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ABC: avidin-biotin-complex

o-MHC: a-myosin heavy chain

B-gal: B-galactosidase

BSA: bovine serum albumin

ChIP: chromatin immunoprecipitation

EF: ejection fraction

FACS: fluorescence-activated cell sorter

FS: fractional shortening

GAPDH: glyceraldehyde-3-phosphate dehydrogenase
GPI: glycosylphosphatidylinositol

H60: histocompatibility 60

HF: heart failure

Hif-1: hypoxia-inducible factor-1

HR: heart rate

JAK: janus kinase

MACS: magnetic activated cell sorting

MI: myocardial infarction

MIC: major histocompatibility complex I chain—related molecule
MOI: multiplicity of infection

MULT1: UL16-binding protein-like transcript 1
NKG2D: natural killer group 2 member D
PBS: phosphate buffered saline

PFA: paraformaldehyde

PI3K: phosphoinositide-3-kinase

Rae-1: retinoic acid early induced transcript-1
ROS: reactive oxygen species

STAT: signal transducer and activator of transcription
TCR: T cell receptor

TG: transgenic

ULBP: UL16-binding protein

VEGEF: Vascular endothelial growth factors
WT: wild type



DFFFEZE (MI) 13, OA%E HF) BIEDOE7Z3HERNDO—2TH 5, EFEOHK T L ik
CHEDbLT. ZOTFHROEI AL, MIROLARITH T 2 HIBLEIRIER O PRI 3 EAT]
RTH 2, LAMIIEIIZOARRIEICKRELSFLGL TR I EBAONT WS L2, 20D
il 7 A J1 = X LSO WTIIAH R RS v, 0K, OFIZsEIE, EIERSRIE (ROS) 2
A% Ca?BBAMIC X o THIIEA > 7 F 25T E L. Mg EEIIcs 2R I s L& 2
BNT & 7235, —J7, 4, DIMERE & 0% - ZIERICDOFEE BRI HRE I N TS,
MI SPEHICiE =2 v 7 7 — R ER AL OIERHR IR L. RIEERUC 25 & § 67, %
D, RAESICIT X 0 IGHEAL T 7 BHEFHINC 23, DAl O BigIc K o CT&E X~ — X
2D ADE S 800, BHEEFHIIIL OHMIED X 5 RIENZ2H L Tnrniz o, 12
DLYETY VI ~LEBR R 10, 2 Oo—#OERIC BT, Mg & D X5 i Ol
Jas % FET 2 DPPL2ICINTEL T, ZOAA =R LEHT 5 2 & T, RERED
W Z R & L 72 BBl O A 2InBE O FAFIC I3 3 ATREME D & 5,

AR 3 R AR B AR & v O BYPEIER 25 > T B 128, Z DRERE T,
NK #fifig 8T Mg & > o 7= M E M e 25, a2 v 4 v 2 G 2 38Rk L .
HAESE 2 358 3 5 , MIESEFELERE IC B\ Cid, MG E M Eic B L T v 236
{32734, Natural killer group 2 member D (NKG2D) 23, JEAHIE v A4 )b R R YUHHIE L i FE 3
35 NKG2D U /'~ F (NKG2DL) iZ#s& L, =74 Vv - 73 v¥FA LB R T 5 C
LCTHR—vRAEFEET 2 L BME I L T2 415, NKG2DL ¥, IEE#Mifd Tz e
A EFEBDFED D NI\ H, FEFIERF R T A L REERFICHEBTAE S 5,

LA &t X, J80E - ML DB S IZIERO o E 2 H 3 5, —77. MileftreEs
MEFAE Y 7 FcB L CidbEnERARZ T o5, Hlz2 X, X b LXK ORI W
TiEtE(t £ 1 3 Janus kinase (JAK)/Signal transducer and activator of transcription 3 (STAT3).
Phosphoinositide-3-kinase (PI3K)/Akt > 7" F v id, fEMAEIC B WTDH, MIERESREZ D 725
9, ¥7z. JAK/STAT > 2 7 )L, Vascular endothelial growth factors (VEGF)/Akt > 27" F v i,
LN K i ic @ D I E R 4> 7 F A Th B,

AWTZETlE, Mg & EME D R b LRSI E W TEE 2 21 7.0l id Tt
Ty I bR &) e dtdte 2 R L. R ny B 2. O i igsE S I & BY
HBLTwarapetEz KL 72, Bl Ofila2 EME O R + L A T icE»n 7B, fiflesk
I NKG2DL 2358 L, & L& 58alk L 72 Siidic & - COMfligse 2558 s s v ),
NKG2D/NKG2DL FH AAFH % 9 L 7= lliEdF B A e iigst 2 kK L 72 £ 2 T AWPE T,
HRLO AN D iR 2 B L. SesEiifie & O o AR & v 5 Bl 2 Sl
FITDOWTIBIEL 72,
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B EER

ETOEMYERIT. RIRRFEREGEE AR Z B & K B LA AT %+ v
NAWLKBHA T A V> TiTb Tz, KBTI 8-12 MMlm O HEME C5TBLI6) =7 A %
L. pS37~ v RFHWIANA A Y YV =AW v X =0 D BEA L 72V, ETRFICIEA Y 7
VTV ERGTRERI &, vV ACH 2 2 8% s/hRIC L 72,

DR RN P 72 v AV 2= v 7 (TG) ¥V A (CAG/CATZ/Rae-1¢ (Retinoic acid early
induced transcript-le) =7 &) OfFEIZ, PR ICHIEL 72 18, EFETIZ 2 794 v D
FENT 24T\ RIBR DA R 2 1572 (DA IR 1Y Rae-1¢ RIFEHL < 7 X 13, CAG/CATZ/Rae-
le ¥ 7 A% a-myosin heavy chain (a-MHC)-MerCreMer ¥~ 7 A & RXBLL, XEF > 7 =V
(8ug/g/day) % 14 HPEE#ERE CHEENBG T 5 2 L Ic X V157, %, o-MHC-MerCreMer <
7 A%, Jeffery Molkentin 5642 (Cincinnati Children’s Hospital Medical Center and Howard Hughes
Medical Institute) & 0 f&flt L CTHW 72,

