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Previous study demonstrated that overexpression of ZAK induced cardiac hypertrophy
and elevated ANF expression. ZAK also causes the apoptosis of hepatoma cell line. A critical
role of apoptosis was suggested as a pathogenic mechanism of cardiac diseases. In this study,
we investigate whether overexpression of ZAK could enhance cardiomyocytes death and alter



ECM components to cause cardiac fibrosis. The data revealed that expression of wild type,
continuous active, but not dominative negative ZAK show apoptosis analyzed by TUNEL assay,
and promoted caspase 3 activity by western blotting in HIC2 cells. Downregulation of
phospho-Bad and phospho-PLB, and calcineurin-induced nuclear translocation of NF-ATc1
were also shown. ZAK-overpressed HIC2 cells treated with CsA, a calcineurin inhibitor,
demonstrated the inhibition of ZAK-induced apoptosis. None of wild type, continuous active and
dominative negative expression of ZAK in Angll-treated H9C2 affects apoptotic signaling
activity. We indicate that aberrantly increasing ZAK in the sections of cardiac infraction (22/27)
and myocardial scar (9/10) compare with in normal ventricular tissue (1/10) by tissue assay.
ZAK enhanced MMP-2 activity, but not MMP-9, through JNK and p38 signal pathway and
induced the protein level of TIMP-1/2that indicates the ZAK activated signaling cascade
through regulating MMP-2 activity and TIMP1/2 gene expression to alter the ECM structure
involved in ventricular remodeling. These results demonstrate ZAK induced cardiomyocyte
apoptosis via calcineurin signaling pathway without Angll signaling involvement, and promoted
cardiac fibrosis through evoking MMP-2 activity and TIMP1/2 gene expression.
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B2 o % B(Heart failure) e #p > 3 g 8- Hid & BRI = o AR REF
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FREN A M SRR R > 510 7 Multiple cytoplasmic signal
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RN A N @mf}ﬁﬁ: » £ & g if X 7 (Transdacers) & 4% 7 - Specific G protein
isoforms ~ Low-molecular-weight GTPase (Ras RhoA and Rak) ~ Mitogen-activated protein
kinase cascades(MAPK) ~ Protein kinase C ~ Calcineurin/NFAT ~ gp130-signal transducer and
Activator of transcription ~ Insulin-like growth factor I receptor pathway -~ Fibroblast growth factor
and transforming growth factor 3 receptor pathways o @ izt 5 B 30w 3eie < g2 s @ i
£ % (Transducers) . v* § ¥ 49 3 i@ 42 c0B 5 BT oo #oi7 & iz ? o 4 fhend
Tt A R L BRREsEE Y (1,2)
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- R RETEIR D (56,78910) o fn F kALY o4 F3F S P o G e
= F ¥ 4p B 1+ 4o : Dilated cardiomyopathy ~ Ischemic cardiomypathy (5 ) ~ Arrhythmogenic
right ventricular dysplasia (11 ) ~ Acute myocardial infarction (12 ) ~ Atherosclerosis (13) -
Myocarditis syndromes (14 ) {= Congenital atrioventricular block (15) o #& @ w3 vimre
B e X L LIt kS o Mg ek e R RhE A > AP W e dvih
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receptor pathway v 3 vimPe 13 /B FL IS X B 7 fEdi®® o
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3¢ ( Binding protein )#7ie = o % &40 F =  #% § & 2 & F]F -|(IGF-) e §
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Lt At i RS- e
e bk 2 A £ F S B M(IGFIR)Hime g 2B ¥ - 25 g Ap
mIGFs WP R B L 2 R Tl 32X M(IGF-IR)E (7 dnve e (T H
(Endocytosis) » ‘5% fi¥ 48 ( Lysosome )4 fi#(24) -
IGF-I §= IGF-II }t;%ﬁ? fe B R A ivimie e & (2526) o @ IGF-Ii =&
BT &g 4RGS0 A & i i IGF-IR/PIsK/AKk/p70S6k signaling pathway (27) - IGF-|
R % — B Tyrosine kinase receptor » ™ 5§t/ ¢ 457 : IRS-1 ~ Shc ~ Ras ~ Raf §r
Mitogen-activated protein (MAP) kinase % IGF-I ~ IGF-Il 4= IGF-IR 2 2k F]# 'J“,f SR
7 7 B E ehd & 4% & (Severe growth deficiency) » & 7+ ¥ IGFs i i IGF-I R =3 4, 1%
YE#L i% (IGF-IR signaling pathway ) 5 2 &% 7 v £ & & #84) (27) - ¥ #b - IGF-IR
signaling pathway ~ ## §# £ 7 #w/% = (Anti-apoptosis)eiie 4 » 1 & 5d PI3K-protein
kinase B/ Akt pathway(28,29)% Ras-extracellular signal regulated kinase (ERK) signaling
pathway > i% i B 58 Caspases =& 22 Bcl-2 family e 38 (30,31) » bi4e @ 3 4c
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IGF-IR-dependent pathway ; = % Lysosome-dependent pathway(32) - @ |IGF-IR-dependent
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Lysosome-dependent pathway R &_i% .55 & 285 § % 4 & F]5 -l 4% #(IGF-IIR)
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i# amino acid #7 % = » ﬁ]& ¢o@ 35— g~ %4 &0 Extracellular domain ( 2264 amino
acid ) ~ Transmembrane region (23 amino acid ) f=— i# Carboxyl-terminal intracytoplasmic
domain ( 164 amino acid ) (33) = - Extracellular domain 7 15 i# Contiguoas segments (26) -
= — i# %33 8cysteines Repeating - Motif 13 % 43 i %= fL i& ‘e = 5 Fibronectin type IT
repeat> # ¢ &2 Collagen % & ;Repeating motif 1-3 £ % M-6-P binding domain 1; Repeating
motif 7-9 £ 5 M-6-Pbinding domain 2 » 5 mannose-6-phosphate (M-6-P). & =% ; @
Repeating motif 11 B 5 IGF-II binding region(33) -
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IGF-I > IGF-Il >Ins IGF-Il > IGF-1
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Fofe LR L 2 RFF- B AT S L LRSS ek
2 % 3 #3453+ The molecular mechanism of regulating IGF-I1 receptor gene expression
and the IGF-II receptor signaling pathway induce apoptosis in the cardiomyocytes.

