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Inhibitor of Ubiquitin Proteasome System Suppress Calcineurin-Dependent Cardio-
myocyte Hypertrophy
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[ ABSTRACT ] Aim To demonstrate the mechanisms of proteasome inhibition on norepinephrine (NE)-induced hy-
pertrophic growth of neonatal rat cardiomyocytes(NRC) via studying the alteration of calcineurin( CaN) signaling pathway.
Methods Proteasome inhibitor MG262 was cotreated with NE in NRC.  Cell size was observed by phalloidin-stained tech-
nique. The expression of fetal genes and CaN was detected by using RNA dot blot analysis and Western blot analysis respec-
tively.  The fixed cells were immunofluorescence labeled with nuclear factor of activated T cell ¢4 (NFATc4) and visualized
by fluorescence microscopy. Results Fetal genes of atrial natriuretic factor ( ANF) , brain natriuretic peptide ( BNP)
and B-myosin heavy chain (-MHC) mRNA as well as expression of CaN were upregulated and NFATc4 was predominantly
expressed in nucleus on NE induced NRC.  However, more than 2. 1 fold NE-induced increase in cardiomyoctyes was
markedly supressed by cotreatment with MG262(P <0.05). NE-induced upregulation of CaN and fetal gene expression was
significantly relieved by MG262(P <0.05). NFATc4 was relocated from nucleus to cytoplasm. Conclusion MG262

attenuates agonist induced cardiomyocyte hypertrophy, at least in part, via inhibiting CaN signaling pathway.
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FI AR 2 48 (ubiquitin proteasome system , UPS ) f& {4
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1 #RFTTE

L1 2@t

MG262 1 B Biomol /A & ;NE 1 B Sigma /A #] 5
Alexa Fluor 586 conjugated Phalloidin 72 Alexa Fluor
488 X K ATIT Z—F W B Molecular Probes /A 7] ; 7%
A& 4 1 ( Suc-LLVY -aminomethylcoumarin , AMC) 1
Fl Calbiochem 7 & ; ECL ft.%¢ X Bl & W B Am-
ersham Pharmacia Biotech A & ; &40 NFATc4 % 72 &
oA AR I E L4 B AR T F 40 & 1gG W B Santa
Cruz /A F ; Tri Reagent ' B Molecular Research Cen-
ter Inc A8 ; RME A ML BRI v R AW E
BD Biosciences /A ]
1.2 EROCALAAEES

% ¥ Simpson BX B ¥4 B35 IR AT A K LG L4
. (neonatal rat cardiomyocytes, NRC) , ¥ H £ 1 £
2 R SD KRR EMAE T E2 mm® k/N,0.25% ff
=l R P TN ) S = - N 922
FoEmMELE, FaREETE SR KA RS E
F110% fs 2 1 vE DMEM 35 3% % ¥, & 37°C 5% CO,
BRp RS, SRul A R E R 24 h,
KRG N4 10 wmol/L %= ¥ & kR £ f1/8 0.1
wmol/L MG262 7t i & ¥ 7% 7 F 5 5% 24 h # 48 h,
0.1% — W HE TR A EFEH , ¥ NRC HHL L % T
21 20 8 P A N Z F A AN X PR 4 MG262 41 NE
4L B Am N NE #8 MG262 4 NE + MG262 41, K&
MW BERER — AR ARBEREL 3 K,
1.3 BREAWmEEAHEEEGN

25 mmol/L Tris «+ HCI(pH 7.5) # B 40 1 & A,

BAC T A X &, B30 pg @& &, A\
AMC, JE M 23K E H 25 wmol/L, K5I 4 7 #3200
wL,37°C 1 E 90 min, At A 300 wlL 78 &k K pL,
R H 3 B (Perkin-Elmer) M| 78 7% %8 & | ¥ & f1 &
ST K 4B H 350 nm #1440 nm, K xR 4 EE B
B R A AR I N 100%
1.4 OAAmEmRuE"

NRC #m N\ ¥ % b g & A1/50 MG262 48 h J&,
4% % F ¥ B [E F 4}, Alexa Fluor 586 Conjugated
Phalloidin %%, , | SCION IMAGE # 1 (Scion Cor-
poration ) T+ 5 28 it X W AR, B AL AN 5 MALE A
MLE R BT ERN 20 M, AT HE, #Fxt
P20 % W AR K B — £ & AL (arbitrary unit, AU) ,
1.5 RNA Dot blot 547