MI €7 VORI, BEICHE L, A=A M 2 #E% 35 2 & CIFRL 72 19

Pt Rae-1e FHEI A Z FH W 72EBRCIX, vV X% 7 v X LIC 3 7 )V — 7 (Phosphate buffered
saline (PBS) 5. control IgG #% 58, T Rae-1e FHETUAL GHE) IR 0 4010, MI Fii
il 7z, % D%, PBS. control IgG Jii&, T Rae-1e HEY A% MI % 1 HH & 7 HH ICAEHE
W5 L 72,

EER RT-PCR

JEHY RT-PCR 1%, OIS 2 I3 E Ofifid2 © RNA % QIAzol Lysis Reagent
(QIAGEN) % M\ CHiH#&. SYBR green system (Applied Biosystems) % >, #fftod 7 a +
INTHE S THT o720 L 727 T 4 ~— DA Table 1 IZ/RF,

SRR

MI3 H H i< LliEAH#R % B L. O.C.T. Compound (Sakura Finetek Japan) C#ifE L 72, #Ak
7’8 v 7 1% Leica CM 1950 (Leica) T Sum JEDYIFIC L, 4% X7 VLT AT b F (PFA)
THEE, 3% 7 VMET7 L7 Y (BSA) T7uvF v 7 L7z, YHIF Avidin-biotin-complex
(ABC) iEIC X Wit L, AR LHIlEE 2 ~~ b X ) v P v cxn T gL
726

HOG Yt T, HEROAIMIE % 4% PFA CREE L 728, EBUEAEL 72, % O,
PT a-actinin — XY O Alexa Fluor 488/546 Btk — R UiA % v CHta L 72 . #% 12 Hoechst
TYt L, Jemiiff 13 FSX-100 (Olympus) T L7z, i L 721K 1T Table 2 127”8 d,



AR R YA

MI14 HH D=7 22> b0l % IR IR L 288U R Sum)E) %7 & + v CHEE L.
~v YV b)ru— AR ET oz, FEEICH T B R AE o A b S OV B R
Image J software (National Institutes of Health) THIliE L 7z, FHZEREE IRASERAIR D7 5 3 1
THIEL., “FHEL 7%,

MI =7 Z 5 & O LG B

ORI BRI HE o CTHEEL 72 20, (DA Z =L, 005%2 77 F—+¥ B XU D
(Roche) & 0.04% 7 v 77—+ XIV (Sigma) TEEZLIE L 7=, MABRETEZ 200pm &L 2 b
LAF—Tlg#E L, H\T 40um VA P LA F—ClE#E L7z, 40um £V A P L A F— |
CHE o il 2 DAl & L CER L 72, Zads, DA O 134 70~80%TH %,

YRRV TUYTF 4 VT
VT ARXR Y TRy T 4V IRPERICHE S TITo 72 2, L 725UKR1Z Table 2 1278,

rsu<F vRFERE (ChIP) 7 vt A4

MI # 3 H B i< DfisiR% % [m10Y L | Simple ChIP Kit (Cell Signaling Technology) % F\»T ChIP
TveAd E{Tok, FIRIGRMOTa b aricltorz, HHLET 74 ~—DES i Table
3T 2,

7a—¥%A4 kX FY— (FACS)

M4 HE® 2wz 7 HHD~ Y 2ic~%) v} U 7 L (50U/mouse) (WAKO) % fEERH
e 5. L MEZE.L % AN PBS & 0.025% 2 77 F — 1A [0.0125%2 7 7 F —+ B.0.0125%
277 F—+E D, 0.002%7 077 —X XIV] TEIL 77z, Dk, Ol E M2 < Z A,
37°CD 0.1%2 77 F—XEH [0.05%2 77 F—+ B, 0.05%2 77 F—+ D, 0.002% 7' 1
77— XIV] CTERUML 72, 55 72 MdiE 70um £V 2+ L A4 - —CUEi# L, 3%FBS
& A7 PBS TR L., 51T 40um VR LA F—CIE#E L 7=, PE » %\~ FITC 1
Ak PUIR Z I 2 72 1% . FACS Aria 11 (BD Biosciences) X U8 BD FACS Diva software (BD
Biosciences) T L 7z, i L 721X Table 2 12783

Mg E

P 7 v b ORISR HE - CHEfE L 72 2, fIAREEEE 24 WRRE, pS3 77/ v A4
AR T & —7% 10 multiplicity of infection (MOI) TRKYL X 4 7=,

invitro MEFET v & 4 Tk, LHME%E Rae-le B WIEB-HT 7 b X —+% (B-gal) 7
T UANARY X — TR X 7214, vOT ML 24 FRREHEETE L 72,



TT)VANARY & —
Rae-le ZHHT 27 7/ VAN AN X — ZBHRICHE > CIFELL 72 21, £ 72, ps3 & FHl
FTBT T UANANY &~ WHRETIA LD REEL TG 5,

28— 3 — Uik L SRR BE (MACS) 3

Cell Separation Magnet (BD Biosciences) % H\>CT, MACS i£IC X 0, 8T Allfe % HLHEE L 7=,
Pl %z 9 D E L. 70um &V A F L A F—TliEi#%. Lysing buffer (BD Bioscience) THRIMER
ZHLY BR\ 7z, 2 Dk, 40/80% ¥ — 3 —Lo¥y 7 7 — (GE Healthcare) 128 L. 25 srfihiE
DTHEEAT o 720 AIMBRE S K &L 40% L 80% S— 2 — Ny 7 7 —DEDOfE & BN L .
Fc %R h% 7 v v ¥ v 7 L, BDIMag™ Buffer (BD Biosciences) IC/#&i#E, v 4 F v{bitik%
WMU7z. 4 v F 2_— 114, Streptavidin Particles Plus-DM (BD Biosciences) & St X 4,
A IC X D EIR L 7z,

TUNEL 32

7 R b= RGHOHMIAZIX, In Situ Apoptosis Detection Kit (Takara) % FHWCTHEH L 72,
DREFEYI R % 4% PFA CTHEIER. 3% BSAT7 oy ¥ v 7L, DNA=v 2% 7Y v
L7z $T a-MHC —X¥UE, Alexa Fluor 546 i — R¥UfA CTHYL 4 L, TUNEL X O a-MHC
PHEMINE 2 7 8 b — o ARECHME E L CERIL | O tmm?2 &7z 7 K b —> 2
W5 RO MR 2 B L 72