1. & * H9c2 cardiofibroblasts {= neonatal cardiomyocytes aJd® 2 & 8% I chfi et >
¢ % @ Angll, ISO, Inomycin, LPS and TNF-a » B =_IGF-Il receptor £ ] 3R -

2. #* A M3 o BRxo &(SHR) 2 L x Mse a5 (Zucker Rat)22 i+ % ~ v Bl 4p

Tl H KGR Y o IGF-llreceptor A F1 A 2L B o

3. M AL S o R T IGF-Ilreceptor 3-v A2 L R o

4. /% 17 IGF-Il receptor promoter + # ic 2. & 457% 1 F]F B & R B o

5. 4% I ¥ £ «hIGF-Il receptor promoter 2_ 47 - #& #]> 4 47 44+ B £z IGF-Il receptor
AFEELF AR PR I BEEL AR PELIBEALSITH T 2B
it 73 12 % ¢ % EMSA 2 ChIP ¢ ¥ it 2 4575 i %]3 22 |GF-Il receptor
promoter 2_ % & &t 4 o

6. % 17 IGF-Il receptor promoter + =1 CpGisland ¥ > DNA methylation =% i* ¥ 7 %22
2 & IGF-l receptor £ #]2_ % 7 ; MeCP2 (DNA methylation binding protein)¥ CpG
island z_ & & &t # E_F %23 & IGF-ll receptor £ F]2_ & I -

7. % #7 IGF-ll receptor promoter *+ 17 CpGisland ¥ - Histione modification (acetyl and
trimethyl Histione H3)&_F %2 24 & IGF-Il receptor 2 ] % 3 -

8. & * IGF-I, IGF-Il and IGF-Il analog (IGF-Il Leu27;%+* IGF-Il receptor 3 ¥ &3 e &
AVflgousvimie > WRH I FEA P2 we L@ H a2 Hipps a5
(GEERR A J-

a. |GF-I receptor signaling pathway: p-Akt, Akt, p-ERK and ERK.
b. IGF-I receptor signaling pathway: Gai and Calcineurin.

9. {1 Angll F= Insulin/IGF-I receptor inhibitor(AG1024; 341 IGF-I receptor signaling
pathway) » #X & 4 %[ 4c » IGF-, IGF-Il and IGF-Il analog > +* # = # $12734 & lm
LEDL EINVE SR NEERCS | IER S S

10. 2% 4 IGF-Il receptor RNAi 2_ §“ %8 » v 85 ic | IGF-Il receptor A& F]& 3 o 111
Angll ® Ir p & 78 IGF-Il receptor RNAI > BL% Angll i = 2 3 eim e 30 X 27 k= %
P IGF-Il receptor 28 F1 4 18 £.F X PIR o

11. 2% 1§ IGF-I receptor RNAi 2. §* #8 - 2 #p ic 31 IGF-I receptor & ] & 3. te 4 7 IGF-I
receptor RNAI f& » & %4 » IGF-|, IGF-Il and IGF-Il analog » L% ‘m*z % = F-v
i 1« 4] Caspase3 #-v # JLE 2 % i ; &4 Calcineurin RNA 2_ % #8 > r1 3 it v
#] Calcineurin 8 F14 T » &} if &I #7332 275 {4 4] Caspased v # L& 2
s v £_F Fded) Calcineurin A F1& A #1848 o
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ZAK involves in pathologically cardiac remodeling through enhance MMP-2 by JNK/p38 and
induce apoptosis by activation of calcineurin in H9c2 cardiomyoblast cells.

i 48 T & A seim #e i (Tet-on system HIc2 cell):5 % + £ 4 I ZAK A 7]
Fowvuimy LT LR S R R N B R RS ES p-AKL,
Aktand p-Bad 12 2 ¥~ 3-v : Bad, Bid and Caspase3 z #-v % it & -

% ZAK-WH(TF 2 7)), ZAK-E/E (S230E S234E; % ificfiv i= 141, ZAK-dn (K45M:; & i
fa i) = 27 I KINASE & 122 8 T 4 3] 7~k ?e 4 (Tet-on system HIc2
cel) » %% 7 I ZAK ig 42 4 i > ¥ Eg2 1 Angll > L% ZAK 2% %27 & Angll #7
B2 RS TR o

AR R e S Y 0 R R ZAK Bv AR LB o
i 48 T & A seim i i (Tet-on system HIc2 cell):5 % + £ 4 I ZAK A 7]
2 ZAK §_% 8258 Calcineurin/NFAT3 z_ /& 1 5 11 2 @ % 7 e &5 2. $r ) Al
(SP-600125, SB-203580, U-0126, Ly-294002, FK-506 and CsA)4x 21 ZAK i i %~ 2 A,
e SRR N L

& % $8 %A A el ee $k(Tet-on system HIc2 cell) % 4 < £ % I ZAK 2L 7]
% % ¢ t cardiac remodeling 4p B 3= (MMP-2, MMP-9, TIMP-1, TIMP-2, TIMP-3,
TIMP-4, uPAand PAI-)2_ i B fe 2 LA F L DI 2 @ % 3 o B iz Frd)
#|(SP-600125, SB-203580, U-0126, Ly-294002, FK-506 and CsA)#z 24 ZAK i% i w5 — 3t
A B 5 1 MMP-2 -



Cell Culture

H9c2 cells were obtained from American Type Culture Collection (ATCC)
and were cultured in Dulbecco's modified essential medium supplemented
with 10% fetal bovine serum, 2 mM glutamine, 100 units/ml penicillin, 100
pg/ml streptomycin, and 1 mM pyruvate in humidified air (CO25%) at 37 °C.
H9c2 cells were cultured in serum-free medium for 12h, and then treated with
or without Ang Il (10-sM) (Sigma Chemical Co., St. Louis, MO, USA), antisense
IGF-I (14 uM), antisense IGF-Il (14 uM), IGF-I receptor antibody (100 ng/ml)
(Neo Markers, Fremont, CA, USA) or IGF-II antibody (100 ng/ml) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). The incubation was continued for
another 24 h, and then the cells were harvested and extracted for the analysis.
DNA Fragmentation

H9c2 cells were lysed in 50 1| of lysis buffer (50mM Tris-HCI (pH 7.4), 20

mM EDTA, 1xIGEPAL-630) followed by incubation with 1SDS and 5 ¢ g/ £1

RNase (Roche Molecular Biochemicals, Mannheim, Germany) for 2 h at 56 °C
and 2.5g/ 11| proteinase K (Roche) for 2 h at 37 °C, and only fragmented DNA
was extracted. DNA was ethanol-precipitated and finally resuspended in
distilled water. The fragmented DNA was electrophoretically fractionated on
1.5% agarose gel and stained with ethidium bromide.
Protein Kinase Inhitors

H9c2 cells treated several protein kinase inhitors, including SB203580
(p38 MAP kinase inhibitor; Promega), U0126 (MEK1 and MEK2 inhibitor;
Promega), SP600125 (JNK inhibitor; Promega) and LY294002 (Pl 3-kinase
inhibitor; Promega). The final concentration of SB203580 is 10 #M and the
final concentration of U0126 is 30 1z M and the final concentration of SP600125
is 20 # M and the final concentration of LY294002 is 10 ¢ M.
Total RNA extraction

Total RNA will be extracted using the Ultraspec RNA isolation System
(Biotecx Laboratories, Inc.) according to directions supplied by the
manufacturer. Respectively, Cells and Cardiac tissues were thoroughly
homogenized (1 ml Ultraspec reagent per 100 mg tissue) with a homogenizer.
The RNA precipitate was washed twice by gentle vortexing with 70% ethanol,
collected by centrifugation at 12,0009, dried under vacuum for 5-10min.,
dissolved in 50-100 ul of diethylpyrocarbonate-treated water, and incubated for

10-15 min. at 55-60°C.

