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X)&: Doxorubicin(DOX)> @Atz 13t X geof <ito] H&=
e FAlolA N, HIZFAAQd AT SAHoR Qs ARl
Agt=E 3l Utk Clusterin>  ©HFst 223 A Aox SHHE
Gk A, vhekst Aeld 3w WA AEYA AStolA MEE
H G 3k= chaperone 9&& Tt 2 AT WA HAAZA
H9c2 A EAA DOXE] Fofoll 93l clusterin®] Wdo] AF3Fx4
H&=A &Rlstal, clusterin®] DOXell 2J&l] Z# == M EZAEA}

HIFNE e = dolry] 9a) A3yt

HH . Hoc2 A Ao DOXS A X 3F T clusterin Hd e WHIE

western blot 245 E3 =743 T Clusterin®] A|3E AEo] v +=

ol 1 7] 13l H9c2 A 3] pcDNA3/hCLUE

9%

o

FAANYFABI clustering FE A 7] = HI2/hCLU A A LS
AZaAT, HI2MCLU AZAES HI2 A ¥ DOXLS

A8k, F e MEAYEES] ZO]E trypan blue &2 DAPI

g
1z
o
of
:Iolzt
|=J

stk DOX=  AAG  F AR
MEAEALS] FF7d 2] cleaved casepase-39] &S western blot

e Fd SAse vtk 85 e Spargue-Dawley

Wgdes 18U 2R U Fde AnEe fudw
234 Ao s|AYA T Aol AgFZ e td]  hematoxylin-eosin

A A, Masson's trichrome & A] 33

l

S, A% 229 ATARAE



#zst7] 9138l TUNEL 413} caspase-3° thsh %2 3}ekd 4-&
Algetitt. WA stsred A W Ay FAN S T T oY

A Z Ao A clusterin®] & okatol| zfo] 7} Ve E=R] #2EI T

A3 H9e2 AZAIEe] DOXs  AHASEY  AE lysates)
AEEFHY el clusterin®] W#o] F7Fsiqltt. F ol DOX=
Fo]&t1 trypan blue S AASAFEY HI2/hCLU 4 A E+=
H9c24 e Hla] DOXe| fFofol s Ax AE&o] FofatA
S E ATH58.3£10.4% vs 78.4 £1.23%, P<0.003). DAPI oA

H9c2/hCLU A<M E= H9c2 AEAxEe] Hls] DOXell 93gh

o

ARl FA AEFO = Aol AAsATE Western blot

A

>

oA clusterin®] @ ¥ HI2/MCLU A4 ZE DOX Fol o

e

1o

St caspase-3 &Ado] H9c2 A IAEe] BlE] TAFHUTE WA o7
DOXE Folshd dWx e MATSGAAES AXEZ el clusterin®]

e GICESE PR LR

AE: DOXol &gt &A=l thal H9e2 AEAIESE WA
7hA1 21t}
HOc2/hCLU AATAEZR A clusterin®]  Id-2 DOXe| 2|3t
be &Z%s
AER T aHA = MEAEAS]  FFHZQ caspase-38] A=

AA A 7] = o] F}e] 7oz 23}

o\

ANAZESHEE AEZD Yol B84 clusterin®] S

°

B3, clusterin®]

ol

AFEALZRE AEE HD

T8 9 clusterin, doxorubicin, H9¢2 A3, A|EAEHAL, B35 73

3 ®H:2005-30642
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Figure 1. Schema of experimental design and pertinent events --------------- 14

Figure 2. Toxicity of DOX in H9¢2 cardiomycocytes 15

Figure 3. Changes of clusterin expression in lysate and media of H9c2

cardiomycocytes after DOX treatment 16

Figure 4. H9¢2/hCLU cardiomycocytes obtain the overexpression of clusterin

17

Figure 5. Effect of clusterin overexpression on DOX-induced cell death --- 18

Figure 6. Nuclear morphological changes in DOX treated H9c2

cardiomycocytes 19

Figure 7. Clusterin expression is inversely correlated with caspase-3

activation of DOX treated H9¢2 cardiomycocytes 20

Figure 8. Hematoxylin-eosin stain of heart ventricle from rats after treatment

with or without DOX treatment 21

Figure 9. Masson's trichrome stain of heart ventricle from rats after treatment
gu

with or without DOX treatment 22

Figure 10. Detection of apoptotic cells in rat myocardium with or without

DOX treatment 23

Figure 11. Hematoxylin-eosin staining and immunohistochemical stain for

clusterin in rat atrium 24



Figure 12. Immunofluorescent stain of clusterin in rat atrium with or without

DOX treatment 25

Figure 13. Hematoxylin-eosin staining and immunohistochemical stain for

clusterin in rat ventricular myocardium 26
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1. Doxorubicin®l] &3t A=A

Doxorubicin (DOX)<>- anthracyclineZ] ¥$HA|ZA] DNA 7|4 Ll
A3l=o] DNA®F RNAS 3Hd& A 3lskal, Topoisomerase II&
AATozN oAy o] nEFFEF Tl Zbo] He
oFZolth. DOX ARl F8Adx = st Z7|ire] Fo
Alell Yebb= wentAd el AsAd oz Qlsto] ARgo] AstEa Qi
DOXell 93] WAt HAIFS Fo §F o= A=A EAs,
B0 AE Bolw &84 AFde 2 SttH(Grenier MA &,
1998). olefdt A5 FAZe] wldste] A, A7
Al xAE9¥o] ¢lthRhoden W 5, 1993). AeloA=
500mg/m’©]3te] &S Folat: Zlo] ABASE Folv ZoE
deiA UAAEE, ARl wEkA o A2 SRAME A5A 0
WA SCH(Lipshultz SE 5, 1991). 53], Aoloa= ot 3t &A ko)
G QA AL, 9omgm’el B2 AL FHFoRE A7t
HFAY SCh(Sorensen K 5+, 1997).

