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g5 —%
ASCHICIZL T ol 2R L 72,
cDNA complementary DNA  HHfHif) DNA
Dadl defender against cell death 1
DAMPs damage-associated molecular patterns % X — ¥ BE X X — v
DMEM Dulbecco's modified eagle medium XL~y 2% 4 — 7 A5
FAK focal adhesion kinase {55 ¥ 7 — ¥

FBS fetal bovine serum 7 3 i Y I3
GAPDH glyceraldehyde-3-phosphate dehydrogenase
) RATATER3-)VETe Fus ) —x

GRP78 78 kDa glucose-regulated protein

mRNA messenger RNA {54 RNA

NRCM neonatal rat cardiomyocytes HT2E(F 7 v DT

PBS phosphate-buffered saline YV v [ifk il A= B A K

gRT-PCR quantitative reverse transcription polymerase chain reaction
ERIET H ) A 5 — ¥ RS

SDS sodium dodecyl sulfate  F 7 v fREEF + U v L

siRNA small interfering RNA {43 7T RNA

Stt3A  staurosporine and temperature sensitive 3A

Stt3B  staurosporine and temperature sensitive 3B

TBS Tris buffered saline U AfEfE A& HE/K

OST  oligosaccharyltransferase A U T HEIRFLIESR



i ol

OA% (heart failure) 1% [72 A & 2> DOIEHERERRE . T2 bb. DIRICHREN S LD 2
W IIBERERY B 23R U CULoR v 7 HERE O AUERRER ASHE L 72 At 5. DPURIRIEE - & RO i
DHILL . Z S PECEBI A RE MK T 3 2 BRRREMRRE ) & ER I L 2IWAETH D [1]. R
HCHERE 2600 T NICHE R 5.2 5 L SN EBRAREERETH 5(2,3], HRICE T
OB I EMEYICRERROSE 2 iz o Thh., FFICOARILOEEONROH
THRODTE DB L e I NT 5[4, FEDHIKEY TlE, ODARBREL LT v oA
T v v ERRERIHESRS BN &R O EYRESIL B N Tw B[], £
UTAE Tl SGLT2 (sodium/glucose cotransporter 2) PHESZ (2 U o & 2 Fill LA 2R
DEASERINICHEIRE XD X 5 IRV [5]. DARBHFO PREEIPIFILTHE, —
JiT, DARBERISEBOEMULE T2 LB TFHEINE L 5[3, 6], DAEICHT
LW B AERR DAL S T\wv D,

ORI AR D 7n < BABERE 2 25 5 7= D [7]. OFEZE R Lic X 0 O AIRESE A3 X
N3 L ORI A EBHEETOARE~ERIET Z, X o T, DEHIIESE O Il H
DARTRIREIGIC R Y 9 3 L E 2 b5, 2 D)5 T, DFHIZS o IH % 151 & 4 2 0K
RERIIREFEL RV L2 5, Fifk A DHHasEIH N 7o R ko bh 3,

MHRESE L 7 R b — > X (apoptosis) ICfRFE X N2 7w 7 7 LHHAESE (programmed cell death)
&, T w7 LMl TH DA 7 v — v R (necrosis) ICKRAIEN[B], THF—vRE X
78—y AT L BITOAERRIEICRELSFELELTWE I EHBALNTWYS[9], EFETIE,
2717 k= R (necroptosis) . »¥ 4 1 7 b — X (pyroptosis), 7 = & + — 3 & (ferroptosis)
EVoZIET R = 2D T 77 AR D Friz IR XN TE Y (8], LAl E
HER DA RRAE~DBEE A E S XN TV B[10-12], —H T, Zh b DLAMIESE %
AT B 7 FAGEEER ) T A = X LIZEH ICEM AR S S W &b, D
FANRESE D BT AR I DA 2 DR ERFIHICER TH 5 L WV 2 5,

AHFFE OIS 2 J06] 3~ 2 BIn T2 R T 2720, lE L~ v 2D.LEEZH w7
cDNA A 78T L ADT—=XX=2hL, LECEFAEHL, thofifdcT7 R F— 224
fil3 5 2 EAMEN TN T BBEETZME L 72, il L 2B OB R Icon» T, #ED
AHAIAE I SIRNA %38 A L OAMIIESE % 340 L 72 %55, Dadl 250 MIEsE % 1l 2 2 & %
FRL,

Dadl Z/MEKICE TR v o7 B N BURESEMiZ 1T 5 B TH 5 4V o hiinfsik
(oligosaccharyltransferase : OST) AR A MK T 2 EE Y 72 =y F TH L Z LHBH LN
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THEH., OSTEAKROLRENMICEE REEZH > T b & SN B[13][14], FEBHEA T E~
AN E W TRD iR 2 v N 7 ORRERENMI DO 1 D TH Y, & MiTHBWTIE N AL
11D O/, C B, GPI 7 v —BOAF 14 FHEOEEN B FEET 5., Th b OREH
EHiI3 2 N2 N7 2 OB IER I L > CRREMICAE X ., fTd N BB EH
ZHHIBER L LT OST HAKSH LN TWwB[15], £7-. OST HAMEIC Iy 72 = v
FELTSHIA ZETBHDE SIB 2 AT b DD 2 FEEAIFAE L, FFIC St3A &8 OST #
ARERIER & FIRFIC N BUBSSHIEE 21T ) BEBEZ A L. —/ T St3B % &% OST AR
St3A IC X 2 EHMi %2 T b o L2 IR IC 7Y a v LT aREEZ AL TWw 3
[14][15], L 2*L 72285, Dadl OAIFFEINHI A 71 = X 2 2 HIIISE ICBEHE S % Dadl & OST #
Gk DBBRIEIC OV TIIRAZHL T I N TR,

N BUBESHIEAT O R & e 2 REM A 2 v 2B e LCHIfaEE 2 v 7 BB3% TN 5,
MRS & MIfasE & DBIEEIC O W TR INE TICHE K DA TTONTE D, Fricil
fa L fifast~ btV v 7 2L OFEEREICLVFEINL THF— RIET / 4 ¥ X (anoikis)
EMEENTWAB[16], 7/ 4 F A& HEIT 2 BT X - TR 7 2 28, T ICHifg-FEEE
MoEE LA v T 7Y vo, IS L CUEHL I N 2 EZEFREF oy v 5
—X¥TH5FAK A5 LT3 L ENB[17], LA LZAaAS, Dadl 2lfgEEeT7 /4 F
ZICBD B Lo i ixfth oMEE Ao TH RIEFEEL R,

Z ZCARWIZE TiX. Dadl AMIIEEE % v o3 7 E o N BIBEHENi# AL CT 7 4 F 2%
HLTW3 e W IKFEE T, Dadl O LFHIASEINHIBET O f#IH % FhE L 7=,



Jiik
ERIMOR Y B>

PP I BRI RBOR IR AT SR B R B 2 O KRD b L AT L 72, FEEREY O HLY s
IFRBCR IR AW TR T BRI T I T D W TT o 72,

#H¥a 2 DNA OHLY
FH 2 DNA OHLY Hov i, KO FHEE R 2 ZERSERHL A LW - 72,

AREERTH W5 EE % Table 1 12783, Hy0». tunicamycin, Z-VAD-FMK (¥ DMEM H i i
L7, adhesamine (Z-OAMIIEOEEERTIC 7L — P LICRML 7z, 7470420 Fva
— MlE, B5#E 7L — 1 I fibronectin Z AN L. il T 45 4y [HEJAEZ L 72 #%. PBS THEH L O
iz L 7z, IVRla 7 -5 v a— b Tid, 7L — FIC 10 pg/mL D collagen type IV %
AL, =T 30 0 [HFE L 72, PBS T L.OiNe 2 fERE L 7,

Table 1. The reagents used in this study

Target Name Concentration Manufacturer Stimulate time

H>0, 3 pg/mL Nacalai Tesque 48 h

tunicamycin 0.1 pg/mL Sigma-Aldrich 48 h
Selleck Biotech

Z-VAD-FMK 100 uM 96 h
BD Biosciences

adhesamine 50 pg/mL NAGASE 96 h

fibronectin 5 pg/cm? Sigma-Aldrich 96 h

collagen type IV 10 pg/mL Nippi 96 h

PEFT v O (NRCM) o BB - 558

1~2 Hlv O A4AF Wistar 7 v b (REFRIEBREMWITIZERT) 25 0EZ L, ik iC 3~4
LYW L 72 1%, PBS Tt L 72, 0.1% trypsin (Thermo Fisher Scientific) & 0.1% collagenase
type IV (Sigma-Aldrich) % & %> digestion solution (0.953% HEPES, 1.52%NaCl, 0.045% KCl,
0.031% NaH,PO4 HyO. 0.144% glucose. 0.00023% phenolred. pH 7.6) &at 33mL %, 1 [A]iC
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DEH2.5mL M Z 37°C, 140min'! T 3 &% & ¢, LiE% 50mL © DMEM (Thermo Fisher
Scientific) FICIAMRE X B 2 HREA MM ES 22 2 T THEVIR L 72, 4 °C. 1000 rpm, 547 C
L%, BEAIYEBRE, 10mL © DMEM C##E L 72#., 100 pum D+t Z + L —F —TR
MY RO MEEZ 10cm AIALF v —F 4 v 2 (Iwaki) T80 M4 v Fa—F L7,
T4 v ¥ 2 IlfiE Lkl z Ol (NRCM) & L CEUYL 72, HEEL 72 NRCM
IZ 4°C, 1000 rpm, 553 CiE-0fF, EEZHYBRZ . 10% FBS (Thermo Fisher Scientific) &
0.1 mM bromodeoxyuridine (Thermo Fisher Scientific) % & DMEM " CH## L. 1.0x106
cells/mL ¥ 7z 1% 5.0x10%cells/mL DAMAIRRE T 6.12.24,96 well 7L F ¥ — 7 L — } (TrueLine)
ICREFE L 72, NRCM (% 10% FBS &4 DMEM T 48 Wifij#5# L 7-#%. FBS 7/l DMEM T
48 WFfREE L. EBRICH W 72,