D HRRERTATG
1.5%A4 YV 77 v T i L 7-%%. iE33 (Philips) ® M & — FZ2#H L, AEHRKH
e, EENWEARIAGE, o= MR L DB BT CllE L 7=,

HEET
MIl4 HHD =Y 255 Dk Oz mIIX L, HEZ2HAER., AEICNT 2 BlEGEED
HRZRE L 72,

Wrat T

TREME o B Student’s ¢ BRE 1T & o TIT W MR O HEL I One-way ANOVA %, Dunnet
H %\ T Tukey-Kramer BRE TITo 72, P<0.05 ZHE/KHEL L, 7 — 2 13 FHE + BHERF
TR L7z,



Table 1. PCR primers used in the present study

Gene Direction Sequence
Rae-1 forward 5’-GCTGTTGCCACAGTCACATC-3’
(a, B, 7, 0, €) reverse 5’-CCTGGGTCACCTGAAGTCAT-3’
Rac15 forward 5’-CAGCAGATGAAGTGAAGTGC-3’
ae-
reverse 5’-CATCCATTTTCTGACTGCATCC-3’
Rac] forward 5’-GCCACAGTCACATCTGTCAG-3’
ae-lg
reverse 5’-GGTTGTGTCAAACATTTGCCAG-3’
forward 5’-CAATGTCTCTGTCCTCGGAA-3’
MULT1
reverse 5’-CTGAACACGTCTCAGGCACT-3’
H60 forward 5’-GGACAGTGCTCAGTGAATGG-3’
reverse 5’-TGGCCCAGAATCCATCAATG-3’
forward 5’-CATCACCATCTTCCAGGAGCG-3’
GAPDH
reverse 5’-GAGGGGCCATCCACAGTCTTC-3’
53 forward 5’-CCCCTGTCATCTTTTGTCCCT-3’
P reverse 5’-AGCTGGCAGAATAGCTTATTGAG-3’
forward 5’-CCCTTCTCACCACCAGTTAA-3’
NKG2D
reverse 5’-CCAATCAGGGTCAGGACAAG-3’
forward 5’-GTACAGTTTTCGCCTGGTAC-3’
Perforin
reverse 5’-GATAAAGTGCGTGCCATAGG-3’
forward 5’-CCACTCTCGACCCTACATGG-3’
Granzyme B
reverse 5’-GGCCCCCAAAGTGACATTTA-3’
Rae-1¢ TG forward 5’-TTGGATCCGGAACCCTTAAT-3’
genotyping reverse 5’-CCCCTGAACCTGAAACATAA-3’
forward 5’-CTGGCATCTTCCCTTTTGCA-3’
MICA/B
reverse 5’-TTTCCGTTCCCTGTCAAGTC-3’
ULBP forward 5’-TTAACCACAAGGCCAAAGCC-3’
reverse 5’-CATGGGCTTCATGCTCACAA-3’
forward 5’-TAAATGTCACAACGGCCTGG-3’
ULBP2/5/6
reverse 5’-TCTGTCCATCGAAACTGAGC-3’
ULBP3 forward 5’-CAGCTGTATGCCACAGATGC-3’
reverse 5’-GAACTTCCGTCCATCGAAGC-3’
forward 5’-CAGTGATCCTTCCACTCTGC-3’
ULBP4
reverse 5’-AGTCTCCCTTTGAGAGCTTC-3’




Table 2. Antibodies used in the present study

Target Manufacturer Cat. #
Rae-1 (a, B, 7y, 0, €) R&D systems MAB17582
a-actinin Sigma-Aldrich A7811
p53 Santa Cruz Biotechnology sc-126
p53 Cell Signaling Technology 2524
GAPDH Millipore MAB374
CD16/32 BioLegend 101302
CD49b-PE BioLegend 108907
vdTCR-PE BioLegend 118107
NKG2D-FITC BioLegend 115711
v6TCR-biotin eBioscience 13-5711-82
Rae-1¢ R&D systems MABI1135
o-MHC Santa Cruz Biotechnology sc-20641
cleaved caspase3 Cell Signaling Technology 9664

Table 3. Primers used in the ChIP assay

forward 5’-GACCTTGCTCTTGCTCTGTT-3’
Primer 1

reverse 5’-TGCTGAGCCTTCTTCTAGTC-3’

forward 5’-AGGCTAAGCAAGTCATGAGG-3’
Primer 2

reverse 5’-CTCCTAGATGGCTCCTAGCA-3’

forward 5’-CTGCTAGGAGCCATCTAGGA-3’
Primer 3

reverse 5’-TGATCCACAGAGATCTGCTC-3’

p53-binding site forward 5’-CAAGCCCTTCCCAGACTTCC-3’

of p21 gene

Ieverse

5’-TCTAGAGATCGCTGCCCAGA-3’
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DR O LEMIICE VT Rae-1 BFRER L 72

CS57BL/6) ~ 7 AIC MI Fffi%fiti L. NKG2DL O.LIKICE T 2 B EMaT L7z, 7 2
NKG2DL (¥ Rae-1. ULI6-binding protein-like transcript 1 (MULT1) (Swiss Prot ID MULTI:
Q330P3). histocompatibility 60 (H60) (Swiss Prot ID H60a: Q3TDZ7, H60b: B1B212, H60c:
BIB213) ® 3 207 7 1Y =Ll I, D5 H Rae-l ORI LA RDHEE T
b - 7= (Figure 1A), EEMY RT-PCR IZ X Y Rae-1 mRNA Z#H[FE L7z 2 A, MI# 3~4 H
Hxv—212, 24.7+8.6 f5IC ¥ LA L 72 (Figure 1B), Rae-1 7 7 I U —I3 Rae-la~Rae-1¢
(Swiss Prot ID Rae-1a: 008602, Rae-1B: 08603, Rae-1y: 08604, Rae-15: Q9JIS8, Rae-1&: Q9CZQ6)
D5ODTAY 74— LTHKIN, TDHBH, Rae1d & Rae-le |3 C5TBL/6I = 7 X T,
D ® Rae-lo. B. v ¥ Balb/c vV ATHRHT 2L WEINT0E B, EDOTA Y7+
— LHPMEZER DB IC B W CRBIEFE I N st T 6 7201, £V A Y FRERWNR T
74 <=—%MHWTRT-PCR 21T o7, % DFiR, Rae-158 & Rae-le HICHEH LA 2HD b
7z (Figure 1C) 723, NKG2D ZAMICH T 2 BIMMED & 1925 Rae-le ICEH L THlfst 2 i
7z, i Rae-1 ik % v TOlERHRE Z S0t L 72 & T A Rae-1 I[IFHZERE S OB FL 58
oG E LR ICREL T b 2 L HL 2T 7% o 72 (Figure 1D), X 51T, $T Rae-1 #1
&, PT a-actinin HTA, Hoechst % F V> 72 Fh 4t o0 fE 5L FEFE. 02> & BB L 72 .0 B 1< Rae-
1 3R L T 7z (Figure 1E)o Rae-1 Z F&H L 72 LFiffi AL © HI & 12, non-MI: 0%, MI3d: 13.6%
THh o7,
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non MI