DOXell 3k A &4k e sta 712 o 7kA] 4 23
WA QA AR, #E ARE9E AR A (H0,)9 A el
olgt Abst AEYAR Q& ZEe MEAEAPT FE HdQlo=®
A7ZtE 31 QJth(Zhou S 5, 2001). 1 flell%= A 2tz A, A4
Ik sh(peroxidation), W] EZ =0} ol g A Fof], & 59|

TR AHARD A Fo] wosk= Ao® dHA U Th(Sawyer



BB 5, 1999).

DOXell o3t A4S csty] ol B2 A7k AldE sk

el AFH7F "HojA= liposomal A A 2] anthracyclines o3h4
FoaIel FA7E gle] ARAe s &Rt Havt
Sl THO’Brien ME &, 2004). 12|31, A chelating#] /|21 dexrazoxanes-
Abde]  Foydko]  anthracyclined] o]t A &9 AEE 13
AERE Fole AE7F AgH I Edl(Sawyer 5, 1999), 714 <l
FE Fy ##o] o thPavia MG 5, 2005). U0, 17}9
g3 Fdads HaAE $HE 8 dextrazoxane®| ARGl

Ak T gl

Flo

oy 7HA] v &4t oH3] DOXS Fo W
Aol AEARl AR 9 A ATTol B, ol®
Qs a4l g4 X 57 AekS Wk QlTh(van Dalen 5, 2008).
olE =FHE37] fElAE DoXel AEAE xdsts 1Al dis

drek AsAde Axsslrl 9 AseSH A iRl

2. Clusterin® =z 2 AA U 7|5

Clusterin= 1983 d  F°]  Aloax A" 75-80kDa?]

gz, AgG $HES doy|= Aor AdHA clusterin®] 2F

W thFritz IB %5, 1983). Clusterine It} EH5E9

Aozt opeFst Ao AA s, AdzbolAE 1989 KA

2 &

| &]

1



A 3283 ] #)| Al (Complement cytolysis inhibitor, CLD=
7] ¥ $lal(Jenne DE &, 1989), &A= = 1A we} apolipoprotein J,
SP-40, XIP8 & T}Fst WA o= H i ¥t (Tenniswood M 5, 1998;
Kirszbaum L &, 1989). QAFExA A= 19929 Ao
1A = 2 th(Jenne DE 5, 1992).

Clusterin® A x= 8pl12-21°] A ch(Purrello M &, 1991).
M| 32 A A " (endoplasmic  reticulum)= A X]7] 9] cluterin A F-A| =
60-64kDa®] F3tE A & WAL AEZZ o] EASE Clusterin
AFAE By 93tE AAA 34-36kDa®]  alpha-tHA 3 36-
39kDa®] beta-tAlo] oAl 7He] o] &hA $(disulfide band)oll <] 3H
AAdxo] 75-80kDa®] tH]A  clusterin®E  FEEO| X
clusterin<> tF-<to] ZA A4 4A3] AsEH  F
BHE AE dto® wjEE =, 718 B S Al A g

N Yo = 50kDal] &0 22 clusterin®] £A8l+=d], & clusterin?]

H

Wb S M AL o] Q= A o7 AZFE tH(Caccamo AE 5, 2003;
2004; 2005),

Clusterine> %F"l]/d (amphipatic)®] o-t}d 3} w9 fFAst A3F9=
7RA AL 9le], A<%/d(hydrophobic) Aot ZhE FallEA 3} A sl

AESHA AA AR 283 THBailey RW 5, 2001). Clusterine T}oF3t

AEYAG AEEe] whgsl] AEET IS YEhe
& % A &9 A (heat shock protein, Hsp)Z} <> chaperone®} &2 3+ ¥t
oly ek(Humphreys DT 5, 1999), t©e H=ZE 53
MEAEALZREH AEZE KIS 3HKim JH &, 2007; Sallman DA &,

2007). Clusterin® &5t 7o obA7bA] gets] B A 9lA

A, HPTe $H, wA BA, A A%, Ao el



NG, Az A, AAe] &F, AE F F& AETIASF
SRS, AES] T4, AS H AN 22 opeket AESHA
el dojsh=s Adow defA Uk webA, AAA, w3k, S
2o opeke WA el #old Zlo® gzt tk(Jones SE F, 2002;
Rizzi F -&, 2008; Rosenberg ME -5, 1995; Shannan B 5, 2006; Trougakos
IP -&,2002; Wilson MR -&, 2000).
Aol AAF AATEA XM= clusterin®]  WHEHo]  WEE X
Hoit, A, sldA A, FUA ST clusterin®] IR O]
HEE I, ol AFERST GRS YERE Zlo] &2 A SUTH(Cubedo J

5, 2010; McLaughlin L 5, 2000; Poulakou MV -5, 2008). %3t H,0,°ll

1o

3 7R AR AE G A i3l clusterin®] A A 30

FAEALE A S HER o] R E gtk Jun HO 5, 2011).

