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B a v 7% (heat shock response : HSR) £ iddH W AEYMNLOBEBRMNE R ML IBET,
BerBECHLBBYELFO, AFICL#H Y 9 v 7IEERTF (heal shock transcription factorl :
HSF1), #¥ 1 v 2 HE X (heat shock proteins : HSPsY AMFfE L, ME L% 0, HHEETHSR
RERESND) HSRBHHZ LTy bIES 5 L35 HSF1 O iEtk(L, HSPs 0B RN B & 2,
FA#5CEoMRiEdmsh, SERETFV~OFHES T, ABRMME LR NG EMBOKIE
RHMANCHET 5, HSROEBHMELH TARENOA I = XLIIEER, OY v v ORT
K h—Y AR OHEBLER OHARBEOKREL, ORKAEEHONA EZ GRS, EAEHEEE
FUIESAETIZI HSPs 2MET L, BHTHSPs DRBEMFT 5L ABRMELA L FEMBRIAE
BHT D, NBEHCSEAHLINR L E, BERIIALNDS HSRPEIFT 5, FEINE T2 HSR 355
L. M. HRPODAFVALHEENTHEEEIOND,

AT HSROFERE L IMBEATRENOREDROBE 2 EH L, HSRFHHOBEEREHAN
@ﬂﬁﬁ'ﬂi%m&fih‘o

¥—0—F:#Yay e FERE EAMRE

B ay I RERERHREVRBRHALLR
BETHD

# a v 7% (heat shock response : HSR) &
RHLWBEWHFDORBHELA PV ARETDH
b MIBRAEFEIVEEORBEBRRAETICELNS
&, #Yayv 7EERT (heat shock transcription
factorl : HSF1) Atk & h, —ED# L a v 7
E % (heat shock proteins : HSPs) S5 &b,
COBHEMNHSRTH B, Th b HSPsiE, HiET
T L - BEEORE 2 I, QL E2TV,
M2 EESES (Ve rBik). Tk,
TRV ACELMBAY 7 FVEEXIR TS
L THL DRI LTIt AFEERET S
ZORBRIMOR PLATHIERSN, EYOEF
IZHETH %o

JEETITHSFL & HSPs HIL6 2 Lo & $ 5
FELRERETA P AL LMl LD AR
XN, HSRASWIC b o THEMENMI( S L%
RELTWA,

K2R B R 22 AR SE R B AR AL 22 73 8F

—10 (198) —

B2 eRNEBEECHUARY 3 v 7BEREF
SR ERD

EEENVEY bOWEREARICBWT, HSFL
& F 3% HSP Cd 5 Hsp70 family BFLELY, —
BYEDREAR T Hsp family OEBITATHRY,
Hsp70 BB EN B Z P REShTWEY, Th
SOHERAFTICBVTD, Mo E R Hsp?0
family DA b VARENFET B T L BRBT Do
BAMLVATHBENICHE I N Hp?0 X, FE
APVARIDBELAZERICRLEESY, &
5 HSPs {EF LHICH A HSF1 &2/ v 7T b
L7z mice 2 vy, FEEELMZABICELLIN
A EEMBTEA wild type EHEILBINTAZ L
T, FEREIZB VT HSFLPWEREICH L
PEHEHERTWAEY, Ff, 737792V, ¥
ATS5F v EORNEREEW R 5 HSPs DR
BERSRE SR TE D, B> b o T
RSB IR TVBEY,

B 3y 7I0EBNEE BV ARERE
YHETIEZOHSR2ZHBEWICHEF-RT L LT
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1 EBNEY PBYZ 7 western blot assay T® HSPs, HSFI O 5T (i
AT GGA 100mg/kg WEEECHE LT LUspT0, Hsp27 2 ENT WD, 0 LIS CRBIING S
1oH, ESIESN TIETTAE0008% a7 20— A2EHT 5.
B RS CIRETAW 3B H % U — 212 HSF1 OiftE{L2 o 7z, GCA X5 TIRETF, S
HSFLSIGtE LS, B SIS b RO RBE W 7=,

AHBRENEMTE R WAL EIDRZT-TE
720 HSR ZPNERHMEE W) M CHKICBWTIEH
ERARLY EEZ YA TRETICHLITWS
HSR Z #5835 524408 CIHIEFEHAMIIN LTE
ETHDHo 7ok LR, KEEE, ¥/ -
#, WFIvLETHAE LA LBIIES ST
CHSREFBECELHHE LTHIRESMTWA D
D12, Geranylgeranylacetone (GGA) 2td %', GGA
BT T, AARTIL 1984 4ELLERGIR TR < AL
HTENTWREEHOLWEHR (7 7LV, &
WXy s A8 ThDA, B B, TR
IR, (LBR, NiAhdE, W9EE7Z LT HSR 2&#EL,
MM R Bl LV #iddid 25, Ly
LENL DML, GGANLREIZHSR 2 EHET5
TENTELERRTVD, HEEIXTOHEMIH
HL, HEEED»LONEREIIC oA M
REEMAZRT S E L™, S S IZINERHER T
FhELTHHVHNEFTEREEE S VIS LT
DHRAMFRERT L2 |MBE LAY, UTixICS
D2ODEBRPL/BONTHEZL L12, HER
L LTO HSR O EHIZ DWW TR 5,

