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X235 Hsp70 knockout mice?] efo}el|A|A

2AE

a3} AEAEAL] W3}

Of MIZAILALO| OfHEE Hefe OfR[=A] LotE D
| USUAS western blottingS
QIAISE 95 C57/BLEAI(wild type: WT)E TA

27H 1024 Alsiion, TEIE2 e Al 820l 43.T

At2o| TI¥2 heat shock protein 70(Hsp70)8 A&stT ﬂE }D AHapoptosis)& REotke A2 U2 QUCt 2 of
Ho

o0, = 72 Ol 57, 257, SEN7, nUFel o Tos
8 ST0IM REsIC,

), &Y (ZHcHE)

ToME A
At AF0I7 +PYRES AlRMSICH, EfoIE % %ﬂ# Hsp 70

A
Soto] 24 5% o, XF'E* MIEo| 5 LH&SP| 2fa TUNEL YAldio2 2M5IoT
o2 C57/BL6H Hsp70 knockout(KO) MFE AlslFoz X5}
E35I90 2E2E2 UM0| HOIE CRSEEE N X 8U7EX|

=i

2l A oA EfotE M=et A1t Efofe] MEES EHI?*OWE ROJEE RO 7 GACLE, Hsp70 KO To| IE T2 tH2 ol Hlal 72
ol UASIACHP(.001). 3L F o RETETS NEZ0| Hleh Relol =2 MEES LIEIHRICH Hsp 702| Lele MaliAT
o TETM Relepil B7FSIRRIRE, Hsp 70 KO o] BE TOIM= O 0[2fF BISS B ® ROl Mol= HEE 4 ICL
Bel-22| t‘e%d% % o NET2 AT Blsl Relepil ZAsIACHp(.001). J2iLt + F2| REsndze TG Hlsh Bol-2 Le
0 B7t=101 AUAUCH MEXZAL= Hsp 70 KO LOﬂ?OW Rl 7K =74l(p<.001) LEHS 81 25 TET2 nEZ0 vlsh F2lst

A d2(p.0 )éf&)iif.

0lMe] ZIE TefoiH MRAF0M 1E =5 252 EH0l] MEES #0[11, Bol-22| Ueig 3
S ASE & 5 UACL TEtM 252 TE2 Qlet EfOREMORBE] B0 Ba & 4 s A2 M,

A B
A 5 Akm o] A& W= elopitde] Jeks nja
g 9o, 53] ngd =EHH Hole} AR A XA
ol &5 #2E 4
1% (hyperthemia)2 F454A42 B} 1.5C o4

b

Al 2ol ke AL o], ARIE 2 dotol A ]

Z(anencephaly), ¥ 2%% (exencephaly), 2-SH+
el

(¢}
Z(microphthalmia), &3 (arthrogryposis),

vjB8l A <& (abdominal wall defect), AFAZ<(limb
deficiency) 53 Z2 thafkst 7]‘6%} xS o o 71t}
(Martinez-Frias et al., 2001). 2l 2z} i

AAG718 & HEZAEAK apoptOSIS)Oﬂ o Alxe =

& uhEel Ao delA glov, 53] viERE el A=

* = T2 02008, 6. 14,

« AA S5 2089, 2

o] =58 007 ARAAESAAALY. Shee T Ao
BEAEATAS ALE Vol BFHINE

(KRF-2007- OOO 0000-5739)
# Az AgA 79 H(kimwg @hanyang.ac.kr)