Reverse transcription and PCR Amplification



cDNA was prepared in a buffer containing 50 mM Tris-HC1, pH 8.5,30
mM KCI, 8 mM MgCl,,1 mM dithiothreitol, 0.25 mM each dCTP, dGTP, dTTP,
and dATP, 20 units of recombinant ribonuclease inhibitor, 1 pg of random
hexamers, 5 pg of total RNA, 40 units of avian myeloblastosis virus reverse
transcriptase, in a volume of 20 pl. This mixture was incubated for 10 min at
room temperature followed by 1 h a t 42 "C to initiate cDNA synthesis. This
mixture was then used for amplification of specific cDNAs by PCR. The buffer
for PCR contained 50 m~ KCI, 10 mM Tris-HC1, pH 8.3 at 20 "C, 0.2 m~ each
dCTP, dGTP, d'MP, and dATP, 0.5 p~ oligonucleotide PCR primers, 2.5 units
of Taq polymerase, and various MgCl, concentrations in a final volume of 100
pl. Following the hot start (5 min at 95 "C, 80 "C hold), the samples were
subjected to 35 cycles of 45 s at 95 "C, 2 min at 52 "C, and 45 s at 72 "C; for
the IGF-Il, IHG-IlI receptor and GAPDH primers the primer annealing
temperature was 56 "C. This was followed by a final extension step at 72 "C for
10 min. All RNA samples used were demonstrated to have intact 18 S and 28
S RNA bands on ethidium bromide-strained formaldehyde-agarose gels.
Protein Extraction and Western blot analysis

Cultured H9c2 cells were scraped and washed once with
phosphate-buffered saline. Cell suspension was then spun down, and cell
pellets were lysed for 30 min in lysis buffer (50 mM Tris (pH 7.5), 0.5M NacCl,
1.0 mM EDTA (pH 7.5), 10% glycerol, 1mM BME, 1% IGEPAL-630 and
proteinase inhibitor cocktail table (Roche)) and spun down 12,000 rpm for
10 min. Then, apply the supernatants to new eppendorf tube for western blot.
Cardiac tissue protein extracts from the aminals processed complete
coarctation of the abdominal aorta were prepared by homogenizing the left
ventricle samples in a PBS buffer (0.14M NaCl, 3mM KCL, 1.4mM KH2PO4,
14mM K2HPO4) at a concentration of 1 mg tissue/10 1| PBS for 5 min. The
homogenates were placed on ice for 10 min and then centrifuged at 12,000

rpm for 30 min. The supernatant was collected and stored at -70°C for further

western esperiments. Proteins from H9C2 cell line or amimal heart extracts
were then separated in 12% gradient SDS-PAGE and transferred to
nitrocellulose membranes. Nonspecific protein binding was blocked in blocking
buffer (5% milk, 20 mM Tris-HCI, pH 7.6, 150 mM NaCl, and 0.1% Tween 20)
and blotted with specific antibodies (Caspase 3, Akt-p, ZAK and « -tubulin
(Santa Cruz Biotechnology, Santa Cruz, CA, USA))as indicated for each
experiment in the blocking buffer at 4 °C overnight. For repeated blotting,
nitrocellulose membranes were stripped with Restore Western blot stripping



buffer (Pierce Biotechnology, Inc, Rockford, IL, USA) at room temperature for
30 min.
Terminal Deoxynucleotide Transferase-mediated dUTP Nick End Labeling
(TUNEL)

H9c2 cells plated on a cover glass were fixed with 4% paraformaldehyde
solution for 30 min at room temperature. After a rinse with phosphate-buffered
saline, the samples were first incubated with phalloidin-rhodamine for 1 h and
with TUNEL reaction mixture containing terminal deoxynucleotidyl transferase
and fluorescein isothiocyanate-dUTP(Roche Applied Science). In tissues, the
3-um thick paraffin sections were deparaffinized by immersing in xylene,
rehydrated, and incubated in phosphate-buffered saline with 2% H202 to
inactivate endogenous peroxidases. Next, the sections were incubated with
proteinase K (20 pg/ml), washed in phosphate-buffered saline, and incubated
with terminal deoxynucleotidyl transferase for 90 min and fluorescein
isothiocyanate-dUTP for 30 min at 37 °C using an apoptosis detection kit
(Roche Applied Science). Samples can be analyzed in a drop of PBS under a
fluorescence microscope at this state. Use an excitation wavelength in the
range of 450-500 nm and detection in the range of 515-565 nm (green). Or
After Incubate slide with Converter-POD in a humidified chamber for 30 min at
37°C, the sections were stained with diaminobenzine for 10 min at room
temperature, washed in phosphate-buffered saline, and mounted for light
microscopic observations. The number of TUNEL-positive cardiac myocytes
was determined by counting 3 x 10s cardiac myocytes. All morphometric
measurements were performed by at least two independent individuals in a
blinded manner.

Measurement of [Ca ]i Transients *

H9c2 were loaded with the fluorescent Ca2+ indicator indo-1-AM (1.25
mM, Calbiochem) for 30 min at room temperature. Thereafter, the culture dish
was mounted on the heated stage of an inverted microscope (Diaphot 300,
Nikon), and H9c2 were field-stimulated at 1 Hz and excited at a wavelength of
350 nm. [Caz+]i transients were recorded at emission wavelengths of 405 nm
and 490 nm with a photomultiplier (PTI 814, Photon Technology International,
Lawrenceville, NJ).
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The molecular mechanism of regulating IGF-II receptor gene expression and
the IGF-II receptor signaling pathway induce apoptosis in the cardiomyocytes.