BOavIRhESRIEERENONEE
HMACERET S

ERLRTISA TNV EHEBEEZHELTWAN—}
LAREBEIVEY b (350~400g) #7928

BT, GGA (100mg/kg/Ial) MR O 5 T8
PN HSFL 25 (L S, Hsp70, Hsp27 A3 &
7z & & A western blot assay THER T & 1y F
fz, MABOHRS S5 ETEOHRAEEBIIRIMN
SR (B, ZoMBE#E 7 V58K 130dB
SPL (4kHz {2 H.0 & £#D octave band noise) % £
s &, RS TIEFEAN 1 EMZIC perma-
nenl threshold shift @ PTS # ¥ WHIZ@o, & @iE
DA BRNOHEI: DO L DI L T, GGA#
HREMErRRTEL (M2, 36108 ET<
Bl 1RGSR TINY, B2 L
LG R (B8 X3 AR EA 45 =
NBEZEDbhroi. Fh—HTHERENEELE S
PR & B E U 7o B CLIBEE LR T X 2 o 727,
INLDOIEMNL, HSRFEA =z FTEREIINL
TFHWITIN S & & 25T & TN 2R %) A
BFCEAIIEDbArol,
HREEET T2 HSR 8D X H = A A 124
Ei2, Qv vy ~o v, Q78— 2%
ORMALIERA. @Ml Ao, @RAERRH
Biohs, BEA ML AOMERFICBWT, B
LA PV ANEELRHETTHAHH, ThbdomER
RIS AARE R 70—V AT HER=D X
AR COREREOMIC, FE - DNA
DY A= VNBRHIET 555, Hsp70 - Hsp27 12 & v
O EERBIEL, HEEOREDIEE - R

—{(199) 11—



HE 5214 mF
R4
LA
+ #
*
B ad - J‘
g .
3 N * 4
& ;‘J nd ,‘J
3 Ik \\\ ,g// o .
~—
; . [
3 e
x L
1 x
ol
I 3 sh
T ettt tef a4
ThT v nos
R BT ned
* R LR
¢ prlcrons noM

2
A ABRM#I# 7T . pre-treatment ($92

fii

<

Al

ow

T

r

WA sRn e wttet Biair cells

i pesventaves «

T

Claa 1bnmy » 13

G g e |

[DXINIRNCN KY 117
of‘v’“‘

Copruat

FEWCT oy NEERGET LA D GGA T Hiss o )4
SO TENITE D, MOBRIL T AT EAR T RO

SEATH D, GGA 100mg x | TG Y& b oA, RIS T8 SR & 2 7,
B Y BHIN R Y, GGA 100me X 1 M THRGEDY R 2 A%, 4 Mix5C¢X

SR O 2 T,

EvotMEERE - Ty A=Yl Tw A
EHEZLND. ZALZINA T Hsp70 » Hsp27 17 5K
b=2203 7%, c—lun N terminal kinase @)
LML apoptic protease activating factor=1
(Apaf-1) ~#i & L apoprosome DM, % P, cy-
tocrome ¢ DHET, YL L EE 2 5N
Brs LRI Hsp27 1 A B EHITH 5™
A, Hsp27 (1 LU0 8 44541 o B (E BT 253
ZINTV D, DHIBEEOHRLIZ2WT, T3~
HBEE LT, Hsp27 OFEAAHT 15 Hsp27 {3,

A MBI AR T A O L7 ST
HAHFactind Yy Xy LTHETH B,
FRO) 2 BRI T AV F - (CBR H2010, W
PRI ASIRTI O BRI 2 b L A28 & 8BRS,

F-actin I3 B O D ILEARIND ThHh b,
A ML ALY Factin 23800 LYV GHINE 2 £ 0
stiffness 23 LT, L EOBMIWATN L AZ

LOH LTHMEEMEF LTS LOME" b d
D, CORRL ORIz 7 EER LN
Bo 2HBELTIA 70— 2NAET LI
Bo GGAD HSP % N ¢ L0 E LTRIES LT
LYo, BTy PEHRPHIRCEWT, oy )/
—WhEEOBHIEA PLVAILE DA 7 a— 2 A%
LAt offtiEba ™, FRRETOI I O—Y
A% BHAH L TV A WS D B SBUSEE
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H<d 5,

HFEREIC 16, IL1-3. 74 & RIE
YA bhAL L
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ATDHENRHMBLEN TS, LY
4 MAA4 R T) EERZIRMTED I LD
HHIZBWTLIALH A A1 ViR Y —4
v MZA D D Do SLAE, HSFLIEIL-6 0§ #) % 1T
)T EHHUE SN GGA ISR ZiEt b s
H2YHTHY, HHTLRAWETD 5. CBA/NT D
AL 05%GCA RGN 8 HBEOXS L, PTS %
L AENANEToElH, FikoENEY |
DGR & TR AW AN %o ABR M LA %
EIC & 7o SEAN 24 WHZOMMN IL-6, 1L-
18 D3P E RT-PCR T4 5 &, GGA PIHET
FRAMEO -6, 113 o L shi (&
o WERNTD HSFLIZE o THREMNA PO A~
HHHSHTWDL I EIGEH SN0 GGA DFRS
ZAEERMIC I S OIRZEN I b Inh ) £l b7
STVA I EMhhD,