(A) days after M1 (D)

non MI 1 3 4 7 14
Rac_l —
H60 "
MI3d (remote) MI3d (border) MI3d (infarct)
- 4 55 -~ ~ oy y x i &
- ~‘.‘,\ n | \
GAPDH = BN W S I \ )
~ . S S \
Y R A ~ 25
5 NS HUNRE T ORONY )
(B) 50 2 4“\\ ’_\ ‘\\; Y D o | £
* ‘£ - "N ~ b ~ - 5 »
45 x % e &
40 . e e -
2% A
= & * —— AR N aw ] e
< g3 {- .
':'« g % I.
- 20 3 . E
gE1s ( non MI MI3d
2 0 ¢ L
. *
° =
o Le= & L d

Ce . .

a-actinin Hoechst a-actinin Hoechst
Rae-1 Merged Rae-1 Merged

Figure 1. Rae-1 expression was up-regulated in injured cardiomyocytes after MI.

(A) The expression of NKG2DL mRNA after MI. Mice were subjected to MI operation, and total RNA
was prepared from the murine post-infarct hearts. The expression of Rae-1, MULT1, H60 transcripts
was analyzed by RT-PCR. Representative data are shown. (n=5 mice for each time point) (B, C) The
up-regulation of Rae-1 mRNA expression after MI. Mice were subjected to MI operation, and total
RNA was prepared from the murine post-infarct hearts. (B) The expression of Rae-1 transcripts was
measured by quantitative RT-PCR and normalized with that of GAPDH. Data are shown as mean £S.D.
(n=5 mice for MI3d, n=6 mice for MI1d, 14d, n=7 mice for non-MI, n=8 mice for MI4d, n=9 mice for
MI7d) *P<0.05 v.s. non-MI by one-way ANOVA followed by Dunnet test. (C) The expression of Rae-
1 isoforms, Rae-16 and Rae-1¢, was analyzed by RT-PCR. Representative data are shown. (n=5 mice
for each time point) (D, E) Immunohistochemical analysis of Rae-1 expression. (D) Murine heart
sections were prepared 3 days after MI. The sections were stained with anti-Rae-1 antibody.
Representative images are shown (Bar; 50pum). (n=5 mice for non-MI and MI3d) (E) Cardiomyocytes
were isolated from infarcted heart tissue by Langendorff reflux apparatus, followed by co-staining
with anti-Rae-1 and anti-a-actinin antibodies, and Hoechst. Representative images are shown (Bar;

20um). (n=5 mice for non-MI and MI3d)**
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Rae-1 13 p53 DiFEMAbIC X o CHBEFEI -

Rae-1 DFEHRX A = X L% RIS 2 720, LOflilIc Bk 2 ez 2. et 217 5 72,
RIEROGIZ DY EF ) v 7 e ERICBER L Tw 3720, Hidffr7 v PSSO %Z TNE-
o CIL-1B & Vo 2 RIEWEY A4 b A4 v, BB id LPS THIEA L 7228, Rae-1 D FIRICEAL
ZH SN D o7 (Figure 2A), TN E TIT, p53 DiEME(LA2 e b NKG2DL ©O—2THh %
UL16-binding protein (ULBP)2 DFEH F R Z 5[ ZE L W I it B3I N T W72 729 p53-
P2 AR pS3 7T/ VANARZ Z—% TR 217> 72, BEEHGED 26, p53 mRNA
DRI BT 2 FRBE MIRICER L, ©— 27T 57827 5% - 7 (Figure 2B), 7 = A
Ry T7ay T4V IICEY pS3FY VAT pS3 Z VN ZEBRRIEL Tw5 L 2R L 72,
Rae-1 O FBAME 21T o 72 #5H . p53"~ v A TIHIAER (WT) v~ 7 R LKL T,
54.7+16.9% D P 7 Rae-1 FBIFI2S R S 7= (Figure 2C, D), KIC, HFiEF7 v FRGELD
I pS3 7T/ UANANT Z—R T p53 ZBFIRI S 272 2 A, p53 O Ny
FTH 5 p21 &I Rae-1 DFEI L F 2R 7z (Figure 2E, F, G), X H 1T, p53 3 EHEE
Rae-1 DEEEHIfHIZ{T > TV A3 0L ICT 572012, ChIP 7 v £ 4 1T -5 7z, Rae-lg 1B
T D7 uE—X—FERIC p53 DIEG I VRV HR YT % 3 PFTRDT, 2D 55 2 HAFIC p53
BREALTWB Z & &MERL 72 (Figure 2H),

12
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(H)

P53 binding consensus RRRCWWGYYY spacer (0-13bp) RRRCWWGYYY

Rae-l¢ site 1 : -2.7kb GAGCAGGCCT ATC AATCATGTCT

Rae-1¢ site 2 : -1.5kb ATGCTTGCCC TCTTTG AGTCITGTCC

Rae-1¢ site 3 : -1.3kb AGACTTACTC CAGC AGGCAAGTTC

P53 potential binding sites of Rae-1¢ gene

2% input  p53 antibody Histone H3  control IgG
antibody antibody

p53 binding site of p21 gene

2% input

p53 antibody Histone H3 control IgG
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Figure 2. Rae-1 expression was regulated by p53.

