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HEEA Q) s st fF e AL
7hApm] Zoll A Akt Q14H3F9F HSP72, HSP90 <

SRR

Hed, N8, B4, ¢uF, Hez
ool sha o) shej o o) 5 - A £ BT

Zd Q410 AR AR el A SFRAS 047} 2] meh M EE REshe oz Uil Akt
2] q14k3}e} heat shock protein (HSP72) 72, HSPPQLH3 o] w312 ool 112} B A13-& A A8}y

355-732] SpragueDawleydl 7 g dzLs P Pdros Wi, s dedde
< 5% I 5F AFF3= S 33, 63, 103] wHE3te] AAEAG. AHF A9} 3417, 6417, 2447,
T2/)7E A Fol QAT ArkAN T &3 ¥, phospheAktel HSP72, HSPOg <] z2) 5lsh¢d Al )
Western blottA]-& A8 3le] o}-&-3} 72+ Axs gl

Akt QJAHE= S Fdst 382 63 ZellMe ABF HF2t 34l dzLrot $7F8ksla, 1082l A= 3
39} 63 Rt Yl HAF AT ARF 72202t 339} 63], 108]2 Abe]9] zfel7}t qlaleh. Akt dakERE U
7Rt 7R Zel A gl IR HSP72= AR 259} 3|7kl 3 F o FdE 332X 7HE el &7t
sk, 103] el A 71 A A= Qe Al TF 72471l 33]9) 63], 103 Ale]2] z}eolrt ¢lslEh HSP72=
HAZFTRG shApr] el A el Aok HSPIG: 33 ofA3t 33]23 63l M e AR 259k 3417t
HEzerg F7kekala, 108 2ol A= 335)9} 63]nct wAl A=Y A A7 2447kl 33]9} 63, 108] A}

o)9] Feli= =4 Shskeh HSPOG: 7uch Axiul el gl SIS,
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[}

< 335k whgel @el AMEE AL Qloh (Mattei 5
2000, Seds- 2003, Muscaris- 2004).

sSYopste fERt Py A ok
BEs] A dskot, #e I AR
g A zAEe] F2¢ 4EL s Akts)l heat
shock proteins (HSPg) 3-8 Z71A)7):=1d] 3o
s} (Bijure}l Jope 2000)A Z el A Aktel Zgtsh
o 23S YA HSPIG, Akte] A3 A=
AdArg zAgeha dela 9le}(Zhangs 2005).

3 ARRA A== FAHATE Akt



— M283, Mg, ®He
serine 47% <AL 7IH, BAslEl Akt sdE
Abg 7FAaA 710 (Matsui 5 2001, Toths 2003).

Kis %5-(2003)e- 5| 8opabe Axakd Akt Qs
7h Zkste] Age] SAEAE AR §9
a1, Zhous-(2000) Akt7} o] & A A ZxPE AL
2 ZhaAZleka sl

HSPse- whajle] WAs $e wWxsla o
Aol 43 (folding)s} #1438 (refolding)ys =23}
£47 BN shalshe e 2Asel dot
o5k, AT, PR Aol A7 H 3=

= = 9}ZF} (Bakaw} Horwich 1998).

HSP72= dolut 38 25l x=Z&EHE o
7vstel MzAFEANS JAlst Hlze] HEES
A= Aoz e 9)v}l. MarberE (1995)

lil_l::.

olN ofN

HSP725-427} Fpid=s AF ] AAE A
7w AlAFZg0] 3|Bo] walx|y, AN | 7}

23w shgirh HSP9G- i de] gh4a) oA &

A3 n 4A glen (Pratte} Toft 2003),

Nayeems (1997)2 dx}=o= Z=7}%]l HSPI®]
Aol #Hdede Farlte s, Barting
5 (2003)2 S Fpakslrl Al HSPIGE %7}
AZe T kel

Mo 252 33t olghe] A% Yofp mAo
o)t zhg-e Mzv) oA Wsksh Ashy A}
fragie o2l gt BME HSPT2) Bel g
fEste] MY ZEA L] G §447]H]
(Locke & 1991), @A AkA7)6l oJ3] S=3% Akt:=
A ZzE4s 72/ 70vkan d=ix 9l (Noshita 5
2003). HM;J% W o] 00l AT eA o)
=49 zxow, Tguid Age] 24uE oy
Ag ol g3k Wy, ARiAle] ok vzws sue
o zke]7} slmtar &=l Qv (Lindsay-5- 1990).