2

£ %3} caspase family2] 249 ol& vepdtia Ha
o] 9lth(Takle at al., 2006, Kim & Mirkes, 2003).
ot YHEEAA 78S st Al ZAEARE DNA
d(fragmentation) ¥ 2-& JejeHs E4 o] yepdrt
8k 7 o 24 (Mirkes & Little, 1998) 2hee] n&
A ZAEALE do7]e ALR oln| ¢JFH ol
T A EAPIAIRRE HEE B ok Thilldo] glo
1, 7235 Bel-2¢} heat shock protein 70 (Hsp70)°] ti3E
Zol ghildolt} Bel-2& AEH A F Al EAPEAL A
nEZeglol A2 E Fok Al ZAEAN] A eES A7)
=1l o] 5420 9 dH(Delchev et al., 2006).
& nEZC ol oJEslo] X0 S5-5 dshe Aot
(Yang et al., 1997: Salvesen & Dixit, 1997).
Hsp70-& AZAFE 2b=of ofsf Fesa, ugddat
o] d&dZ gozH MEE Hdthu IHA
(Mirkes et al., 1999). ¥rFE 2 2 Hsp< molecular
chaperone &.ZA] @li‘i}% s, EA 26, 60, 90,
70 9 110 kDa o2 ¥-f¥ 1, &%, 1% a8z 4kel4
ZEY 29 ZE ol Algd whgele] fEdn

fo K orr 8 4



K
ile4
=

dof| =24 glofellx Guid
o119l Hsp702] ¥l fe 1ol 2%t 713z Fg
Elolg B aghtha AAlE]o] Slth(Mirkes et al., 1999).

o Al Foll ARES] FE Hote] A%, 371,
a3 AleE " g ok SRR 308 e F
AT FE AL Hols A= 2 AR 2
E AT T S AUAE ST, TR B
M, s #a, AsS 24, Ay AqEs
7M1 (Gorski., 1985: Wang & Apgar., 1998:
Wolfe & Weissgerber., 2003). ¥t o2} glo}e]
H715& e (Lee et al., 2006) A17]aL, Ejoke} AbRof
A delx A (plasma volume), FEAO]FIE
(intervillous space)®] @& ERE7]5 (placental
<7HClapp, 2003)A17]122 dAlAdn&d gt

sHAY X 5ot 1 T THWolfe
& Weissgerber., 2003). &3] &5 gitstare| &
d= S7HIA DNA C%QETH AEE B3t
(Fehrenbach & Northoff, 2001) Hsp702] @&
TIHF 0B AHElA o REH XS BIde &
= 7R 2 ek dEA UtHPowers et al., 1998).

Jin et al.(2000)<] A7+Z2zel| o5l 5ol AlEA

(Kregel, 2002). wehA o

function)=
u] r,}L \: o ]

BALE AAlsto] 22EFE s, o 5(2007)9
ANz Fﬁxmo TEEEE Bel29] 2d= S/
A MEIARAE qAAZIG Eaud bt 9l

b Al o —PE A2E Bod Bk ohel A
% HiolE Este A tal] 1 7bed S AlXE
& Fa7t e Aom A7, a8y A g7 Y] dF
AL 1l mE A7 Edd dell 8 T olF
ojx g}, web ndwZdl| W glolAtd] Qlojd =
Aol EFo] MEAEAIZEE Holg B3 F lth=
A& HadA e 7122t87F a7 A3t

#oll Hsp70 knockout (KO) AFHE Ao 24
Hsp709] AHA 9&2 = AARHChoi et al.,
2005) FEHAAE S3ll el =ZE eofel|A|A Al
EAEARE Hsp709] A4 #A = ofA71A] 4zl
Hp7E glot, mebA & AFAES Yalg AR Fo A 4
H1 e FY9+5E g4 (Hartmann & Bung.,
1999)A1A Hsp700] AlZAFEARS} AH A o2 #HH Y]
o] U&= B} WesA stz Hsp70 A7}
299 AFAE ol &t 1 =2H ol AA
Uehbs Al ZAgApE BA9] 55 B3l o2 Wt

=249 Hsp70 knockout mice2] Efjolell A4

BAEEe] 53 AEApdAte] wWst 35

A obr] flelA dAIgE A A Lee AT £
1l =AY AEAEAe] geets wske
TUNEL @45 Sdto] dnjd oz dsiglen, Bel-2
9} Hsp70 chul 7é1,] el OEALQ. H]_u_o]—oq e] E,] —gbq] iz
A} 538 ASas B