(A) The effects of proinflammatory cytokines or LPS on Rae-1 expression. Cultured neonatal rat
cardiomyocytes were incubated with cytokines (TNF-a or IL-1B, 100ng/mL) or LPS (1pg/mL) and
were harvested after 24 hours. Quantitative RT-PCR was performed for Rae-1 mRNA. The expression
of the transcripts was normalized with that of GAPDH. Data are shown as mean +S.D. (n=3 for each
condition) (B) The induction of p53 transcripts after MI. Post-infarct hearts were collected and
quantitative RT-PCR was performed to measure p53 mRNA level. The expression of the transcripts
was normalized with that of GAPDH. Data are shown as mean +S.D. (n=5 mice for MI14d, n=6 mice
for non-MI, MI1d, MI3d, n=7 mice for MI4d, MI7d) **P<0.01 v.s. non-MI by one-way ANOVA
followed by Dunnet test. (C, D) The reduced expression of Rae-1 mRNA in p53” mice. WT mice or
p537- mice were exposed to MI operation. (C) The lysates from infarcted hearts 3 days after MI were
immunoblotted with anti-p53 and anti-GAPDH antibodies. Representative results are shown. (n=6 for
p537- mice, n=7 for WT mice) (D) Three days after MI operation, total RNA was prepared from WT
or p53”7- mice and Rae-1 mRNA level was measured by quantitative RT-PCR. The expression of Rae-
1 transcripts was normalized with that of GAPDH. Data are shown as mean +S.D. (n=6 for p53-~ mice,
n=7 for WT mice) (right) *P<0.05 v.s. WT by Student’s t-test. (E-G) The up-regulation of Rae-1 mRNA
by p53 adenovirus infection. (E) The lysates from cultured cardiomyocytes were immunoblotted with
anti-p53 and anti-GAPDH antibodies. Representative results are shown. (n=3 for control and p53
adenovirus group) (F, G) The expression of Rae-1 and p21 transcripts was measured by quantitative
RT-PCR and normalized with that of GAPDH. Data are shown as mean £S.D. (n=3 for each condition)
*P<0.05, **P<0.01 v.s. B-gal by one-way ANOVA followed by Tukey Kramer test. (H) Identification
of p53-binding sites in the promoter region of Rae-1¢ gene. Database search pointed out 3 putative
binding sites of p53 in Rae-I¢ gene. Heart tissue was harvested from mice 3 days after MI and ChIP
assay was performed using anti-p53 and anti-phospho-histone antibodies and non-immune IgG in
triplicate. PCR data are shown. The primers for p2/ gene were used as positive control. (n=3 for each

condition)?*
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Figure 3. NKG2D-expressing yoT cells infiltrated into the post-infarct heart.

(A) The expression of NKG2D mRNA in the post-infarct myocardium. Total RNA was prepared from
the murine post-infarct hearts. The expression of NKG2D transcripts was measured by quantitative
RT-PCR and normalized with that of GAPDH. Data are shown as mean £S.D. (n=5 mice for MI3d,
n=6 mice for MI1d, n=7 mice for non-MI, MI14d, n=8 mice for MI4d, M17d) *P<0.05 v.s. non-MI by
one-way ANOVA followed by Dunnet test. (B) Identification of NKG2D-expressing cells by flow
cytometry. The infiltrated cells were isolated from infarcted hearts of mice 4 and 7 days after MIL. The
harvested cells were stained with PE-conjugated anti-CD49b or PE-conjugated anti-ydTCR and FITC-
conjugated anti-NKG2D antibodies for flow cytometry. Representative images are shown. (n=3 for
each time point) (C, D) The increased expression of perforin and granzyme B. Quantitative RT-PCR
was performed for perforin and granzyme B at indicated time points after MI. The expression of the
transcripts was normalized with that of GAPDH. Data are shown as mean £S.D. (n=5 mice for MI114d,
n=6 mice for non-MI, MI1d, MI3d, Ml4d, MI7d) *P<0.05, **P<0.01 v.s. non-MI by one-way ANOVA
followed by Dunnet test. (E) Perforin and granzyme B were produced in yoT cells. Four days after M1,
vOT cells were prepared from hearts. The expression of perforin and granzyme B transcripts in the
samples before and after ydT cell purification was analyzed by RT-PCR. Representative data are shown.

(n=4 for each condition)**
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NKG2D 3 yoT M O T R+ —> 2% FE L -

DAy T MR EAEFH 0 £V P EFRIC O W TR 5 729, Rae-le ZiBFIFIH
RIHAEN T v FEEEOTMIEE yOT MifE L 24 RefEEER L, 7 b — o XBGIE L
fEDEEZME L2 £, 7T/ VA NZARYZ Z—%F T Rae-le 25BEFFHITE T
32 BHOEGREYAMIC X Y R L 72 (Figure4A), E7-. 2¥— a2 — ik O MACS %IC &
> T ydT MIMESEMECTE T3 Z & % FACS I X Y 32 L 7= (Figure 4B), %% 7D finiiie
T L Rae-l BRHLTVWE70D, TT /) VANARI Z—%RERIZFTHHRVWEETD
yoT Ml & DFEEFIT X D 6.1£5.7%D T A b — > A GO O8N 7 & 17z, Rae-le
FEFFRR X 2GAEIIET TR =y 2B OHMEoEmAR S, a2 v bu—n
TH5 Bgal T7T /VANARY Z =% BRYX 7256 L KL T 16.6:6.9%3E 01 L 7=
(Figure 4C, D), L 7z72%- T, NKG2D/NKG2DL #HANERA Z /i L TLA#IED 7K + — v 203
FEINTWEZ ERRENT,
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Figure 4. Apoptotic cell death was induced in cultured rat cardiomyocytes by co-culture with
voT cells.