olel A& 3F e WIS F A2l 85%
7} A Zed e s FTAE A7 ZI 8o 89%
b AT FA4E 7HA] 2 (Amstrongzh
Phelps 198414 38 Fds} sl4g 7171 A
o] Akt Q1Al3te}l HSP72, HSP9g tale] n)z]:
d&Fe] el s ropH izl ¥ AL AAEH
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o
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35521 2] SpragueDawleyd 47
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oz gt s atstre ge
F70] WHE- 35 whe} 33, 63), 108702
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3 6vlEly =E 96l AFEES ARk
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A # (04171} 3417}, 6417}, 24
7k 72717k Floll AR FgES AFLFE YA
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AT AT gERes dahda
Zul2 o3 & Western blot analysi s}
A7bA] —70°Cell Bpsdeh T2 M 19
= oz st e Alasly] <8 0.1% gluta-
raldehyde4% paraformaldehyde=3h-g-ofl (pH 7.4p

1847 =<9t TAAZ] = dAFAQl up oz 6um
o] getAd RS RHESiTh
R EE SR

A (xylene)e 2 sle}dd e slelde A7
st 34=A)71 |, phosphate buffered saline (PBS,
PH 7.4 ZR4z ARsHA 3% Hasteder
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He B3gdoe 5F gek A2 ¥, 0.4% pepsin
4 (Sigma, USAR.2 Al2or 8% Fob uHg-A|
et

phospheAkt W z2] 55t M-S ¢Js] rabbit
blocking £-¢% (PBS, 2% bovine serum albumi}ef
o] AAFEA 15uL/mL) o 2 37°Cel|A] 1]z, rabbit

anti-phospheAkt 3} (Ser 473, 1:50, Santa Cruz

Biotechnology, USAE blocking &0l 3] 3}

4°Col|A s}t 5t Hh-A|Z Tk HSP72} HSP90
o zA 33t AS 913 goat blocking4-< (PBS,
2% bovine serum albumirg7]e] AAFEA 15uL/

mL)e 2 37°CellA 1|7}, goat antHSP723}4] (1 :

40, Santa Cruz Biotechnolog}) goat aniHSP903}

A (1:100, Santa Cruz Biotechnologg) blocking ¢

ol 27} B|Aste] 4°CollA B Bt WA

;. PBS= A 33t & 2x} 3}, goat antirabbit 1I9G
314 ¢} rabbit antigoat IgG3}A| (Vector Laboratory,
USA)E PBS 1:1000u]&= 3]4)ste] Ao

40%, ABC &9 (Vector Laboratoryp 2 Al-2-oj| 4]

30% F9oF A 2]s}telcl. DAB kit (Vector Laboratory)
£ o] 83t WYA|FoH, 1%HAIHgH oz o

oA & 33t n])7 (Olympus BX51, Japam =

Al

4. Western blot analysis

SRS o] 45}
AR &4 A% (PMSF 1.0 mM, EDTA 1.0
mM, pepstatin A 1M, leupeptin 1uM, aprotinin 0.1
uM)7} Z3+® A FZ g8 (iNtRON Biotech-
nology, Koreag Z&x%] 0.05g4 1mL% *7}3t
=] homogenizer (Janke & Kunkel, IKALabtechnik,
Germanyg o©]g3le] 13,500 rpnei] A 1024 23],
A5 SlolM FARAF . 208 FF A5 Sl B
T3 FANE 4°CollA] 12,000 rpmE =2 102 =

+E5xAE A He H,
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oF QApeI § g3l dgink