A7 g

ni

=0
E

2 AN E Hsp70S FraAzg oz AEA7]
C57/BL6A A# (Hsp70 KO)<k C57/BL6A A
(wild type: WT)E AH&Ilth. KO AF= ml=
Mutant Mouse Regional Resource Centers
(¢htttp:// www. mmrre. org/strains/ 372/ 0372.
htmD))elAl Pl= Ak 22 A&M Wit <f gt
Dr. Mirkes <=7} EFvto}l 71538t (Schmitt et
al., 2003). Hsp70 KOA#Y HFHAHL 2719
primer(Forward: 5-GTA CAC TTT AAA CTC
CCt-3", Reverse: 5'-CTG CTT CTC TTG GTC
TCG-3")& AH&-ste] AFmejz oA PCRE 37
EAAR-E Rl (ol 18 ).

WT KO 70

AF ] Qg fEslr] Hal ofztell 4 2vke] 9
2rk] & ¢ f-Elo ol AR, thad oFf vaginal
dgjd Al 0UE Ak gAE 7
WT(n=20)2 KO(n=20) && 27} 5r1e]¥ g st

WZzT(C: n=5), £FT(E: n=hH), LFIET
(ex+H: n=5), 28]z 29T (H, n=5) 22 YT
BRIt 2571702 dzle] Eld g e oAl
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2l ofel] A =T

cycle) 2 A%F

2 Abmo} glole] obdS uEe A=

o024 Lee et al.(2006)9 Baunack et
1984)9] & 9183 Wi‘jr $ETE F4 30
cm, $¥ 31-33C9 A¥5ES F2(12: 30cm x

AZ: 70cm x E°]: 50cm) oA AFH AAa=2 A5
T Adaion, dilo] geld 145 8°]77}x]
Y AIM(A 10:00) el 10w4 AAISFAT.

FA &=L AF o Aeetd AEH A AAAE
dslr] flelix AR xS o] sto] Al frAlA]
N F AR ARG
AR TR

DEFEEHE AY(2005)9] A S 43t
ATk dAlo] FelE FRRE 8UA He= E 34
Attt dalst WT# KO & AHRE o] &4
50ml] FEo] Y1 ¥ (probe)e] F2H HAEA 27

i

DAAF ] Aol AU F 437Co] 20 H20

gz 2ot $£29 LuE= 43T E YA w289,
A o] AAA o] 43T EEatE AlA oA 5E7E
FAEAEE o] Bd T AALE UR|s] Slekd]
E718 ¥ F 37T 547] &l E717F A1A 2 w7iA
ol Foltt
== Xz

Aalgt WTah KO AFe= 94l Al 993 11 452
I o2 3 AA711, Hanks &9 (culture media&
O 2X HolAEA °"?};ﬁ|°i*}£ WellA] glols A &3}
of A AFHoet A AF oS Eelsiinh dal
A 9 A& AFEjok= AEH Eiolrt western blot
= sl7] Sfall -70Coll B s1ia, Al Al 1190l A&t
Bloli= TUNELGA-S #1819 0.1% glutaraldehyde
4% paraformaldehyde £ (pH 7.4)ol|A 23 A|
2 3 SRARA AR EA Aol whet bl Eofet &
b-6mzE AH 33t