RPN E B E IR E T MG262 24 h 5 %
LA 45 | Tri Reagent 1 BUG L 4E M B % RNA, %
Aok K FE AT RNA A &K, ¥ 4 ug Z B RNA
EFETRER, £#E =54 T 80C % E; Al P>-
dCTP #RI8 FAZ H B R 405 44 | 20 x SSC = 38, B
A N TR e 28 ,68°C 12 IR A B 42 K AR 3% KB 8 h,
SR G T AR 28, AmON 2 A8 AR AT AR 4R 4 68°C 4
RAW, & KRB, 2T, BHEET X HERKA
W B & P AT A BB % B K AL 32, Typhoon
4, Quantity-One # £ #F 4 #7 oL % &, L GAPDH
HHNBHE, B4 )T 7 ANF & 5'-AAT GCG
ACC AAG CTG TGT GAC ACA CCG CAA GGG CTT
GGG ATC TTT TGC GAT CTG CTC GAG-3",BNP %
5'-CAG CTT GAA CTA TGT GCC ATC TTG GAA TTT
CGA AGT CTC TCC TGG ATC CGG AAG GCG CTG-
3’,B-MHC # 5'-AAG GCT CCA GGT CTC AGG GCT
TCA CAG GCA TCC TTA GGG TTG GGT AGC ACA
AGA TCT A-3',GAPDH % 5'-GGA ACA TGT AGA
CCA TGT AGT TGA GGT CAA TGA AG-3',
1.6 Western blot %7

NRC N\ & F & iR & A1/5 MG262 24 h )=,
Jl RIPA B 4 i & & ,BAC HATE B ZE, W30
ng & G AT SDS T T M B B L vk, W A 7 4R
2h, B EEAERE PVDF KBS 5% s 44
3% BSA ¢ PBST #f H 7% 1 h, #5E 5 m N R 4045
22 B TR B S0 50 PR LR (1:250) | 4T GAPDH #
P50 B R (1:1000) Fn 45 & FR AR o A b 4 B By —
P, RE W, m N ECL & X & 47, VersaDox i % %
S8 %, A Quantity-One %K ¥ 17 4 # oL & &, DA
GAPDH %y % J&
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PBS Z 3t NRC,4% ¥ 8 PBS E %, 2 5| H & &
4-0. 1 mol/L H 4 % PBS #70.5% Triton X-100 PBS
# 1 h, A 1% BSA-PBS # [ 1 h, % J& ir X & 4t
NFATc4 % #4701 (1: 50) Alexa Fluor 488 7% J 4%
I Z 91 Alexa Fluor 586 Conjugated Phalloidin, PBS
B ER,REEMETHNE, 2EKEERHAE
RGN KK &AL ALE 40 8 NFATcd KOEARIL £ &
SETHRERX, BERD, K £ % A4
NFATc4 R AETIB R ETHR, BT K KD, E5
150 M It ER AR B AR E 28
1.8 ZitESR

LI HAE D £5 F &, 48] 3K A One-way
ANOVA, B H IR A ¢ B, P<0.05 h =7 AH
oE M,

2 # R

2.1 MG262 M EEE AR B EAE RN

JEE AR AR A (1 AT MR AE X R AL NE 4 NE +
MG262 ZH 1 MG262 £H 5353124 (100.0 £5.1) % . (104.9
+4.5)% (39.9 £2.8)% F1(38.0 £2.6) % , ‘SXIRL]
FHEE, NE + MG262 21 MG262 2H 525 [ ke 25 1 A
TR R R T2 60% F162% (P <0.05)
2.2 MG262 3FiBILEH R 2 25 B 22 0

A1 F i ARUAE XS BR 2 NE 4 NE + MG262 20 A1l
MG262 ZH53 514 (1.0 £0. 21) AU (2. 09 0. 36) AU,

XTERZE EZH NE+MG2624d MG2624

Q.C ®
® 0 0 H-

® 9 0 0
® % & H.

B 2. MG262 30 BJLEH A AR Ba B B 3R 5% B 820

(1.41 £0.24) AU F1 (1.23 £0.27) AU, ‘S5XF M2
Feds, NE @l 4 g L m AL i 17 1.1 £%, 1 NE +
MG262 20 40 3% i FR 48 NE ZHAH L TR T 29 33%

(P<0.05;K 1),

-

. MG262 X3 % R0 AL i 3= E AR A 52
zﬁ,B N NE 2 ,C F MG262 #0,D 2 NE + MG262 4 ,
Figure 1. Morphometric analysis of neonatal rat cardio-
myocytes treated with MG262

A R X R

2.3 MG262 XTRERAE ERERI N

5T REZH AT MG262 4 AH LLH,NE 240 ANF . BNP
I B-MHC 1 mRNA FRiEB BN (P <0.05), 1
NE + MG262 41 ANF BNP 1 B-MHC 1) mRNA #ik
B NE H B E TP <0.05) ,/H BNP #l B-MHC 1

mRNA F 475 o FEZH B 35 55 (P <0. 055141 2)
I 5 A
CINEA
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a a 720 MG262:8
5 200 a
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F>, 150 b
g b b
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=
504
0_
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a i P<0.05, 5%HRY LA ;b A P <0.05,5 NE 4 H A,