Zy ZAo| A 50puge] s FH3le] 8% SDS
polyacryamide gekl7|¢d5& o] &3led EE|AZl
%), Hybond™-P membrane (Amersham Biosciences,
England}] o]EA|Z . Membranee 3% blocking
Lol (TBST; 25 mM Tris, 8% NaCl, 0.1% Twee0,
3% nonfat dry milk)e.z Al&or] 1Az AHzlst
%], 1x} 34 antFmouse phosphékt 31| (Ser 473,
1:1000, Cell signaling Technology, US#) anti
mouse HSP72}4) (1: 1000, Stressgen, Canada), anti
rat HSP903}4) (1 : 600, Stressged® blocking £
of 3Mste] 4°CAM st F At
TBST= 5%4 33] M&st ¥ 23} A horseradish
peroxidaseconjugated antmouse IgG3}A| £} hor-
seradish peroxidaseonjugated anitat IgG 3}
(Amersham Biosciences) Z}Z} 1:10002.8 3]
she} Agold 142 wbEAR) F, TBSTZ A%
%] ECL (enhanced chemiluminescengyy (Amer-
sham Bioscience$) 1% Z9F x]2|sle] x-ray 2=
o x=ZAF . Quantity on€ == 713 (Gel Doc
2000, BieRad Laboratories, Italyd o] 8-3}e] 3+
¥l band®] %% (density)s =4 s}9la, Studentt-

tests A A5t}

2

qr
gk
02

Yal
Jor
N
>
=

pAKE F2 2440 289e 2
o o) AEAel A HREH T, W) o
sb RIFH g gol e B B 2w
%)
h=4

NEEELEE

+ BT AT 7R 2ol 3EE p-Akt
Z z}o]7} gledek (Table 1, Fig. 1).

2) Western blot analysis

p-Akt QlAbsh= 33)723} 63)21e} 103] el A
WA HAE GG AT p-Akt= A FFAIRE
Aol w2 pelrt A ghgrort, Fhxpe]2eA
p-AKt= B8P3t 3319} 6318 AR A 7t
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sto] ABF 6417 mx 3AZA kst HE A ol Fel: Basgint(Fig. 2).
Psh 10518 AAsh ARF A5 pAKIE F

2. 5|8 dAETF HSP720]| O|x|= A&k
Table 1.Immunoreactivities of phosphakt in rat tibialis an-

. ; . 0404 X X| 51504 AH
terior and soleus muscles of the control and ischemic 1) M| ofsHM

preconditioning groups A7} LA HSP72= 2|7 6A)17+a 244]7F
Time of reperfusion (h) o] Zo]| TR} =7}¥ 9], 63+ (Fig. 3D)°] 3
0 3 6 24 72 3] (Fig. 3B 103~ (Fig. 3D)R.t} =7 #H2s
cont  + ek, 7AAE 2ol HSP72= A W5 27)9} 3417
WSt ol da2 (Fig 3ER F7hE%, 6312 (Fig.
10IP + + + + + 3GeIM 78 #A IEF HSPT2= IR 7T
cont + B} Zpabw|ZelA g7 A2 (Table 2, Fig.
3IP + + + + + 3).
Sol - gip + + + + + )
10l * + + * + 2) Western blot analysis
Abbreviations 121 7} - 1= = 15
TA : tibialis anterior muscle $A7EZANAM HSP72= 33]9] 3PP} A%
Sol : soleus muscle 2713 H, ABF 6A|7F o] thA] thRLET
cont : control - - - = L
3IP : 3 times of ischemic preconditioning Z7F8ksla, 639} 103]9] S ot AdF 24
6IP : 6 times of ischemic preconditioning =3 =
10IP : 10 times of ischemic preconditioning ; AP‘P]}Z] piSP 7= T/HZ"‘E‘B} °7]-/\]7;‘?‘]:}' 7]—;(]—1:!]
+ : trace immunoreactivity - ZollA] HSP72Z= 33)9] | ¥fAls) A& =7}s}e]
+ : weak immunoreactivity |5 - 213
++ : moderate immunoreactivity A7 24A774A] A 2 He lff‘ﬂ] #2326
+++ : strong immunoreactivity 3]9] &Y eFA3I= HSP7ZE A T7 7247 iz

