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Heat Shock Pretreatment Inhibits the Second Mitochondria- derived Activator of Caspases
Release from Mitochondria and Apoptosis of C2C12 Myogenic Cells Induced by Hydrogen

Peroxide
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[ ABSTRACT] Aim To explore the effect of heat shock pretreatment on hydrogen peroxide (H,0,)-induced apoptosis and

the second mitochondriar derived activator of caspases (Samc) release from mitochondria in C2C12 myogenic cells. Methods
After heat shock pretreatment (42 C 1 h, recover 12 h), C2C12 myogenic cells were exposed to H>0,( 0. 5 mmol/L) for 6 h,

12 h, 24 h, and 36 h respectively. The apoptotic morphological changes and percentage of apoptotic nuclei of C2C12 myogenic

cells were analyzed.  Caspase 3, Caspase-9 activities were assayed by caspase colorimetric assay kit and Westerrrblot.  Induc

ible heat shock proteins were detected using Westenr blot analysis.  The release of Smac from mitochondria to cytoplasm was ob-

served by Westerr blot and immunofluorescence analysis. Results After treated with H,0,(0.5 mmol/L) , a marked in-

crease of mitochondrial Smac release, activation of caspase-9, caspase-3 and apoptosis were observed respectively in C2C12 myo-

genic cells. @eat shock pretreatment induced expression of HSP70, HSP90, aB- crystallin and inhibited H, 0,-mediated Smac re-

lease from mitochondria, and inhibited the activation of caspase9, caspase 3 and subsequent apoptosis. Conclusions Heat

shock pretreatment could protect C2C12 myogenic cells against H, O,-induced apoptosis, and its mechanism might involve heat

shock proteins expression and inhibition of Same release from mitochondria.
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(I8, T B0 LA R VE R IE e, B Rk 2
T 43 B 200 L 20 PR R T, BN FAE I BILAR AT AR
FAEY T o A ERRRI R & RIS
e &R £ 1 B A0HE ) ( second mitochondriar derived ac-
tivator of caspases, Samc) 1231 2 2000 4F 5 & I — F
RT3 5o AEIEHIRZE T, Smac 7 T SR 4 5 (1]
Blo 7EV8 T2 K A i #2 7, Smac B 42 R4 B N D
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protein, TAP) 446 I fiff B 6 R 4 2 IR RE = MR 1 i
Z TR B [ 1§ ( aspartate-specific cysteinyl proteinase,
Caspase) 11 7E FH, M\ T f# Caspase-3 1 Caspase-9
TGS, e T R A o Smac 7O LA 4
SEFE, HERESH5EMEE BN -0 VLA
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1.1 ##

C2C12 ALJE 48 B v A A% 28 g o 0 R . DMEM
EFE N Gibeo 2 8] F= d; o X R/ ML iE AT
MEZEFAMIAENEF & T 2R EFERH T
#E \Hoechst3258 . % AR it & L B AR 10 1 & L R IeG
HFEMR G ¥ N Sigma N8 F i, EEMK Y 4
AN B Py OB N-N- T F AN B
% 77 Fluka /A 3] 7= & B30 HSP70 % %2 B ik K4t
HSPOO # Rtk F L aB- R AEEE S B R
R4 7 Stressgen /A 8] 7= &b ; %41 Caspase-3- Caspase -9
% S EFR . R YL Smac £ T % H1 4K Fu Caspase vE &
FERNRAEH N RED A8 = &; Z R AEE.
WA 2 JTEMED 70 28 BR 41 2 £ 39 & Promega /3
75853 SABC .9 % b % &Kl & F7 DAB & & 1K 7l
EAEEEEY TREA R E F & DNA“ B R &
# 1K 5 & % BD Biosciences /A 8] F* & o
1.2 C2C12 AR 4mpRtE o+

Jil & 15% /N4 17 B9 DMEM, £ 37 ‘C. 5% CO,

90 B I R AR I SR
1.3 H,0, iRENE

1% Spitz 4 R H i, £ E LR B AT
A240 18 /5, #% /A 3.: H,0,( mmol/L) = A240 x 1000/ 39.
4itE.,
1.4 HRERIRE T IE