Western Blot

-70C 24L& YEad B AAg ol lysis 45
A v} 5}7/1] homogenizerE o] &3l 228 743} 519
AL 4T 13000x g &2 1587 A &)
o%“’ < Bradford(1976)9el w2}t & dhald sS4
st ARFE dmAe 30pel® 10% SDS-
polyacrylamide gel°lA 719 ¥+ PVDF membrane
(Amersham Bio, UK) ©°& ZHolA|Zth. Hold
membrane< TBST $5 943} 37 5% skim milkE
71k T 1AIZEeE A 204 blocking A1# T HSP70
o] 1A= 10 1000 (Stressgen, USA), Bel 29
12 = 10 1000 (Cell Signaling, USA)2.2 747}
A7F 5% skim milk&9S A3 & 4TA
overnight st%t}. o]ojx] TBST 5o 2 10%1t 3
3] Mg = 24k (1: 5000 )& 718 5% skim
milk 842} 37 A7 T AR AZolA] §HA]
Atk o|F TBST ¢ oz 1087 33 AlF3 3 ECL
substrate (Amersham Bio, UK)& 183t @Agt &
X-ray film(Kodak, NY)& ©]&3dle] a5}, ol
AEEZ%2 Gel doc 2000(Bio Rad, ITALY)E ©]&
sto] TEE A Follon, FgE de $EE X
gleted WT9 Cag< 7|22 T& 253t Aol &
UERH AT

OE‘ —{01' ﬂ 4

_{

TUNEL A4
A ZAPEA NS #E8P] 91819 ApoTag Peroxidase In
Situ Apoptosis Detection Kit (Chemicon, USA)<
AHEE Y. Slides xylenel 2 & sttt <4314
< 7171 & TUNELEH S A3l Slides 22004
protein K (Chemicon, USA)ell 15%3F A28t & S/
2 23] A 3% Ho00 8N 483t AHelstu
DW= 33] Al&3gt & equilibrium buffer@ 1083 ¥k
/\]72’_1 % terminal deoxynucleotidyl transferase(TdT)
2: 18 &2 1A17F B2k 37T wjg71el A vheAI A,
Stop*WaSh bufferel] 1087+ #H-&A17] v PBSE 33
A4 gk 2 anti-digoxigenin®ll 303t ¥HS-A|Zth PBS

= 38 A% 5 DABR 3%7 W49  methylgreen
o=z BTT_‘ZJ' EHEJL_OS.Z\J]]?‘)} > %_/,‘_ ;(o ‘4_ .o o Hﬂ

.|_,

permount® 29stn Fdt dnjFow AAsYTh

¢
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A BAEEe] &3 AEAEALY #g 37

Apopt031s &gl ]:T;«] FE st g8 24 U
FEE x 4008l TAloFE Hof
£ o] BA AHssin.
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r:L
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2
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¥
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o, %@tﬂ?l‘é At X}O] 7&-0——5 H'ETM o] A F=
(Two way ANOVA) = 3] 2435160, B8 A
Fo)FES P(0.05 & At

AT 23
Efolo] MEE

AZ3) goko] AZFL (X 1ol YeRd AA-H, WT
3} Hsp70 KOS 2+ 5 A&

E 1. Survival rates (unit : %)
WT Hsp70 KO
[OX¢ 100 100
@ E 100 98.3+3.7
@ ex+H 98.6+6.7 75.2+5 .44
@ H 85.4£5.3 59.2+6.2**

Value are mean *SEM, Difference between groups :
“p<.05, **pC.001.

DC URT QE; &850 Q@ ex+H; £518F @ H: 1gT
# ex+H vs H : p{0.05, ** C vs H : p{0.001

Hsp70KO

1~4, KO: 9~ 12) of GD 11 fetuses by

(WT:

TUNEL stain. Higher magnification (400 x ) of the boxed head regions in WT (56~8) and KO (13~
16). Apoptotic cells in H group (16) of Hsp70 KO (see arrow) are significantly increased compared to
other groups and arrows are indicate the apoptotic cells.
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a8y Hsp70 KO 2

oo BEEL txTol Hg

T8l 44(59.2%, p(.001)aFAAIT, SFnd TS
wdFo vlg s 57HT5.2%, p.05)3A T

Hsp 70 & Bcl-29| i3}

*ﬂ%‘%EHOMW Hsp70

g W optS whaEl AT}

2

WTe] $ERATE 2Tl Ve 513 Hol7} ekt
A G, e de Al 2l vl 1

(p(.001) 2& % Aes

HHH Hsp70 KOS9

< WTell Hlaf FefstA

2-A, B).

