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ZHOD (1), REMtECEEOREZIIX. 2020 FORFHET 2 {H 4410 T A &

2

FBIERDOE 1AL TH Y HFREIECEHE DR 16%

HEINTWD (2), £z, HHLREHER] (World Health Organization: WHO) @
IZBWNT, IO R
TEHUE 2000 ZE9>5 2019 45 F TIL2 200 5 ALL E¥EAIIL . 2019 4E121% 890 5 A

IR EHEHEE (Global Health Estimates: GHE) \Z LD
WZE LT EHEINTWD (Figure 1) (1), HEHRERITOFAEICIE S < [HERABPTH
BIHESRFE OFERNCE R LTH, BMIMEMERIZWTIE by 7 3 OFERIC
EL TR, BREFRIITEAFETIER ICEVECTEREZ R TS5 (1), Mz

T, RO R
T 7399 [EMHEHE SN TWD (3, 4), RBitEogE

Leading causes of death globally

2000 2019

1. Ischaemic heart disease

2, Stroke

3. Chronic obstructive pulmonary disease

4. Lower respiratory infections
 m——— O
5. Neonatal conditions

L O

6. Trachea, bronchus, lung cancers

7. Alzheimer's disease and other dementias

8. Diarrhoeal diseases
— O
9. Diabetes mellitus

10. Kidney diseases

0 2 4 6 8 10
Number of deaths (in millions)

NMoncommunicable @ Communicable .Injuries

Figure 1
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The top 10 causes of death worldwide [HEF R EEEERT HEFR BT L 0 51



R M DR L, SR AE WA & B MEBIIRK BRI 0 S L% (Figure 2) (5),
ATA L, RALEPOE, SPEOFIEZE, B & 2 DSR2 ol s L 7ok
WETH Y A, FEERLE, EREEEDLOED SRR D IRERE 2R T (6,
7)o SWERSEGRE I, HERMIE (7T — 7)) OMGHE & ZUTHE D ARTERL
(Z X0 EBIRD &R £ I IIE e S - LAEODELE 235 (6). —77.
PP BRI B T, BhRE L ORI 5 WEIRO A £ 72 1LEBRD — Ky
7RI K0 MIBIRER A PEE SN D (7). EMERBEIIREEIL, SIRETESD
2T EYEDIRIE TH 5 7 AV BRE & i U CESEMIR W, E7z,
AN EPROEN T — A 70 DB RE ML 2 22972 25 OFREESEITITE & 9 DA AE 134k
s (8), —7. A OmEER AN ZERENET LTCRETH Y, O

( @M EERER

S MBAEREE(ACS) h

HYEE B

FREBUE

A OHTEAMI)

75 HE 1. D EBIEARIZ K0 D

TR OE

FHEERFEIND T2,
TEER A% BBy 7R
iz Uiz Uil s, L
EXv, BRI
BT D FE R FERILEE
RAEMERE, FrlZ MDA
FEZEL B2 b D,

Figure 2 Classification of acute coronary syndrome by pathological process

(BRI TFIRb R - (R b L0 5]
MR, EEENIRO AR PAZE IR K3 2 DA EEAEIC X o TRIEAHT &

N5 (9), BMELAREIETIT, N 7R E SCBSEMAREIRIC & 5 05>
gy 7 & LIXUIRMED 72, 8RED R b FERFK L 72D (10), ch O
FEITXIT DI & LT, B REBIIRIE AT 2 5 T PR E R IE DS 85— IR &
N5 (6), REMEEIREAIN & 1X, MENICHT—TVEFAL, S—r
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EEAT U MR COEERAN & 55k 2 IR EA 180 E 2 f 3, R
BRI AT DI RIS L O MAZ K0 | S D AMEZEREM: ORI LU
NTFHITBMICSEESNT (11, 12), L LA D, EEERRIER I RIHE
BEREENUE SN THOARREE RN EIREDO G IHEIXESRIZAEL D (13-15),
F 7o M BRIREL VR i PRI T & A 2 BRI 2D AN AT BE A A FEPE K
ZREOBEREREENAE T D (16), £ DLELD 20%LL EFEEICHE D & DA
ESHET 5 (17), LA EOBLEN D SOOI BT 5 BRREIL, Ak
WMz HEEILR E ZDOROLAEERS L OREIRB AL G T 25 2 &
ThH D,