Figure 2. Effect of MG262 on expression of fetal genes in neonatal rat cardiomyocytes
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I A% H NE + MG262 2 NFATc4 4% 5047 B i
5 NE A/ (P <0.05; 3) .

xHR4A
—— “ - * CaN
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T T S S C/PDH

NFATc4 phalloidin overlay

...NE
NE+MG2624
50 pm

. MG262 3t AL B0 55 18 S B BR B = S B B Y &
lll'n] L% CaN 133k, TN NFATe4 i,
Figure 3. Effect of MG262 on CaN signaling pathway in

neonatal rat cardiomyocytes

3 iF it

O AU JEE 2 0 U Ay 365 7 45 b 3fl 38401 7= A 1 0
LA ARB K, EaRm, OHUUEESE ST
WP S e AR R I B R RE R AR
RN A 5, 18K 1R % B8R G A R R
RN R 22—, UPS 28 A R M £ 2k
7, 50 WU R YIS0 UPS Y 208 A% 0 5
Rirp AR 3 ANTEYENL S BL B2 A1 RS, X 71 Bt ik ik
A SRR A B R | 2 11 TR AR JBE B 1 AR 119 2
P AR I, X 24 40 ) 300 3 A A A A
Y147 N W IE B WL E AR 1 B ks
A% IS g B A AR 2 A e i R A BT T
JULEHL e m] D, 2 AR ATV i 3 0k 184 o 0 2 1l 9
P I FH AR R 61 790 05 35 40 o 4x 1
OJUIEJE Y S 3] MG262 X0 JLAH 4 2 1 AR
H A B 58 e B AN [R) T B MG262 i T 52 5, & 1
0.1 wmol/L MG262 ik /& DA fifi.0x JJL4H A J5E 25 11 i A
BB BTG 2 60% , I Al 2= H B FRR R
S RS RO LA i 3% T AR 38 K AR IR L ) ANF |

BNP 1 B-MHC A mRNA ik R, il xF.0 UL 20 fE
BTG PR B35 (AR RS )

IR PR B R I 2 H R BT 0 0 ME — Kl
Ca®* /518 25 1 ol 2 11 Wl TR 6t , O L 40 P 85 5 1
W B3 = O B R A 2 W IR I, NFAT LR
b KRR ALY NFAT 38 i % 8 H b0 e 6 {5
SR AN, 50 LA B A B e SR T
AHEAER, JE 20 LA M BE KL R 3R 3k, S 800 WL
Y EE A R A G N, O UL A0 A RS K, JE B
OB B BFSE B UPS X 45 fih 245
Mﬂﬁ{ﬂﬁL%EEE%EﬁxﬂW’EFﬁ WOE3 K%
FEME Atrogin-1 W] 3H 1577 28 Ah A At 5 ) #h 2 B PR G
FHELHE M 1 RNA 4R35 AR T Atrogin-1 1)
FEIRAKOF AT HE AN S 0 G R 2 i IR il
IKEIFAE#E L LR K, H. Atrogin-1 BEF2 5 Forkhead
R F Foxol A Foxo3a BOIETE, 74 H 70 2 BRI
il A0 LA ATk PRy S 36 36 W AT 3 B ik
EARM Atrogin-1 FEIEPR/INE, O WILLH U85 8 il 22 16
i it 25 1 3 TR KSF RO LAE SRRkl ) AT RE
XoF T R o 25 Tl TR il 1) R 9 D1 NFAT, i 9 3R W
W& i 3B FIH4SE NFATe4 S5l MR 48 14K
B 2 Bz Z 45z AL, NI FEAIR NFATe4 4 1
PR 22 TR RV SR TG 0 4 JUL RS S R TR ik
7 5055 200 AR 7 R 3 PR -3 e Sre AR R 119 7 =
W55 NFATcl 8 1 BT F A 122 e e ok 1 9 B 4
H@B’Jﬁv\ﬂc%ﬂwﬁb“ﬁ A 5T 45 R W 25 B R
FAAC LA A B 1 R IO v A O e 2l R I AR 1
FIAFN NFATc4 41 ff A% N 5L RE 3G i, T MG262
DUPE 5 4 o) 2 R B B ER 5 S 0% A R I ek 2
R 1 1 0K K OF 1 NFATe4 8 N 5 A, 4128
MG262 i i3 4% CaN-NFATc4 15538 % , 343 BH Wi
O WLEBAE K

ARSZIGIESE T MG262 AEMCE M 3h 7135 S 10 .0
LA ARAEIE | A cs JILAE TR A 34 97 S A6 T — b il S,
B YE . BT UPS BT IR N £ 0 LR K /15
SHE S P R I MG262 kO L2 AR K, BT B
EAEHT AL UL K A5 538 B 45 51 (3 20 A
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JE R 3 1t P45 CaN-NFATe4 {55 JE A 5230
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