Hol 3t
TE 594 Hsp70 ©uid wkg
W 52 2UHp.001)(2H

WT3 Hsp70 KO- Bel-2 & él ahej oS B
& A3t WTH Hsp70 KO g2 thE ol H]s
Tl A (p(.001)H Aoz UrEP*D} Hhd S50
e A7te] ngad g FosA =& (p(.001)

Bel-2 Wil Mg

< Ho UK 2-A, O).

WT

C E ex+H H

-— . e

NEAAS ZXSHE A2

AR AN FEe A4 F 1Y w3 uE
7t 8 A ZAEALE el fal ArEE A2l
ARgstelth. 1 AR, WTellA 9] 18w thE 37
Hjell 2PdE Al e} 7h ol g Aol 2 =7 (p(.05) 2

=

Huth T3 Hsp70 KOAMME nd7e] T2 7E9
Hg f2osA 7Hp.001)E Aoz yelt

Hhd Hsp70 KOY $5 g we ndo vlsj 2A2d
Azl 471 FEHAA A (p(.05)H Ao, tETE
e 24 et a" 1(E 2).

i

F 2. MEXHALS =25 w5}

C E ex+H H
WT 18146 164+55 181+44 2.8 2.8
Hsp70KO 17960 18152 258t6.1#  41.8:39"
Values are mean + SEM (n=5 maternal),

Difference between groups : #, *: p{.05, ##, **: p{.001.
# ex+H vs H : p{0.05, ** C vs H : p<0.001.

Hsp70KO

C E ex+H H

28kDa

-

- . 70kDa

A

“ 42kDa

Hsp70 O WT @ HspT0KO

A
Bel-2
Hsp 70
P -actin
B
15
B 14
5
E
=
.E 05
3
=

TLEILL

ex+H H

C

Bell O WT mHpT0KO

s
= wn

Relative intensity
o
&

0 T T
c E ex+H H

12| 2. Note western blot band(A) and graph(B, C) of Hsp70 and Bcl-2 proteins. Hsp70 protein expression in H
group of WT is significantly increased compared to other groups. Bcl-2 protein expression in H group
of WT and Hsp70 KO is significantly decreased compared to other groups. Values are mean = SEM (#, *

p<.05; ##, aa,™™: p(.0.001).

## WT vs Hsp70 KO : p{0.001, ** C vs H : p{0.001, aa H vs ex+H : p¢0.05.



190 =%%¥ Hsp70 knockout mice] Ejololl AlA

QA F AFL AR v Esle] BE F= F(species)
A HA9718 & dodle 71 FEad = Al7|Hol ¢
A 2719 ARFUE IR
I T2 A] &=
o (Sasaki et al.,
1995), 1 & A EAPEAR o] Y
Epdtin ?ﬂﬂr ]{* Holl =24 o] % gjofe] Al Eel|A]
caspase’} A1 (Mirkes & Little, 2000) R EZ
=g]olo A cytochrome ¢& H&37] Wolth(Kim &
Mirkes, 2003). &3+ cytochrome ¢ Bax9 ©] ETJr
A FAlo HES, AT caspase 97+ 39 %
& (clevage) caspase 99 &5 T7HA *ﬂix}”é
AFE o1t (Cao et al., 2001: Mirkes & Little,
2000) 2 Ear¥]of gl Z]% 7HA] gl of gk Al ZApE
Akl 7)ol et AT 1'5‘] s o] ghAIRE 1 o]
7140 tigk A= wi¢- FEsith. 53] o] AlEApPE
e dAlgtE AR deddle Bela 18xE
2 &34 ol Ha v #et 71dE WA Bud

Hp7E glck, b o g} o] glolA 25 AA
2 g oot HE A EAEAL] ek AT oA A
A oAl gk webA B AFelx s 2hd mE3AY
7] A =L AEAA AdE Az A3 E sl
HolE Hoshe 59 BHE st Hsp70 F4
A7+ AeE C57/BLOAl AFE A8t 5= Aldet
T a8 =EZAF