DA TR L0 DIBEEREE., 7720056, LIRICEHENBS LT/ £z
ITHEREAI L 234 U Ol o T RE O RABHEIR M AE L 7R SR, PRIRIR B - 180
IR B L. 2SRV RS RE MK T3 D ERRAEMERE) LB S h
% (18), DAEREE L., HRICBWTAKIIML TR, 2016 FHFST
6,000 T NZHEZ 5 (19), DAEREF OIERE L LT URMMEDE RN 53%
FEOTBY ., LDARAHREORINIENE D EIEORdm R m LB LT
% (20-22), DARBRREF L. ABHERESLERT-OBFABREMHEY KL, 5 F
VINIT S0%FREEMNIEICE 5%, RIZICAEMTHEAIRRTH D (23-26), 2t
FIETERR 1T, O s KOV & M 2 MR 9~ 2 7o e, E=EIER kIS &
UM STl Y ET U 70 E SN D, LnLaenb, bl
BRIV 1T E BINARRE 2 [ E L DR EDHERIZEH 5795 (Figure 3) (18),
F7o. EBNEARICEOFT 2 DIEREE L, AEROERY) =7 v 7 %2
HELTEMTREZELIED 27), BMELHFEEZICIE, L= T oF T
vV RSSO A AN R BT 2 5 T SRR AR S FE I S U D o
UL 6, BIEDOSEYRIE T, DAREORIER L OVER % 5221213l



TE Wb RIS it 2 7= EHEE HZ UV (28,29), LT - T,
MR O AT ZE 1% T BE OO BRAI N TR AR R DERRIL, Am TR 2 8ET 5
LFCHFHICEETH D,

TR | YT
DFRED /a“%mm@_,Cumﬁ@ Mfﬁ\
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BEHDORBDEL BEOLEEDSD DRRRT—T R
OFE URZRF—Y URZAF—Y DRERT—Y
ATVRED | RRATEY -RENLERSY p i it
ftereray T RIERAL Bty (B4t R OF 2
A \ DR2OMEE |
7 B MO RLORIEEE
2 - I Y (BHOFL) RE
;‘;ﬁﬁ R DR
" . EZUEFUVY
| RREEALIESE L | )

BERIEARE 7L
(AT §

" more™ L]\ N
s VN

iSipEse)

Figure 3 Progressive stages of heart failure

[BME- B OARERIRETA R4 2 (2017 FH4EThHR) L0 51H]
~ 7 v 77 —1%. Metchnikoff |2 X > TEMAZERT HGEEMEE LTH

REnTz 30), BEFRICHFET 2~ 27 w7 7 —Ui%, A OIPFECNTRIC h
kYoM FAENE~ 7 v 7y =V EHAEROFEMICHE T O~v s n T 7=

DRAE LTz~T a ZafiiadE & LC, EE MR K OYWREABICEE 595
(31), FFIZHARRIR G JRAEERNCICEN B SN BB Rk N~ a7 7

— Vb L, £ ORBA L v B EL S ERD 5, RIEE & IR THLRE
BEIZFEEGT D B, v 777y —OREAIL, VARZHE (lipopoly-
saccharides: LPS) 8 XU > % —7 = 11 > =y (interferon-y: IFN-y) |2 & % i
EHALZ N L CFE S DML L (v Z—1 A % (interleukin: IL) -4 38 L OY
IL-13 I K2 MBREHEIZ M L THFESN D M2 BITERICHEIND
(Figure 4) (32-34), Ml ~ 7 1 7 7 — %, RIEWSA R A o7 77—t
DEEAZ N U TRIENVE ZRHET D (35), M2~/ 77—, FiRIEMY

A NI A R L BIEIR 1 DFEAE A L CHBMIEEICE T 5 (36), St
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IR ZEMS DIREIE, HERODIRZIE & SEMINADBREDHE Z D HIEM & 2T — 7 1k
AR MAE T KA DS TUE S D IR OMR 2 EICRE TEIT T2 (37), M ki

WL PEAERF I ZH T & 5 08, RIENGE DBIE LI I OB R 72 BRHE LI 30t U

=N

TN T EEESED (38, 39), v/ uTy—UlE, TOHEEME M1 A
D M2 I~ IBE ST RIEIN SEEM~OBITICTHELG T 5720, SO
FEIER DEM TR ELEATHERTH D, Lo T, Ak %EH# =

i

Y BTV T ERINT D70, Ll 7 v 77— VHEEM ORBIY
Z il 2 K7 2 BAR U RIEISE K OMERRETE O 2 @l ET S5 2
EWNHEHETH D,

Macrophage

£l

LPS, IFN-y / \IL-4, IL-13

fo!
L

M2 macrophage

M1 macrophage

KAL) Em

Figure 4 Macrophage polarization after acute myocardial infarction

v

[Vanessa Frodermann, and Matthias Nahrendorf., Physiological Reviews., 2018 t{ %]