4 &

| &]



2 A9= Hsp¥ #o] FHLAT AExXERZT QAR ¢Hzl
clusterin®]  DOXell  2lgt  AIA|ZAbe] HFTGgHE  HO|=H
dotr 7] fldl AAEHAY. DOX=  AASH ATAEA
clusterin® W&o] F7FEE oln] R E A9 Héon S 5, 2003),
o] Zlo] Mol ojwst aE YO7|=7te tEiAe= A7 vt
Sk

A A= in vitro DOX 37 H9c2 A A ZEAR DI in vivo DOX
T WA BEuoA  clusterin®] WS #ESHA,  clusterin®]
AIA R Bzasts dorle=A #@lstaa st HEof
DOXell  oJgt  ASAE Aol AIEAY] FH 71

A SEAFE AL clusterin®] @I sh=X] EQlstaA} sFA T}



AT

1. In vitro H9¢2 A A 24

1) DOXS] H9c2 A tAIEZ tfst &g &kl

H9c2 4l <X A| 3 (Korean cell line bank, seoul, Korea) F-4= 37T, 5%
CO, 3dlollA 10% fetal bovine serum (Gibco; Invitrogen, Carlsbad, CA,
USA)3} 1% penicillin/streptomycins 2-33$F Dulbecco’s modified Eagle’s
medium (DMEM) H}| %] o] Hl|9F&} 31 tF. HemacytometerS AF-&-3Fo] A 32
HHdS 5x10YmlZ 343k 96 well plate®] ZF wellell 100ul® Y a1
24A17F St wjeFet H, well W2 AEZujekdE A ASEa, DOX
SE7F ZH2F 04, 1, 2, 5, 10pMo] HEF AE wjgdS 100p¥
A7bskglth. 37T, 5% CO, shellA 12413 &)F wjkst H MTT
=AME olgd AEZAEES ST MTT 42 3-4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-& (5mg/ml
in PBS, Amresco, Solon, OH)S A|3Z o] A g]slo] 2417 &<t HES-AIZ)
I MTT £9& A ASHA, formazan precipitate< 200ul2] dimethyl
sulfoxide (DMSO; Merck, Darmstadf, Gerrnany)oﬂ L3 A7, DMSOE

Wl (blank) .= AFo} ELISA readergE AFE3F0] 540 nmoll A

2) Clusterin 2}F2+& HO9c2 4 A EEF5(H9c2/hCLU 4 A 3Z) 9] &+l
Ao 7 HE WAE clusterin cDNAS pcDNA3 Eia= (Invitrogen,

Carlsbad, California, USA)®]| cloningd}®] pcDNA3-hDNAE A #}sh



F(Min BH, Korea University, Seoul, Korea), Lipofectin A] ©F(Invitrogen,
Carlsbad, California, USA)®] protocol®] wWz}F H9c2 A ZA| -
R EIRAFELE

3) Trypan blue %3 Y

1-2)2] ®HO=E  clustering I EAIZ] H9c2/hCLU A A 3L 9}
2 H9c2 A4l 2uM 552 DOXS 42 HiAE #7138k
37C, 5% CO, $AelA 12413F Fb wj<kativt. Al27F x3Hd
oS @4 #2]ske] PBS (phosphate-buffered saline)ol] 3]4] 3l F
0.4% trypan blue &N 1142 H7lstal 57%3F HES- Al Zth Luna T™M
automated cell counter (Logos biosystems, Anyang, Korea)s ©]-&3}o

AP T J2TY AT 4EES SPRG0

4) DAPI (4,6-diamidino-2-phenylindole) 324

FoAlELlA M EAEAY] HEE Hwek’] 918 chromatin®]
S35 #4% ##ET & 9l DAPI A4S AT 1-2)9

HOF H9c2/hCLU ATAMESF H9e2 AAEZe] 2uM E% 9]
DOXE 41> WiAlE F7bste] 37C, 5% CO, A4 1243F &<t
wlersteityt. AxE PBSE AlFHSA, AelA 4%
paraformaldehyde®= 107 LG A Zth PBSE A& shal, Zd=-olA]
5ug/ml®] DAPI & ¥(Sigma-Aldrich)©. 2 5%37+ 2 2]3litl. PBS®Z

33 AHE 1 Mg o BAA

5) Western blot 2]

HOc2 A AIE ol 2uMe] DOXS A A3 H 0, 1, 2, 3, 6, 12, 2477+



& wiekate] Al lysate®t AlEEjFEFH NolA Zbzp AJFhe] uk

i

clusterin 'TdE] W3E AT Clusterin § Fo= floto] wj st
H9c2 A <AI3ZE protease inhibitor (Roche Applied Science, Mannheim,
Germany)’} ¥ &% 23 ¢+FA[10mM Hepes (pH 7.9), 400mM NaCl,

SA7 H

2

0.lImM EDTA, 5% glycerol, ImM DTT]Z A+ <kellA
Ysdio gol ity =ole= A 33] vt
&

assay kit (Thermo Scientific, Rockford, IL)E ©]-&3}o] @il A 9] =L &

8

ST Al lysates

Oft

Fal, A5 HS Kol BCA protein

M

14,000xrpm©. 2 20 7+ 4]

SAstolth TUZFe] dWAS 8% SDS-PAGEE #7|9E g %,
nitrocellulose membrane (Whatman, Dassel, Germany)®]l ©]-5A|Zlt}. H]
Soldel ®kgE 7Yl HAd 5% gAERE ¥ TBST
2FZ M (10mM Tris-NaCl, pH 7.4, 100mM NaCl, 0.1% Tween-20)°. 2 3%t
AIZE E<9F WESAIZL F, ZHZE clusterin M-189]  goat  polyclonal
g} A (Santa Cruz Biotechnology, Santa Cruz, USA)?} cleaved caspase-32]
3} rabbit polyclonal ¥ A|(Cell signaling, Danvers, MA)°| ZA3A]#A
4Cel 16213t &<t HE-g-A]7] 3L, horseradish peroxidase-conjugated 2%}
FAel  1ARE st AT dEe ™S peactins
& A (Sigma-Aldrich, St. Louis, MO, USA)Z WH-A1#A H] w3}t
Membrane= Enhanced chemiluminescence detection system (Amersham
Pharmacia Biotechnology, CA, USA)2 ©]&3}%] AGFA X-ray
2 5 (AGFA-Gevaert, Hortsel, Belgium)ol] #A}sto] wuide] sk
2l

