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T. RERAOEELEDTRNEZTo> . TOHR, GCGAWL. TCDDIZX
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MEEE YMERTIE, VY1432 EICE2FELHSPI0 EORBEED
BEEMEIZHERB L. HSPT0 FHAITH S geranylgeranylacetone (GGA) & ANT,
FAFF2 VB E2BHOBROAEMEIZI DN TR 2T 7. TORE,
YA ERWEREN S, GGA 13 2,3,7,8-tetrachlorodibenzo-p-dioxin (ITCDD) 12
L HEEE MG, S S5 ITETEIEOERD 1 D THBKBEDRRE
EEZOCNIBEIEOREHERLVEEE2BRIDZZ NN
2o ZHUTHML. GCGA X TCDD I X BHFIEKCMARDEHE, BERFE, BX
VOFBZIIOWTIIBESRERI LN o7, 2D GCA IZ X 2B BER O
BIZIOWTRET S8, TCDD BLU GCGA LB I ADEBESRIZHBITS
HSP70 ORBEERH L. FOHE. FRICBWT. b T MTiEH 2HTCDD
B L D HGGA BERIC 0 HSPT0 ORBEMNEINT 5 Z &M 5
/=, T HSP70 OMIMA, GGA LK 2 BHBERBICEOEEST ST H20HEM
BRI ERTERN N, FRFERIT Y1 AF IV BICL234EH
DA HT EFEEPEEBEE L EOMBICNTAERORmERE EEX

5N5,

A.B B

A FAF T BE AR THE
HINTWIREFRPETHS. I
FTIZ, Y14 F L EITEDENET
D EENOHEEIZEBHEIN TN D,
EBREMERANCHEN S, KEENH
Hl. ETTE, EEFE. FRES, aF
BERTREMHEEINTVDS (1), X
7, TOBEFEREEBEBIIONTHHEN
RENTHY., —FfE Aryl hydrocarbon re-
ceptor (AhR) EDBENREINTNS,
AhR B ZABBEFEHIEEFO-DTH
N, ErOMENEY N IVEORBEEH
PLTWBIERTONTND, F1F
F OEOBERFICDONTS ARRIZK

4.

nHExnB Y NI BEEOREMERE
HEN TN, BHEKERNHETSD
DIIREMHAINTES T, EREE
BEER LR DBRICE > T,
LUHRETIE, CNETIT,. FI1AF
CEOEMEREBEOMBIAICMT, BB
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Elro TOMRR, F1AFL ED—DT
H 25 3,3',4,4',5-pentachlorobiphenyl (IUPAC
No. PCB126) L Z v MFEICHB W T, 7
¥ v R0 O-—"D2Td 5 Heat shock pro-
tein 70 (HSP70) B N5 T L2 5 »
L TW5 (2). —RICH Ty RO i,
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(membrane translocation) ®HEEH
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TWnd 6.

INHEDEENS, BAZY1FFT
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% geranylgeranylacetone (GGA) &R\ T,
A A5 B L 2B OBERDOAEE
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mitochondria
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IZTHEEH) .
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GGA IR LB Y1 FF L BHHEOBREDR
IZDWTEISITRIET 579, TCDD I &L
5Bt ICRHARICB LT TES
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Fig. 1. Proposed role of molecular chaperone
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Geranylgeranylacetone (GGA)
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TCDD or vehicle
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30
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Fig. 2. Structure of geranylgeranylacetone (GGA, (a)) and schedule of

TCDD and GGA treatment (b).
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FFioOBE KRR DOEMWOER S 1.
GCA SHABICBVW T HEHEOBSIGED
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Fig. 3. Changes in the body weight of C57BL/6J mice after exposure to single
dose of TCDD and/or administration of GGA. On day 0, mice in the
GGAtreatment group were given GGA orally at a dose of 200 mg/kg body weight.
Then 4 hours after administration of GGA, TCDD in corn oil was given once at
a dose of 100 pg/kg. The values represent the mean + SE. of surviving mice
(n=9-10). Significantly different from TCDD: *, p<0.05; **, p<0.01. The green
arrow shows the day when mice died in TCDD treatment group.