SiRNA F 7V R7x20vav

SiRNA t 7 v 27 = 7 ¥ 3 Vi Lipofectamine RNAIMAX (Thermo Fisher Scientific) % Ff
W7z, Opti-MEM I Reduced Serum Media (Thermo Fisher Scientific) H1IZ 2% Lipofectamine
RNAIMAX & A1 L 7238 & . Opti-MEM 1 Reduced Serum Media H11C siRNA Z sl L 7214
W FEREA L, EiT 20 7 H#HE L 72 NRCM 2558 7'V — Mo 3 2 ERic, Bi
DEAMW L 10% FBS &H DMEM H1D NRCM % 1:4 DFEH TEA L7z, MISSION siRNA
Universal Negative Control #1 (Sigma-Aldrich) % control siRNA (siCtrl) & L CTHWw/z, & T
® siRNA |3 Sigma-Aldrich 2> D BA L 7 AEERCTHE L 72 siRNA DCI % Table2 iC789,

Table 2. The sequences of siRNAs used in this study

Name Direction Sequence
Ctrl Proprietary sequence

Dadl #1 Sense 5’-rCUrCrCrArCrArGUrGrCrGrCrGUrCUrGUTT-3’
antisense 5’-rArCrArGrArCrGrCrGrCrArCUrGUrGrGrArGTT-3’

Dadl #2 Sense 5’-UUrCUUrGrArGrCUrGrGrCrArGrCUUTT-3’
antisense 5’-tArArGrCUrGrCrCrArGrCUrCrArArGrArATT-3’

Stt3A #1 Sense 5’-rGUrAUrAUUUrCUrCrGrAUrCUrGUrATT-3’
antisense 5’-UrArCrArGrAUrCrGrArGrArArAUrAUrArCTT-3’

Stt3A #2 Sense 5’-tGrArAUrGrArCUrArCUrAUrArCUrCrCrATT-3’
antisense 5’-UrGrGrArGUrAUrArGUrArGUrCrAUUrCTT-3"




VIRARVTRy T4V

Ry X7 EDEIUEA T O FIECTHEM L 72, NRCM (1.0x10° cells/mL ¥ 72 (% 5.0x10°
cells/mL) % PBS T 2 [0]Ei5%. 1xSDS sample buffer (50 mM Tris-HCI. 10% glycerol, 2% SDS.
0.001% bromophenol blue. 6% 2-mercaptoethanol. 1% protease inhibitor cocktail, 0.1% dithiothreitol.
1 mM Na3VOs, 1% NaF, pH 6.8) ICAfEL., 95°CT 5 ffl & v s 7AW S 7z, Bk
WD & v 7 I3 & 2xSDS sample buffer (100 mM Tris-HCI., 20% glycerol, 4% SDS.
0.002% bromophenol blue. 12% 2-mercaptoethanol. 2% protease inhibitor cocktail . 0.2%
dithiothreitol, 2 mM Na3VO4. 2% NaF, pH 6.8) #%E&EA L. 95°C TS & v 37 B %
BHx 5 LT,

2y EORIN-7"Y 2 2 ALk PNGase F (New England Biolabs) % F\>CTfT 572, 9uL
? 1xSDS sample buffer & 1 uL @ 10xglycoprotein denaturing buffer(5% SDS. 0.4 M dithiothreitol)
D& VAT %D 100°CT 10 70 X 2 72,2 ul @ 10xglycobuffer 2 (0.5 M sodium
phosphate, pH 7.5). 2 puL @ 10%NP-40, 6 uL ® H,0 &AL 721, & v X 7R % 500
U D PNGaseF LA L. 37°CTIRHA v Fax— L, ZOBRYZRAZX YT YT 4
YZICXOBEN-7"Y 2 oAb & G L 7=,

FoNKE Y N7HIZSDS FY T 7 VAT I FrVERKE % HVvCH T8I L Ico
L 724, polyvinylidene fluoride membrane (Merck Millipore) ICHRE L 7z, $RBEfRD A v 7L
v % 2% skim milk % 7213 2% bovine serum albumin T 1 Fffij 7' a v ¥ v 7L, —X¥ifk%
4°C over night b L < (3% 3 B CHHE L 72, 0.05% tween 20 & TBS T 3 [MPLF4, 22
Ak RPUA & T 90 STHHE L 72, £ D&, 0.05% tween 20 & TBS T 2 [P L 72 4%,
tween 20 JEEH TBS T 1 [MPEH L 72, {LEFEEEEE & L T, Chemi-Lumi One Super (Nacalai
Tesque) ¥ 7z 1Z ECL Western Blotting Substrate (Promega) % Fi > 7z, & & 437 1T 1. ImageQuant
LAS 4010 (GE Healthcare) % Fi\>C 7’1 v} li{ % $5%5% L . Image] software Ver.1.51j8 (National
Institutes of Health) Z W C Ny FEEZER L 7z, NWEM 2 F v —1 & LT GAPDH %
L 7. AREBCREM L 2291 % Table 3 10”3

ALYy ey ZBUTOFECEML 72, fEHRDOA Y 7L % 005% tween 20 &F
TBS T 3 [mI%EHE%. 0.7% 2-mercaptoethanol % & 15 stripping buffer (2% SDS. 7.57% Tris. pH
6.7) H1C50°C, 3047, 40 min"! TIR¥E L 72, 0.05% tween 20 & TBS T 3 [P, L&l
LD TTETT vy v ZURBOERIEZIT ) & L THARZ ST €, g 2iTo 7%,



Table 3. Antibodies used in this study

Target Name Dilution Manufacturer Cat.
GAPDH 1:1000 Millipore MAB374
Dadl 1:500 Abcam ab173220
cleaved caspase3 1:250-1:500 Cell Signaling Technology 9664
caspase3 1:1000 Cell Signaling Technology 9662
GRP78 1:250 BD Transduction Laboratories 610978
integrin B1 1:1000 Abcam ab183666
integrin al 1:100 Santa Cruz Biotechnology sc-271034
integrin a5 1:1000 Abcam ab226816
phospho-FAK 1:500 Cell Signaling Technology 3283
FAK 1:500 Santa Cruz Biotechnology sc-558
1:500 Cell Signaling Technology 3285
paxillin 1:1000 Cell Signaling Technology 2542
Stt3A 1:250 Atlas Antibody HPA030735
Cell viability assay

fHE 4773 1% CellTiter-Blue Cell Viability Assay (Promega) % i\ > CHIE L 72, 96 well 7L
— b THFEE L 72 NRCM (1.0x10°cells/mL) 1Z CellTiter-Blue Reagent % 20 uL #H0 L. #H5E
e 3Rl 4 v F 2 _— 1+ L7, SpectraMAX M5e (Molecular Devices) % F\ > CHEEY) D
RS & NI R 560 nm M OVHEIER 590 nm CHIE L. HOEEREE 2 O MRS FR 2 HEE L
720

BRI E
247 V7L — M 12mm DA T A%BHE 5 pg/mL D laminin (Thermo Fisher Scientific)

% 400 uL Mz 7z, 37°CT 2 WA EA v F 2 _—+ L 72t%. PBS T2 [yt L. NRCM %
WEL72 22— b L7272 H 8= LIci#E L 72 NRCM (5.0x10° cells/mL) % PBS T 2 [7]
UEift2. 4% paraformaldehyde in PBS C 15 73 [E][EE L 7z, 0.2% triton in PBS C 2 47 [u] fEig it
WL L 72#%. 3% bovine serum albumin in PBS C 30 73fi] 7' 0 v ¥ v 7 L 7z, UHifiid o #%
I, —XPifk L L T sarcomeric a-actinin Tf& (1:400, Sigma-Aldrich, Cat. A7811) F7z1%
cardiac troponin I #1{4 (1:400, abcam. Cat. ab56357) % F\>, Alexa Fluor 546 Fak — X Pk
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(1:400, Invitrogen, Cat. A11030) ¥ 72! Alexa Fluor 488 BEafk — X ¥tk (1:400, Invitrogen.
Cat. A11055) % Z N Z A7z, #IZ DAPI (1:200, Nacalai Tesque) THeft L 7z, HOEBEM
# (BZ-X700 ; KEYENCE) % F\» CHllfEiEi{§ % 1572, MR MHRE 1% Image] software Ver.1.51j8

(National Institutes of Health) % F\»C/iER L 72,

7R = RERHIE

96 7 )7 L— MICEEEL 72 NRCM (1.0x10° cells/mL) % 5 uM NucView 488 Caspase-3
Substrates (Biotium) & & $1Z 30 434 v F 2 ~— L7z, AEMIEZHN T cleaved caspase 3 IZ
& o TYIWT & - BOEROAEE 2, SOLBAMEE (BZ-X700 ; KEYENCE) % ffif L THIZE L
726

qRT-PCR
RNA O RULIZLL T OFINECTEM L 720 NRCM (1.0x10° cells/mL) % PBS T 2 [H¥Ei%.