(A) Adenoviral overexpression of Rae-1¢. Cultured neonatal rat cardiomyocytes were infected with
adenovirus vector expressing Rae-1¢ or -gal, a control, at 10 MOI. Virus-infected cardiomyocytes
were immunostained with anti-Rae-1¢ antibody. Representative images are shown (Bar; 200um). (n=4
for each condition) (B) Preparation of yoT cells by percoll method and MACS. y3T cells were isolated
by percoll method and MACS. Purity of y5T cells was confirmed by flow cytometry. Representative
images are shown. (n=4 for each condition) (C, D) Induction of cardiomyocyte apoptosis by co-culture
with yoT cells. Neonatal rat cardiomyocytes transfected with adenovirus vector expressing Rae-1¢€ or
[-gal, a control, followed by co-culture with ydT cells for 24 hours. TUNEL staining was performed.
Cells were also co-stained with anti-a-MHC antibody and Hoechst to identify cardiomyocyte nuclei.
(C) Representative images are shown (Bar; 50pm). (D) TUNEL positive cardiomyocytes were counted
(a-MHC, Hoechst and TUNEL merged cells). Data are shown as mean +S.D. (n=5 for each condition)
**P<().01 v.s. B-gal y8 (+), Rae-1¢ y3 (-) by one-way ANOVA followed by Tukey Kramer test.>*
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NKG2D/NKG2DL HHEfERFEEIC & b, DHBEERO LAY K b — > X5Fl E hie

LY ET Y v 7IcEF 5 NKG2D/NKG2DL M AfEH O EENEIC DT in vivo THRET 21T
9 7=, T Rae-1¢ FHEUA % FHV > C NKG2D/Rae-1¢ IO A Z HE L 72, MI# 1 HH
IZHT Rae-1e (HEYUAZIEENT G- L. 3 HHEICUDHKZ BUX, @z iT>7-, 2 v br—d
LCHLZ v b 1gG Ptk a5 L, SALUERFICIE PBS 2% 5 L7, 7K b — v ZGHEOH#
HEOE G ZRMES % 7201C, TUNEL Rtiz{T-7 & 5, TUNEL Bl i3 31 55t
WT% BRI NI B, Pl Rae-1e HETUAR GRETIZ 2 v b v — v 1gG PURIR GREICH A,
7R b= R G OHMEE A L T 7z (control IgG 9.1£2.9 cells/mm?, anti-Rae-1g
antibody 3.5+2.1 cells/mm?) (Figure 5A,B), & 5 1C, T Rae-1e [HETUAK 51T X 2 OAfFRAEL
L ODHERE~ DB Z BET L7z, ML#2 | HH & 7 HHICHT Rae-1e HEPUA % EREA RS
L. 14 HHIZBWT=y Vv ) 7 —oqt 2 fT o 4R, MM LEG. SRR
e 35T Rae-1e FHEDUARE 58 T4 L T 7z (fibrotic area: control IgG 43.1£10.0%, anti-Rae-
le antibody 30.848.7%, fibrotic circumference: control IgG 57.3+13.3%, anti-Rae-l¢ antibody
42.9£11.3%) (Figure 5C, D, E), ¥ 7z, ZEEEEE S HERF X Ty 72 (control IgG 0.76+0.21mm,
anti-Rae-1¢ antibody 1.08+0.23mm) (Figure 5F), Z 4L & fHARZHIRRT & —B L CTOEEREIET B
il T TV 7z (Table4), X & ic, HEMITOME, AEAEZRSGON R o72b DD, HL
Rae-le HEFAEZKGRICE W CLER - (FHEL, MiEE - AEREOMFHER 2R 5 h 7z
(Figure 5G, H, I),
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Figure 5. Blockade of NKG2D/NKG2DL interaction showed cardioprotective effects after MI.

(A, B) Inhibitory effects of anti-Rae-1¢ antibody on cardiomyocyte apoptosis after MI. Anti-Rae-1¢
antibody or rat IgG (100ng) was intraperitoneally administered 1 day after M1. Murine heart sections
were prepared 3 days after MI. TUNEL staining was performed. (A) Representative images are shown
(Bar; 50um). (B) TUNEL positive cardiomyocytes were counted (a-MHC, Hoechst and TUNEL
merged cells). Data are shown as mean +S.D. (n=5 for non-treatment, rat IgG and anti-Rae-1¢ antibody
group) *P<0.05 v.s. rat IgG by one-way ANOVA followed by Tukey Kramer test. (C-F) Inhibitory
effects of anti-Rae-1¢ antibody on post-infarct cardiac remodeling. Anti-Rae-1¢ antibody or rat IgG
(100png) was intraperitoneally administered 1 and 7 days after MI1. Murine heart sections were prepared
and Masson’s trichrome staining was performed 14 days after MI. (C) Representative images are
shown (Bar; 1mm). The ratio of fibrotic area to LV area (D), the ratio of fibrotic circumference to LV
circumference (E) and infarct wall thickness (F) were quantitatively estimated. Data are shown as
mean +S.D. (n=8 mice for anti-Rae-1¢ antibody administration group, n=11 mice for non-treatment
group, n=12 mice for rat IgG administration group) *P<0.05, **P<0.01 v.s. rat IgG by one-way
ANOVA followed by Tukey Kramer test.?* (G-1) Gravimetric data. Body weight (G), the ratio of heart
weight to body weight (H) and the ratio of lung weight to body weight (I) are demonstrated. Data are
shown as mean +S.D. (n=5 mice for non-treatment group, anti-Rae-1¢ antibody administration group,

n=6 mice for rat [gG administration group)
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Table 4. Cardiac function in antibody administration experiments

Days after MI 2
Non-treatment Non-immune IgG ~ Anti-Rae-1¢ Ab
LVIDd (mm) 3.4+0.7 3704 3.7+04
LVIDs (mm) 1.9+0.5 20+0.3 2.1+03
FS (%) 439+58 442455 44.0+2.8
HR (bpm) 565.2+98.9 557.0+105.2 587.6 £46.4
Days after MI 7
Non-treatment Non-immune IgG ~ Anti-Rae-1¢ Ab
LVIDd (mm) 47+£0.5 4.7+0.5 4.1+03
LVIDs (mm) 3.0+£0.5 29+03 23 +£1.2%
FS (%) 362+43 37.7+22 43.7 £2.4%
HR (bpm) 599.2 £ 60.0 565.0£63.0 582.2+64.3
Days after MI 14
Non-treatment Non-immune IgG ~ Anti-Rae-1¢ Ab
LVIDd (mm) 51+06 54407 3.7 <050
LVIDs (mm) 35405 3.8+0.7 22+047T
FS (%) 320+32 30.6 +4.3 41.9 £2.0ff
HR (bpm) 576.8 £56.6 604.0 £39.0 561.8+45.3

LVIDd: Left Ventricular Internal Dimension in diastole, LVIDs: Left Ventricular Internal Dimension
in systole, FS: Fractional Shortening, HR: Heart Rate. Data are shown as mean +S.D. *P<0.05 v.s.
day7-rat IgG administration group by Student’s r-test. TT/P<0.01 v.s. day14-rat IgG administration
group by one-way ANOVA followed by Tukey Kramer test.