1-2)¢] WHOZ H9c2 ATAES H9c2/hCLU AlZA| 3] 2uM

2
o

©
o

522 DOXE 12417 FoF HA e H o} 2 WHOFE western

blot #2415 Aldste] F AXT 79 clusterin W& o] WS cleaved

8 "':I'H-_E _'H.I: o



caspase-3 €A 2| ztolE SA kT

2. Invivo DOX ¢ wWx 24

H A =

8% 2] 4% Sprague-Dawley ™ 4|(Samtako, Seoul, Korea) 207}2] &

ARESEIEE s=e A, e 9 AR T2 Meddu e

n?i‘

2] 91 2](Seoul National University institutional animal care and use

committees)oll Al <183, S =5 ootk

2) Invivo DOX ¢} ¥ w4l

Sprague-Dawley W4 ] A|FS A]3l, ketamine (50mg/kg)¥} Xyzaline
(Smgkee ERT A B Uz Faskel AW wEHskes,
A F12rte)el A= DOX  (2.5mgkg)s> =4 UE FoIE3la,
gretErtdAs 2§40 4y HdsE
Folstaltt. 39 A0 R AFTEs S T 63 WA tH(Fig.
2. E R 3UAel WA FFE G AA YA

wAe AAE shsw e AEdel 4% EEUS| =l
BEQ WED qmmz Al SelolSE ALsh

3) Hematoxylin-eosin $ 2] %! Masson's trichrome % 44
W ol A 2H o FE dwnld #EAES 9lE Hematoxylin-eosin
QA ARSRL, APEYR xre] HeH AE: BH5)

23l Masson's trichrome 4 2-S A] 35} t}



4) TUNEL(transferase-mediated deoxyuridine-biotin nick end labeling ) =1
Paraffin®l] 1% WA A 229 &SEfo]tE 24)° W oR

ot stel EE A7l F,0.IMPBSO.E A H I SEto| g

0.1M citrate buffer®] T+ A= 120C2] autoclaveol] 1057+ 71E =
205 7+ Agoh AF2olA 0.2% triton-X1009] 15%-7F ¥H-SA]71 H,

enzyme kit (Roche/cat#11 684 795910)5 AFHE3F4] enzyme £ <43} lavel

¢

SA= 199 vlgR et Fd Jrr Seholt o "ol

4d

Z}g8kar, 37 C oA 1A17F &<k 9 Al F T 0.1M PBS 1mlll DAPI
LN umls &3ste] x2o] I Az EEfolt o "Hojrmyl

F 15%3F WES-A]7] 31, anti-digoxigenin peroxidase conjugates 7}8Fo]

3037 WASHITE ZF WhE ©Al AbelellE= 0.0M PBSE o] &-3te]
10+=3F 3 A 3}QITE. Faramount aqueous mounting medium

(DAKO)= AFE-3to] mountingst & & FHAw|H oz A&ekqlnh

SIEEECELTEIRCCE TR

Paraffin®l] g% WA AT 29 &Egfo]=F 2-4)¢ v

How
gatgldslel g4E A]7)1, 0.1M PBSCOE  AAHsITh UAlE

o
2
b
2
1o
o
oX,
o
12
2
ol
ol
N
1o
ol
ol
2

3% H0.0 153 Wh-gAI 3T
HAHEE 37CoA 537 protease K= A 2|3t & 4TCol A clusterin M-
189] anti-goat polyclonal &#] (Santa Cruz Biotechnology, Santa Cruz,
UsAyel 16413 &<k RESAIZIHE A FFAN S Sl Aol
anti-mouse IgG FITCE A3 El= 143 F<et Aelsla PBS=E
Attt 1-4)9F o] DAPI 945 Aldstol Fgaael od

&5 FaEeked FHxersith 2 WH O =2 cleaved caspase-3

10 ".:l:" I 'kl-|- 1—-li [= L



rabbit polyclonal @ A|(Cell signaling, Danvers, MA)E ©]|-8-3}¢]
welg g Ae Awetn, daEn o B,
AzALAe  AddE 14 3AE AUa  ang

A2oA  1A]ZF F<F biotinylated anti-goat IgGE  HEFAIZL &

S ACE substrate (Zymed kit)= A5l #Hwu|H o=z H23|

ZhHE A kA A5 A5G T Faramount aqueous mounting medium

(DAKO)= AF8-3}%] mounting dtal Fstdn]d o2 #2619,

A FunsdlAE TAISSIE 72 #7He] Bl A E student’s t-

11 &

31



A7 A3}

1. In vitro H9¢2/hCLU Al A2 2 d

1) DOX®] H9c2 A<M e digh 52 gl

ot

MTT #4H o2 43t DOX2 FE=H3H0, 0.05, 0.1, 0.5, 1. 2, 5,
topMyell wE H9e2 AIAESY] AEEL U AUTHFig 2).