500 pL @ QIAzol Lysis Reagent (QIAGEN) %ML 7z, 100 puL @ chloroform % Jll 2. T AL
7 v 7 A L 721%. 4°C. 15000 rpm, 15 73500l L BiE %2 BUR L 72, EiE & 5558 D isopropanol
ZHNZ. 4°C, 15000 rpm, 20 73 0B L Bl ZBRE L 721, 500 uL @ 70% ethanol % Ml 2.
THE 4°C, 15000 rpm, 5 70 DorBfE L B2 BRA$ 2 2 & TRNA 2372, #5172 RNA
IZ 11 uL @ 0.1% diethylpyrocarbonate JLEE/K ICAfE L 72,

cDNA % 100 units ® ReverTra Ace (TOYOBO). 0.25 ug @ oligo dT primer (Invitrogen) .
4 nmol ® dNTP %#F\»T 1 ug @ RNA 2 W59 % 2 & THIKL 72,

o7z cDNA W2 S 2 L F7213 4 pL ZHLY | 10 pL @ Fast SYBR Green Master Mix

(Applied Biosystems) & 5 pmol D77 4 ~—%F\» 20 pL O ZFHL L, StepOneReal-
Time PCR System (Applied Biosystems)iC & % U 7L & 4 L PCR IC X h mRNA FEH & % HE
L7z WIAPE= v b e —n & LT GAPDH 2 L 7z, AEERCHEML 7277 4 =~ — Dhckl
% table 4 IC/R"3

Table 4. Primer sequences used in this study

Name Species Direction Sequence
Forward 5’-CATCACCATCTTCCAGGAGCG-3’
GAPDH Mouse/Rat
Reverse 5’-GAGGGGCCATCCACAGTCTTC-3’
Forward 5'-AGGCAGTGAAGACTGGTTCC-3'
Stt3A Rat
Reverse 5'-TGAGCATTAGCACCAGGACG-3'

-10 -



¢cDNA =4 7ua7L 4

FEY 2 F A X L7 C57BLI6 ~ 7 AD.LKA & QIAzol Lysis Reagent %] L T Lt &
[f] U775 C RNA Z[EULL, WHEIC X D) RNA 225 cDNA &K L7, ~427a7 L4
M7 Affymetrix ¥ 7 7 =7 (Mouse Gene 1.0 ST Array) % i L CTHEML 7=,

MEHEHT
7 — 2L HEHER 2 (SD) TR L7z, VT RZ VY7 ay 54 v 2L qRI-PCR I3, EY)
RN L 72 v TR L CEME L. thoEERICE W TR AEYEN EEZ &R O
JUBIFFIC R U7z, 2 BERE O EiRIE Welch @ t MUE % 1T 5 720 % E B3 —TCECE 5 50T
(ANOVA) IZ X % Tukey-Kramer #5E % il L 72, #aHHIAE =X P<0.05 (M) & L7,
AT IC 13 Statcel Ver. 3 (ISBNO78-4-434-15413-3 5 OMS i) % {EH L 7=,

- 11 -



GES

Dadl OFEEMENLOHMO 7K b — v X 2FET 3,

PR TEINES T OBRER 21T 5 72, YW ECTHEEICHEM L 72 C57TBL/6 ¥ 7 A D
faH 20D % V72 cDNA ~ 4 278 7 L A DT — X X — X % il L 7z, Gene Ontology fi#
HTIZ 35> T anti-apoptosis @ term % A3 2 BUL T 2 ER L. Ok < D FEBLE 3% W IEIC A
BT 2MHE L7~ (Table 5), %D, DR TOME 2V 7Bl T-TH 2 Tptl. Ciapinl,
Birc6, Dadl @ 4 fEfHICBIL T, NRCM ICsiRNA # b 7 v R 7 =22 > a v $ 5% 2 & CIEX
J v o By RTG, LHIREE % 8T 5 0 % W L7z, Cell viability assay OFEHR X U
Dadl DFEIINGI LA % 5589 2 2 L 2SS 217 > 72 (Figure 1A-1C), —/7 T,
Z oMo 3 BIEFICBL T RIRDOMET 21T 27223, siRNA ICX 2/ v 7 Xy vtk o T
CAIIESE X558 X L7 2> - 7= (data not shown),

Dadl ZfEOMALICENTT K=o X2l T2 e RHEINTVE I LD H[18-
22]. Dadl OFINGEIDS caspased ZiEMAL T 220089 %2 BEEL 72, % OFER. Dadl FH
N X 0 iR LRI CH % cleaved caspase3 DFIAAHEM L 72 (Figure 1D), 72, 71
— VAN m T b=y R EOMAEISEIE DAMPs OREEES — . TAHEF =Y 2T
DAMPs D b WHIIESETH 2 L XN B[8], % Z T. Dadl FEMHIC X » B5EHK
HIZ DAMPs 23U S 2 0 2 iR % 720, K5I+ D DAMPs & L C GAPDH @ = %
JE L 7243, Dadl ZHWNHNC X © GAPDH O3 R & M7 2> 5 72 (Figure 1E), L 72235 T,
Dadl EBIGHNIC X VFFEINZMIBEIT R b= R THY, A7 v = AP fa 7}
— ¥ 2D X 72 DAMPs O 2 5 HIfZAE Tl 2 L IS 2T 7 o 72,

Dadl lIvav¥a v "niiE W OMIER FLAFEET R P —v 2232 2 &
DG XN TV B[20], 22Ty IMEEZ F LR Dadl /v 27 X7 VEEEET K —2 %
DIFHETH 25 &5 % WRIEL 72, Z OfER., TEA/NMIKR P L RAw—H—L LTHIOR
% GRP78 [23][24]DFH 1T Dadl FKIEIHNIC X > TN L 72> 7= (Figure 1F), L7248
T, Dadl FEMHNC L VFEINLZ TR —> Z/MIEX P L RICE 2D TIIARNE
EHITRE I NI,

-12 -



Table 5. The expression level of cell death-related genes

Gene Symbol Name Signal Intensity
Sod2 superoxide dismutase 2, mitochondrial 12.66384
Tptl tumor protein, translationally-controlled 1 12.66348

Eefla2 eukaryotic translation elongation factor 1 alpha 2 12.14191
Dadl defender against cell death 1 11.39131
Sodl superoxide dismutase 1, soluble 11.31529
Cavl caveolin 1, caveolae protein 11.237
Bag3 BCL2-associated athanogene 3 10.69732

Serbpl serpinel mRNA binding protein 1 10.67319

Clu clusterin 10.66915

Prdx2 peroxiredoxin 2 10.62653
Duspl dual specificity phosphatase 1 10.60869
Hspdl heat shock protein 1 (chaperonin) 10.52478

) phosphatidylinositol 3-kinase, regulatory subunit,

Pik3rl 10.49684

polypeptide 1 (p85 alpha)
Aktl thymoma viral proto-oncogene 1 10.46997

Cdknla cyclin-dependent Kinase inhibitor 1A (P21) 10.16187
Vegfa vascular endothelial growth factor A 10.06685
Pdgfrb platelet derived growth factor receptor, beta polypeptide 9.860845

) Chp/p300-interacting transactivator, with Glu/Asp-rich
Cited2 9.801017
carboxy-terminal domain, 2
Bagl BCL2-associated athanogene 1 9.771879
Lrpl low density lipoprotein receptor-related protein 1 9.651178
Tek endothelial-specific receptor tyrosine kinase 9.649228

Ciapinl cytokine induced apoptosis inhibitor 1 9.615762
Ptma prothymosin alpha 9.555673
Stradb STE20-related kinase adaptor beta 9.461683
Birc6 baculoviral 1AP repeat-containing 6 9.447658
AxI AXL receptor tyrosine kinase 9.43721

Fnl fibronectin 1 9.362098

Pgap2 post-GPI attachment to proteins 2 9.343326
Pik3ca phosphatidylinositol 3-kinase, catalytic, alpha polypeptide 9.338035
Gsk3b glycogen synthase kinase 3 beta 9.271261

The expression level of each gene was determined from signal intensity of cDNA Microarray

analysis using total RNA isolated from the homogenized C57BL/6 murine hearts. Thirty anti-
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apoptotic genes that were most highly expressed in the hearts and representative data of their

signal intensity were shown. As a reference, the signal intensity of GAPDH showed 13.74002.
(FFRX 4514 0 51HD
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Figure 1. Suppression of Dadl induced cardiomyocyte apoptosis independent of endoplasmic
reticulum stress.