Table 1. Change in organ weights of C57BL/6]J mice following treatment with

TCDD and GGA.
organ Liver Thymus Spleen Kidney
{% of body weight)
Control (10) 5.0010.05 0.19+0.01 0.2740.01 1.21£0.01
GGA (10) 4.93+0.08 0.18+0.01 0.25+0.01 1.1840.02
TCDD (6or8)  7.73+030"%  0.05%0017  0.24+0.02 1.3110.01
TCDD+GGA (10) 7.55+0.18"™"  0.06+001™"  0.30+0.03 1.38+0.05"

The values represent the mean + SE. Though the number of samples is shown in parenthesis, the
value of the thymus of TCDD treated mice was calculated with 6 samples because three thymuses
were less than 0.001 gram. Significantly different from control: *p<0.05, **p<0.01, ***p<0.001.
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T3 (6), YTAIZBNT. SEFRN

IZ TCDD ICBRBE I NLAEE. BRSO3
RENIIEEBHNELEZRT I EMNASN
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TCDD OEFTEHICB LT THEELRNL
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F4% 12 HB ® C57BL/6] ¥ A2 GGA
200 mg/kg 2RO S L. [FH TCDD 20
ugkg ZHEEREOEREGL 2. TOEGCAE
HERES L, RSO BICHRFEREIHL.
NZ2T74 EELEDL, BREOED
MG EEEL /- (Fig. 5). TCDD O 5
BIZ DWW TIE. Couture 5 DOIEL (9) =%
ST, KEHE & DEBRMIFIZ100% FIET
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Fig. 6 IZIZRRIFBMOBRZRL TS,
RS OMY, control 8. GCA B 5#

1.5
<
L8
20 "
E E. 1.0
o o
S E
Q£
£
Q -
2 05
£
0

Control

GGA

& koo

TCDD TCDD+GGA

Fig. 4. Ethoxyresorufin-O-deethylase (EROD) activity of liver microsomes
of C57BL./6J mice after exposure to TCDD and GGA. The EROD
activity of the control was 0.016 £ 0.002 nmol resorufin formed/min/mg

protein. Significantly different from control: **¥*, p<0.001. The values

represent the mean * SE. (n=5).



TCDD or vehicle
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Gegtaon  — R
GGA or gum arabic
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Fig. 5. Schedule of TCDD and GGA treatment in pregnant mice.

(a) Control ..,

Fig. 6. Morphometric study of hydronephrosis on fetuses from dams treated with
TCDD and GGA. (a) Control, (b) GGA, (c) TCDD and (d), (¢) GGA+TCDD.
RP: renal pelvis, SG: suprarenal gland.



THERICEEERD SN A7)
(Fig. 6(a), (b)), TCDD Bz 58 TId. K
FHEORKN&EEZ S NABEHZOIEIGE
57 (Fig 6(c)). ZHUT L. GGA B
BETIE. Fig 6(d) IZbRLNBLDIT,
B ROIRMNED S8, T OREI,
TCDD B 5B RBE I N TN,
7. GGA BFHEEOHIZIE. Fig. 6(e) iT
Roensd X5z, #EARED N2
OLEFELEZ. 51 BEOHEEIZDON
THEEHDENR SN THE Y . TCDD Bl
BERTIR, AREEEY. 2TBERD
HIENZDH S N-DITH L. GCA BHEE
T, B 70% BETH -/ (Table2). B
N DOETHEOERTHZOFRICD
WTid, GCA DB X 2 BB RITR
Hohisholk (F—FKER). LLED
HE LD, GGAXTCDD I X A5/KBEIEIC
HUTBERSRZ2BEDZEMHELSME
el
HSP70 RIBRE L OBMY