DOX| s%7} F7heel uel M A&

o
o
oy
[N
ol
32
K
[\®]
l
=
<
1o

o

SElA oF 60%8] AETYEZES BT

2) DOX A A7} H9c2 A ZAIE2] clusterin & of] v] x|+ g

HOc2 A AIE2] wjokolo] DOXE A X &kal 3A%F FH-E lysate
9] clusterin T 2] W& o] Z7}8l= 7S western blot 412 =3
gelatdth.  Ho2 ATAMESY  AEuFEHANE  DOXE
| Z)8Fal 2A|ZFR-E] 24X 7H7FA] clusterin®] el o] A 7o uwhe}

Zobeke Ao #2H AkFig 3).

3) H9¢2/hCLU M 272 &5
H9c2/hCLU A A H9c2 Ao M]3 clusterin®]

o] F =% Z-S westerinblot w212 &3l Q1% I Th(Fig. 4).

4)DOX H ol thdt H9c2/hCLU A ZAIE] &S &4
DOXE A A|g % trypan blue FHH-E o] &3t 543t Hc2

Z}ZF 58.3+10.4%,

o
flo

ATAM L HIc2/hCLU A TAIES] Al EAYE
78.4+1.23% ©]AtHFig. 5). H9c2/hCLU AZA| oA DOX A A ol

12 -":lx_i 'kl-. 5 1_..i



el FAA R Fost =& FdE B ATHP<0.003).

DAPI 4ol A DOXO A Aol s AMEAEAY] 47181 HIc2
AoAEe FzvigEe] BAW AEFHO SHido] #AHITh
HOc2/hCLU AA| 2o DOX= AAsgle wis A2 wshrt

H9c2A| 3ol Bl3l] 74 =] S Th(Fig. 6).

5) Clusterin ¥F& o] W& cleaved caspase-3 &/d °] W3}

Clusterin®]  #}&& ¥ H9c2/hCLU ATAEE HOc2 A AI
Hlal DOX= HAstRds u, AZAEALS] FEHEQD cleaved
casepase-38] &/do] AA dojui= A western blot #4112 F3l

sk9l 8191 Th(Fig. 7).

2. Invivo DOX F¢] Wl xdl

1) WA APEE 2 AT Wi

Agrazuke)z dizaEvke)eld Abge EAskA 3okt
DOX< *Fofstal 239 Fol S AT APl #FsHi
743k a(31.3 + 2.87g vs 27.2 + 2.82g, P=0.002), thE oA+ A5

H37E gl tH29.8 £2.31g vs 29.2 = 1.30g, P=0.11) (Table 1).

2
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Table 1. Change of body weight in control and doxorubicin treated rats

Day 0 Day 23 P value
Control group (g) (n= 8) 29.8 +£2.31 29.2 +1.30 P=011
DOX group (g) (n=12) 31.3+2.87 27.2+2.82 P=0.002

Values are mean £ SD; n, number of animal; DOX, doxorubicin
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Days O 3 6 9 12 15 23
DOX #1 #2 #3 #4 #5 #6 Sacrifice
IP injection
(2mgkg)

Figure 1. Schema of experimental design and pertinent events. Sprague
Dawley rats were treated tridaily with intraperitoneal injection of DOX

(2.5mg/kg, X 6times). On the 23th days, the rats were sacrificed.

IP, intraperitoneal
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Figure 2. Toxicity of DOX on H9c2 cardiomyocytes. Cell viability of H9¢c2
cardiomyocytes was measured using MTT assay after 24hr treatment of DOX
at 8 different concentrations of ranging from 0.1uM to 10uM (0, 0.05, 0.1, 0.5,
1.2,5,10).

MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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Figure 3. Changes of clusterin expression in lysate and media of H9c2
cardiomyocytes after DOX treatment. Total cellular lysate from cultured cells
was analyzed for cytosolic clusterin. The media collected from individual
cultures were also analyzed for secretory clusterin. Secretory clusterin levels
began to increase at 2hours after DOX treatment to prominent increase by
24hours. B-actin served as the loading control. Expression of clusterin and f3-

actin was measured by western blot analysis.

CM, concentrated media
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Figure 4. H9c2/hCLU cardiomyocytes obtained the overexpression of
clusterin. Clusterin was overexpressed in H9¢2/hCLU cardiomyocytes by the
transfection of pcDNA3-hCLU to H9¢2 cells. The expression of clusterin was

measured by western blot analysis.

hCLU, human clusterin
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Figure 5. Effect of clusterin overexpression on DOX-induced cell death.
H9¢2/hCLU cardiomyocytes was made by the transfection of pcDNA3-hCLU
to H9¢2 cardiomyocytes. H9¢2/hCLU cardiomyocytes show an improvement
of survival against DOX treatment compared with H9c2 cardiomyocytes.
Transfection of pcDNA3-hCLU shows no cytotoxic effect on H9c2
cardiomyocytes. Each value is the average of six replicates. Cell viability was

assessed by trypan blue stain.

*P<().003 compared with control group.
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a. Molk+DOX_. . = | 'b.pcDNA3-hCLU+ DOX

Figure 6. Nuclear morphological changes in DOX treated H9c2
cardiomyocytes. A: H9¢c2 cardiomyocytes were incubated in normal medium
(a) or pcDNA3-hCLU-CM (b). pcDNA3-hCLU-CM causes no nuclear
morphological change on H9c2 cardiomyocytes. B: H9¢c2 cardiomyocytes
were incubated in normal medium (a) or pcDNA3-hCLU-CM (b), then both
were treated with 2uM DOX for 12hrs. White arrow indicates intense DAPI
stained nuclei that indicate cells undergoing apoptosis. Clusterin
overexpression (b) attenuates the chromatic fragmentation and condensation
caused by DOX. These data propose that clusterin has a protective role in
DOX-induced apoptotic cell death of H9c2 cardiomyocytes. Nuclear
morphology was showed by DAPI stain. DAPI nuclear stain was observed

under fluorescence microscopy.