(A, B) NRCMs were transfected with siCtrl, siDad1#1 or siDad1#2 at the indicated concentrations for
96 h. (A) Dadl protein expression was evaluated by immunoblotting (n = 4). GAPDH was used as an
internal control. Left panel: representative images. Right panel: quantitative data. Band intensity was
measured and normalized to that of GAPDH. (B) Cell viability was measured and normalized to that
of siCtrl-treated cells. Representative results are shown (n=4), and the experiments were independently
repeated four times with similar results. (C—F) NRCMs were transfected with siCtrl, siDad1#1 or
siDad1#2 at 50 nM for 96 h. (C) Immunofluorescence microscopy was performed using an anti-
sarcomeric a-actinin antibody. DAPI staining was performed to identify the nuclei. Representative
images are shown. The experiments were independently repeated four times, and similar results were
obtained. Notably, the cardiomyocytes treated with siRNA for Dadl shrank and showed condensed
nuclei. (D) Expression of cleaved caspase3 was estimated using immunoblotting analysis (n = 4).
GAPDH was used as an internal control. The upper panel shows representative images. The lower
panel shows quantitative data. The band intensity was quantified as described above. (E) Proteins were
extracted from the culture media. Immunoblotting analysis was performed using an anti-GAPDH
antibody as an indicator of cytosolic protein leakage (n = 3). The upper panel shows a representative
image and the lower panel shows the quantitative data. Culture media from NRCMs treated with 3
pg/mL H>O, for 48 h were used as the positive control (P.C.). (F) Expression of GRP78 was evaluated
by immunoblotting analysis (n = 4). GAPDH was used as an internal control. Upper panel:
representative images. Lower panel: quantitative data. The band intensity was measured and
normalized to that of GAPDH. Non-treated NRCMs were used as the negative control (N.C.), and
NRCMs treated with tunicamycin for 48 h were used as the positive control (P.C.). Data are shown as
the mean £ SD. *P < (.05, **P < 0.01 by one-way ANOVA followed by Tukey—Kramer test. n.s., not

significant.

(FEFL[451 % v 51 FH%Z)
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Dadl O FHRMEIFHFERRMEZ R 0K L MIfEAE KT OB E LR T,

Dadl FEHINGEI A OHMAE O RIARNIC S 2 2508 2O 0T 2 720, HLRERE % H
WCLFMOEEEBIRL -, 2 OME. Dadl FEMH < X b 5 R AE T K

(myofibrillogenesis) DR & MLHERE DK T 23R & 7z (Figure 2A, 2B), Dadl FEHI
Hilic X 2 B ARMETE AR S D A=K YIWNC X 2 DA E 3 0L 2T B 720 1C,
71 A —XRHEH] Z-VAD-FMK [25] CHiJRFRAEE IR A2 UGE T % 2 2 RGFE L 72, Z-VAD-
FMK 72871 Z 8 —EiEE# HETETnWE 2 &3, HAAN—FIC X VYW S hid 2 RT3
1 ZAX—XFE T H % NucView 488 Caspase-3 Substrates FK D #{H:25, Z-VAD-FMK I X -
THADT 52 L2 bl L7 (Figure 2C), L 2> L7225, Z-VAD-FMK | Dadl FIH#IH
I X 2 R RRHEI RS 2 &G L 722 o 72 (Figure 2D)., L 72485 T, Dadl FEEUIH 1% H =
N —EEPE & Z BRI OIS D TERE 2 2L X ¢ B 2 L AR I N7z, —J7 T, integrin
Bl 7% KB X & 7= Lo i MR 1% R Bk o i IR AR A T R R 0 RV 2 7R 3 2 & 22 5 [26]. KIC
Dadl & fifafsEs & oBIfRICER L 7=,
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Figure 2. Dad1 knockdown reduced cell surface area with impaired myofibrillogenesis.

(A, B) NRCMs were transfected with 50 nM siCtrl or siDad1#1 for 96 h. (A) Immunofluorescence
microscopy was performed using an anti-cardiac troponin I antibody (green). Representative images
are shown, and the experiments were independently repeated three times with similar results. (B) Cell
surface area of NRCMs stained with an anti-cardiac troponin I antibody was measured (n = 50). The
experiments were independently repeated three times, and similar results were obtained. (C, D)
NRCMs were transfected with 50 nM siCtrl or siDad1#1 in the presence or absence of 100 uM Z-
VAD-FMK for 96 h. (C) Apoptotic cells were detected by the fluorescence of the enzymatic product
from NucView 488 caspase-3 substrates in NRCMs (green). Representative images are shown, and
the experiments were repeated three times with similar results. (D) Immunofluorescence microscopy
was performed using anti-cardiac troponin I antibody (green). Representative images are shown, and
the experiments were repeated three times with similar results. Data are shown as the mean + SD. *P
<0.05, ¥*P <0.01 by Welch’s t-test.
(FFX 451 & D 5IHISE)
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Dadl i34 v 77y vo NEREREHMiEZFAML. 2 oRBEL2HHIT 3,

N BUBESHIEHG XM EEE & v 3 7 B O BE R FIFIRENI <5 5[27], Dadl FEEHIHIRFD L
AT integrin 1 RABCAHIAG & MR DRI %2 7R L 72 72 | Ml & FEHE R o B % 41
A4 VT 7Y vORBEICNT 5 Dadl DE T, A VT 7Y VidaY T2y LB
Y72z b2 BEEZBKRLTCEY, LHMIETIE integrin alfl. integrin aSPl. integrin
oa7pl BEEICRHLTVW3[28, TNLDA VYT 7YY ¥ 72=v D5 b, integrin o7
i AEEZOOHMIE TIIFREREDL D 772 ®[29]. integrin 1. integrinal, integrin a5 D¥E
B &Gl L 72, % OfEE, Dadl FEMIHIC X V| integrin pl D FROK T BHE I NI,
Z 2T, siCtrl LA TR X 117247 T B D integrin B1 % mature integrin Bl & &7z L,
Z R EZ ERL L 72/E%. Dadl FEHUIH] I3 mature integrin B1 DFEH 2 WA €72, £
2o BN 277V a2 W AL#%E CH 5 PNGase F [30] CULELS 5 & | integrin Bl D THOEK T
DA & u7- (Figure 3A), PNGase F ZLHIC X 0 N BUBESH % 2 - 72 integrin Bl D7 1 & 1%
siCtrl Bf & siDadl BFfE]CH—TH 5 2 & 25 2 % &, PNGase F RULFKF D integrin B1 D
DFfEOECE, BHid Nz N EHEOECICHKET 20D THL LR Db, Tk,
PNGase F RULFED siDadl #FIC B Tid integrin pl DY FH A IR KR E AR > TWnb Z
EH 6, Dadl OFBIHNIC X Y E L 245827 integrin 1 13, NEBESHEA Z W R
LKA 725y B D integrin Pl 2> DM I N TV 3 T L A34r5 %, & - T, Dadl 2% integrin Bl
O N EBESEMIC EBEEAKE 2R LT3 PO IR 0Tz, A VT ) v DaY
7' 2=y MCBAL T3, integrin aS D4 FEIE Dadl FIRINGENC X > TIE T L 7223, integrin
ol D TEIIET Lxd o7 (Figure 3B, 3C), 2NH D4 v 7 7Y v D4y T HEIT PNGase
FIEoTEHELLALZZ L5, integrin al & integrin a5 13 N BURSHEAIi T 3
23, Dadl IC X 2 NEUBEHIERT O % Z 1T TV 5 D (3 integrin a5 DA TH 5 T L AL A
IClx o7z, 2D X DI, Dadl Z&T OST HAMKITIA v 777V v o N ABESHERH B T
R OMEIENEE 2 B2 LT B 2 RS DT o 77,

FAK 34 v T 7V v EPL Y I PN ELET 2EZEEEFa s v x> —€TH Y,
MO KETHE, B8, ATfF R & OfkL mAEYEN 7o 22 HH+ 2 2 L3 bNT v 3[31],
Dadl FIMHNIC X 0, FAK OiEHRI<H 2 ) V(L FAK  (pFAK) DRI L 7z0
IS L. FAK Of8L =i Dadl /v 7 X7 VICK o TELL BT LIk 72

(Figure 3D, 3E), ¥ 512, Dadl / v 7 X7 vic XY, FAK ¢ DMHEMEMHZNLTA v T
TV ERN LIV T FNRIGIET 2T X T X=XV ETH 5 paxillin [31]DFEHMET
L7- (Figure3F), ML EX V| Dadl 254 v 727V v NAEPEGHEA % FE L, pFAK &
L CHlBAEA RS 7PN Z iR 5 T L A B 2T 7 o 7o,
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Figure 3. Dad1 knockdown altered the expression of integrin p1 and pFAK.