Fig. 1.Immunohistochemical staining of phospB&t (Ser 473, pAkt), 3 hours after ischemic preconditioning (IP). Intensity of
immunoreactivities (IR) were presented in Table 1. IR-#kpwere trace or weak, and showed no differences between control
(A, E) and IP groups (B-D, F~H). A~D: Tibialis anterior, E-H: Soleus, cont; control, 3IP: 3 times of IP, 6IP: 6 times of IP,
10IP: 10 times of IP. Scale B=aB50um, x 200 magnification.
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A Tibialis anterior Soleus
cont 3IP 6IP 10IP cont 3IP 6IP 10IP
Reperfusion at 0 hr
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hv4
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5.0 z
00 [1
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Reperfusion at 6 hr
30.0 i
25.0 1
t t
. 200 i
< m e, o
3 150 t
10.0
50 I
0.0
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<
& 15.0
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0.0
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Y4 ol mE Akt el4kst HSPso| st —

Tibialis anterior Soleus

B

cont 3IP 6IP 10IP cont 3IP 6IP 10IP

Reperfusion at 3 hr

cont

30.0
25.0

—+

20.0

—+

15.0

p-Akt

10.0
5.0

0.0

6IP 101P

Tibialis anterior Soleus

D

cont 3IP 6IP 10IP cont 3IP 6IP 10IP

Reperfusion at 24 hr

30.0
25.0
20.0
15.0
10.0
5.0

(N1

p-Akt

ﬁ

10IP

0.0 .
cont

[ HTa L sol |

Fig. 2. Western blot analysis of phospidt (Ser 473) in rat
skeletal muscle. A: 0 hr after ischemic preconditioning
(IP), B: 3 hrs after IP, C: 6 hrs after IP, D: 24 hrs after IP,
E: 72 hrs after IP. Values are meanSD. *P<0.05,
different from cont of TA;}P< 0.05, different from cont
of sol; ¥P<0.05, different between TA and sol. cont:
control, TA: Tibialis anterior, sol: Soleus, 3IP: 3 times of
IP, 61P: 6 times of IP, 10IP: 10 times of IP.
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R 7k 7 e, 1089 sd A= ABF 3. S EAAEITF HSPI0O| o|x|= st
717t E<t HSP7Z dlzZx}t 27417 (Fig. 4).

[y

JEEES RN

7Tl PP AA 2 HSPOG: A&

[}
Table 2.Immunoreactivities of HSP72 in rat tibialis anterior and = 3,15} )% (Fig. 5B-D 2 (Fig. 5A
soleus muscles of the control and ischemic precondi- 17F °1¥ (Fig. Pl =< (Fig. SANR

tioning groups 27F e 74Am] 2ol A HSPOG- A 5 3A17+}
Time of reperfusion (h) 6417kl wlx+ (Fig. SEX T 713kl 1, 33+
0 3 6 24 72 (Flg SFF}' 6§]-E‘(Flg 5G)ﬂ]/\1 10§]—E‘(Flg 5H)li_].
cont + o =4 3EH Y HSPIG A 7FZHe} 7kAjw]
A 3P + + + + + 2ol 7 2 i (Table 3, Fig. 5).
61P + + + ++ ++
101P ++ S = + 2) Western blot analysis
cont 4+ HSPOGe: 5 Rop st % A7 6417744 33)
3IP + + + + + _ _ .
so oo o L 23} 63)2olA 10820} B BRHAT, A%
0P+t o+ 4 xR 280703 72020l SRS} Sl we
Abbreviations 2po|7b A kgkeh. 7Yl A HSPOGS: S
TA : tibialis anterior muscle  Sol : soleus muscle cont : control - o A= - - .
3IP : 3 times of ischemic preconditioning 243t 332l M AR A F Frhskel ot 63]2el
6IP : 6 times of ischemic preconditioning A = =i 2z IR
10IP : 10 times of ischemic preconditioning M= AR AR st wsshl b
+ : trace immunoreactivity 3, 1032l Ee A BF 6AIZH 2447 el Z7}
+ : weak immunoreactivity - = = -1 —
++ : moderate immunoreactivity 6}9&1;}' 7 ]'z ]'u]":—Lo“k] HSP9GE- '6]@0‘.}/;.]— i} 33]_":0“
+++ : strong immunoreactivity }\-] ;<H _vd»%. 3}\] Zhe]| %_7].—3].931\ , 63?-4_2_0]] }\1.‘_‘—_-_ xﬁsv‘,l-_ﬁ.