DAPI, 4',6-diamidino-2-phenylindole; CM, concentrated media
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Figure 7. Clusterin expression is inversely correlated with caspase-3
activation of DOX treated H9¢c2 cardiomyocytes. After 48hr pre-incubation
with pcDNA3-hCLU, H9c2 cardiomyocytes were treated with 2uM DOX for
12hrs. Clusterin overexpression inhibits DOX-induced caspase-3 activation in
H9c2 cardiomyocytes. These finding indicates that clusterin attenuated DOX-

induced apoptosis occurring through caspase-3 activation.

Expression of caspase-3 was measured by western blot analysis.
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Figure 8. Hematoxylin-eosin stain of heart ventricle from rat after treatment
with or without DOX. There is no significant difference between both groups.
Intraperitoneal injection of DOX to Sprague-Dawley rat cause no histological
change in ventricular myoctyes on hematoxylin-eosin stain. (A) Control rat

(x100) (B) DOX rat(x100) (C) Control rat (x400) (D) DOX rat (x400).
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Figure 9. Masson's trichrome stain of heart ventricle from rat after treatment
with or without DOX treatment. There is no significant difference between
both groups. Intraperitoneal injection of DOX to Sprague-Dawley rat cause no
histological change in ventricular myocytes on Masson's trichrome stain. (A)
Control rat (x100) (B) DOX rat (x100) (C) Control rat (x400) (D) DOX rat
(x400).
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Figure 10. Detection of apoptotic cell in rat myocardium with or without
DOX treatment. One apoptotic nucleus (white arrow) is observed by TUNEL
stain in DOX treated rat myocardium. Intraperitoneal injection of DOX to
Sprague-Dawley rat didn’t cause definite apoptosis in rat ventricular
cardiomyocytes. TUNEL images (A, B) show the green fluorescence and
DAPI (C, D) stains show the blue fluorescence of nuclei. (A) Control rat
(x400) (B) DOX rat (x400) (C) Control rat (x400) (D) DOX rat (x400).
TUNEL ; transferase-mediated deoxyuridine-biotin nick end labeling

DAPI : 4',6-diamidino-2-phenylindole
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Figure 11. Hematoxylin-eosin stain and immunohistochemical stain for
clusterin in rat atrium. Diffuse and dot-like cytoplasmic stain for clusterin
(black arrow) is observed in atrial myocytes of both rat group. Compared with
control group (C), DOX treated atrial myocytes show heavy immunostain for
clusterin (D). Rat atrial myocytes express clusterin in normal status, but
overexpress clusterin against DOX injection. (A) Control rat, H&E (x400) (B)
DOX rat, H&E (x400) (C) Control rat, IHC (x400) (D) DOX rat, IHC (x400).

Brown indicates positive stain of clusterin protein

H&E, Hematoxylin-eosin stain

IHC, immunohistochemical stain
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Figure 12.Immunofluorescent stain of clusterin (green) in rat atrium with or
without DOX treatment. Nuclei were stained with DAPI (blue). Merging
images show diffuse cytoplasmic stain of clusterin in both group. DOX
treated rat’s atrium show denser stain of cluterin which is predominantly
observed in peri-nuclear and cell surface area. (A) Control rat (x200) (B)

DOX rat (x200)
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Figure 13. Hematoxylin-eosin stain and immunohistochemical stain for
clusterin in rat ventricular myocardium. Compared with control group (B),
DOX treated ventricular myocytes (D) show scattered cytoplasmic stain for
clusterin (Black arrows). Rat ventricular myocytes doesn’t express clusterin in
normal status, but overexpress clusterin against DOX injection. Brown

indicates positive stain of clusterin protein.
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DOX2 A Aolet xbo] 60%0lA AlgE AER zZhE: wgok
B e e TS i o B s T =1 0 (ST R e s A
A=A ow Qg JaA ARgo] Ag Wi 9tk Hershman 59

Hyef] m=Ew H¥Fo] X855 FHst 159 Hell 2F 10%oA]

o
-
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X
o
>,
ry
o\
-
i3
oX,
ol

Fitkar ok Hershman DL 5, 2008).
DOXo|l ASAHE  doule= Al oiE  tRFs At

o] oA ktHOctavia Y 5, 2012). ©] FollA Ak 2he]zke] Aol 23|

ZH = ASAEY A o5t AEAES] EAfo] T FE gRlow
AAE I Qo AR AR AE#HAY IR HOS
7FA] =l (Doroshow JH &, 1980), Atk 301 7t ofe] gt W& A+-=o0]

o]Folxlth. DOXell °Jgt 4 &l mEZE=ole] 7 Aelrt
8% gFTE sz Aol #Z dHA Aok EES DOXE
nEZT=gole] uute| FEO]  cardiolipiny} W] 7FAF Q] EIAIE

ZX  HAAPd DAL (electron  transport  chain) WA O] V]S
ARGl IS (superoxide, 02-)2] S F7FA1ZItHSchlame MD
S, 2000). YAFAQl g8ko] DOXell da mEZE=gole] &Ato]
Z = IAFEA WA long chain fatty acid)e] AFSl7F Askal Z =
AE  F7kste] Ak diAbelA AR dirkRe] 9T
doj i Carvalho RA 5, 2010). o]&fst dAF2 AFHoA FFHo=
Uehts 4otk DoXel o8 ZeEE vEZE=eole] thApASH=
nEFE=eol  #nk ofygr o] Al ©AleE ®skE

& © 71tKPiantadosi CA 5, 2008). =3+ DOX:= eNOS reductase domain®]|
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Asgtato] 02-9 S Lotk DOXS HE7F 718kl whel eNOSE
2HEAANO) Al A 23AbeE AR wisk=t), o] glA ke
02-i= DOXe 93t Aol T3k AAE-& dh(Vasquez-Vivar ] 5,
1997). &H, DOX’F H¥} HIAE  FAHskH  AAEE
Z ekl (Kappus H &, 1980), AHt He] =4 stollA DOXel kel
A5 2 A S SXA71E DOX S thAFAQ] doxorubicinols> THEY 9]
thiol group®} WE-S-3F0] M|Ze] &S Ytk XuX &, 2005).

