 217 - 7=k
caspase (2. 3. 6. 7. 8, 9) DOIFEHAMNMEEN, T 51T z-VAD-fmk LEIZED ZD apoptosis HE
BRI NEZZ ENE, Ty PR EIFHIRIZ. caspase KEM KRN caspase KR apoptosis A
HZAXLDMBZEET B R[EEEINRENTE,

JERFEAT2 protein tyrosine kinases FHEHXITdH B genistein, herbimycin A DULEIZ LD apoptosis



MERITMHE T NE &M S, protein tyrosine kinase(s) OB EMNREBINE, £/, ATZHMS FHil
apoptosis 125322 T ERKs DOIEMMASHRE I N, 512 MEKL/2 OBEWHEERTH S U126 OFEM
IZ&K D ERKs DOiEME k. HifEst, R, DNA WA {bodXTHhMHE Sz, Th&o, fEkEFES Y
FHNELTEZSNTNE ERKs DOEM{LAY apoptosis FEICEE L TWA T EMNRINE. BiF. BL
AMVAICLSHBEEEIC ERKs OFEMHENEE TS END T ENEHRESINTETHY, ERKs 154
EHEEBICL VHBREENEBEIND ZEBRBRITRENTNS, NS OKBRIT. BAXOERBREE2HKIE
RY B, ATZ+MS FEMMBEICBT S ERKs BE5OFHEMABRANZXALARDVWTIHSBROBRADUBETH
D, :

MTIT 7y EAICEDI A RUTEREEDO TR M= ABREYDAI Y- TR AEL TE S
BEMENHITE -, £z, FMAEEZNEROEEL LT, BCSBEOBEFNLE XN FHENSEE
Bhnhs,

5. £&0

Cat U\ GPx HHFICXDNRERMEEBEA MLV A5y MIIREEFHREZICB T, ERKs OE /A4
FAFEFEB AN ALK ESEELTWB EEZONS, v MMCEEETMZICRWT caspase KENK
U\ caspase JEMKTFRY apoptosis A= XA (ERKs DOEM(LAT S apoptosis A D =X L) BEED B
BEEDRE Nz, oo MIT7 w1 &I b RYTEENMZVEBICEBRETAZ EbRIBANE,

6. WFERE
D. Shiba and N. Shimamoto. Involvement of Protein—-Tyvrosine Phosphatases and Extraceliular

Signal-Regulated Protein Kinase Pathways in the Endogenous Oxidative Stress-Induced Apoptosis of
Rat Primary Hepatocytes. J. Biol. Chem. (2001) g

Nagahara Y, lkekita M and Shinomiya T. Immunosuppressant FTY720 induces apoptosis by
direct induction of permeability transition and release of cytochrome ¢ from mitochondria. J.
Immunol. 165: 3250-3259, 2000.

FIG. 1. Effects of antioxidants, vitamin C (V.C) or vitamin E
(V.E), on ATZ and MS-induced hepatocyte apoptosis.
Primary rat hepatocytes were incubated in the absence (open

A B 100 - circles) or presence (filled squares) of ATZ (20 mM) and MS
106 m - 8ol Q e (7 mM) for 24 h. Panel A shows a time-course for percent
~ a0l - "\ e 8 viability. Data represent the means & SE of four to five
N A & 80 s different experiments. Data were analyzed using a t-test with
& 60 E’" :;‘; Bonferroni correction. P values less than 0.05 were considered
5 40 \ £ a7 significant. **; p < 0.01. Panel B shows the effects of V.C (1
§ I Ton 20 | mM) or V.E (100 pM) on ATZ and MS-induced hepatocyte
20 L {\F* apoptosis at 24 h. Data are expressed as the means+SE of

0 e 0 four to five separate experiments. Data were analyzed with

Dunnett's test after one-way analysis of variance. P values less
than 0.05 was considered significant. **; p < 0.01. Panel C
shows fluorescence micrographs of Hoechst 33342 stained
nuclear of hepatocytes for untreatment (upper left), treatment
with ATZ and MS (upper right), treatment with ATZ, MS and
V.C (bottom left), treatment with ATZ, MS and V.E (bottom
right), respectively (bar = 10 pm). Panel D shows agarose gel
electrophoresis results. After hepatocytes were scraped,
cellular DNA was extracted and purified. The purified DNA
was then electrophoresed.
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FIG. 2. Time-course for changes in dihydroethidium (DHE)
oxidation. Hepatocytes were incubated in the absence or presence
of ATZ and MS for 15 h. Oxidative stress was measured using
DHE. This panel shows the time-course for changes in differences
in fluorescence intensity of hepatocyte cultures with ATZ and MS
treatments compared to that of untreated ones. Data represent the
means = SE of three separate experiments. Data were analyzed
using a t-test with Bonferroni correction. P values less than 0.05
were considered significant. *; p < 0.05.
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FIG. 3. Effects of ATZ and MS treatment, or TNF- @ and
actinomycin D treatment on caspase activity