AR ETIICHZD, BT, Y14

FEOFEEE HSPTO OFEICEHL
/7. 9725, HSPT0 OFEFIZENHIREA
O BB E®RINDS I E T 14+
DUBOBMHEBBILSIENTESZD
TR NWNEWIEERRENLTTND,
FZT. GCAR X528 BEEEIZ DU
TR 2720, %530 HEROFRE, /h
5. BB, B, BIBICHIT S HSPT0 D3
HEZBHL 72, £OEKR T 30 HE GGA
EFRELETOANS KBRS ERDAIL,
A1 bV ERBLUZOS, SDS-PAGET
SBEL HSPTO A THRERAEIT- 12,
T OEEFE. TCDD B 5# B LT GCCGA
HRBOFBICIRNT, BT TR 2N
control BEIZ X, HSP70 BEENE VLME
mERLE Fig 7). . MRIZBWT
i3, GGA Bl EFE DA T HSPT0 DiFHE
{ERIERY & N7z (Fig. 8). —F. BiR. %
BB T, TR TORIZBWTHEER
HRBOTEFED SN (F—
& KiGE) .

A b L AR HSPT0 121X HSP70.1.

Table 2. Incidence of hydronephrosis of fetuses from dams exposed TCDD
and/or GGA.
cleft palate hydronephrosis
Sample
incidence (%)
Control 0 0
GGA 0 0
TCDD 100 100
GGA+TCDD 100 72

The number of hydronephrosis/the number of investigated kidney in TCDD or GGA+TCDD
group is as follow: from TCDD group, 37/37; from GGA+TCDD group, 28/39.
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Fig. 7. Immunoblot analysis of HSP70 in liver cytosol of mice treated with TCDD
and GGA. Liver cytosol (3 pg protein) from control, GGA,TCDD and
GGA+TCDD treated mice were subjected to SDS-PAGE (7.5% polyacrylamide
gel) and blotted with anti-HSP70 antibody. S: HSP70 standard

S Control

GGA

TCDD GGA+TCDD

1 A |

HSP70

Fig. 8. Immunoblot analysis of HSP70 in intestine cytosol of mice treated with TCDD
and GGA. Intestine cytosol (5 pug protein) from control, GGA,TCDD and
GGA+TCDD treated mice were subjected to SDS-PAGE (7.5% polyacrylamide
gel) and blotted with anti-HSP70 antibody. S: HSP70 standard

HSP70.2 3 X T'HSP70.3 DA/ & b3 &
!0 isoform WEAETHEFLNTNVWS
(10). LARIOYURRICBITSHERLD.
FALAF ABIMLULTEIIFEIND
H DI, HSP70.1 THA I EMRINTK
5 (BKRS, F—FXEK)., £IT.
HSP70.1 I RBEFIC T 514 v — 2/
HU. FUoNPEVRIVTEDOREDLN
7= FFIg & /N I 331F % HSP70.1 mRNA @
ERERMAT,
FHOEBRTELSNZEIEN S total RNA
ARBLEOE DNAZFABL, I &8
B L LU THSPTOLICHRAR 51~ —%
FWTPCR 2T 7=, 12, NEREEYE
E LT B-actin ZHW, ZRNITHT SHE
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OHEENR SN, GCARABETIE. =0
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(a)

Control GGA TCDD GGA+TCDD
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HSP70.1 B>

p-actin >
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Fig. 9.
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Analysis of liver hsp70.1 mRNA expression by quantitative RT-PCR.
Total RNA were isolated from the liver of mice treated with GGA and TCDD
and analyzed for the expression of hsp70.1 mRNA using RT-PCR. PCR
products separated on 2% agarose gel followed by ethidium bromide stain-
ing. P-actin was used as a standard for loaded mRNA. (a) Expression of
HSP70.1 mRNA analyzed by RT-PCR. (b) Relative abundance of HSP70.1
mRNA estimated by quantitative RT-PCR.
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(a)
Control GGA TCDD  GGA+TCDD

i 11 11 11 |

HSP70.1 P>

p-actin .