Fig. 3.Immunohistochemical staining of HSP72, 3 hours after ischemic preconditioning (IP). Intensity of immunoreactivities (IR) were
presented in Table 2. In Tibialis anterior, IR of HSP72 were increased in IP groupg(Bompared with control group (A). In
Soleus, IR of HSP72 in 6IP groups (G) were more strong than those in 3IP (F) and 10IP (H) groups. IR of HSP72 were higher in
Soleus muscle (E H) than that in Tibialis anterior (A D). A~ D: Tibialis anterior, E-H: Soleus, cont: control, 3IP: 3 times of
IP, 6IP: 6 times of IP, 10IP: 10 times of IP. Scalet&yum, x 200 magnification.
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Tibialis anterior Soleus

cont 3IP 6IP 10IP cont 3IP 6IP 10IP

Reperfusion at 3 hr

f
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D
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cont 3IP 6IP 10IP

| mTA [1 Sol

Fig. 4. Western blot analysis of HSP72 in rat skeletal muscle. A:

0 hr after ischemic preconditioning (IP), B: 3 hrs after IP,

C:

6 hrs after IP, D: 24 hrs after IP, E: 72 hrs after IP.

Values are meansSD. *P<0.05, different from cont of
TA; 1P<0.05, different from cont of sol§P<0.05,
different between TA and sol. cont: control, TA: Tibialis
anterior, sol: Soleus, 3IP: 3 times of IP, 6IP: 6 times of

P,

10IP: 10 times of IP.
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6A17 el Z7), 108]2ol| M= A dF AT 718k F
74519 (Fig. 6). n

]

e 282 s -el iAol e 2Aed 2dl

Table 3.Immunoreactivities of HSP90 in rat tibialis anterior and A]7Fe] &8 284S doz 4 9l o2 A+
;8:::; gmr(t:j;Les of the control and ischemic precondi- 719 7lsBAS $xd 2w oot 3y epasie
AReE A2+ Qe o, g Y

3 ARFE B AET BEs SR Aol

Time of reperfusion (h)

0 3 6 24 72
s fERt gl e,
AP e+ ar s S E e RE L B PR RS B
L S S A Sl I L I K R R
T T T T HSPT2, HSPYE) oA WshEeA) ahastglnt.
W aer e i e Noshita-(2008)2 A471¢] dx] 518 F4¥oA
Sol - gip + ++ A Akt ALz} Z718lA] ko), FE FH P =
WP+ £ TR AR ANz HE F g Akt Ak} Alx
Abbreviations =] = L Ao Fats = )=
TA : tibialis anterior muscle  Sol : soleus muscle  cont : control /\3%—50] %7]&] h 7;]‘ = J&%E}(ﬁ‘;} ol e '6-]‘@7(]—
3IP : 3 times of ischemic preconditioning 29| 7}=e} 2ol &AM v ulel Akt ¢QlAMS=
6IP : 6 times of ischemic preconditioning - - -
10IP : 10 times of ischemic preconditioning 27 epdela slgleh Mocanus (2002) 3
=+ : trace immunoreactivity ’ go&:)gl—j]. 75'1"“ Akt SA A& ;'qa]-g].:a 317 9] /;:]75}
+ : weak immunoreactivity
++ : moderate immunoreactivity A FEEE Hs 7)Ao AgtElct slgit) gk,

+++ : strong immunoreactivity

UshinoFukai = (1999)e- 2179] dj=w mlwyz

Fig. 5.Immunohistochemical staining of HSP90, 3 hours after ischemic preconditioning (IP). Intensity of immunoreactivities (IR) were
presented in Table 3. After IP, IR of HSP90 were increased{BF~ H), compared with control group (A, E). IR of HSP90
were higher in Soleus (EH) than that in Tibialis anterior (A D). A~ D: Tibialis anterior, E-H: Soleus, cont; control, 3IP: 3
times of IP, 6IP: 6 times of IP, 10IP: 10 times of IP. Scale-b@um, x 200 magnification.