SHRNP R AR S ABL R RRERF F RSS2 L L BET AR
BT 5 R RI S G BER TR e iR i 2
Wt im e B g s % et 50 g 4 ”]I‘Fﬁfﬂ%g il zir’ BOLHP R B RTR B R
B (e dF T 5 e g g _:3 X0 I im R ;%« RN o vﬂ;m.;{;s B¢ LT

FEER TR T GLETEF 4 Angll 40180 £ (49) o T 4 » o viimz B )
/,%fv'%?;’;“;‘ QI TEENCLE S S TNF- afrimre i % 1 LPS ﬂ%ﬁtpié‘_? AL e 2 £
4 (50)o 3t F_ A B — B 4o A i * HIc2 cardiofibroblast - neonatal cardiomyocytes
fmre 3 & e 7% g2 02 Angll ~ ISO ~ Inomycin ~ LPS and TNF-a # g4 » @2 IGF-II
receptor £ 1 £_F X F|F kx o d B 1a-b ¢ ¥+ > Angll ~ Inomycin ~ LPS and TNF-a ¢
W i 59 i IGF-Il receptor L F] 4 3 4 > H ¢ Angll 4= Inomycin & 115 18 )
P e & 14 IGF-Il receptor 28 14 3 4c > LPS fe TNF-a R &6 /] BF 5 & “b > {15002
ISO P& ;= B Ex IGF-Il receptor 2L F1#& . o @ AL X }+F o Beh* v & (SHRs)? >

& ¥ ek u B(Wistars)ipdz. T 0 S KT *’*&;%‘ﬁvw LG T g FRGE IGF-I
receptor A& F1 & R(Fig.1c) o @ e FI AR Flak Kend = B (299 iken+ g &{(Zucker Rats)® >
Bz f w(lean Rats)!* o™ » e ivimbe § FEF RS R L N
¥ i % IGF-llreceptor £ F1 & B(Fig1d) e HF AR * & 2 % 4 ~ FHuyl B
1R e A2 B ¢ L% IGF-llreceptor v £ T2 £ B> R A M &
L ¥ AP g - R D] IGF-llreceptor v £ T e E Mo UL o B
Fofm Rt o Rl EF A 24 ot ant F R F] IGFI receptor F-v 4 IR
(Fig1e) o et stenF sk % » AP Ao B @ % watimbe §) 1 L7 i o
R AR L RS Be B 8 Rl st RS A gy
AL T TR e MR L A R R enik T 05 ¢ 5 4o IGF-Il receptor
A Ffrd-d A ME -

Rm s veimie X F T EE o IGF-ll receptor A F1x H A AR & g A A
i &5 d  EMBL-EBI(http://www.ebi.ac.uk/ensembl/) 4% 41 IGF-Il receptor 7 *] & exon1 =
2000bp i1 genomic DNA & 71| > #X 16 #-pt & 71| i% 3| TFSEARCH: Searching Transcription
Factor Binding Sites(http://www.cbrc.jp/research/db/TFSEARCH.html)i& 7 ¥ st erdi 455 i
FlF hiG & 447 0 B R tablel ¢ oo RFAPEHE T AR TR IGH
receptor promoter 3% AL FIE B 2 FH ¥ i £ F # 5 0R F|(Fig.2a; table2) > p =
PR AEEFY cmd AmRHRT AR FaAngll ¢ 5B INK BT R £




IGF-Il receptor z #]# #.(Fig.2b) » @ % tablel #éx= it F]F chE & B oo 77? » g

% promoter * -550bp R 7| b Bgor 1y AP-1 2 B &% o @ AP-1 39 5 INK B
J& ¢ T ARSI F]S o Y A 4 A |l Rp-AP-1 A 71|: 5' labeling BIOTEIN
-TGTTAACTCTGAATCAACTTGCAA > % 152 Angll 4+ Inomycin % & i EMSA assay 7
% o BLZ cjun 3o % &3 IRp-AP-1 e 4 B F 4 o d B %A G2
Angll f= Inomycin & € 3 4v cjun 3¢ % & >* IR-p-AP-1 F eig 4 > e & A g 3§ %
en§_Je PF4e ~ c-jun antibody B A 41 IR super-shiﬁ IR o Fom RE3T RAL F g
Angll f= Inomycin {5 3 e e & 40 # > A PR 5 4 > cjun antbody & @ L H-T R
% AP-1 £7 || R-p-AP-1 e & ix 4 (Fig.2b) o

¥ - 2 5 ¢ & IGF-Il receptor % — imprint gene(51) o A2 % 5 FEEF o IGF-I

receptor A F| ¢ E & B Ex > 2 & % 3] promoter + CpG island ¥ 3 -7 DNA
Methylation #72% 457 o »* § 4 i 3% 41— B &* 2% : CpG island _+ 7 DNA Methylation £_%
F82 o vim iz 1™ B E G-Il receptor AL Fleni 4P 2R k¢ 0 AP A
u) & * HIc2 cardiofibroblast 4= neonatal cardiomyocytes m®# 32 % 1= 3% > gg® »2 Angll
fo Inomycin r2 & vt gk X 3 R+ 6 B(SHRs)fr ¥ < ¢ B (Wistars) » 4+ 7
TR Fl BB R B 7 B h SRR AR 7 methylatlon specific PCR (MSP) % 2 » d % %
% 5t g2 02 Angll fe Inomycin figc™ 2 2 B Wop Rt ¢ IGF-Il receptor
& Flen frez 3 CpG island % 3 557 DNA Methylation - 4p & (Fig.3a) - 74 @ . Histione
modification 7= 4 3F % %27 4.3 & IGF-Il receptor e £x(52) » ** H_a ™ ke %
P i R & IGF-Il receptor CpGisland % 3242 » Histione H3 s fig it =@ it
(acetyl and trimethyl Histione H3) 2 2 MeCP2 (DNA methylation binding protein) e & it 4
2% 2 3] Angll f= Inomycin 1T @ 3 #7¢c% o d ChIP e S5 5% 75> Al
2 Angll f= Inomycin € 3 4« Histione H3 acetylation ~ j* 33 Histione H3 trimethylation fr iz
% MeCP2 % £ & # (Fig.3b) o

B R RO ROR R EARY > <
i RIGFs e § s 232G 4
* |GF-Il analog (IGF-Il Leu27)(53) » H# % %}ﬁf&Leu 27538 13 &% > ¥ IGF-lI receptor =3
B L E 4 R IF G AIGFs i & ATIGF-Il receptors o o dim e a2 AR
SR E BV G e S8 S R P %% % (4o IGF-Il analog#? IGF-I/IGF-II
AP 3@ B Ecd IGF-| receptor signaling 77 it (ERK{-Akt(Fig.4a) - » &2 -1 11 IGF-II
receptorsn & ¢ 7 e >+IGF- receptor > v  f/&d® 2 IGF-Il analog 7 & i ig = w9 im P2
k= (Fig.da)e- 42 % 2\ i #-tw #2115 12 Angllf=Insulin/IGF-I receptor inhibitor(AG1024; 4+ 4]
IGF-I receptor signaling pathway) » 7% 1 {4 %] 4c » IGF-l, IGF-Il and IGF-Il analog > ** #&
= FHTANGIrAGI024:¢ = 2 K 1B b frimie = 2 B L 074 [ SR R F Ao
% ANgllfrAG1024:8 = wavim®z = ¢ > B F 4o »GF-1E 5 k= ehikia sk 5 4
*IGF-lIpF L = ehimdEsc % 2 & 5 2@ 4o~ IGF-Il analogRl § 4r 3k & = IR %
(Fig.4b, d) = @ AG1024/a® ™ i¢ = ‘m "2 F H GleniB H 3 4 > 7 3 ftr » IGF-I1S dm e