B

Control  GGA TCDD GGA+TCDD

Fig. 10. Analysis of intestine hsp70.1 mRNA expression by quantitative RT-
PCR. Total RNA were isolated from the intestine of mice treated with
GGA and TCDD and analyzed for the expression of hsp70.1 mRNA using
RT-PCR. PCR products separated on 2% agarose gel followed by ethidium
bromide staining. P-actin was used as a standard for loaded mRNA. (a)
Expression of HSP70.1 mRNA analyzed by RT-PCR. (b) Relative abun-
dance of HSP70.1 mRNA estimated by quantitative RT-PCR.
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BREBEABINTHWS, TNSOHRET
i, 13X EONBRICESNS
PERFCIEERMNIES T HBEOHE
BEHOETEN, Par-fed 2 b O—JLEEIZ
BhTEREON Tz (1, 12). #-
T.TCDD B L HBEHER D EBED
BEHERD EOMIZIE. BB L RERE
WRHHEEZONS. ZOXDBER
M6, GGA 12 &% TCDD OBEMEBEMNIIR
WEREEOREIRSENTEST. 20
HMOBENRRKEEESL TWAAEEENR
I,

HEEMAE & BRI, I
LTHZORBEEBICOWTITRERR
RSN, LML, —DOmEEREL T,
EH T Td 5 EGF (epidermal growth
factor) & TGF (transforming growth factor)-
o DEERHEEINTNS (13). D
H, EGF /977 hITAZHBNT
TCODIZ X B OBHROFEERNMETT DD
XU, TCF-o lIIEEERIBNEE D,
— . KEEDOREICEEL TIL. EGF B&
NTGF /w77 hRIAZBNTHEE
CHEEIZEAMRBOLONTNVS, IH
SOBRID, DBHEKBTEOREER
BHUIEBZoRMEICIE. KELEBOMN
HHEFHEIND, 2O END, GCGAK
AFRTEBRSAKBEEZIEEITLD
RS L <IIHEZRETSETFICH
LTHEHAL ThWADTIE WM EEZS
ns,

GGA T & BB I IR S
MW, LAHL. ARFEDERKRK D,
HSP70 OFBIIMES T A F 2 VEHOE
HBBICH D Z L b, HSPT0 OHEE
DOEETRF L. TO/RE. TCDD 25
30 H B OFHBIC B W T, TCOD B 58
BEIUGCGAGBEBEOHSPIO DY NV HE
BLTE mRNA OFEH L ~)LB, 22+
O—IVEIZEER ER TS DM E

14-

7272 (Fig. 7and 9). & 512 TCDD B
REG#H L GCA HHBEZEELLZBG.
GGABHBIZBWVWTHOIMTIRHSN
HSP70 O3B EME ARSI NG, D
DML HSPT0 OFEIFIMAS, A APHH
WEDEEFEL TWANIDWTHS
MIZTBIERTE Mo, LrL. T
ORICBEL T, —RICHESY NNV ED
HEBICHFA U THEEOBEEN LR
BENFRINDD, HTLHEDT
BianweETa8EsAINTHS, Hlz
X, HSP70 ZERE S H-MRICH N T,
ALATA—INDI R RY T AOH
EXIZBEbLBY NIV HETH D
steroidogenetic acute regulatory (StAR) & >
NIEORBELANNVEELLEKTEES
TEREINTNS (14). TDSIARD
KRBT ARBFEERT T NS (15),
EARIC & o THSPTOBENRREIZ AT L
FREIRICE < DITTRBNWEEZ SN,
¥-ov CRFELTTIVER WKk
T, fE %, HSP70 mRNA OFEHIZ AW
EEIC R o N5, ik, MlgEEOE
U TRERELTTORENAESN
HOIZx U, EET 5HEETIEHSPTO
mRNAD > 7 FIEREFL T (16) . &
BF3E M 30 B HIZ BT 3 HSPT0 DEMN 2
BN, #BENLBbDIILEZON, Tt
b Bt OBEERIINTLT + —
Ny T OERTHBHDMN, HEMNITS
ZEMTERPSTEN, SBIOEBHH
BHTHLMI L TWSHEBENRNS LD TI
BmhirEEZ NS,