7’1 /'Z ==Y (Progranulin: PGRN) (%593 7 3 /B CHEpk SN o pE 4 o
WRIBETHY 2O AT A EENORDET—7 O 7 BP0/ D K LI
EEL 1T T BN D Y T FTIVRTF REGT 5 (40), EERM) 7B M
LT, el =2l 0zt iI. TAR DNA-binding protein 43
(TDP-43) OaE|eE B2 HET 5 2 &6, Aisafl|sRAFE#1E (frontotemporal

lobar degeneration: FTLD) =0 fijy 2 #fd 1 0 #ih 5% fH L J£  (amyotrophic lateral



sclerosis: ALS) DK L7025 Z L HEINTND 41-44), /-, 7 mnr 7=
2V NE w7 u Ty = URMFHER, B, AR S DAk & 2R S B
L. AMETER O RIEINE . B RRE % ST2ARR A BB 572 (45).
Ty T =2 ) rOZERE U TR EGEER 72 AR (tumor necrosis factor
receptor: TNFR)-2, =7 U > 52 2%{K A2 (ephrin type-A receptor 2: EphA2), Sortilin
REDME SN TND (46-48), 77 7 ==V »id Sortilin & DFEEEI LT
MBIV IAE AL, U Y Y — AEREORENCBE G5 (49), TfE, 7r s o
== U ATEMMERER KORIEEREICS U TREFERZAE T2 2 &R
BN TND, YHERICBIT2BEOREICBNT, vl T7=a) 0
Hix, ~ v AR RINENARPAZE AN 7 WA 31T DA IEIARTE 2 8 S, ik
FHIBRER SGE LT (50), i, 7 n /T =2V v RE~TATIE, a7—5

HIERICB T A2EEEA I 7IHEEL TR, 7ur =20 kb
STAEFEERE S RE SN D (51), X0, 787 T = U L0 e
BRORIERBICKRT L CTREMICBEET 2 L Z 2 bNd, L Lans, &tk

ODIFFEZERICB T 27 n 7 T =2 U ORREAMFIREN OV TR S
TR,

AWFFET, SPEDAEZES OB Y £ 7 U > 78 L ORI FRERRE =238 1
52707 7=a ) OREBIOREREHNZHLNCT S Z 2 gL L, 7
077 =) URENDGEEZ)ET VI KIETRE, T s T=2
YRENw s n T =V ORAMICRITTRE, Tn T =2 ) RGO
M FETRIE I KT REICOWT, F1E, F28E, HIEOZNENT
feat Lz,



H1E DHEERYET VO 7ICBT LTRSS T =2 ) CDORE

SR OISR BIAR O PAZEIC AE 5 DAREESE 2 B L L, Z2R5EE L OVLAS
BRIEDLERRK LR DEBRTHD (9), AMELTHFEIER ORAERIT, RN
PIEORBIZL VM EL TS, LMLARRS, AMOHEEEFD 4 A1
IHI A RERSSE 2 0 5 FIZER DR BRI L, BIE DR ERED 5 FEATFR
X 50%LL N & THRARTHD (25, 52), BEAFKIE, SR LIEZER O LA E%
JER XL OTPRIEELEBESE 508, OARARERL ERICITImHE e vy, Bk
L0 BYELHEZER OWRBAM 2B L, HER OARO TRUGEICHBRT
DRHIBFIEN ZIRE T 5 L ITHEETH D,