Hsp70& 2E 20 whgato] W s nEZT g
o= 24 (Li et al., 2000)38kaL, cytochrome ¢ W&
= JARRIC BN HFA ) frese AEY S22
25 AZAS B5E7] W& (Mosser et al.,
2000) AlzAPE@do] A== Aolth, apA|RE o] A 9
AL cytochrome ¢¥ downstream¥ caspase 39
upstreams 24A17]7] W&ol (Li et al., 2000) AlE
AEALE dolit
B2 0&?.0] i 01/\]

sl @w

1

sp70 KO AHAE Algslo] 1

)= g Y
=EA(YA A 8Y)

%9 (941 Al 9%) Elofe]
Q2B e Gola 748 Aoz Uehta Hsp709
WAL oS wlepgont, AEd A S ke Ao

T BHAAE nQxZd o4
7R, AEE AR FE vl

BAEFe 53 AEAEALe] W5t 39

o vl F7FFAAIRE frol gk Aol VA &gkon,
WT 4] Bk Hsp70 KO Bfotel A AlEAEA} T
o] YeEPATKEL, 2X(2™1, 2. o]23 A¥e A3

S Edl2 & 5 3lRe] diegdA Hsp709] BdS7t
© AZAEALE dWste] glols HosiA|w, o]3le] W
A= Yol o2y BaahA 23 Ao w Aete

CSHEAE B ATl e Hsp70F3A7F 248
A D= B8t Hsp709] vlek3t &d-& ioﬂ-rc}i

]—t— Hsp70<& Hsp70.1%} Hsp70 39 F F7Y
AR o] FoA glon, o] g 7j¢] O}U]lt’:}‘ﬂol

7] wj el western blot°ﬂ/‘1 okgh whgo] dojit A

et al., 1998)°o.2 AZHc},

%%ﬁ(2005 )e] oo oJshd 2dAlg Hep70 KO "ﬂ

2 =3 A3} 72.6%7F A7 ] (He

73 ]JJP’A"} AZEHPEPA| A 145}‘;‘(‘4

ol AtRe] o] WAFRI Hole] n|ER

Egjofe] 7 63% doA AMEAPE S I Flolegta B
m & Mirkes, 2003). 22|22 AZApE

*}—E .ﬂ?—i"ﬂ ofsf FEEAR Hsp70-5342F AgoA =
7 2 A4S S SHetKad

_Z
Lo
>

ol

)
o[N

1, 2>.
S A EAPEA} Tl Aol Bel-2& n|EZE ] oo
A cytochrome ¢ ¥ Jql caspase 99| 52 JAAIZ

o7H AEAEA AT E ZA3TH(J gatteld, 1999).

EiEEﬂ_E TH A EApEA M E n EFZER o) &
o2 NEAEANEEE o] FA7|=d Bel-27F 5544
d3hg 3TH( Delchev et al., 2006).

£ A7M 1ol =FE WTH Hsp70 KO EjojoilA]
Bcl-2 e 7 & BT fos tad Ao= Ve
o 2 WTZ Hsp70 KO A# 9] &5 1dwollA
Bel-2 de | Hlgte] FSisH] & TdS o
FACE. ek opu et 2 E A 24 GA] G T B
oot S7HEA] & Ao E et o8 e Ade
£5o] nEZ=zg okl WEE e Bel-28 71417171
w2l Bax®] &0l AA|= 9 (Siu et al., 2004) &
Aoz AxAdAge] Aad o= /‘ﬂﬂﬁﬂr Akt
1gF e AEY A =ZH u] ok= ROS
(reactive oxygen species) A% @_(Halllwell &
Gutteridge, 1989)3}7] wj&ol JJ X o7 M EAEA}
£ d o7k (Buttke & Sandstrom, 1994). A% &