Hepatocytes were incubated in the absence or presence of ATZ and
MS, or TNF-a and actinomycin D for 12 h. Caspase activities
were measured by cleavage of fluorochrome-conjugated
oligopeptides. This panel shows relative activity of caspase (control

= 100).
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FIG. 4. Effects of PTK inhibitors, genistein or herbimycin A, on
hepatocytes treated with ATZ and MS
Primary rat hepatocytes were treated with genistein or herbimycin

in combination with ATZ and MS, and then incubated for 24 h.
Panel A shows the percent viability. Data are expressed as the
means = SE of four to five separate experiments. Data were
analyzed with Dunnett's test after a one-way analysis of variance. P
values less than 0.05 was considered significant. **; p < 0.01. Panel
B shows fluorescence micrographs of Hoechst 33342 stained
nuclear of hepatocytes by untreatment (upper left), treatments with
ATZ and MS (upper right), treatments with ATZ, MS and genistein
(bottom left), treatments with ATZ, MS and herbimycin (bottom
right), respectively (bar = 10 pm). Panel C shows agarose gel
electrophoresis results.
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FIG. 5. Effects of ATZ and MS treatments, and co-treatment with

U0126 on the ERK activity

Primary rat hepatocytes were incubated in the absence or presence
of ATZ and MS for 12 h. This panel shows time-course changes in
ERK activity assessed by the phosphorylation of Elk-1.
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FIG. 6. Effects of U0126, a specific MEK1/2 inhibitor, on
hepatocytes treated with ATZ and MS

Primary rat hepatocytes were treated with ATZ and MS in the
absence or presence of U0126, and then incubated for 24 h. Panel A
shows the percent viability. Data are expressed as the means+SE
of four to five separate experiments. Data were analyzed with
Dunnett's test after a one-way analysis of variance. P values less
than 0.05 was considered significant. **; p < 0.01. Panel B shows
fluorescence micrographs of Hoechst 33342 stained nuclear of
hepatocytes for untreated (upper), ATZ and MS treated (middle),
ATZ, MS and U0126 (bottom) treated cells, respectively (bar = 10
um). Panel C shows the results of agarose gel electrophoresis.
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FIG. 7. FTY720-induced apoptosis, cytochrome ¢  release, and inhibition by overexpression of bel-2.

(A) Both Jurkat (neo) and Jurkat (bcl-2) cells (1 x 106) were incubated with 8 # M FTY720 for 0, 2, 4 and 6 h. At the indicated times, the
cells were lysed and DNA fragmentation was analyzed by agarose gel electrophoresis. PC indicates incubation with 1 M staurosporine for 4
h (positive control). Data are representative of three independent experiments. (B) Both Jurkat (neo) and Jurkat (bcl-2) cells (1 x 107) were
incubated with 8 1 M FTY720 for the indicated periods. Cytosolic fractions were prepared and pro-caspase-3 and caspase-3 was detected by
Western blotting. Open arrow indicates pro-caspase-3 (32kDa); filled arrow indicates caspase-3 (17kDa); PC indicates incubation with 1 £ M
staurosporine for 4 h (positive control). Data is representative of three independent experiments. (C) Both Jurkat (neo) and Jurkat (bcl-2)
cells (1 x 107) were incubated with 8 « M FTY720 for the indicated periods. Mitochondria and cytosolic fractions were prepared at various
times and cytochrome ¢ in cytosolic fraction was detected by Western blotting. PC indicates treatment with 14 M staurosporine for 4 h
(positive control). Data is representative of three independent experiments. (D) Mitochondria from both Jurkat (neo) and Jurkat (bcl-2) cells
(25 1 g mitochondrial protein in 10021 CFS buffer) was prepared as described under "Experimental Procedures”. Mitochondria were
incubated with no additives, 10 u M FTY720, 40 4 M Z-VAD-FMK, FTY720 and Z-VAD-FMK together, and SmM atractyloside (positive
control) for 30 min at 37°C. Thereafter, DIOC6 (3) (50nM) was added and incubated for a further 15 min and potential was analyzed by flow
cytometry. Values in parentheses indicate median fluorescence intensity. Data are representative of three independent experiments. (E)
Mitochondria from both Jurkat (neo) and Jurkat (bcl-2) cells (100 1 g mitochondrial protein in 100 11 CFS buffer) prepared as described
under "Experimental Procedures” were incubated with no additives, 10 M FTY720, 40 uM Z-VAD-FMK, FTY720 and Z-VAD-FMK
together at 37°C for indicated times. Mitochondria and mitochondrial supernatant were prepared, and cytochrome ¢ was detected by Western
blotting. In addition, Bcl-2 levels in mitochondria were measured. PC indicates incubation with 5SmM atractyloside for 60 min (positive
control). Data are representative of three independent experiments.
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