n=>5 mice for non-treatment and anti-Rae-1¢ group, n=6 mice for non-immune IgG group.
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MR Y Rae-1¢ BRIFEH TG = 7 2 Tl UVHEEE ORRENE L 72

FE D Y | NKG2D/NKG2DL HAFROHEIC L o T LV T ) v 73855 L 72, L 2>
L. ¥l Rae-le FHFEVUAKR G 25 ICEHI L. RV ORISR E % KA L 7= "lRetE 2 &2 0E
T& 7 \»72®, NKG2D/NKG2DL fHAAEH O DKIC 51 2 BFRICO W TG R 72, Dl
HHREHRF LAY Rae-1e iBFFRIL TG v~ v A2 FHIL, v 2 XX v 7wy T4 v 71T X 5T Rae-
le DEFIFEIR # M L 72 (Figure 6A), 2 ¥ F 8@ — 1 iC X, a-MHC-MerCreMer ~ 7 A % F\»
Too ERIL7ZZTG =7 R, IEHEICHKB L., FFIcEb > - RHAMIIBE I N0 > 72, Rae-
le DEFFIRA MI %D KIEICBIS LT 32 IL-6. IL-1B. TNF-a & o 72 KIEHEH 4 b
NAVOFRBHEHERELZS, avibo—r e L CEIZR S5k d -7~ (data not
shown), 7z, MEHEICH a2y br— L HHIRL CEIIR b N0 > 7 (Figure 6B), MI
# 3 HHIC TUNEL 2% 1T o7 & T A, 78 b — v GO HMlE o BEE 2 ¥ 25380 &
L7z (Cre 11.2+1.5 cells/mm?, TG 27.9+10.8 cells/mm?) (Figure 6C, D), [RIRFIC, WiR{L A =X
—¥3 %M TEZL T, THRF—= R T FNADIEWACETEZ L 72 (Figure 6E, F), ¥ 7z,
FEFEL D RRAEL OHETE (Cre 35.2+10.6%, TG 46.5+14.1%) (Figure 6G, H), AEAAL % £ - 720
HEEEDK T 2355 ¥ 2 I N7z (Table5), X Hic, HEEMITOME, TG ~7 XA CIFHEEICH
HE - AEILPHEML CB Y, BEE R A 20 72 (Figure 61, J, K)o MU EDRERD S
NKG2D/NKG2DL #HAAEH O Lfilaic 1) 2 i i3m0y =7 ) v 72 B2 3
ZERHL IR 5 T2,
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Figure 6. Post-infarct cardiac remodeling was aggravated in cardiomyocyte-specific transgenic
mice expressing Rae-1s.

(A) Generation of tamoxifen-inducible cardiomyocyte-specific Rae-l¢ overexpressing mice.
Transgenic strategy is shown (left). The lysates from the hearts of Cre, control, and Rae-1¢ TG mice
were immunoblotted with anti-Rae-1¢ and anti-GAPDH antibodies. Representative results are shown
(right). (n=3 for Cre and Rae-l¢ TG mice) (B) Capillary density in post-infarct heart. Murine heart
sections were prepared from Cre or TG mice 14 days after MI. The sections were stained with anti-
CD31 antibody. Representative images are shown (Bar; 50pum). (n=5 for Cre and Rae-1¢ TG mice) (C,
D) Measurement of apoptotic cardiomyocytes in TG hearts after MI. Murine heart sections were
prepared 3 days after MI. TUNEL staining was performed. (C) Representative images are shown (Bar;
50um). (D) TUNEL positive cardiomyocytes were counted (a-MHC, Hoechst and TUNEL merged
cells). Data are shown as mean £S.D. (n=5 for Cre and Rae-l¢ TG mice) **P<0.01 v.s. Cre by
Student’s #-test. (E, F) Detection of cleaved caspase 3 in TG hearts after MI. (E) The lysates from the
hearts of Cre and Rae-1¢ TG mice were immunoblotted with anti-cleaved caspase 3 and anti-GAPDH
antibodies. Representative results are shown. (F) The ratio of cleaved caspase 3 to GAPDH was
quantitatively estimated. Data are shown as mean £S.D. (n=5 for Cre and Rae-1¢ TG mice) **P<0.01
v.s. Cre by Student’s t-test. (G, H) Estimation of post-infarct fibrosis in TG hearts. Murine heart
sections were prepared, and Masson’s trichrome staining was performed 14 days after MI. (G)
Representative images are shown (Bar; Imm). (H) The ratio of fibrotic area to LV area was
quantitatively estimated. Data are shown as mean +S.D. (n=10 for Cre mice, n=14 for Rae-1¢ TG
mice) ¥*P<0.05 v.s. Cre by Student’s t-test.* (I-K) Gravimetric data of post-infarct TG hearts. Body
weight (I), the ratio of heart weight to body weight (J) and the ratio of lung weight to body weight (K)
are demonstrated. Data are shown as mean £S.D. (n=10 for control mice, n=14 for TG mice) *P<0.05

v.s. control by Student’s t test.
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Table 5. Cardiac function in experiments using TG mice
Days after MI 0 2
Non-TG TG Non-TG TG
LVIDd (mm) 3.8+£0.3 3.8+£0.5 42+0.2 44+03
LVIDs (mm) 1.8+02 1.9+03 24+02 2.6+03%
FS (%) 523+33 522+2.38 443+2.7 40.9 £4.5%
HR (bpm) 486.1 +73.0 537.4+45.5 519.9+74.9 505.8 +£54.7
Days after MI 7 14
Non-TG TG Non-TG TG
LVIDd (mm) 44+04 5.0+0.5% 4.8+0.6 5.0+£0.5
LVIDs (mm) 26+04 3.3+£04t 3.1+£0.5 34+£0.5
FS (%) 402+42 33.5+3.3t 352424 33.0+£3.7
HR (bpm) 523.5+61.1 524.6 £58.1 498.2+54.9 529.6 £ 58.7

*P<0.05 v.s. day2-Cre mice, "P<0.05 v.s. day7-Cre mice by Student’s z-test.