SV OAEEIE . O DI EAE B L, RIEM (BIE~3 HH). EEM 4~14
HH). B (15 B E~) OBRFEIZXS S D (53, 54), RAEDIN BEEE~
DEBIZEENELD &, AFERUBRY 7Y 708 EIh., AmTHRIE
b3 5%, v~z v 77 —I0%, RAERER M1) &HEBEER (M2) OfBELE
Jr LT, SR OIHREZER ORIGIIEICE RS 2 (55), M1 v 27 1”7 7 —Jid,
I 48 SE K -~ (tumor necrosis factor-a: TNF-o), IL-1B, IL-6 % & T4 IEMEY A b
HA L EEEL, RIEGEEZRETD 35), M2~v7/r77—2F, T A
74— > 7 H4KEIN - (transforming growth factor-B: TGF-B), IL-10 & & T Hi s
JEVEY A N A L BBW L NF — BRI T B D 43 BURRE 206 (Cluster
of Differentiation 206: CD206) %389 % (36), iz, v/ r 77—k
myeloid-epithelial-reproductive receptor tyrosine kinase (MerTK) %/ L C7 7 b
— VAL EERRE L, AGREICEST 5 (56), albOFEIERICE
T Ml F7EIM2 v a7y —VHEMORE RERHET. AERORY €T

Vo DO—RERD, 7TAAARAIR D v —Z /KRB~ T ATlL, Ml <=



777 — UMM LOTTEEZ O DFEZER Y ET ) S 7BHELTWD
(38), —H. I_AV I KE~YTATIE, M2 ~7 a7 7 — VORI EREZ
EOFFRORY ET Y U I PBEESN TS (39), L7eiio T, 2E L
E%OMY 72 DBREE S LD AEERO THICBNT, v/ r 7y — Vi
FORHSE PRS2 Z LITEETH D, LnLERD, v 7 v 77— Uil
DA FIZ DN T I S TRy,

TurI=a )k, vo/a Ty VI8 EBICRBT oS N ETH D,
M1 B E O M2 b OmHFICEET 5, LPS fili#%ICkW\WT, rr 7 ==
VU R~ v 77—V, RIEWY A DA EAOHEINZ LS M1 ARFREL
BNCFHEE SND (57), 7, IVT 4 4 b % ViR EEHEERZICB VT,
CD206 ZFBL ¥ 2 M2 KRB N BIEIND (58), —WATETH LD TH D,
Tur 7= ) KRB, v u Ty — VR RREEEICT 59 5 REAUCHE
THRTHEL TS, BEOBENSG, v 7T =20 VR, S0
WEZO~ I a7 7 — UL EEEFE L, DR E7 ) o VA MEISE S L)
AN Tz,

AT, A OIEEZICB T ANRET 1 7 T =2 ) O&EIZ 5
WIZT DI, AR~ ZB LT R T =a ) U RE~ T 22 HOTL
BZEETNVEZERL, DR ET Y 72O TR L 72,



2 BB KOE
2-1 @

HEME ICR (8-12 H#p) ~ 7 A%, A=A L — RSt L VIEA L
(Hamamatsu, Japan), fHE D HIETER L7 m /I =2 ) Y R~ T XX
B SA A Y V) — A+ & — (Tsukuba, Japan) &0 AF L, C57BL/6] ¥~ AT
10 AL ERLARL L2 (59), ARSI RS T =2 ) U RIE~ U A1
8-16 Wi Z M H L=, EBREW DO I v b a— ik, KEE LR AN 8T
(National Institutes of Health)y @ [EBREOMEHICEAT 204 NI 14~
(Guidelines on the Use of Laboratory Animals)] (25> C3Eifi S Av, Mg B3R KT
BROBRRFOMZEMERENEBESBLIOER A A —7 T 1+ &EA
DRI L OB 252 T 7o (I B R R 78 ) SE B 55 KGR 5 ¢ 2019-046,
2019-197,2020-005. 2020-033, 2020-050, 2020-085, 2021-029, 2022-012, 2022-022,
R B A2 B ) SR HR S 7K R & 5 29-113, 2019-260, 2020-179), Uk B3R K425
L O B RO EBHE TIX, £ THO~ T A% 23+£3°C, 12 FE O HIKE
AZNVTEHBL, L KEZBEHICERTESLIICLE,

22 EBAE

AREFRIZHNTZE Y B LORIEIL, DLTo#m) THh 5,

Recombinant mouse progranulin protein, recombinant mouse M-CSF protein,
recombinant mouse IL-4 protein, recombinant mouse IFN-gamma protein |3 R&D
systems (Minneapolis, MN, USA), /XZ R/ AT /LT & K (paraformaldehyde:
PFA). protease inhibitor cocktail, phosphatase inhibitor cocktail II, phosphatase
inhibitor cocktail II1, Igepal CA-630 (& Merck Millipore (Billerica, MA, USA), K U