(A-F) NRCMs were transfected with 50 nM siCtrl or siDad1 for 96 h. Expression of mature integrin

B1, mature integrin ol, mature integrin a5, pFAK, FAK, and paxillin was evaluated using

immunoblotting analysis (A:n=3,B:n=5,C:n=5,D:n=5, E: n=5 F: n=4). GAPDH was used

as an internal control. PNGase F was used for de-N-glycosylation of integrin B1, integrin al, and

integrin a5. The band intensities were quantified as aforementioned. The band intensities of integrin
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B1, integrin al, and integrin a5 with molecular weight higher than that observed in control siRNA-
treated cells were quantified as mature integrin f1, mature integrin al and mature integrin 5. Data
are shown as the mean = SD. *P < 0.05, **P < 0.01 using one-way ANOVA followed by Tukey—

Kramer test. n.s., not significant.

(FFC[451&% v BIH)
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Dad1 FEHIHIC X 2 LHMREIE I MRS 0ftic X > THRET 3,

Dadl 25#Hfe & FRMR M oBes 2 HIH L . Ml FRIGEE 252 5089 22 WL H
T 2720, MigEEIER TH 5 adhesamine [32]% AV THEET 21T - 7z, Cell viability assay
DFEFR LY | Dadl FEEIHNIC X o> THE S 2 LAFHINZIE L adhesamine (1€ & > TFEI
52 ERRENT (FiguredA), VT AZ Y 7uy T 4 v 7 OFER XY | adhesamine 78 Dadl
FEHINHNC X % cleaved caspase3 35X UF pFAK OFREHL XV OB L% KET 5 2 &R &
7z (Figure 4B, C), ¥ 7=, adhesamine (% Dadl DRI ELY 5 2 7h - 722 & 55 (Figure
4D). adhesamine (Z X % Mlld3E D SGE IZMLEAE OHIIRIC L 2 b DTH B 2 L HRE I N7,

FEoMRICA T, BRIEEEZ KT 2 T8 R X v 327 H & LT fibronectin ¥ collagen
type IVRIH BT ehb, INOLDRVY NI ERI—T A VI LERETL— 2L T
MR AR % 5l L 72, % OfER, fibronectin < collagen type IV % Dadl FIFHHIC X - T
FE X N5 .DHAESE B X O cleaved caspase3 D FEIRIENN % #IHI L 7= (Figure 4E—4H)

Fibronectin % collagen type IV siCtrl BE DM EFR S B #7270, MiflaEs o8 E
I X pAfifa o RAELSN T S | A DAl ot S il 2 i 2 =0 -2 a v
DZAIC X 0 MfAAE M E N FTREMEDS B T b 5, £ 2T, WAL A FHE T 41T
W72 W IRTE (sIRNA HA) 12 24 BEHCEAEMIE Z BN S 2 2 20 &5 2~ 7o, Z DRER,
fibronectin ¥ 7 Z collagen type IVOH M CEEMAIEIC AR 7213 A b L7ed> > 72 (Figure
5A. 5B). ¥ HIiC, EEETORE (5.0 x 10%ells /mL) TH RO GO & A
5 (Figure 5C, 5D). fibronectin %° collagen type IVIC X 2 MHAGAE D i ix, Ml fe F&HE IRy o $2
A OHIRE & 1ZBIR 7R\ 2 E AL 2T TR 5 72,

% 72, collagen type IVIC X 2 (REEXIF 23, HIAOEEICIE U T2 L 7z AR FR e dEAERE = 2
2= =2 avIiCHERTE2HONEIpERHICHNS -9, BEEE X MEEEMgEE S
% Fl\» T collagen type IVAS caspase3 DIGTELIC KIETTRE R ~7-, Z DFER. cleaved
caspase3 DFHL, FFE B L WREEHIEEEOWINICEWLTH FEROZEE /R L 7-

(Figure SE), L 72235 T, collagen type IVORES R ITMMEM =2 I 2 =7 —v 2 v o & L
LEBbDTRARL, 27 =7 v OEYFNEEIC L 2D D TH B ARV LR
e X Lz,
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Figure 4. Enhancement of cell-ECM adhesion suppressed cardiomyocyte death by Dadl

knockdown.

NRCMs were transfected with 50 nM siCtrl or

with 50 pg/mL adhesamine (A-D), 5 pg/cm? fibronectin (E, F) or 10 pg/mL collagen type IV (G, H)
before seeding. (A, E, and G) Cell viability was estimated and normalized to that of siCtrl-treated cells

in the absence of adhesamine, fibronectin, or collagen type IV. Representative results are shown (n=4).

mcollagen typed (-) Ocollagen typed (+)

siDad1#1 for 96 h. The cell culture plate was treated
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The experiments were independently repeated four times, and similar results were obtained. (B-D, F,
and H) Expression of cleaved caspase3 (B, F, and H), pFAK (C), and Dadl (D) was evaluated by
immunoblotting analysis (n = 4). GAPDH was used as an internal control. The left panels show
representative images and the right panels show the quantitative data. The band intensity was measured
and normalized to that of GAPDH. Data are shown as the mean + SD. *P < 0.05, **P < 0.01 using
one-way ANOVA followed by Tukey—Kramer test. n.s., not significant.

(FFX[451 % 0 51D
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Figure 5. Fibronectin or collagen type IV coating did not increase adhered cell concentration.
(A-D) NRCMs were cultured at high density (1.0 x 10° cells/mL) (A, B) or low density (5.0 x 103
cells/mL) (C, D), and transfected with 50 nM siCtrl or siDad1#1 for 24 h. Cell culture plates were

treated with 5 pg/cm? fibronectin (A, C) or 10 pg/mL collagen type IV (B, D) before seeding. Cell
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viability was estimated and normalized to that of the siCtrl-treated cells in the absence of fibronectin
or type IV collagen. Representative results are shown (n=4). The experiments were repeated three
times with similar results. (E) NRCMs were cultured at high density (1.0 x 10° cells/mL) or low
density (5.0 x 10° cells/mL), and transfected with 50 nM siCtrl or siDad1#1 for 96 h. The cell culture
plate was treated with 10 ug/mL collagen type IV before seeding. The expression of cleaved caspase
3 was evaluated by immunoblot analysis (n = 3). GAPDH was used as an internal control. The upper
panels show representative images and the lower panels show the quantitative data. The band intensity
was measured and normalized to that of caspase3 or GAPDH. Data are shown as the mean + SD. *P

< 0.05, **P <0.01 using one-way ANOVA followed by Tukey—Kramer test. n.s., not significant.
(FFC45]1 & 0 51 %)

- 26 -



Mifaizs ofREiZ A v 7 7Y v o N BFEHEHi% EE X &3 Dadl ABRIHIC X 2.08;
MifEst % ME 3 3,

A v 7 7Y vo N BIBEEE TN AR Z & Ok~ AP RIRE I E 2 KT
D3FN ST 5[33][34], Dadl FHMHIAA v 72770 v oo N BUBESHEATIC 5z
& 2> b adhesamine, fibronectin, collagentype V234 ¥ 7 7'V v & N BUBEFH{E T o F5 o 0]
BICEAG LT rz2 YT A Z vy Ty T 4 v I o TNz, D%, adhesamine,
fibronectin, collagen type IVO W HLICFHE W T H, Dadl IR X % integrin 1 D N
P Hi D BL5 132GE L 725> - 7= (Figure 6), adhesamine 7% Dadl OFIHEZZL XTI
Dadl FEFHIH I X 2 FAK OREMHA L2 SGE 2272 2 L 2B E 2 % & | flflukes oifiz A
Y77 v o N BBESEEMIRE 2 0GE L S0 - Mgt = b U v 2 X R o g 7 4
il U 72455, FAK IC X B HlfaEAE S 77 F v OIEHAL OHERF 3 AIRE L 72 U . Dadl FEHHNHNIC
X 2 DSt A & S8 5 T L BRBE N,

&

B
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Figure 6. Enhancement of cell adhesion failed to rescue the expression of mature integrin 1.
NRCMs, transfected with 50 nM siCtrl or siDad1#1, on the cell culture plates coated with adhesamine
(50 pg/mL), fibronectin (5 pg/cm?), or collagen type IV (10 pg/mL) for 96 h. Immunoblot analysis

was performed using an anti-integrin B1 antibody. A representative image is shown.