¥ HE 42 CAB F 1 h, B 37 °C.5%CO, 4
MiEmAEEIRE 120 BRI TR,
L5 ATHTEREENERATESRITE

WA Mk B B 2, Hoechst33258 % & 5 #
H.RAEBET, EEHRZEREHIR K, B
THRNEIARPEREOT IR L. WEE
HATE MBS0 Mg, TERATZE
NE:BATHEESE= BT HEZEH/500 % 100% .
1.6 Western-blot

FISDS it & HAMBEME, KEHRE B
f, % A Bradford % #TE G E &, #l & EGH#
mE-S0OCKAERELEM. UEKHE 2 M &H L
B, GG, REBE TR LR, FEMAER
HSP70 % % F MR, 3 A& oB- &R R E &k, =&
#4 HSP9O #i 1K, B % # Caspase3. Caspase9 % 7
AR, AN Same £ T B A, RHER LAY
BEARIC B R R B EH % oG B H . DAB £ &R 7
EHTRE, BB, ERIBER,
1.7 REERFEHFERIBREDE 3 9 EM
ol

# B8 Caspase 74 M & 2 A MR & 30 9 H #£47.
1 x 10° %0 M hm B4R R 50 ML 72 vk B4R 10
min, & 4°C 12000 g B0 1 min, B 5 PL _EF B IHAT
EHEE, NE AS95 EH; 7 45 WL #m 50 ML 2 & # &
MR R i B S WL RO R4, 3T CRE 1 h, 4k
SCE A K K (A405), F it & Caspase3 Ao
Caspase-9 V& V£ ( 7 = A405 {E/A595 f8) -
1.8 YHRRLZRRIA KRB B

¥ 40 B R vk A9 PSB 3 2 0k, B 3 B
MR A EF A, K A E 10 min, & K 30 K, £
A RBAEA4CH 750 g B0 2K, K 10 min, H_E#E
W, ¥ EiERAE 4CH 10 000 g B8 15 min, FF &
EAGKRKAYy, EERNEE AL, EFT-70C
%Rl
1.9 Samc BIERAERKN

R LAY T A 5 R 8 SABGCY3 £
BERAFERANE WA FTHIT. A 4CTRAN
4% % F FEEE < 20 min, F EH F B H F T H. m—
. 2h 5 FI PBS Bk 3 K, HK Smin, fn Z40 1 h, F
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J PBS Z 3%, 77 3 [F &1, /r SABC 30 min, /i PBS i
TFHREHAF, TRAEHMETAEFHE,
1.10 DNA“#BIR” &4

#% B8 BD Biosciences /A 5] $& #t 84 # 1E 1. B 4 2
To WEHME, FAERAMEREEN, HIRERH
HDNA, THAAKXLEITEE. B 0.5V XHEAH
DNA, fm A\ 35 ML EHBZ MWK, 16 CR I 14 ho FH
4150 ng EFZ DNA WEBERAGRER 4B K
KL% RE AN RS % % 7R R B, #4T DNA %
B 10~ 15 WL/ L8 2R A B 4% ROAL 7= 4 v AT 1% 378
BE B Uk, M2 T 3 DNA“ B 4% .
L 11 SitEatE

WIEM x s 2T, BABLEA 6%, 24
EREEE AR S i

2 # R

2.1 HAARRFLIEIFS C2C12 AR A RIE R
ZEH 70 AR EH 90 0 aB- BRAEH

% C2C12 WUREHMIZ HS(42°C, 1 h) J&, 4 h BIA]
530 %) HSP70.HSP9O A1 aB- & IR 1A 2K A R4, 8 h
KLkt — A E, 2h B, H—BERFESE 36 h
(K1, Figure 1) .

e th ah

1. #IRTTIRAIERT C2C12 MAEAMKTER 70-AKTER 90 #1 b MRAEEA S RAIF N

PRTE AL (42°C, 1 h) 5 PR E 1] .