£ & v enlGF-l receptor gL F]exs iy 5 @ ?Kf 4
t

e il e oA g B h st gy o AN E AN R



¥ 8¢ S {rMEp fe pEI 4o (Fig4C) o b i 0 & % % 45 11 IGF-Il receptorin & B /=
% Ip *+IGF-| receptorsis & B fZ foi 1t dmfe iE Hp e 4 0 B MUE S e AW
HIv )I;ka‘ﬂ 41 43T3cells® » IGF-II R,.;IGF 75 i {8 5 2 Gai2® & » 2 .7 5 i
fmre ? iv LR Av e ¥ 0hg AR Hdp 0 s suim Be X DstretchpF o g i 1t GailPLC/IPy/
Ca2*/Calcineurin}* — F&5(54) o »t F 3V 18 * L TR ey 2 = 2 0 BA W g
IGF-II{=IGF-Il analogF* ’E‘L"i”» P PERET  GaiZZIGF-Il R % &4 o d F5%
FE T ARJIEIGF-E T A&7 MBERIGAZICGF-I RE & » e iz L o dapF
GaiZIGF-IIRenE & i % ;28 @ /%@;IGF-II analog— J Eﬁ (s 19 5y LR 3] Gaix? IGF-II
Renis & (Fig.de) 14 2 3 4 Calcineurin 7% i (Fig.de) » b3E Bde ~ IGF-IpF > e PF 4o
~ IGF-Il analog » BJIGF-1#77& i 2. % & v E;’iﬁif“ it enBadfrAkt - B % 3|34
(Fig.4e) -

Bk wm AR Y o A PER hw R E AR IGFI receptord F & 4L < £ B
£z 12 3 |GF-Il receptor signal # k= > IGF-I receptor signal=is 5 B 48 2 — BUF = BT o
e imak £ B FREIpdp 0 v iie e X RS 1T o IGFH receptorzwiiﬂ L
A A P2 4EIGF-IIRRNAI » 7 g2 2 Angllig = o 3eim iz 37 < g2 % = pf > @5 IGF-IIR
RNAi#r#]IGF-Il RA& Flend if » LR A Angllig = dvimpe 5o < 222 = iFiz ¢ o |GF-Il
REFHEHY od 9%EEEFT & »Pﬁt J[IGF-Il R& Flendk £ 18 > Angllig = v
dwie e = X PlAEg] o Fee < pliz g B AR(Fig.ba) o A wiFigdasn g % ¢ T om 2
BLZ P]IGF-I1{=IGF-Il analog & # i = ‘w2 /%4 IR % o :}*“fIGF |I4=1GF-Il analog
¥ it € 55 £ 3¢IGF-l receptor + @ 33 7 F]IGF-I receptorm/% BT o AT R A P
HIGF-I R RNAI » i fm?z b eHIGF-l RZL F] & 3R » {4 %] 4e ~ IGF-, IGF-Il and IGF-Il
analog » BL% %= F-v Caspase3z %1t o d F %% (¥4 H g 7w IGF-| R RNA
I * ¢ 3 4 Caspase3 =i it o (e ffe FF 4o~ |GF-Il and IGF-Il analog i f] 3# 4« Caspase3
g5 1L o FF W E_f4e ~ IGF-Il analog(Fig.5b) - & #F » 2% i ¢ * Calcineurin RNAif-
Calcineurin inhibitors(FK506;CsA) B ## 4] i 7 d I p #& 5 IGF-l R RNAifr 4c » IGF-Il
analog #i¢ = Caspase3«/ii 1+ (Fig.5¢) o o 1 it chf Sl % - Bpom foow R ¥ B A2
¢ IGF-ll receptor /A ] ¢ 44 < & B £z > @ & i IGF-Il receptor signal ¢ i& @ 1838w v
W S o e RO o S HROF MG 0t B2 B FH R Bisg
o R BE 4 iR AT o

AT katE ¢ 0 24§ cloning IGF-II receptor £ ] > £ (CDS) » & & BB
ek & 3T |GF-Il receptoren7 e 4% & §8( Ligand ) » #-GF-Il receptor ersextracellular domain
AR e B L RHGE-I receptor A Fl > K BT E Bl itinre P BB E EE
g g o itmie /fw P FR16 5187 e & B HIGF-Il receptor extracellular domain 25 %] #&
AP IT L aﬁ\/%« w4 & 48 ( Ligand ) 5 @ ?2fe A s i i (7 IGF-II receptor £ #]
2> £ cloning B? & by g g FIGF-Il receptor e & B v FEH e E A DT
1000-2000bp(Fig.6a) - x;g,ﬁ R EREE O EAP R - B PESER D A T
W3 ¥ — B A7 0IGF-Il receptor isoform o 3 1 B i B K 0 A i@ * Rapid
amplification of cDNA ends (RACE) end PCR » £ 3k 3+ 71 5'4e3 £ 451 5 (4o B) > 2B



3 & Frenisoform™ gc dx b e BB S 7 i@ * R-4 2785 primer:& {75 RACE end PCR

L-4 1237 L-3 3378 L2 4920L-1 T

7523 cpS 84-7523: 7439bp
R-1 7381

R-2 6556
R-4 2754 R-3 4940
GeneRacer 5'(44bp) mRNA 8810bp

GeneRacer 3'(60bp)

R1:7509bp ;R2:6684bp; R3:5086bp; R4:2882bp
L1:3088bp; L2:3950bp; L3: 5492bp; L4:7633bp

FFo B or i qeFig.ba- e % RAFEEH L R R 5 2882bp 4o £ Fraeet 5 $1800bp
=+ (Figbb) o A AP et - PEREFITAEFAT  BEHT L AEE
B 7 B o At — ”ﬁ»ki’ J £ IGF-Il receptor i #15 7| 4p > 1 exon1-9e 5 F > ¥ ¢k
_exon‘IOE PB4z 5 05 B F 0 intron9-100 2 £ (Fig.be) - HEFA PR E w & e

i B #7e0IGF-Il receptor isoform&_F E et i sr D kU2 AL BREF2ZF e #
Ti”/ L P 7% £ 3% 9 pE B Rat polyA* RNA Northern Blot(# % 12 major tissues: brain, heart,
kidney, liver, lung, muscle, placenta, small intestine, spleen, stomach, testis, thymus) » & % 1
* In vitro transcriptionf-Random primed DNA labeling§ & = ;% i¥ &1 7 7 intron9-10 & £