(EFHL451& v 5IHD)
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Dadl ¥ Stt3A & AMHEHFR IO 2 MHE3 3,

Dadl ¥ OST HAKDH 7T2=v +F D 1 >TH 34, MEHIE I R LMo N
T\ 5[14], Dadl FEHIG2S N BUGEHEM % FIH T2 A H =X L %2FR2 728, OST D
filkiftsr 72 = v F TH 2 St3A DOFEHUKN T2 Dadl DEELFAT-, Z OFEHE. Dadl F&
BIHIHNC X - T St3A DFEHIE mRNA L _ATIIEL L o7z— Ty RV 2HL R
LTI L7z (Figure 7A. 7B),

Z T°C, St3A ZFEHIMNHIF % siRNA Z i L. St3A 23 UFflust z ff 5 2 5 & 5 2>
EWAEL 2o VTR X v T 0y T 4 V7 cell viability assay., HEHRIEEDOFER X D | St3A
O FEIINHNL OAHAIAISE % 755 L, cleaved caspase3 DFEIZIINE 22 & & 2L 21T 72
> 7= (Figure 7C-7F), % 7z, Dadl FIMIH 25 S3A OFILE Z WA &2 2 D & [FFRIC, St3A
FBUIFENC X 5> CTd Dadl OFBELMD T2 2 LA S 2217 - 72 (Figure 7G) . iAZIC,
Dadl & Stt3A Ol % FHMEI L 72854, Dadl H L < 1T St3A D F 77 D & D FBUHNHIR
L <, MlEFEEO X LR 2K N IFFE SN 57 (Figure 7TH) . AL X D . Dadl
& S3A IMHAMAFINC B 2 MR L. COAMAESE Z 46 L T b 2 &R S nrz,
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Figure 7. Dad1 suppressed cardiomyocyte death in cooperation with Stt3A.
NRCMs were transfected with 50 nM siCtrl, siDad1 (A, B, and H), and/or siStt3A (C—H) for 96 h. (A,

C) Stt3A expression was evaluated by immunoblotting (A, n = 6; C, n = 5). GAPDH was used as an

internal control. The left panels show representative images and the right panels show the quantitative

data. The band intensity was measured and normalized to that of GAPDH. (B) Stt3A mRNA

expression was evaluated by qRT-PCR (n=4). The mRNA expression of Stt3A was normalized to that
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of GAPDH. (D, H) Cell viability was estimated and normalized to that of the siCtrl-treated cells.
Representative results are shown (n=4). The experiments were independently repeated four times, and
similar results were obtained. (E) Immunofluorescence microscopy analysis was performed using an
anti-sarcomeric a-actinin antibody. DAPI staining was performed to identify nuclei. Representative
images are shown. The experiments were independently repeated four times and similar results were
obtained. The cardiomyocytes treated with siRNA against Dad1 shrank and showed condensed nuclei.
(F, G) Protein expression of cleaved caspase3 (F) and Dadl (G) was evaluated by immunoblotting
analysis (F: n = 4, G: n = 5). GAPDH was used as an internal control. The band intensities were
quantified as described above. (H) Effects of Stt3A knockdown on Dadl knockdown-induced cell
death (n=4). Similar results were obtained in the experiments using siDad1#1 and siStt3A#2. Data are
shown as the mean + SD. *P < 0.05, **P < 0.01 using one-way ANOVA followed by Tukey—Kramer

test. n.s., not significant.
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Stt3A IIMfEEEE X v 7 HORB LT 5,

Stt3A DHMHIIILINTI X 71 = X 273 Dadl L [FAETH 2 2 & 2R T 2720, SU3A 254 ' 7
7 v o NBUBESHER & FAK OIEMHEACICHE L MITT 02 BGEEL 72, Z OF5H. Dadl FEH
PR &[RRI, St3A FEFIHNHIIC X - T integrin B1. integrin a5, pFAK DFEH1ZAL L 7=
25, # FAK OFBUIZEL L 722> > 7= (Figure 8A-8D), L 727255 T, Stt3A 1% Dadl & [Alf
s 2 v X 2 B ORBARIEIL Tw 3 2 EBHL IR o7,
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Figure 8. Stt3A regulated the
expression of cell adhesion proteins.

NRCMs were transfected with 50 nM
siCtrl or siStt3A for 96 h. (A, B)
Representative image of immunoblot
analysis obtained using an anti-integrin

p1
antibody. PNGase F was used for de-N-

antibody and anti-integrin a5
glycosylation of integrin 1 and
integrin 5. The experiments were
independently repeated three times and
similar results were obtained. (C, D)
Protein expression levels of pFAK and
FAK were evaluated by immunoblot
analysis (C: n = 5, D: n=5). GAPDH
was used as an internal control. The
band intensities were quantified as
described above. Data are shown as the
mean = SD. *P <0.05, **P <0.01 using
one-way ANOVA followed by Tukey—

Kramer test. n.s., not significant.
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5

RIfFETlx.Dadl 234 ¥ 7 7Y v o N RUFESHIER % G5 2 £ & COAfAL o A frafErs
K5 T2 2RI L7, cDNA =4 2707 L ABXUSiRNA 12X 3/ v 2727 vER
2> 5 Dadl 250Dl D 7 K b — o 224l 35 2 & 2R L 72, Dadl FEEHIHIRG D O
M DFEREZ L2 & integrin 1 KABCAAMNE & Mk D RIALC H 2 FiFARME IR 10
HLU. filgg 2 v o328 e oBEMEICER L7, Z OfER. Dadl RBGENIA 777V
v O N BIBEBERT O B pFAK, paxillin OFRFUK T AERL L 82 2 L 2SHL 2T o 2,
% 7z, adhesamine. fibronectin, collagen type IVIC X 2 HifEHEE O B5R %, Dadl FEMH I X
2 DB 2 HI L 72, 2 ofER2 5. Dadl ORI HIIIESE, $4hbbT /4%
A% S T L OIS A HE T 5 2 L RO AT L7z, 72, Dadl & St3A OMHAFH
DS AHIED AEFICA R R 7 OST EAKROHEE LTI T2 2 L 2oLz, 2D XD
I, Dadl (Z-ODAMAE O EFFHERFICEE R E# 2 R 3 2 L 3SHL 2 TR o 72

Dadl (¥ fthd v» < 22 O CHIAESE 2 i 3~ 2 < & 233dE T LT 5 23[18-22], £ D5y
FAN=XLBZAHTH 572, BEOHE TIX, tsBN7 M T Dadl BEREDTER A N BUHE
HIEMiORFEFI SR LTCT R = R E2FEET L LR9], FArvavyay T
T Dadl OMHIA/NIFEZ P L AEZNLCT RV ZA%FET I LBRINTVD
[20]c % D—J7 T, AifFECIE Dadl FEHIGNL/MEfE R b L& &3 EEAGR IO AR AL %
FHES 5 2 L, Dadl OFRIIGIAHINLEEE % v~ 78 © N RIUFESHEM O BE % M L O
MRS % HE T2 2 L #B 5 2IC L7z, Dadl 2HlEEE & v 2 HEORELT / 4 ¥ A
BT 2 L WHOME I CNETICIEEL R\ T &5 5, Dadl 25 N BUBESEA 2/~ L CHll
faiEa \C &G U O AMIIESE 2 3 2 & v 9 A 71 = X 113, Dadl/OST EEKOH 7= 75l
BT 2RATH D LR D,

OST #HEWRIZY — 274 v (sequon) LSl & M:IEIL 5 Asp-X-Ser b L < I¥ Asp-X-Thr (X iZ
Pro UANDIEE DT I /1) BLH D Asp it L€ N BUBEHEMiZ 175 2 EAHI LT 5
[14], —/5 T, St3A Zfilfify 7' 2= v + £ 32 OST EAKRL R Y =7 F NP0 %
i3 2 et 3. BEBIBAREAL 2SR Y = 7' F FOMREEICH v . /NakNERR2 5 12
~14 7 1/ BEOHEECH 2 5A RO N B [35], iR ) =7 F Fid/NMatkAEicH 2 &3
CIRIZA=NT 4 VI RIED L0, EROEIEBLTWEIHAETHO 7+ —AT 4 V7
HEE I X o T3 N BUBESEIE A % 32 1T 72\ 2 & 25H 3 [35], AWFZE Tl OiMlliE Tl integrin
Bl & integrinaS 2% St3A % & OST HAMRIC X 2 N UBEHERi %2 JC\»wb 2 & 2B 6 2
IZ L7, integrinal b FELOBHZE LT3 Z &% 22 &, Dadl KU St3A 25 fH§
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% N BUESHIERTI DR RMEIZ X v X2 EBD 7 +— AT 4 v ZERRICE T B 3 Koo D&
CHKTE2DDOTHEeEZLND, T, NEFEBHEHIIFIRZICHE W TDH St3B % filt i
P7a2=vy b &35 OST HAMRIC X o TS X 115 [14], Dadl DFEHHNHNIC X - T Stt3B
DFREBRIZET Lad o722 &, St3B O FEFINHI <l Ot 2558 L e h o722 &
2> Dadl i¥ St3B % fillflifr 72 = v } &3 % OST A ko NEESHEA I IZT2 L 2w
&z 63 (datanotshown), X o T, integrinal 25 Dadl FEAK TR 7 N BUBESH{E B & 52 1
2HEZHE 25 L integrinal 13 St3B Y 72 = v b &3 2% OST HAMIC X H N
BEHi % Z T T 2 AREE E e B 2 b G,