n=10 for Cre mice, n=14 for Rae-1¢ TG mice.
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Figure 7. ULBP1 was up-regulated by p53 activation in human iPS cells-derived cardiomyocytes.
The expression of human NKG2DL mRNA after the infection with adenovirus vector expressing p53.
Total RNA was prepared from cultured human iPS cells-derived cardiomyocytes transfected with
adenovirus vector expressing p53. The expression of MICA/B, ULBP1, ULBP2/5/6, ULBP3, ULBP4
transcripts was measured by quantitative RT-PCR and normalized with that of GAPDH. Data are
shown as mean £S.D. (n=3 for B-gal group, n=4 for control and p53 groups) **P<0.01 v.s. B-gal by
one-way ANOVA followed by Tukey Kramer test.?*
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FEBL T2 b 00 LAMRELRER B < 32, &R0, AWFSE Tl NKG2D'ydT flifd &
RORyt' yOT MIfE DB FHIL 70 7 7 AV E KT 5 Z L IZTE Ind > 7223, NKG2D' 8T
HIETlE RORyt DB TE R 572720, V72 < & b RORyt vdT MIIE & 13587 2 1]
REMEDN Ve L7228 o T, yOT Ml i MINE S E /Y, MlatReEnyic@ < 2 Oy 72 4 7ic
Killck %,

ULAE, PSR BR R A IR DR FE 08B A i T b, D AilAE &M s B o B ff s 7 v
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EFHLTWS Z ERMEINT WS 339, fil 21X, HER2 v 7 F VDAL O 477 % (it
LT\ %729, HER2 FBUEMIE O 8H %2 3 2 0 FENEETH 2 + 7 AV X< 71308
JEZBI X T ERMbN T3 40, [FkEIC, MEHT AN I EN - PSR 2R §
25, M AEHER 713 DR O TEH AR I BB % E 2 H - Tw 5 720, EAARIEM &
L CLAREM-C OHRER 2% 5 2 34092, 2o X 5 i, DAl & fEiiia o fhmtk i
HAET 29, RIFZECld. b 2 FEEHOMNNIC N L < Hod o G2 T 3 & v
IR AR EMA 72 R CIHEFICERFENDDTH DL LF RS,

b T iPSHIAE H R O AR &2 F o 72 BRETIC & D (Rae-1e ICHTIG 3 % & F NKG2DL %3 ULBPI1
ThrIHRBT MR EM, /2. pS3 TT /VANART X —DIEGLIT XY
NKG2DL %ZZHFHEE L 7z & I iPS fiidd sk Oiiiie & NK fifldz Higs L 2 & 2 A, e
SEWEVED TR X 7172 (data not shown), L 727235 T, ULBPI OHEN AL T a A 2 vy
% % e O - SziiaE oM AN 2 HE 3 2 2 & i ials FHiGtE234H E
i, FEk, BRICH T 2[R+ d b LEx b S,

T HIT, TR, OIS — F 2 W RERE S ATEH 2B O T 255, iPSHllidE v
Tev— b CIHMhRBAEIC 2 & & 5 2153 BHFE O RIS %2 F v T 3 100% S i s
ZMZ 2 DFEH L COBBEIRTH 2, FAEROCHMIEE, P 2.0fMAEICid NKG2DL
DFEH L T\ 2 AR S < | iPS MlAE A & 7 LEFHE L 72 D AMAE S BIAkcld v, L7223
> T, O BAIAE > — b IRE o S A OSSR E A i B AR A3 > T 2 ATREME 23 B
b, PilEKG%EIC XY NKG2D/NKG2DL MHAEM ZHE S 2 2 & THERE M L3 2 nhE
WREZ bND, O X5 ICREANEREREOIGNL, Bt ERREICEE L X
<L XY IRWEEE COBRICHBIAFTE 5,
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BITE DA 2365 & LTty DIER G E 2 5 2 2 iRl = v -
TYvIATVYY TR AT R VR RRBEMEER) HEESH LN TR 2 H DD, KR
FHRARTH Y, FBUEEEOREL B EENT 0D, AW T, OIMERER L )% -
RIERIC OB R BARICE B L. RE 21 28l o FiBlOBMAasE 2 # = X 2 %850 L
7z

AWFFEICc X Y, Ml ., BFEZZT 720 i pS3 4L T NKG2DL O—2TdH %
Rae-1 23FTFFE X 41, NKG2D % FEH L 72 fEffife (321 yoT MiAE) 23.CsAH sk Ic =i 3
%2 L TOLAMIISE BRI D T E B S 2T 5 72, £ L T, MI £, NKG2D/NKG2DL
M HAEFH % 3T Rae-1e FURIC X OVHEL 2L A, Ol T & F — o 2, OBRHE L o
OREE L O HIFI 2 R S, X o, DHIIER ST Rae-1e @RFEH TG ~ v 2 TIiE, O
AEfREEL SR O 7z, ML EDFER 2 5 NKG2D/NKG2DL & A 7 L %A L 7= S il -
LA A RS X 2 O Al Ia e 58 A 2 i & v, NKG2D/NKG2DL HHA1EH % [H
FEIf sz ik, Ltz il cE 2 2 L 2L 72 (Figure 8),

INE CRIERICOFIEHZBET & L2 OARIBRERIIEZERINTE LT, RIFFEHES,
AR 22 DA IR OBRFICHIN L 5 5 & E X %, 72, & b iPS Ml dsk.O A ie s o
MR R IREIC 35 1) 2 B SOG 2 WIH] 32 2 Lic X v, EFEERZ A LT 2 afgrEss
BB, EoIT, FIEANERBEES DML ORIREZ E=2 ) v 2774 5 & 5 HREIE,
AN RIMO 74 7231002 WEHEHLE L COREDAL TV EEZ LN,
TEBRERAEIRIC BT 29 - S ORBEZEKRT 2D DTH 5,

St WIRBIC BT 2 RPESICDFEM 72 A 7 = X L5 BITHRIA & v, s UG o il
L B FHLERIBFE S I NS 2 L 2 MRS 5,
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Figure 8. The schematic model of a novel treatment strategy against HF after MI.

NKG2DLs are not expressed on normal cardiomyocytes. However, NKG2DLs are induced via p53
under stress such as ischemia. Cytotoxic immune cells are activated by the interaction and cause
apoptotic cell death of cardiomyocytes, leading to HF. When the interaction is blocked, cytotoxicity is

decreased, and cardiomyocytes are protected from apoptosis.
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