GGA X T v b OMAREBEFMAIZS W
TLY /) —JVEHO,ICEBTHR =R
EHHL A7, £, v NHEBED
BOBMERIZHL T, TOBROERFE
FABICERET A ENMEIN TN
% (18), ZNHOBEBRETINTNS
HSP70 OFBHEMNEE L T2 EEZHN



TW3a, £ALENC. 7 A1 anti-TNF-o
21259257 L TTCDD IZ& B 4EEREM
MEDPEFEH 2R THENMEZN
7= (19). I HICHREICAR- T, FORL
BEMEZ-IATIE, AMNVAIZHT
% TNF-o ORBEENMET L. THITHED
REROBIPBEEINTNS (20),
HSP70 FZEFR O ER T Tdh S heat shock
factor (HSF)-1 REXIATIXA MLV A
U T TNF-o OEANEAL ., FETRA
BMALAEEVSIHEDHZ LN 2D,
GGA 1T X BHSPI0 DFBE - FNICHEDS A
EDOA ML AT 55 HEE O BRI,
+RCFHEENS, £/, Lindquist 5D
vawlauNTERWEERTIL.
HSP70 SR vy RO NI BED—
DTHDHSPO NrawlyavNITOR
BARETIMEEZBRTLIERD I DT
HBHZEEHLMILTWS (22), I
L0, By RQ Y INNIETHB
HSP70 A8, N AMRFOBEBEZHRT S
IEHOEROD—DTHDHAEEES T2
2z 505, —4. GGAITHSPT0 LA
 thioredoxin %° PGE, Z18fN& &% Z &8
HFHEINTWS (23). TCDD OFHEITLL
B VEIENA ML ZOBEENREBIN
TWBMN 24). BIEA ML ZICHLTE
EHEDBHHETF @ 1 DI thioredoxin 732
5N T3, F7=, thioredoxin D 5°- 3
BEREBICIIHSE REE TS I EAURE
NTHY (25). HSF-2 i3 thioredoxin D3
HEEICES L TWAE|EINTNS
(26). X 51T thioredoxin {3 HSP70 & Rk
OHT7 R = ARHFTHD. DO

CHRERAERTIEORBEINTVS

27, BALEX D GGA I &K 2 H RS
B L T, HSP70 XixThx<.,
thioredoxin7x C &4 OHIFINIZ BT 5 B
HFNEES L TWARERLFEINS,
INSOEHBEDT, GCGA EF A1 FF
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VEIZEAEEER EOBEEIIDNT
3. SRLBEORIBRTANLETHS L
25,

D.&8 #
FERETIE, Y1 3F2 2 EOBNE
BAEOHFEEZENE L, HSPTODFEH)
TH5 GCA ZANVWTRHNZTo7. BIF
CEHETESN-ARERT,

1) GGA X TCDDIZ & - THIERE I SN D
HEHIMMBIPRIESE & o BRI
LTBENRERT I AT LR
fz. IBICEOHEHEBERDRIZ. GCAIZ
LHBHBORELUADBBIZILSIE
MAEBE N/, —F. TCDDIZ L BHFIER
LHROERE, X512, TCDD OFMHFEE
BEBO—REA>S LEZS5NTVDS AR
RIS O N7 ORBIZHR LT
13, GGA LK BEEHMAIHMFRITZED oSN
amor=,

2) GGA 2RI 3 &Ik, TCDD #
BRFICROSNLIKBEEOEREEAD
NEBENROREBEEBLIVEEEN
BREINDZZEMBALM RS, TH
WxL, OBRICBEL TIE. GGA OEMH
BROBZEBDSNAho T,