OST # AR IE, Dadl & St3A #EULEHMOY 7 2= v F TR I N T 5[14], St3A IF
N BUBESHIEHT 2 92179 2 iy 7' 2= v } CTH 22, Dadl By 72=v F Tldhwviz
®[14]. Dadl 2% OST B AKKAFHICHIIL AT 2 RET 2 2> 89 HIIAHTH 572, KT,
WEOWETIE, Dadl 13 COS-7TMIAETbel-2 77 IV =X v o828 TH DB Mcl-1 LA
422 L& SN TH Y [36]. Dadl 25 OST HAKITIKIFE L e Wi %&b 55 9 3
ATREME D PAH X L7z, AHFZETiE, Dadl & Stt3A 75 mRNA FIRBICIIHEL 52 Ficx v
NIBEL RV TERCOFER ZHMER L TH 0 DM BT OST EAMRKEER IC.OF
HRZE 2 MH 53 2 & 2B S 21T L7z, OST EATED R T DM B AMFEAD HeLa #l
A cEBEICHRONTEH Y OST EEKDOLEICIE OST48, Dadl. Stt3A b L < Id St3B
DBRETH D Z LRI NTWB[3T7], RFZOMER L AbE 2 &, OST HAKRDORERE SR
D 5 H 0ST48, Dadl. Stt3A 28 OST EAKRDORENICHATH Y, OST HERDLEIIC
HKFT 283 72=y b XV S 7ERIDHER O N TURESHEATBEAE O HERE 23O A e
DAEHICHETH ZREER S W e E X b D,

RS OEE I DIMERE L FHICEEL Tw 3, Bz, OAMIZE BT integrinl
J v 2T v b=y RTERE ODHERE L O RRRE R R T L W ) i °[38]. integrin Bl ~T
0y 77y b=y ZLOAEIERIC T R b — 2 2 ORI & OFIEAEREE 2 R & v 9
HABBEIC XN TW3[39], FAK ICBIL TS, FAK / v 277 b=v 2i3%E% 9 2HETIC
KEEPNLRZFHE T 5 & I MEDH VD [40]. b DHED S, integrin BI/FAK %/ L 72
MRS DR IIROFRE AR EZ 5| E e T L ffamfT U 2 2 L 28T & %, 72, Dadl
RE/ VI T UMV RIRERN 7V as bz v 7R REL, BMREAERCT R b
— U A%BFEST B EPBEICHEINT VS Z LD 5[41-43] EEMNICE VTS Dadl 1
AR IC R HARRTTH L EEZOND,

INETICOLHMIED 7R b — > 2MH 25 &3 5 0B L LT caspase3 FHE
Al W72 iRIE S RE S N T & 72203, BRRER CO A IR T 1T\ 7r 1 [44], Dadl (F
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AvF 7Y v ONBRBEEEMiZRIBL 7 7 4 F 22 WH T2 & W RRRETEcH 2720,
Dadl %12 & 3 2 HiEBIRIE DBHFE I HEHK D caspased LEH] & Hn 2 15BN H % /x4 A HE
WrHitiang, 5%, ILaEW7 477 Y —F%ZMH\T Dadl DFEHLD L < 1% OST HAEKE
D Y & I 2 K0 TAL A EUS T & 1UiE, Dadl %\ 723D AR bR o
FBEHTE RS D 5,

PLEX Y. N BURESHIE AR -CHIAaEEE OB E A OIME R EICHIEICBE#E L T» 5 2 L 28
¥ 25 L. Dadl (X 2 .UAAINEGE D IHNLHTARLOA IR & 70 2 WTREVED D 5 & & 2
bid,
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ODAREIIERICE T 2 FEAEND 1 2TH Y OAREEROMIMBHEL I NG,
ARIFFE T ZICHT T 2 iR EEIE & L COMMARZEIc a2 4 <, REEN L 20 5 5
PRI T DR & Z DT A H = X L OEICE Y fHA 72, Z OREER. HrRLO eS|
[KAF & LT Dadl #[FE L 7z, Dadl 234 v 7 7'V v o N B ERM % HfH 3 2 2 & T, FAK
% paxillin Z/ L COAMIEF 2R L T2 2 L 2L 2 IC L 72, RIFEOERD S,
Dadl 23U iMHRESE DIEI %2 B/ 7 & L 72 DA RIREEEIC 2 0 5 2 alRetEx A L 72, 5% 0
WFZEIC X V| Dadl I X 2 U#IRIEEE Y 7 F A 2 E & 3 2 FTHLOA 2R O FAFE A3
EHT 5 2L 2T 5,

%Ig

Cardiomyocyte survival mechanism regulated by Dad1

RESULTS cardiomyocyte

OST complex danith
OST complex SttaA @ cleave{
Dad1 0\\

~Z

protein N-glycosylation

cell dissociation
integrins "*.... ECM ECM
Cardiomyocytes expressing Dad1 Cardiomyocytes without Dad1
CONCLUSION

Dad1 regulates N-glycosylation of integrins through Stt3A
and promotes cardiomyocyte survival.

(FEFX[451& v 51H)

-35-



=

10.

11.

12.

13.

S 3CHR

(B OA RN A P 74 v 2017 FKGETR] HAMEERG A2/ HAROARES
Ambrosy, A. P., Fonarow, G. C., Butler, J., Chioncel, O., Greene, S. J., Vaduganathan, M., Nodari,
S., Lam, C. S. P, Sato, N., Shah, A. N., & Gheorghiade, M. (2014). The global health and
economic burden of hospitalizations for heart failure: lessons learned from hospitalized heart
failure registries. Journal of the American College of Cardiology, 63(12), 1123—-1133.
Shimokawa, H., Miura, M., Nochioka, K., & Sakata, Y. (2015). Heart failure as a general
pandemic in Asia. European journal of heart failure, 17(9), 884—892.

[ 5 4F(2023) A D BHRERC T H ARSI OB | R4 57 @

[2021 4F JCSAHFS 74 ¥ 74 v 7+ —=ARAT v 77— MR&E - 18022
HAEER G2/ HAR LA RS
Ejiri, K., Noriyasu, T., Nakamura, K., & Ito, H. (2019). Unprecedented crisis-Heart failure
hospitalizations in current or future Japan. Journal of cardiology, 74(5), 426—427.

Bergmann, O., Bhardwaj, R. D., Bernard, S., Zdunek, S., Barnabé-Heider, F., Walsh, S., Zupicich,
J., Alkass, K., Buchholz, B. A., Druid, H., Jovinge, S., & Frisén, J. (2009). Evidence for
cardiomyocyte renewal in humans. Science (New York, N.Y.), 324(5923), 98—102.
Park, W., Wei, S., Kim, B. S., Kim, B., Bae, S. J., Chae, Y. C., Ryu, D., & Ha, K. T. (2023).
Diversity and complexity of cell death: a historical review. Experimental & molecular
medicine, 55(8), 1573—1594.
Moe, G. W., & Marin-Garcia, J. (2016). Role of cell death in the progression of heart
failure. Heart failure reviews, 21(2), 157-167.
Guo, X., Chen, Y., & Liu, Q. (2022). Necroptosis in heart disease: Molecular mechanisms and
therapeutic implications. Journal of molecular and cellular cardiology, 169, 74-83.
Chai, R., Xue, W., Shi, S., Zhou, Y., Du, Y., Li, Y., Song, Q., Wu, H., & Hu, Y. (2022). Cardiac
Remodeling in Heart Failure: Role of Pyroptosis and Its Therapeutic Implications. Frontiers in
cardiovascular medicine, 9, 870924.
Yang, X., Kawasaki, N. K., Min, J., Matsui, T., & Wang, F. (2022). Ferroptosis in heart
failure. Journal of molecular and cellular cardiology, 173, 141-153.
Sanjay, A., Fu, J., & Kreibich, G. (1998). DADI1 is required for the function and the structural
integrity of the oligosaccharyltransferase complex. The Journal of biological chemistry, 273(40),
26094-26099.

-36 -



14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

Mohorko, E., Glockshuber, R., & Aebi, M. (2011). Oligosaccharyltransferase: the central enzyme
of N-linked protein glycosylation. Journal of inherited metabolic disease, 34(4), 869-878.
Schjoldager, K. T., Narimatsu, Y., Joshi, H. J., & Clausen, H. (2020). Global view of human
protein glycosylation pathways and functions. Nature reviews. Molecular cell biology, 21(12),
729-749.

Frisch, S. M., & Francis, H. (1994). Disruption of epithelial cell-matrix interactions induces
apoptosis. The Journal of cell biology, 124(4), 619-626.

Gilmore A. P. (2005). Anoikis. Cell death and differentiation, 12 Suppl 2, 1473-1477.
Nakashima, T., Sekiguchi, T., Kuraoka, A., Fukushima, K., Shibata, Y., Komiyama, S., &
Nishimoto, T. (1993). Molecular cloning of a human cDNA encoding a novel protein, DADI,
whose defect causes apoptotic cell death in hamster BHK21 cells. Molecular and cellular
biology, 13(10), 6367-6374.