= $87 e 4F 4 > 2R 15 #-Rat polyA* RNA Northern Blot#2 2 3 intron9-10 & £< e 4+
BERE B RE T o0 — 77 84 0ntron9-10 7 Fx e1IGF-Il receptor isoform#z
FRARESEI L T REPEE BEAY AR LB AFZ B s
+ £ » 4 %] 5 6000bp ~ 5000bp{=2000bp(Fig.7a- ¢) o #% {5 » A P& F = & 44 — IGF-Il
receptor isoformern > £ % @ 2iE =0 A Alintron9-10 F £ F % 345 primerig 73" RACE
endPCR7 2% » F % % % ,e‘zp 7+ ) .2500-3000bp ¥ 13— iEband(Fig.7d) » iz 4k vk &
BFigTa-cr T & s F 2§ TR o F AREFIEAAT MR B8P0 ALE o
P a2 Ak %r;@f:ﬁ ﬂcloning IGF-Il receptor & ¥] > & fr #-Fig.7d # ) 31
2500-3000bp svband z_& 1 % & —*‘Ff # EEPCRenig i dp av 2 & 01 2 3 %4 intron9-10
5 £ enlGF-Il receptor isoform o

~m

ZAK % 3§ IJNK/p38 2 & gt j5 & i MMP-2 12 2 & it calcineurin 3% < v vimve %
= g h wmmﬁ e

ZAK involves in pathologically cardiac remodeling through enhance MMP-2 by
JNK/p38 and induce apoptosis by activation of calcineurin in H9c2
cardiomyoblast cells.

ZAK hoth induces hypertrophy and apoptosis of H9c2 cell line.

In our previously study, we had created that inducible stable clone of expressing ZAK
gene in H9c2. In this Tet-on system using the doxtcycline to induce signification of zak gene
accompany with increased the hypertrophic marker gene ANF through RT-PCR (Fig. 8a). ZAK
had been show caused cardiac hypertrophy earlier but whether ZAK generates the apoptotic



effect is not known. Therefore resulted in overexpression ZAK not only induced hypertrophic
influence but also enhanced apoptosis that determined respectively by Actin stain and TUNEL
assay (Fig.8b). Response extensively in Angll make non-compensatory hypertrophy
accompany with apoptosis in cardiomyocytes is a critical process to cause heart failure.
Consequently we investigate whether ZAK-inducing MAPK signaling pathway could involve in
apoptotic effect of Angll-treated. Using the over expression of different JNK kinase activity of
ZAK included ZAKwt, ZAKE/E (S230E S234E), ZAKdn (K45M) in treated Angll simultaneously
indicate ZAK affect the apoptosis of H9¢c2 without Angll involved (Fig.9c). We suggested the
ZAK stimulated both hypertrophy and apoptosis in H9c2 is a pathological hypertrophy as
non-compensatory influence but Angll not participated in.

ZAK aberrantly express in myocardial infraction and enhance activation of caspase3

Cardiac infraction is acute heart disease caused by coronary thrombosis then make heart
remodeling (55). In response to this injury included machinery stress, hypoxia and starvation,
many intercellular signaling cascade were been activated such as stress-inducible protein
kinase JNK and p38 pathway, which subsequently transmit the signals into cell nucleus to
regulate gene expression. ZAK, up stream molecule of JNK signaling pathway, never were
reported involved in cardiac remodeling from cardiac infraction of clinical specimen. We
indicate that increasing ZAK aberrantly in the sections of cardiac infraction (22/27) and
myocardial scar (9/10) compare with in normal ventricular tissue (1/10) (Fig.10). The resulting
imply that during heart remodeling ZAK may have a critical role in regulated ECM
re-organization and facilitated development of heart failure. Further as inducing ZAK
expression to increase JNK1/2 activity (Fig.9c), which accompany reducing phosphorylation of
cell survival factors, Akt and Bad (Fig.9a), with enhancing Caspase3 activation but not Bid
(Fig.9b). These data evidenced ZAK was able to induce apoptosis of cardiomyocytes through
attenuated phosphorylation of Akt and Bad to activated Caspase3 period the cardiac infraction.
ZAK activate calcineurin/NFATc1 signaling pathway and affect calcium influx.

Several growth factors such like IGF-I binding their receptor have a benefic effect in
response to heart remodeling through intercellular signal pathway cascade, PI3K- Akt- Bad
survival pathway, to prevent apoptosis of cardiomyocytes. But if aberrant stimulation in heart
has been extended, the PI3K- Akt- Bad survival pathway could be repressed by the
calcium-inducible protein phosphotase Calcineurin. We investigate whether ZAK activated the
Calcineurin/ NFAT signaling pathway to induce apoptosis and to modulate calcium-handing
contraction. In the over-expressed ZAK gene, the binding of Calcineurin with CaM1 be
increased and the downstream effectors of Calcineurin NFAT3 transmitted from cytoplasm into
nucleus exhibit that ZAK can regulate the activation of Calcineurin/ NFAT signaling pathway
(Fig.11a-b). Using differently various protein kinase inhibitors contained SP, SB, U, Ly, FK and
CsA with over-expression of ZAK to identify that ZAK induced activation of Caspase3 through
Calcineurin signaling pathway (Fig.11d). Calcium recycling in the SR by RYR and SERCA was



crucial for contraction-relaxation mechanism in cardiomycytes (56). The results of calcium
staining revealed that ZAK increased calcium influx (Fig.11c). And to investigate what the
calcium modulators to be regulated, displayed ZAK diminished the expression of non
phosphor-PLB (Fig.4d) which can inhibit SERCA recover calcium from cytoplasm into SR to let
the calcium accumulation in cytoplasm(57,58). In conclusion we considered that ZAK affect
activation of Calcineurin/NFAT signal pathway to modulate calcium recovery by
de-phosphorylation of PLB to imply that ZAK may affect physiologically functional contraction of
cardiomycytes.

Over-expression of ZAK altered ECM by evoked MMP-2 activity via JNK pathway
involved in ventricular remodeling.

During heart remodeling in response to multi-stimulators make the adapted effects that not only
regulating the size of cardiomyocytes but also altered the structure of composing ECM. Several
enzymes such like MMP and TIMP involved in assembling ECM associated with irreversible
morbidity effects to heart failure. ZAK has been indicated that aberrant expression in acute
infraction and myocardium scar (Fig.10), whether its influence through activation or
suppression of MMP/TIMP activity involved with cardiac remodeling. ZAK enhanced MMP-2
activity, but not MMP-9, through JNK and p38 signal pathway (Fig.12) and induced the protein
level of TIMP-1/2 (Fig-5b) that indicates the ZAK activated signaling cascade through
regulating MMP-2 activity and TIMP1/2 gene expression to alter the ECM structure involved in
ventricular remodeling.
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(&) Several stimuli included Angll, SO, Inomycin, LPSand TNF- ¢« treated H9c2
cardiofibroblast at 6 or 18 hours to identify IGF-11 receptor expression by
RT-PCR.