7' (trypsin), ¥i{t 77 U 7 A [potassium chloride (KCI)], ¥l [hydrochloric

10



acid (HCI)], A7 v —A (sucrose), L% /—/L (ethanol), sample buffer solution
(2QME+) (x4), A% /—/L (methanol), { A/ AZ—"LD, 74X 23—/}
N U 7 A (sodium deoxycholate), N7 I /LAilEF N U v A (sodium dodecyl
sulfate: SDS), RT U AT MV O ARY T 27 U7 I K5 L [sodium
dodecyl sulfate (SDS) polyacrylamide gel]. 6-7 X / ~F 4 2 [© (6-Aminohexanoic
acid), 2 %' 7 A (midazolam), 7 h V7 7 J — Vil R (butorphanol tartrate)
I Wako (Osaka, Japan), VU Mg " /K3%EH U 7 A [potassium dihydrogenphosphate
(KH,POs)]. U v EE/AKFE —F MU A - + /K [disodium hydrogenphosphate
12-water (Na;HPO4 + 12H,0)]. VU 8 —/kFEF bV 7 A kF1¥ [sodium
dihydrogenphosphate dihydrate (NaH2POs4 + 2H>0)], Blocking One-P, ~> /3L
v 4 —/,LJ KU 7 A (pentobarbital sodium), Dulbecco’s modified Eagle’s medium
(DMEM). Hank's Balanced Salt Solution (HBSS). V »E&#Zf #X (phosphate
buffered saline: PBS). Accutase |¥ NacalaiTesque (Kyoto, Japan), ~<X=31 >~
(penicillin), A h L7 k<A 2 > (streptomycin) |% Meiji Seika (Tokyo, Japan),

#Ab7F N U 7 A [sodium chloride (NaCl)], A7 b X ¥ U HEEEHE (medetomidine
hydrochloride) /% Tokyo Chemical Industry (Tokyo, Japan), ZEERRIE/K (saline) 1%
Otsuka Pharmaceutical (Tokushima, Japan), BCA protein assay kit, Hoechst 33342,
propidium iodide (PI), lipopolysaccharide (LPS, serotype 026:B6), 7 I IR{FILiE
(fetal bovine serum; FBS), JRMLEKISA#E /N> 7 7 — [red blood cell (RBC) lysis
buffer] IX Thermo Scientific (Waltham, MA, USA). 2,3,5-triphenyl tetrazolium
chloride (TTC), Masson’s trichrome stain kit, 77 v 7 A E—X (latex beads,
L3030), b7 /b =4 —F (hyaluronidase) /& Sigma-Aldrich (Tokyo, Japan), =
7 %7} — I (collagenase I) |3 Worthington biochemical (Vassar Avenue Lakewood,

NJ, USA). Deoxyribonuclease I (DNase-I) (X Nippon Gene (Tokyo, Japan), cell

11



staining buffer, Fc-receptor blocker [TruStain FcX™ PLUS (anti-mouse CD16/32)
antibody] & BioLegend, 7 > 47 > I > Il (angiotensin II: Ang II), phalloidin
594 conjugate working solution |¥ Cayman Chemical (Ann Arbor, MI, USA), 1 V' 7
)L - (isoflurane) (& Pfizer (Tokyo, Japan), tris-buffered saline (TBS) I Takara
Bio (Shiga, Japan), mouse on mouse (M.O.M.) blocking reagent, M.O.M. protein
concentrate, normal horse serum | Vector Laboratories (Burlingame, CA, USA),

proteinase K solution {% Qiagen (Duesseldorf, Germany), can get signal solution 1,

can get signal solution 2 % Toyobo (Osaka, Japan), Triton X-100, kU RA¥EEL (tris
base) ¥ Bio-Rad Laboratories (Hercules, CA, USA). vectashield fluorescent
mounting medium (£ Vector Laboratories (Burlingame, CA, USA), 7 /LA r~ 17
I (fluoromount) (& Diagnostic Bio Systems (Pleastanton, CA, USA). optimal
cutting temperature (O.C.T.) compound, /N7 77 «  (paraffin) % Sakura Finetek