BikEEa N

— MKEERB 70

ol MREES

G

418 h 12 h F1 24 h 940 i #

Figure 1. The effect of heat shock pretreatment on the expression of HSP70, HSP90 and aB- crystallin in C2C12 myogenic cells

2.2 PMIRTINALIEXT H,0, BB C2C12 AR 4R
THIR M

42 CHikbEE 1 h, 2RJEPKE 12 h BE B 2 k2
H,0,(0. 5 mmol/L) FTEL I C2C12 JLFEAH I T &
A A% LRI, Hoechst 33258 L6 IR, 1F
i ot R 4 4 B A B 518 35 51 9% o HL 0, 1545 ) HY
BRVF 2 PR T4, R4 B A% 32 I R VR 4 B0 1) kL
HUIR N, 1 HS+ H,0, H 4% 4198 T2 41 g bk H,0, $7

gD, FET R 4y R A H,0, 45 40 9 2 PR AR
(E 2, Figure 2) .  @DNA“BHIR” 2% 400 & I H, 0,
55 4T $1455 24 h F1 36 h J5 405 DNA H ik H B st
R BEIR” %75 T HS+ H,0, TG4 T4 24 h
F136 h J5 240 DNA LIk AR H 0B 2 i« BRAR” 2%t
(&l 3, Figure 3) o A X i SEI61IE S % Uk 38 ] T+ PCR
) DNA /2% 1

IE% W B4
E 2. BIKEFALIE (42°C 1 h, PrE 12 h) ST ELE (0.5 mmol/L) BFE C2C12 LHAEETHISLNE( 40 x 10)
Figure 2. Effect of heat shock pretreatment (42 C, 1 h, recover for 12 h) on the changes of apoptotic morphology in C2C12 cells ex-
posed to H, O,( 0.5 mmol/L) for 24 h
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A B ¢ D E
[ 3. FRBEHEER KRR AL IE RS S EATE C2C12 48

Marker

Ffl DNA “#HR” R A NIERXHA: BAC TN
H,0, i 24 h #1136 h; D A1 E 73 5A R TC AL BES H0, $i47 24
h #1 36 hs

Figure 3. Photograph of a 1. 2% agarose gel electrrophoresis of
DNA extracted from normal or H, O, treated or HS+ H, O,
treated C2Cl12 cells

2.3 HARZIRAIRINEI H,0, FRE C2C12 AILIR 4HRE
ZRRFFFMERIERERR 3 19 AR
RA IR 1t 2 Dt 2 B8 2 1 5 ( Caspase) ¥ 14

M5 KB, H,0,(0. 5 mmol/L) AbHE C2C12 LJE 41 AL 4

h J5. Caspase-3 Fll Caspase-9 ¥ FFURVE. A0 12 h

Ji, Caspase-3 Fl Caspase9 HIVE VB B F+5, 24 h J5
A Bk T HS AT B R A ] R D (R,
Table 1) -

RLAKEMAENIE XS RH 2012 AL JE 4B
Caspase- # Caspase-9 JE LIS (x Ts5, n=6)

Table 1. Effect of heat shock pretreatment on the activation of
caspase-3 and caspase 9 induced by H, O, in C2C12 cells

Einkii] Caspase'3 Caspase9

] jA] H0, $iffi  HS+ Hy0, Hidi H0, Hifli  HS+ H20, Hifli
0h 1. 00 £0. 08 1.08 f0. 11 1. 00 £0. 09 1.01 20. 12
4h 1.88%0.21°  1.25%0. 13" 1.23%0. 11 1.07 %0. 13
8h 2.3530.18*  1.32%0.15 1.5630.13*  1.1730. 11"
12h 2.4810.22¢0  1.31%0. 14" 2.2140.17* 134 %0.09"
18 h 2.3610.19*  1.67 *0. 18" 1.5810.24*  0.8830.08"
2%h 2.1610.200  1.37%0.14° 1.49340.15¢  0.9030. 06"