Reactive oxygen species(ROS)= ZAo] #Agle] DOXel 23t

Aol AAQ QT shod, ATAXY Polars uig @

HIER EE Fof dl% ¢35t k=ThBjelogrlic SK -5, 2005). w2hA],
ROSE Al7sh= 21 Huthe oo &3k M9 wha-5 A5k Wets
ATz Aol DOXel 2t A &4 oWst=d s axdd
Aoz AZbETE 14 Hsp proteasome®] 7|5 HE8(Ding &,
2001), MEFZE=2] PP 3}el| Toletal(Singh BN &, 2007), HlEAFEALS]
AT HAEAAE cycochrome ¢} apoptosome TA| A A S Bruey IM
5, 2000; Paul C 5, 2002). %3k caspase®} WHS-F3l, Bax, Bel, Xs&
AAsto] AHA AthLiu S 5, 2007). EHA clusterin B3 o] 3k
7es 7= Aol ¥ex]al Itk Clusterin  gene promotor U]
ArstzARIALE 4 Activator Protein-13} HSF-10] 874 & 3k=H|(Jin
G 5, 1997), clusterin gene promotori= AFS}AF=¢]| w9~ wW7+alA] wE-g-$htt.,

Clusterin® Hsp? 2 7]%S 7HAARE AZAIES BA0R ah=
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o AzDmst wgsel AL TREZALE A4,
Bujghu A5 AEQ)H A ool BHsks o] SolatthCalero M

5, 2005; Shannan B ‘&, 2006; Trougakos IP &, 2002).

DOXol| 23+ Ak3} AEHAVE AZAEL] AEALE dod|=dHol=
A EAEARS] Uly QAR BT #Hos o=

A ZFE TH(Nitobe J -5, 2003). DOX7} A|3E APdALe] sk A2 ROS

]_
Aol Bolals A 9lo] W$ B@Holth 92 o poxel e

Jo
i3

H AFSIA~E Y A= heat shock factor-1 (HSF-1)= E/d3FA1H Hsp25&
AAAZIAL ol FAEAREEER] ps3E B4 AXItH(Vedam K,

2010). Chaperone ¥-AtZ 2% heat-shock family:= TS 9Hg3

i‘l
¥

AX ®BE 35 Yepl=d, Hsp27S A3} AEYAES 243k
nEZEZL] Ylss A7 DOXell o8l itEe AEAFEAE
A A sttt Hspl02} Hsp60> Bel-2 T ©] post-transcriptional modificationS-
77 FAEEYE JOo7IthShan YX 5, 2003). Hsp202 AlE
BEZZ sl Akt AtEE AEAI7 DOXell thet Be avks
FeCHFan GC %5, 2008). o] Hspe A 2 8% o] toll-like
receptors(TLR) 2] ligand® ZHg-3tHKim SC -5, 2009). 3A| Wil DOXE
Fosgls o, TLR "7l 4l$+= proinflammatory nuclear-factor kB
(NFxB)E &3l  cytokine®] A3 AMxapEAL A 7]5H o=
& © 71tK(Nozaki N -5, 2004). 5=k, caspase €% DOXell sl IS
Hh=t], DOXS Folsta MEAPEALS] 3574 ZQ] caspase-32] &/ 0]
=7}t Ueno M &, 2006). DOX7} olwdt HZE 53| caspase-3 =
B3 A7I=A= oFd FE0] e AA] ekgkth

olg|gt AMS HIFOoR A= AE 9® Eulwo] Hspdt o]

chaperone® &S sk Aoz AdeF clusterin®]  DOXell  2]3]
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e AT Bl oAl dojsh=rt ottt H9e2 Al All ol
DOXE A3 clusterin®] &lo] F7leh=tl, &% AlFEaeFe oA
clusterin®] W&o Tl AAS HI2 AAIRETF 214 clusterine:
AT omlgith. AR clusterin®] Al FE¥ H9c2/hCLU
METFE AFSEe] H9e2 AIAEe] W3] DOX Ao  ujst

M EAYEEO] F-o8H S7Fekal, cleaved-caspase 3% &/do] Adh=

NS #AEsI T o] ZA clusterine DOXoll Q&) e = AlEEA
HSa¥sE 73, clusterin®]  SAFE7|Hol=  AEAEAL H=ZQ]
caspase-37F 4 FE #Ho k= AS 1T S S A

ATAEANA clusterine] - oW E 7S F3 DOXel i
AZRZFIE 7P EAE o704 A v} gk

Clusterin®] 7% A¥E2 el clusterin®] H&sh= 212 o|n] del
ApolAIRE, B Aol DOXel 28 AW Wl clusterin®] 3o
B S7lele Zlo] BRAYT TR WAL Ao EAshs
clusterin®] ] AL EAfSHHA A HEjdelel ojwsh
Adeg FASEA AT A

Clusterin 773 AATHFA LA LAE A ob=H|, DOX& Fojshd

rlo

WS EEEe o Az,

A o] AATSA o clusterin®] &= Zo] #EE T Clusterin®]
WAL 7L Az ZASHE A3 in viro APAAE T & ),
DOXell oJaf HE clusterin® FAPHEAE UERA 7] 915 Wolr] o]
obd7t F58 & & Utk A AT A A Al
TEHAMETY clusterin®] EHE SR o] #EE =T (Swertfeger
DK -5, 1996), o]&st Wsh= She Hafol]l &gt Au|tfol A= #2E A
etk wEbA clusterin®] AL B]SolAQl Aol ohd

ABiEAs 9% g RS 5 AT U ] nE UL
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g Zlo® 753 5 SAtKKrijnen PA 2005).