MEICLDE 3y VWBDRGEEELL
BEED S OMEHEERT

IS HSREIIME E E Lo, ARV A
K LT E L 2 EA0mndv T des, Ji4
ISR OV MBS L & ks 25N A3 ey st il - AT
I LT ol udh e bog L 2o, WULEST
HHEET ALy RE LTSNS DBA/ZI =Y
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western blot assay. CBA/N (#HH) Tid Hsp70, Hspl101: 9 » ARiCRBMER IO
LT, EFNVIYATHD DBA/L) TIERAP HSPs A4 L Tz,
C : DBA/2) 12 GGA RAHI# 4 MieH 515 L HSPs ORB 2 H363 % &, ABR Pl L HARIE
h, YEEARELBERE A CTEk22 X~ LTI,

A& MHw A CBA/N v 7 A2 HW, HamEN
MG DN HSPs 2 i L= & 2A M= Y AT
Hap70 28N L TW B D2, DBA/2] TIEAHE
ko HSPs AR L T (B4A). #ZTGGA
AL FELC 4 8D ST L HSPs B MRS &
ChbHE, ABRME LA AEEMOM S
MR, HSR BEAGETHHEE 7 VI LT

bAIRE ol EAFEMI Sz (B4B, C)o

MBNERNRDPODA b L ANDBIE S HEEI L
TWBEREL, HEREMBRETHRATISNT 5
HSRIZDOWTOBRI L 1T o 70 AR LE AN
WEF N~ AT B C57BL/6 & #HiZ CBA/N
AW TPTS &fFoiikE 28R Lo AR
(& C57BL/6 ASHENE 2 7Rk Lo 2 Wil (32kHz il %
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HSPs DEFHEM A S0l

TABRRMELA% R LD ) THroMMENL
REEAEER LN (8 » A % B, HSPs D%
BEWE L. TOFE, 8» A<y AT
HSPs A BAMKICHFEINLOIIH LTS 2 A
BCS7BL/6 T EAEER SN Lo 12
(E5) DI EIZREHETIEA F L AKO HSR
AREBL, MBIZEBR P LVARHRSLODA ML
A BSEMTHLI L ETRBRL TV,

gy av I BEREOBRRIBRALCTHT

GGA W HADER TR bhTwARERH
BER-ClEH B, HSPs #FHET % in vivo DE
BRTHVONARSRIZABRO b @ (50kg H:5)
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600mg/kg (EMix5 & 100mg/kg/F) THH AH
CRETLE, #15~200 EOHFERICED, L2
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LD50>15,000mg/kg TH B = &, GGA D5 H
PRETAILICED 1HOBRSREEAZSLE
LA TELWEENHLIE, RICED DRERRK
CHEAShAEEZEEROBRE WL LY, &
ERBBELIVLEDICRETILEEH LD
GGA BRI CE a2 WHEIE H R h B L vr
%o
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THMLREELELH5H0L LT, FHIC L35
A ML, HEA, REER2ECONEREDHEC
r2b0, REPHDREBIZLZFKEENLD, 2
REMELRLYTEZLORTVWAERBEILLLLD
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Summary

HEAT SHOCK RESPONSE AND
MECHANISM OF OTO-PROTECTION

T o R

Hiroshi Yamashita, MD
Takefumi Mikuriya, MD

Department of Otolaryngology,
Yamaguchi University Graduate School of Medicine

All lives have heat shock response (HSR) that is
characterized by activation of heat shock transcription
factor 1 (HSF1) and induction of heat shock proteins
(HSPs) in response lo stresses. When proteins are
damaged due to various stresses, HSPs undergo cyto-
protective function by acting as molecular chaperones
that stabilize denatured proteins and facilitate their re-
folding and degradation. HSF1 and HSPs exist in the
inner ear and play a protective role against cochlear
damage. We showed that HSR inducer, geranylgerany-
lacetone (GGA) activate HSF1 and induce HSPs in
cochlea and repetitive preventive administration of the
agent could ameliorate ABR threshold shift up and loss
of outer hair cell drastically, The mechanism of protec-
tion by GGA were considered that via chaperon func-
tion, anti-apoptesis effect, anti-oxidant effect, enhance-
ment of stiffness and anti~inflammation.

We also showed here that HSPs in cochlea dimin-
ished during aging and pharmacological upregulation of
HSPs attenuate age—related hearing loss (ARHL) using
one of this model. In addition, when ARHL model mice
were exposed to intense noise at elder age, there were
less induction of HSPs than that of young age. These
results indicate that HSR in cochlea diminishes with ag-
ing and that result in vulnerable to aging and sound
stress.

We demonstrated that importance of HSR in oto—pro-
tection and possibility of GGA to clinical application.

Key words : heat shock response, noise injury, age
related hearing loss
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