Makishima, T., Nakashima, T., Nagata-Kuno, K., Fukushima, K., Iida, H., Sakaguchi, M.,
Ikehara, Y., Komiyama, S., & Nishimoto, T. (1997). The highly conserved DADI1 protein
involved in apoptosis is required for N-linked glycosylation. Genes to cells : devoted to
molecular & cellular mechanisms, 2(2), 129—141.

Zhang, Y., Cui, C., & Lai, Z. C. (2016). The defender against apoptotic cell death 1 gene is
required for tissue growth and efficient  N-glycosylation in  Drosophila
melanogaster. Developmental biology, 420(1), 186—195.

Silberstein, S., Collins, P. G., Kelleher, D. J., & Gilmore, R. (1995). The essential OST2 gene
encodes the 16-kD subunit of the yeast oligosaccharyltransferase, a highly conserved protein
expressed in diverse eukaryotic organisms. The Journal of cell biology, 131(2), 371-383.
Sugimoto, A., Hozak, R. R., Nakashima, T., Nishimoto, T., & Rothman, J. H. (1995). dad-1, an
endogenous programmed cell death suppressor in Caenorhabditis elegans and vertebrates. The
EMBO journal, 14(18), 4434—4441.

Ibrahim, I. M., Abdelmalek, D. H., & Elfiky, A. A. (2019). GRP78: A cell's response to stress. Life
sciences, 226, 156—163.

Matsuo, R., Morihara, H., Mohri, T., Murasawa, S., Takewaki, K., Nakayama, H., Maeda, M., &
Fujio, Y. (2014). The inhibition of N-glycosylation of glycoprotein 130 molecule abolishes
STAT3 activation by IL-6 family cytokines in cultured cardiac myocytes. PloS one, 9(10),
el111097.

-37 -



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Slee, E. A., Zhu, H., Chow, S. C., MacFarlane, M., Nicholson, D. W., & Cohen, G. M. (1996).
Benzyloxycarbonyl-Val-Ala-Asp (OMe) fluoromethylketone (Z-VAD.FMK) inhibits apoptosis
by blocking the processing of CPP32. The Biochemical journal, 315 ( Pt 1)(Pt 1), 21-24.
Féssler, R., Rohwedel, J., Maltsev, V., Bloch, W., Lentini, S., Guan, K., Gullberg, D., Hescheler,
J., Addicks, K., & Wobus, A. M. (1996). Differentiation and integrity of cardiac muscle cells are
impaired in the absence of beta 1 integrin. Journal of cell science, 109 ( Pt 13),2989-2999.
Zielinska, D. F., Gnad, F., Wisniewski, J. R., & Mann, M. (2010). Precision mapping of an in
vivo N-glycoproteome reveals rigid topological and sequence constraints. Cell, 141(5), 897-907.
Israeli-Rosenberg, S., Manso, A. M., Okada, H., & Ross, R. S. (2014). Integrins and integrin-
associated proteins in the cardiac myocyte. Circulation research, 114(3), 572-586.

Brancaccio, M., Cabodi, S., Belkin, A. M., Collo, G., Koteliansky, V. E., Tomatis, D., Altruda, F.,
Silengo, L., & Tarone, G. (1998). Differential onset of expression of alpha 7 and beta 1D integrins
during mouse heart and skeletal muscle development. Cell adhesion and communication, 5(3),
193-205.

Maley, F., Trimble, R. B., Tarentino, A. L., & Plummer, T. H., Jr (1989). Characterization of
glycoproteins and  their  associated  oligosaccharides  through the use of
endoglycosidases. Analytical biochemistry, 180(2), 195-204.

Franchini K. G. (2012). Focal adhesion kinase -- the basis of local hypertrophic signaling
domains. Journal of molecular and cellular cardiology, 52(2), 485-492.

Yamazoe, S., Shimogawa, H., Sato, S., Esko, J. D., & Uesugi, M. (2009). A dumbbell-shaped
small molecule that promotes cell adhesion and growth. Chemistry & biology, 16(7), 773-782.
Hou, S., Hang, Q., Isaji, T., Fukuda, T., & Gu, J. (2020). Identification of the minimal N-
glycosylation on integrin a5p1 required for its inhibitory effect on EGFR signaling and cell
proliferation. Biochemical and biophysical research communications, 523(1), 226-232.

Huang, Y. L., Liang, C. Y., Labitzky, V., Ritz, D., Oliveira, T., Cumin, C., Estermann, M., Lange,
T., Everest-Dass, A. V., & Jacob, F. (2021). Site-specific N-glycosylation of integrin a2 mediates
collagen-dependent cell survival. iScience, 24(10), 103168.

Harada, Y., Ohkawa, Y., Kizuka, Y., & Taniguchi, N. (2019). Oligosaccharyltransferase: A
Gatekeeper of Health and Tumor Progression. International journal of molecular
sciences, 20(23), 6074.

Makishima, T., Yoshimi, M., Komiyama, S., Hara, N., & Nishimoto, T. (2000). A subunit of the

- 38 -



37.

38.

39.

40.

41.

42.

43.

44,

45.

mammalian oligosaccharyltransferase, DADI1, interacts with Mcl-1, one of the bcl-2 protein
family. Journal of biochemistry, 128(3), 399-405.

Roboti, P., & High, S. (2012). The oligosaccharyltransferase subunits OST48, DAD1 and KCP2
function as ubiquitous and selective modulators of mammalian N-glycosylation. Journal of cell
science, 125(Pt 14), 3474-3484.

Shai, S. Y., Harpf, A. E., Babbitt, C. J., Jordan, M. C., Fishbein, M. C., Chen, J., Omura, M., Leil,
T. A., Becker, K. D., Jiang, M., Smith, D. J., Cherry, S. R., Loftus, J. C., & Ross, R. S. (2002).
Cardiac myocyte-specific excision of the betal integrin gene results in myocardial fibrosis and
cardiac failure. Circulation research, 90(4), 458—464.

Krishnamurthy, P., Subramanian, V., Singh, M., & Singh, K. (2006). Deficiency of betal integrins
results in increased myocardial dysfunction after myocardial infarction. Heart (British Cardiac
Society), 92(9), 1309-1315.

Peng, X., Kraus, M. S., Wei, H., Shen, T. L., Pariaut, R., Alcaraz, A., Ji, G., Cheng, L., Yang, Q.,
Kotlikoff, M. 1., Chen, J., Chien, K., Gu, H., & Guan, J. L. (2006). Inactivation of focal adhesion
kinase in cardiomyocytes promotes eccentric cardiac hypertrophy and fibrosis in mice. The
Journal of clinical investigation, 116(1), 217-227.

Brewster, J. L., Martin, S. L., Toms, J., Goss, D., Wang, K., Zachrone, K., Davis, A., Carlson, G.,
Hood, L., & Coffin, J. D. (2000). Deletion of Dadl in mice induces an apoptosis-associated
embryonic death. Genesis (New York, N.Y. : 2000), 26(4), 271-278.

Hong, N. A., Flannery, M., Hsieh, S. N., Cado, D., Pedersen, R., & Winoto, A. (2000). Mice
lacking Dadl, the defender against apoptotic death-1, express abnormal N-linked glycoproteins
and undergo increased embryonic apoptosis. Developmental biology, 220(1), 76—84.

Nishii, K., Tsuzuki, T., Kumai, M., Takeda, N., Koga, H., Aizawa, S., Nishimoto, T., & Shibata,
Y. (1999). Abnormalities of developmental cell death in Dadl-deficient mice. Genes to cells :
devoted to molecular & cellular mechanisms, 4(4), 243-252.

Yang, B., Ye, D., & Wang, Y. (2013). Caspase-3 as a therapeutic target for heart failure. Expert
opinion on therapeutic targets, 17(3), 255-263.

Mori, S., Kimura, R., Morihara, H., Tomimatsu, M., Fuchigami, S., Matsumoto, K., Tanaka, S.,
Okada, Y., Maeda, M., Obana, M., & Fujio, Y. (2025). Suppression of Dadl induces
cardiomyocyte death by weakening cell adhesion. American journal of physiology. Cell

physiology, 328(1), C95-C106.

-39 -



EfS

AWIE R ET T 21CH 720 AIRBRY) T S D BWO R RS, FEMHEREE Ol ) %2 32\
Wb ¥ LR Sl L BT g,

RHFFRIC BT, B R73 2 MHHEE, HEE BN 2% B Y £ L 7 RIEBEEA,
RIS sed . ATHEE e, Hh AR E CHLHR L BT 9,

Az £ 02l BELEEE, Hh220HBY £ L@ARsd, wHmE—
S E LA L BT E S,

RIS, HAOEEZRD? BT ) XA TLE ST o KRS FERZIZ U &3 5 KK
FRABER A FERHRR IR RN A B ORI L X Y E#H w72 L £ 5,

- 40 -