Japan (Tokyo, Japan) X U ZHZHUEEA LT,

2-3 7 U ALGHEEET L

~ U A LRI PAZEE 7 VT, BRSO GIEICHE L T RO X IR L
72 (60), WREMT 70% R LEE R R L O 30%MBBFIE T, 2.0-3.0%1 Y 7 /VT v
WA EVEAL, 1.0-1.5%A Y 7T CRAICTHERF LTz, [ENICT 22—
TEFEAL, v U AHANLMEZ (HARVARD APPARATUS, mouse ventilator,
Massachusetts, USA) (2T, 7 mL/kg. 140 strokes/min CREHR % BtE LT=, A
RIENEZE RO RIBA ML Tz #& H L721%, 7-0 #3-% (alfresa, Tokyo, Japan) % H
W EBIR A A ER LT, e ERPAZEDO RS 1, fEEREI LA IZ 31T D Dl
HDRPFTIFT 7 —BIZ L VR LTz, £ D%, 3-0 #f-% (Ethicon, Inc., Raritan,

NI) Z W TR & O S 21T -7, BREPROBEIER, KENT



2—TEHFEL, vV AZRBESEL, —HOLEORIZ, E— kv b
(HEATINGPAD-2; Bio-research center, Co., Nagoya, Japan) % F\» C{KiEL % 37°C
\ZHEFF L7, Sham #ED~ v A Zxt L CIL, A rEBEIROAS Zk LLAM I [FIRE O ALiE

BiTo77,

24 UL AZ Ty ME

<RI bV E X =L R U T A (50 mglkg) DOREFEREIC KD e
FES W7z, W U7oOhEiE, Mg S > 7 7 — [50 mM Tris HCI (pH 8.0).
150 mM NaCl, 0.5% sodium deoxycholate, 0.1% SDS. 1% IGEPAL CA-630, 1%
Triton X-100 . phosphatase inhibitor cocktail , protease inhibitor cocktail
(Sigma-Aldrich, Inc., St. Louis, MO)] Z#Nt&, A€ F A % — (NS-310EIIL
Microtec Co.) ZHWTHEL L7z, &AE T R— MAEKIE 4°C, 10,000Xg, 20
SFHEIOGMCELSBEL ., EiED X 37 EIREIX bicinchoninic acid protein
assay kit (Pierce Biotechnology, Inc.) Z W TCHIE L=, & /X7 EHIREIL,
FR¥afR /S > 7 7 —F X U sample buffer solution Z %01 L CHHEL L F{&1Z 100°C,
5 M OEBELZ L 0 ERL L 7=, SuperSep Ace (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) % 72 K7 U VEREE T R O AR U 727 U7 I K51
ERKBICED, F "7 HEZRHEL TR 7 vifbe =07
(Immobilon-P; Millipore Corporation, Billerica, MA) (Z#rE L7z, D%, RU 7
vk =1V 7 % 0.05% Tween-20 3K % 7 £e TBS (T-TBS: 10 mM tris, 40 mM
tris hydrochloride, 15 mM NaCl) T¥t§ L. Blocking One-P (Nacalai Tesque, Inc.,
Kyoto, Japan) T=E{RIZ T 3057 02 v x 7 LI, —IRUKIZIRIE L T 4°C
T—MpA % 2 — | L7, —KBPUAIZL, sheep anti-PGRN (1:1,000; R&D systems

Inc., Minneapolis, MN), goat anti-MerTK (1:1,000; R&D systems Inc.), rabbit

13



anti-CD206 (1:1,000; Abcam, Inc., Cambridge, UK), rabbit anti-COX-2 (1:1,000; Cell
Signaling Technology, Danvers, MA), rabbit anti-MMP-9 (1:1,000; Cell Signaling
Technology). rabbit anti-phosphorylated Akt (1:1,000; Cell Signaling Technology),
rabbit anti-Akt (1:1,000; Cell Signaling Technology). goat anti-CCL2 (1:1,000; R&D
systems Inc.), rabbit anti-aSMA (1:1,000; Abcam, Inc.) 3 & OX rabbit anti-GAPDH
(1:1,000; Cell Signaling Technology) Z F\ 7z, —IRFLIRIL, horseradish peroxidase
(HRP)-conjugated goat anti-rabbit (1:2,000; Pierce Biotechnology, Inc.) .

HRP-conjugated rabbit anti-sheep IgG (1:2,000; Pierce Biotechnology, Inc.).

HRP-conjugated rabbit anti-goat IgG (1:75,000; Pierce Biotechnology, Inc.) .