a: P< 0.0, 50hHE: b: P<0.01, 5 Hy0, #5544

Westerrrblot 73 /T RK B, 1E % C2C12 L 40 iy
Caspase3 1 Caspase-9 ¥4 LA G ¥ 14 (1) 71 44 T2 X A7 7
(43 329 P31 Fl P45) o H,0,(0. 5 mmol/L) 4L 4 h
J&, BUA) R4 B (439108 P11 ML P10), £ 12 h
B, 24 h JEA D . EHRZ HS IFKE 12 h
Ja, 5 H H,0, (0. 5 mmol/L) b ¥, NI| Caspase-3 F
Caspase-9 FE A0 B R 32 401 ( 1] 4, Figure 4) o

X 8 A B C

E 4. AAREMLEI T EUSE C2C12 ARRETHRFREFREREOE 3 19 F LN

| | G H
A B.C 1D % 54 H,0,

B 4 h.8 h 12 h 124 h; EF.G 1 H 43 A A # R AL 22 f5 H,0, $14%5 4 ho8 ho12 h 1 24 ho P45 H1 P32 43 5l 7 Caspase9 1 Caspase3 A 145;

P10 #1 P11 43 5l 9 3E A Caspase9 F Caspase 3.

Figure 4. The effect of heat shock pretreatment on H, O,- mediated activation of Caspase-3, Caspase 9 in C2C12 cells. Representative

of 3 separate experiments

2.4 PAKTEIAIEINEI H,0, BT C2C12 BILIR A AR
FIMERNABERRXLSRFRHERIERELES
IR

ZE TR B OVE 2R R AR L M I 40 oy 4y 8 JE ik AT
Westerm-bolt 781 &3, 1E % C2C12 ALE 40 M Smac
BN TRk, MK & &R, H,0, 42 C2C12
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WURZHHE 1 h J5 7] WKL T Smac 9870, T i 2K
Smac # %, 2 h gt — 2 L. 1 HS 7] B & ##)

Smac MAKLRRE( B 5, Figure 5) o

A B C D E
B S5 ARERAEMITREUEMEY C2C12 H@RE ML FREXLEBRER X R EREQBAENNR N

e N R B onne R
{ 203 . z-

‘m +Smac

. 4

F G H J K

A 1B

Iy IR H AR M 3 S 2R, C AT D 239008 Hy0, #5405 1 h SN M3 5 20kl fk, E R F 2050 8 Ho0, $if 2 h G4 L S 2ehifk, G A1 H
I3 AAPARETRAL B S Ho 0, $514%5 1 h MBI S 2004, J A1 K 23 5 R #IR SE T A 25 Ho 0, 45145 2 h 4 M 3R 5 2Rk 14k o
Figure 5. The effect of heat shock pretreatment on H, O,- mediated the release of Smac from mitochondria in C2C12 cells ( Representa-

tive of 3 separate experiments)

G K 6 R BN, Smac 1E IE % C2C12 HILJE 40 HY
2 AR, & H,0, 403 2 h J5, Smac £33 5)IR
B A, 20 H,0, 530 Smac MR BE N ML o

T HS 4084 H,0, Ab3E 2 h J5 4t o e i ok
AT R AR, YiBH HS 7] 8 ] H,0, FrE
Smac AL RETL( B 6, Figure 6) .

& . %Ei’«‘i‘ﬂt?%é%iM?kﬁﬁiﬂﬂXﬂ‘ﬁ’fdtﬁﬁﬁﬁ C2C12 AR N BRRIXEERT R M EREQREN

TEIRIRZ N

A NIERXIRAL, B A S EH 2 h, CONBRTE AL B+ LSS EE 2 he

Figure 6. Immunofluorescenes analysis demonstrating the effect of heat shock pretreatment on H, O.- mediated release of Smac from

mitochondria to cytoplasm in C2C12 cells

3 i

FBR AR 2 (KA YR 22 B, O Sy T30 L Bt —FEBEVE
T4 O VA B0 55 O I 2078 11 R 2B R T 5 4 B R 1
HEHEVRAY . ALY KB, C2C12 JLE A
2 H,0, 5 e T AT, BN RE T E 2
KEE DNA HLJKE R B BR 4475, tnde 4 HS
HEET H0,, MABRESETIER, ATEE
4281025 T B, i B VPR S TRAR B R IR R HL 0, FTEL