< Hspdl 282 S7H1A *ﬂi/\}“é FH 2HEE
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B 5351 (Powers et al., 1998; Walsh et al., 2001
van Ginneken et al., 2006), 53] 2t2F A A€
ROSAA L F9¢%5S 53l Ftstasrs 7137
ool (Osorio et al, 2003) EjoE/dg oWat Aoz

g,
FHZ A S 2R E 2N Bap] Y =
A

o] et Folol A ol 7

% TNF-alpha [ 3} I19] #&&o]
of A2AA &9 FIHE
(2006) = &A= et ASAAT 7 2] W
ol Ada#dgto 2 7Y od & glvka sigith, At
7} Hartmann & Bung(1999)¢] H.aro] ofstd, ¢4l
4% (aquatic) &< A4 7 FEE Hosy] o
o 71} el Fgtta a3t

ayeg ngd =257 A 1083 9 -+54A
A= Hsp709] 2&o] JA|H Il = &t
o A Bel-2¢] e?ﬂ% S7HA A ZEAEARE 2

o4 ofe] eAtEe] AR AR w5 Al
JJ}”“}ETH Z"—} = B3she oz defA AR
Nl 2N T AZAEAE =817 fate] HAIE
Pﬁ/\} @29l Hsp70< knock-out 3t AF & o] &3
= A7 2ol 59 A A ZAPEAL il
Bel-29] w8 W3l aelw A ZAPdAle] Wes 228}

3
A 2495 B3l %?5} 2 A9 Ba g vt gl wet
EHOH AEES Fola, A
2l S7HA A ZAEAE o
AAN7E 37t AE A S_ B A olA western blotZ}

e Bt 1 4 Ak 1
U 18 =49 EHOMMW A ZAEALE FEAT =
TS oY 71 glom, o]& &4 9 A ]*E
A7} 3 et P& B3l ol AUAES] A
A U AT vk A HE Hed 2
7F e AoE AlsHH
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Effects of Exercise on Hsp70 Knock-out Mice Fetuses Exposed to
Maternal Hyperthermia

Jin Lee®, Won-Kyu Kim®, & Chang-Sub Shim®
Hanyang University”, & Kook-Je college’

Maternal hyperthermia is characterized by the regulation of heat shock protein 70 (Hsp70) and
induction of apoptosis in various experimental animals. The present study was designed to examine the
changes of apoptosis by Hsp70 and Bcl-2 proteins expression followed by hyperthermia after exercise by
using Hsp70 knock-out(KO) pregnant mice. We performed exercise in pregnant mice, estimated survival
ratio (SV), and measured Hsp70 and Bcl-2 protein on embryo day (ED) 9, and performed TUNEL stain
for apoptosis on ED 11.

Method: Pregnant mice, C57/BL6 strain (Wild type: WT) and Hsp70 KO, were divided into 4
groups as follows: (1) control group (C), (2) exercise group (E), (3) exercise + hyperthermia group
(ex+H), (4) hyperthermia group (H). The pregnant mice were induced to swim (10min) for 8 days and
then exposed to hyperthermia (43C, 5min) on ED 8.

Survival fetuses on ED 9 and ED 11 were collected. Results showed that the SV in WT groups
was not different in each group. However SV in ex+H groups of Hsp70 KO was significantly increased
(p<.001) and higher (p<.05) than H group. Hsp70 expression was significantly increased in H group of
WT and not differerent in all groups of Hsp 70 KO. Interestingly, Bcl-2 expression, which is related
with anti-apoptosis, was markedly decreased in H group of WT (p<.05) and Hsp70 KO (P<.001), and
ex+H groups of WT and Hsp70 KO were higher than H group. Numbers of apoptotic cells in H group
of Hsp70 KO were higher than any other groups, whereas those of ex+H group were lower than H
group.

These results suggest that Hsp70 is positively correlated to the hyperthermia induced apoptosis.
Exercise reduces the embryonic death and apoptotic changes by increasing Bcl-2 expression in Hsp70
KO mice. Thus, exercise may have protective roles against embryonic damage exposed to maternal
hyperthermia.
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