(b) In neonatal cardiomyocytes treated with Angll and Inomycin to indicate IGF-11
receptor expression by RT-PCR.

(c) Comparethe Wistar rats with SHR in the heart of IGF-11 receptor gene expression
using RT-PCR.

(d) To examine the expression level of IGF-II receptor between Lean and obese rats
by RT-PCR.

(e) Using human tissue assay about acute infraction and myocardia scar section to
observe the expression IGF-11 receptor protein by IHC.
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Table 2.IGF-II receptor promoter sequences (5' upstream sequence; 2000bp)
tcccagcttgcetctccctag

cttctgectagettgetttcttatacagtccacaact ccct gt ct aggggat ggt act gc

t cacagt gggct gt gccctt gt ct aacaattttt gat caagaaaat gtt ccaaagacatg



cccat ggggcagt ct ccct ct gacagct ct gggct gt gt cacat cgagagct gaagcet aa
ct aggagacaccat cagat cat gaat acat gaat ggatt actt catt gatt aggt cat ga
cttaatcat ctct cagt agt gccaccacct ggggacat agact t cat caagggcet t ggtt
tacgggt gct ccat t t ccaagt cat caaaagaaaat gt attt t gggggt gat act t t gag
t agaggt aaacattctggttcatagttaactcttcatttctttcttettcttottttttt
ttttcaataactcttgcctgcagtagttctaacgt gaaggcaaacat gaact cccacttt
t at cagaagat t act cct gt acccaggacccacaatt ggt ccttctt ccagcaggcagct
cct ggagggacgcacgt ggagt gaaggaat ggaat at ccgt ct agct agct agat cat tt
gat caaccct ggt gt cacagt cccggat t gt ctt cccgecccagt cacctcttcttgattt
ctt gacaacagt agacat ct agggagct ct gggct at t cagt at agcgaat caat caat t
tctctctctctetcetcetetetcetctetcetctctcetctctctct gaggt gt gt gt cagggt
P1-L
ct cat at gt agcaat gact agt ctt cat gt aacagcct t cgaact gt t gggat t aaaggt
acat gct accacacgcagt agaattaccttattctttcctgtgtgtatgcttgcaaactc
ccttggaggccagaggttttgtttacttttccatctcttcgagacagt acccggacct gg
ct agat t cagct agact ggct ggccagcaaacat cggagat cccect cat ccct gect cc
ccacagaggt t ccaggggttt gcagct acagact tt at t at at gggt gccgggact t gag
P2-L
ttcaggcctcat gctt ct ggagcacatt acagacggagccatttcct aagccacatattt
attttactttcactaggtcaccgccttacat aat at gggt gct gcat agat cttt acaga
acaat aaaact t t gt t aacagaggt ggt ggaacacgct t gt aaacccagcat t cggaagg
P3-L
at ccgaact ccagt cct gt ct gagct acat aggcagcagtt t cacaccaaaagttttgtg
tgtatgtgtgtgtgtgtgtgtgtgtgt gt gt gt gt gt gatttgettgttacactttggtt
P4- L
ttctgtacactgcatattagttcatcacggtcgectgacttgcet gcagaaagccctgett
gggaaat cacact t ccacagagct cct gt gaggccct cccggcaccagt cggaaact ccc
acgcaggat t ct agaaaagct gacct gt t aact ct gaat caact t gcaacact aagaat ¢
P5- L
aacct gggcctttccacct aact ccat ct cggccaccgt act ggt ct cggt t gaaaaaga
gagtt aggaagcgcccaagcgcagacgcaaccagggt gct ggacggggaaact gaggt ct
gggct ct gaggegt cacccct cget gcgegt gaccaaaccct ggggt t gccagget t cga
gt aggt acct ggcgct cgt gcccggeccacaacact t cct gt cccgegegcet t gcgat g
t cat gt gacccggggct gggcggagagecacct gaacgagaacgt cacgt gacaggaggcg
gggcaggggcgggecgact ccggt cacgt gacget t t ggggacggecacggagegect cc
P6- R
tcatctcact cccccetgget ccggetctcetcetectcetttctccctcecagetceecgttge

AGCTTCGACTCCGCTGT TGCGECGCGAT CGT GT CCCAGGCGCGECT CGGAACGECCAGCC



GCCGTGAGCCCCACGCCACACGCG

Primer design:

P1-L: caatgactagtcttcatgtaacagcct
P2-L: ttacagacggagccatttcc

P3-L: gcagcagtttcacaccaaaa

P4-L: attagttcatcacggtcgcc

P5-L: aagagagttaggaagcgcc

P6-R: gagtcgaagctgcaacgg

Fig.2b
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Figure2. Angll and Inomycin induced IGF-I1 receptor expression through JINK
pathway and raised c-jun binding in AP-1 sitein the IGF-11 receptor promoter.

(a) Constructing the different length of IGF-11 receptor promoter to the pGL 3
Luciferase Reporter vector to explain the regul ating mechanism of IGF-I1 receptor
expression using Luciferase Assay System.

(b) To study the AP-1 binding activity in the promoter of the IGF-11 receptor through
mixed the nucleus protein of HIC2 treated-Angll or Inomycine with the probe as the
AP-1 site sequences of the IGF-11 receptor promoter and antibody of c-jun by EMSA.
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Figure3. Histione modification involved in regulating IGF-I1 receptor gene expression,
but not DNA methylation of CpG island in IGF-11 receptor promoter.



(8) H9c2 cardiofibroblasts and neonatal cardiomyocytes were treated with Angll or
Inomycin to explore the DNA methylation in the CpG island of the IGF-11
receptor promoter by M SP (left site) as well as the heart specimens of Wistar rats,
SHR and human heart disease(right site).

(b) H9c2 cardiofibroblasts were treated with Angll or Inomycin to indicate the
modification of acetyl and trimethyl Histione H3, and MeCP2 binding in the CpG

island of the IGF-I1 receptor promoter by CHIP.
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Fig.4e
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Figured. Therole of IGF-11 receptor intracellular signaling pathway is apoptotic
character, distinct from survival effect of |GF-I receptor.

(a) H9c2 cardiofibroblasts were treated with IGF-1, IGF-11 and IGF-11 analog, then
recognized the protein level of p-ERK, ERK, p-Akt, « -tubulin and Akt by western
blotting and detect the apoptotic effect by TUNEL assay. « -tubulin was a loading
control.