C2C12 WU AR T

i ok R R U (St be S G A Et P = i
KA R, LRl AR AE B T2 5 5 (10 4% 38 Hh b EE 224
e RT3 RZ AR R, Zoknfh 45 # F1 2h g
R, AT 5] R4l M LR C. 8 T2 5 8 T (apoptosis-
inducing factor, AIF) 28 {28 T2 701 WA R BN
MR, B — BB R & BRI E R R R A
9, RAZMRF; MM AR E AN 3, HZ& &
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BRI T . Aszah gk R B, H,0, FTEL C2C12 AL
JE 4 B T o 2 RARRE T Smac, P Caspase-3 Al
Caspase’9 MiE M, XUt BHZE R (A I@E 2% 2 5 T H,0,
BT C2C12 LR A0 A A 5 thidk— B Ui B 1 2k ki
AT EEEA .

PR T T A T 0 1) UL B T O ML G AN T
2. 1996 4E, Polla 25 % BLHVK 520 BT 5 SO B AL
IR E T FIP = BES H A LN Y (IR NI ¥ N B A
PR [ 3RIE, #H H,0, BT8R 2R R4 5 o A7 1
B, YA o A A S5 497 B 356 5 i ik, 3 i 440 skl 2
PRARVE TS 2 A B B A 1998 4F Memillan 22 &
IAE AR 58 5% 56 [ 7 1( heat shock transdeription fac-
torl, HSF1) i D] il [ /1N B AT IR I s 4 4 48 il v, %
P HSP i S RAEPE R, B0H: IR S 200 40 i
ORI %2, = DR R BF 9T AR £ B, HS
Frif5 51 HSP70. aB- & IR 14 8 9 6T H0, BT 2O
L4505 B R 1 . ©F k1, HSP70 ] 7
PR C BRI R R & R R = M R
PR B 3 1S AL I B s T R AR
HSP27 1£ U937 2 Mo 48 T 5 v #1ihll 48 i £ 2% C 4K
PR AR BRFE R M R R R A B 9 AT iRk i vE
P, SRR 5 B HSPT0 AN AT 45 AR T 2R A il
EURTF 1R E S EAREE R, i HfES T
IR AR EAR A, AT HEIE T . N T VA
AR aB- P RIAE G AT IE QIR AR ¢ RRK
RIRR L R R B 8 KM 1 R A R R4S 5+
PP BRI R AR 3 RS . AR R B, 0L
YT 28 B AR 58 T AR 2R S5, 4 b BD AT AR JU 2 HSP70.
HSP90. aB- dm R4 8 5 1) Rk 3G 0, FF #7422 36 he
5 H,0, 50540 AR EL, PR 50 T A HE I B ) T
H,0, ATEUH Smac MR A ) B B B AS A7 % R A&
FRdr v R R R I 3, KA TR Mk 2 Ik
AR E A 9 TE4L, ANTsl e T k4. b
ARG F UL, HS 1T B8 A2 38 3 410 1] 28 R 44 B i Smac
TR AEIE T4 F, 52 7E R A SRR 5 1 e e
RRE AR 9, RARRKF MM R E AR 3
AL U A o (AR T T A 3 2 G fe] 1)

Smac FRIRETRC LA K 3 ot Wik b B WH6 & Ak v 2 R AR
2 HEREAER

IR B IR T A Rt o FTLRE BT 18 1 o0 g T o
PR AR T EEAER . IRABTITHS XL
2 R T B R B AL A1 3o O ML B g B I A
B iR B A R EE R R
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