294



A

— s{gAyHst o wE Akt el4ksl HSPse| Hat —

Tibialis anterior Soleus

cont 3IP 6IP 10IP cont 3IP 6IP 10IP

Reperfusion at 0 hr

35.0 i 4
30.0¢ R
*
25.0¢
o *
® 20.0% 3
% |
? 150 t t
*
10.0-
5.0¢ t
0.0 == 1
cont 3IP 6IP 10IP
c Tibialis anterior Soleus

HSP-90

E

cont 3IP 6IP 10IP cont 3IP 6IP 10IP

Reperfusion at 6 hr

35.0-
30.0-
25.00
20.00
15.0
10.0¢
5.0
0.0

—,

cont

3P

6IP

10IP

Tibialis anterior Soleus

cont 3IP 6IP 10IP cont 3IP 6IP 10IP

HSP-90

Reperfusion at 72 hr

=
t

*

ll*

3P 6P 10IP

cont

295
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Fig. 6. Western blot analysis of HSP90 in rat skeletal muscle. A:

0 hr after ischemic preconditioning (IP), B: 3 hrs after IP,
C: 6 hrs after IP, D: 24 hrs after IP, E: 72 hrs after IP.
Values are meansSD. *P<0.05, different from cont of
TA; tP<0.05, different from cont of sol§P<0.05,
different between TA and sol. cont: control, TA: Tibialis
anterior, sol: Soleus, 3IP: 3 times of IP, 6IP: 6 times of
IP, 10IP: 10 times of IP.
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Abstract

Effects of Repetitive Ischemic Preconditioning on the
Phosphorylation of Akt and Expression of HSP72 and HSP90
in the Rat Tibialis Anterior and Soleus Muscles

Youn-Kyoung Seo, Dae-Yong Seo, Su-Kyoung Jeon, Hyun-Joo Park, Doo-Jin Paik

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University

Akt, heat shock protein (HSP72)72, and HSP90 induced by ischemic preconditioning protect cells from the ischemic
injury. The purpose of this study was to examine the alterations of the level of ptfdgpht$SP72, and HSP90 in the
rat tibialis anterior and soleus muscles after cyclic episodes of ischemic preconditioning.

SpragueDawley rats aged 35 weeks were divided into control and ischemic preconditioning (IP) groups. The IP
group was divided into 3 subgroups based on cycles of IP. Left common iliac artery was occluded 3, 6, and 10 times for
5 minutes, followed by 5 minutes reperfusion. The experimental animals were sacrificed at 0, 3, 6, 24, and 72 hours
after reperfusion, and left tibialis anterior and soleus muscles were removed. The expression of4ltp$iBiB72,
and HSP90 were examined with immunohistochemical methods and Western blot analysis.

The results were as follows;

1. In the 3 and 6 times of IP groups, the expression of pheski@-Akt) was increased at 0 and 3 hours after
reperfusion, compared with control group. The expressiorAKtpn the 10 times of IP group was lower than that in 3
and 6 times of IP groups. At 72 hours after reperfusion, the expressieAkifgnowed no difference among the IP
groups. The expression ofAkt was higher in Soleus than that in Tibialis anterior.

2. The expression of HSP72 in 3 times of IP group increased at 0 and 3 hours after reperfusion, compared with 6 and
10 times of IP groups. The expression of HSP72 in the 10 times of IP group was lower than that in 3 and 6 times of IP
groups. At 72 hours after reperfusion, the expression of HSP72 showed no difference among the IP groups. The
expression of HSP72 was higher in Soleus than that in Tibialis anterior.

3. In the 3 and 6 times of IP groups, the expression of HSP90 increased at 0 and 3 hours after reperfusion, compared
with control group. The expression of HSP90 in the 10 times of IP group was lower than that in 3 and 6 times of IP
groups. At 24 hours after reperfusion, the expression of HSP90 showed no difference with increasing episode of IP. The
expression level of HSP90 was higher in Soleus than that in Tibialis anterior.

These findings suggest that ischemic preconditioning increases the expressidkt,0ff§P72 and HSP90 at early
phase after reperfusion in the rat tibialis anterior and soleus muscles. However, increased cycles of ischemic
preconditioning may not induce the expression of them.

Key words : Ischemic preconditioning, Cycle, Tibialis anterior, Soleus, Akt, HSP72, HSP90
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