(b) H9c2 cardiofibroblasts treated Angll and combined with or without IGF-I, IGF-II
and IGF-II analog, then identify the distinct effect of the IGFsin Angll-induced
apoptosis by DNA fragmentation and (c),(D) in AG 1024, IGF-I R and insulin R
inhibitors, caused cell cycleinfluence by Flow Cytometry and apoptosis by TUNEL
assay.

(e) IGF-II and IGF-11 analog separable treated in HI9c2 cardiofibroblasts at 5 min and
30min, then using the IGF-11 R antibody to immuno-precipitating before detected the
Gai protein expression by western blotting (upper picture). And calcineurin activity
have been reported through detected interacting between CaM 1 and calcineurin by
immuno—precipitation (lower picture). Add respectively IGF-1, IGF-I1 analog or
together into the H9c2 cardiofibroblasts to investigate the protein expression of p-Akt,
Akt, p-Bad, Bad, p-ERK, ERK by western blotting (left of picture).
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Figureb. Apoptotic effect of IGF-11 receptor signaling involved in Angll-treated
through activated Calcineurin.

(a). H9c2 cardiofibroblasts treated Angll and transfected with or without IGF-I1
receptor RNAI then to recognize the hypertrophy and apoptosis through staining
respectively the Actin protein and TUNEL assay.

(b). Treated with IGF-I, IGF-II and IGF-I1 analog individually in the transfect with
IGF-I receptor RNAI situation, then demonstrate the protein expression of 1GF-I
receptor, caspase3 and « -tubulin by western blotting.

(c). Condition of treated IGF-11 analog with or without transfecting |GF-I receptor
RNAI, then transfect with IGF-11 receptor RNAi and plus CsA or FK506 respectively
to observe the protein expression of IGF-I receptor, IGF-11 receptor, caspase3 and o
-tubulin by western blotting.
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Fig.6b
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GeneRacer 5 primer
ACTTTCGCATTGCTTCCCCGGGCCGCCATGGCGGCCGCGGGAATTCGATTCGACTGGAG CACGAGGACACTGTTCATGGA
Introng-10(645_806)
CTGAAGGAGTAGAAAATTTTITTITTGGAACTCATTTCCGCAGGGCGCTTGCCCAGCTGG CGG CAGAG CCTGCTGGTTCAT
Intron9.10 (645.006)

5' primer

S —-

GTCAGGAGTGATTTGTGG GTGGTATGCAAAAGGCTTAACAAAG CAGC TAAACTTCAAGTTTC CTTGGTTCTAT
Intron9.10{645-606)

S

Exon10 1184(1)
LR R4
AAAACACTGTATATT CACAACCTAGGTACTCAGATGGAGATCTCACCCTAATCTATTCTGGAGGTGATGAGT GTAGTTCC

GGCTTCCAGCGGATGAGTGTCATAAACTTTGAGT GCAACAAAACCGCAGGTCAAGATGGGAGAGGAGAGCCTGTGTTCAC
AGGTGAGGTGGACTGCACATACTTCTTCACGTGG GACACTAAATATGCCTGTGTAAAAGAGAAGGAAGATCTCCTCTGCG

GGG CCATCGACGGCAAGAAACGTTACGACCTGTCTGTGCTGGCTCGTCACTCAGAATCAGAACAGAATTGGGAAGCAGTG
3" primer

<
GATGGCAGCCAGGCTGAGTCAGAAAAGAGGAA

Figure6. Identification of novel IGF-I1 receptor isoform by 5> RACE end PCR.
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Figure7. Novel IGF-11 receptor isoform widely distribute over many tissues.
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Figure 8.ZAK both induces hypertrophy and apoptosisin H9c2.



(a) Stable clone of ZAK gene constructed and selected in H9c2 cell, treated
Doxycyclin can induce ZAK gene expression. Expression of ZAK and ANF gene are
monitored by RT-PCRin 0, 1, 6, 12, 24 hour.

(b) Céell hypertrophy and apoptosis detected respectively by Actin staining and
TUNEL assay to compare ZAK overexpression with control in left site; hypertrophy
size and apoptosis percentage cal culate by student t test statistics, and schematize in
right site.
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Figure 9.ZAK enhance active-form of Caspase3, and weaken in phosphorylation
of Bad and Akt without Angll signaling involvement.

(a-b) In treated Doxycyclin to induced ZAK gene expression, we observe that protein
expressiona level of p-Bad, Bad, p-Akt, Akt, Bid and caspase3 by western blotting in
0, 1, 12 hour. The a-tubulin was designated to internal control.

(c) We invented three type of ZAK including ZAK-wt, ZAK-E/E (S230E S234E),
ZAK-dn (K45M) those had been determined to have different INK kinase activity. In
the three stable clone of ZAK in H9c2 cell treated Angll with or without Doxycyclin
to identify apoptosis by DNA fragmentation.
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Figure 10 Aberrantly enormous expression of ZAK in myocardial infraction, but
not in normal ventricular tissue.
We used cardiovascular disease tissue assay that have 47 tissue spot contain 27 acute

infarction, 10 myocardium scar and 10 normal tissue to detect ZAK protein
expression by immunohistochemistry.
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Figurell ZAK induces apoptosis through activating calcineurin/NFATcl
signaling pathway and affect calcium influx.

(a) Calcineurin activity was recognized through CaM 1 interaction with calcineurin by
immnoprecipitation of CaM 1, then immnoblotting of calcineurin in Doxycyclin
-induced ZAK expression manner. Western blotting with CaM1 isloading control. We
isolated cell partition of cytoplasm and nucleus to detect NFAT-c4 translocation from
cytoplasm to nucleus by western blotting in Doxycyclin-induced ZAK expression
manner. HDACS is nucleus marker.

(b) To evaluated that expression of contraction-relaxation related protein, PLB, p-PLB,
SERCA, p-SERCA by western blotting.

(c) Calcium in the cytoplasm were stained by calcium indicator with or without
treated Doxycyclin following that observed through with fluorescent microscopy.

(d) Using six differently protein kinase inhibitor contained SP-600125, SB-203580,
U-0126, Ly-294002, FK-506 and CsA in ZAK overexpression of H9c2 cell lineto
expose signification of caspase3 in western blot.



Fig.12
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Figure 12.0ver-expression of ZAK not only evoked MM P-2 activity by JNK and
p38 signaling pathway but also evoked TIMP-1 and TIMP-2 involvein
ventricular remodeling.

(a) Using six differently protein kinase inhibitor contained SP, SB, U, Ly, FK, CSA in
ZAK overexpression of HIc2 cell line to measure the MMP2/MMPO activity by
Zymorgrophy.

(b) To observe that expression level of the related-cardiac remodeling proteins
expression level contain TIMPs, PAI-1 and uPA among over-expression of three
differently type ZAK in 0, 12, 24 hour time-point by western blotting.
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