3) GGAIZ X D HEBENHRMNB D oz
T A DFFEIZ BN T, HSP70.1 mRNA @
FRERNED SN INE D GGAIRZ
L HBEERBHROERD 1 DIZ HSPT0
DFENEES L TWAEEENEZ SN
7o

AMFEHERIL, BEBRTHRWLNT
WEHEMN, ERIZYITFI08ER
BRLEODTORETHS. TEHEDS
NERBT. Y1 AFI D EBIEDEHE



HEOARLT, NRMICTERHTHET
HEhsEHFEECEMBERZEDOME
T LMRMOFERELVEBEEEZ
LD, GBS ST DFMRMEA. 5
BONEREZBHENZIDBDIZT S EE
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SHHM RS E

AFXF I VBELUVIIAFL U RBRICED
Bib 28 A, 1 33 0 e 348 T 4R 3 4 R

DERIZEE  FHEE BARFEFE EEEHE=R

HR

MRAEE AEEICIBSVLWTHEHAIAF I EHOERATOE 4 —1EHICET
BANZALERFTHEHNT, ¥174F 2 2Lt 7 4 —(AnR)BEIFEHRMAR
EERR L. TOMRBHEICHT H2REEZDNAT LT WTEILE. &
DFER, T A FF 2 L HOREEDH D WIZARRDTEMEAL AR B S H N - B L
FEHEERTFTHAEFZESLL . TOFEE. el EEnRTOR
HRNFEHINS T E2BHSNMNILE,

A.B B

2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD)Z I L8 &d 25 1 FF 2 Hid
AR U2 aBEEERL, BOBAT
OE—7—EHPZOVEDTHS, T
NHOBEORBICIY 1A+ VHEIC
#1555 RSB T H Darylhydrocarbon
receptor (ARRYWEEG L Tinvd, AhRIZE
DOREEMNIZ bHLI/PAS BB 2 H T 5805
EHFThY., EILOBRBIZHEWNWTHREE
INTNVD, FLEFABWIHBNT, AR
IR I N B I N TRENHER
NP THMIIBNWTRSEWVWREREZR
T, 4. TCOD ORI GIZEI DM OR
ELEENAOEEDRREENTWS, L
FEAFALREEIIBNWTIEY M AF
CEOMBATOE-Y—ERO A=
A NERSHMICT 5 EE TSRO
WL BTA55 1A F L D ERLUIC
AhR DIEMEL DR BERET L T2,

B. % ik
i) AhR B RIFEH ML ORBE
AhRcDNA Z pRC/CMV X7 & —
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(Invitrogen) {22 > AD HRITHAL U R
- LEEHWTE M A AS49HRTIZ
NS AT a3yl MROY
O—Z 23 A< 12 Ve EZ BRI
1o 7. AS49HfA7s & TNT AhRBRIFEH
MRS 109% HFREIRIMEZ S TSIV Xy 3
BikA — T IVIBEHPICTEEEZIT- 1
ii) DNA 7 L1 %

AhR BEFRBEMIE R 5Ny & —E
AMEAEE D poly ARNAZHIH L 72, 2O
RNA %881 & U T, [a-32P]-dCTPHEET T
WHRERKINET 7. B 5172 cDNA%ZH
VyT Atlas Human Cell Cycle Array &\ 7
VYAt —a &irolk, BBIZER
Wi 5N EETFIZE L TIIRT-PCRIE
KR DHERBOHMEZTT >,

iii) YR —F == T A

50-70% confluent DIREED A549 FEREIC,
JR—-F-BEF. BEAXNIF—BXV
WEEEHE N 7 & — T % 5 pRL X7 5 —
(Promega) % ) R —AJKIZE D EAL 7,
A A8 FFRITE. PBS THERZ Z ¥t ). Passive
Lysis Buffer (Promega) THIRZ ZIERE L 7z,
KNTRETOIV T 77 —FEE%E.