B A= 9 71 AFES 7RIt AR, HIQ/MCLU A 2A 329

interfering RNAE ©]§-3F0] clusterine xFHetl& vl AlZAPE S7HhE
golste] clusterin®] DOXeOl| thdt MEH T a5 sl= Zlo] Qs

Ao AzkEny. B4, B o] uehd caspase3°

fo
nigt
o
)
b
N

clusterin®] H<Ql AER TG FH Alolgty ©ASd F= vk
Clusterine> chaperone 7|5 &3l ©hFsh 7][do= AxR

VER 22 capase-3 A aA| 8} clustering sAlol Foiste] vl AFE
TSP clusterin®] IS UEhl= B oE 7o) EASHEA

Fh8 = & vk AAR, clusterin®] 3] YERS capase-39] 24
Harr ofust FrE oA FU AL AA rEE 27t Sl

ole] tiME o ATES FFd B 4 9tk DoXsF o] Abs}
AEYAE s H202E5 H9e2 HAlze] 718kels wl, clusterine:
Ax A ek DOXell gt MEAEARL ehsbeth o] ¢t B g o=
clusterin®]  AkUGSK-3f <QIAtsHE £XIA1A Bel2 familys F4Esta,
cytochrome ¢&] ®WZ3} caspase A4S A= 71do] #-&-3HHJun HO 5,
2011). Akt/GSK-3p7H = 9lo|%= #HIA clusterine ku70/Bax A&
HgsiAlA Baxell 3l F% Hi= MEAEARE A STHPucci S

2009). sk clusterin®  iKboE SHISIAIA, NF«BY &S =9

ol

M FEAEALS A3 cHTakase O 5, 2008). Clusterin®  ©] 2|3t
MNER S 7)Mol DOXo 23 ATMEEANE ALE=A] FH AT
AE A7t desih APAAEeA #EEE 9 gE Ho

ATAEZAA H0.0 theh clusterin®] RS 8 I megalin 83| =
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Abstract

Introduction: Doxorubicin(DOX) is highly effective anti-neoplastic agent
used to treat many solid tumors and hematologic malignancy. The clinical use
of DOX is limited by the risk of irreversible cardiotoxity. Clusterin is a
glycoprotein found nearly ubiquitous in body fluids and tissues. Clusterin acts
cytoprotective chaperone during many types of physical and pathological
stresses. This study was performed to confirm the up-regulation of clusterin
expression in DOX treated rat myocardial tissue and to investigate the
cytoprotective effect of clusterin from DOX-induced apoptosis in H9c2

cardiomyocytes.

Methods: Change of clusterin expression in H9¢2 cardiomyocytes after DOX
treatment was measured for 24ours by western blot. To investigate the effect
of clusterin on cell survival, H9¢2/hCLU cardiomyocytes which overexpress
clusterin were made by the transfection of pcDNA3/hCLU to HO9c2
cardiomyocytes. After DOX treatment, cell viability was compared between
HO9c¢2 cardiomyocytes and H9¢2/hCLU cardiomyocytes by trypan blue stain
and DAPI stain. As a common pathway of apoptosis, caspase-3 activity in
both cells was compared by western blot after DOX treatment. Sprague-
Dawley rats were treated tridaily with intraperitoneal injection of DOX
(2.5mg/kg, study group) and saline (control group) for 18days. On the 23th
days, the rats were sacrificed. Both atrial and ventricular tissues were
analyzed with light microscopy and fluorescence microscopy; hematoxylin-
eosin stain, Masson’s trichrome stain, TUNEL assay, immunohistochemical

stain and immunofluorescence stain for clusterin and cleaved caspase-3.

Results: Clusterin was up-regulated in lysate and media of H9c2
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cardiomyocytes after DOX treatment. Trypan blue stain showed an increase of
cell wviability in H9c2/hCLU cardiomyocytes compared to HO9c2
cardiomyocytes against DOX treatment (58.3+10.4% vs 78.4 £1.23%,
P<0.003). DAPI stain of H9¢2/hCLU cardiomyocytes showed the decrease of
chromatin fragmentation and nuclear condensation compared to H9c2
cardiomyocytes. Clusterin was inversely correlated with DOX-induced release
of caspase-3 in H9¢2 cardiomyocytes. In immunohistochemical stain of DOX-
treated rat ventricular myocardium, reddish cytoplasmic staining of clusterin

was observed in cardiomyocytes.

Conclusions: Secretory clusterin is up-regulated in H9¢c2 cardiomyocytes and
rat ventricular cardiomyocytes against DOX-induced cell injury. In
H9¢2/hCLU cardiomyocytes models, clusterin showed cytoprotective effect
from DOX-induced cell death. Anti-apoptotic effect via caspase-3 pathway

take part in the cytoprotective role of clusterin against DOX.

Keywords: clusterin, DOX, H9c2 cardiomyocytes, apoptosis, protective

effect
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