Immunoreactive bands were visualized by Immuno Star LD (Fujifilm Wako Pure
Chemical Industries, Ltd., Osaka, Japan) 33 & T8 Amersham Imager 680 blot and gel

imager (Cytiva; Marlborough, MA) % FH 7z,

2-5 SEYLEYE
fiiH U 7= Dkl % 4%paraformaldehyde (PFA) VAL T 4°C. 48 FFRE[E & L 7=,

D%, 25% a FEIZ 24 KEfiR{E L, optimal cutting temperature compound
(Sakura Finetechnical Co., Ltd., Tokyo, Japan) (2@ L7z, 7 T4 A A X v T
7 h—2 (Leica CM 1,850; Leica Microsystems, Inc., Wetzlar, Germany) % {# ] L
T, JEE 10 pum OFETHEEAED S Z/ER L, 77 2274 FLRICEE L7z, U
J7 1% phosphate-buffered saline (PBS) I\ CHAM L7= 5% IEH ¥ ~IMiE (Sigma-
Aldrich, Inc.) |ZIR/ELER T | Rl m vy x> 27 L7z, £ D%, Progranulin
(1:100; R&D systems, Inc.), CD68 (1:100; Bio-Rad Laboratories Inc., Hercules, CA),
Troponin-1 (1:100; Abcam, Inc.), NIMP-R14 (1:100; Abcam, Inc.), CoraLite®

594-conjugated Cardiac Troponin-I monoclonal antibody (1:100; Proteintech, Inc.,

14



Rosemont, IL) ®—XFLIA L 4°C T—BoA > F =2 X— [ L7z, PBS T 10 5[]
> 3 [FI%EiF L, Alexa Fluor 488 donkey anti-rabbit IgG (1:1,000; Molecular Probes,
Eugene, OR), Alexa Fluor 546 goat anti-rat IgG (1:1,000; Molecular Probes), Alexa
Fluor 647 donkey anti-sheep IgG (1:1,000; Molecular Probes) ® —kHL{iK & ST
1 KFfE]A > % = ~— | L72,PBS T 3 [AI¥E#1% . Hoechst 33342 (1:1,000; Molecular
Probes) T 10 34 v FaX— L, BExit L, BEMEEZEOTDIC,
Vectashield fluorescent mounting medium (Vector Laboratory, Burlingame, CA) % 1)
FIZWML, A AN—FZ R TEA L, AR, LESBEMEE (Vector
Laboratory, Burlingame, CA) Z T, 10, 20, 40 {53 TR L=, StME

EfGEE Y 7 N =7 (Fiji-lmageJ; National Institutes of Health, Bethesda
MD, USA) W THIEE L. .72 < &b 3 2O EGROFHEE L TRLT,
SR k., JEREZEREI L. Cardiac Troponin-1 O YEIRE 2 FEEE & L
THILTZ,

«

2-6  PRAELEEI O E &

M L 72D, 4%PFA BRI T 4°C, 48 IeHEE L. /X7 7 ¢ i aif
L7 JES 6 pm D/3T 7 ¢ a2 Ff L Masson's trichrome stain kit
(Sigma- Aldrich, Inc.) TH L7-, BIBIZT X THICEME (BZ-XT10;
Keyence) % FV ) THgE L 7=, Masson's trichrome %4f4.%% . Fiji-Image] 2\ CTH
AT ST ARME BRI 2 JE U7, BREE LY A KU D5ER ) B RGBT £
TO 5 Y O LEREEIC G0 2R ORI G & LTRHL, 3 EoO
EEE TR LT,
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2-7 fEIEfEIK O E

~ U AT HEIREE 2R 24 FERZIC RV oS E X — ) R U D A (50mg/kg
ip.) OMEFERGIZ LY LHIES o, FH U7 DI RS S LA T & BT 12 4
DRIZAT A A LT, IR XA EEKIZTHRL 2 2% 2,3,5-triphenyl
tetrazolium chloride (TTC) (Zi&E L, |IL T 20 A > F 2_X— F L7=#.10%
TRV~ U PRI C—RREE Lz, 7YXV H A F (Coolpix 4,500 ; Nikon,
Tokyo, Japan) TUJA Z 4R L, HZEEAEIX Fiji-lmage] ZHWTHIE L7, #

FEY A KT, LAOEREAEIC D 2 REEOEIS & L TR L,

2-8 LyERXE

DM (electrocardiogram: ECG) 1FBE#R D J7HEICHE U CTHIE L 72 (61, 62), A
7 hI Y2 (0.3 mgkg). 2 XY T A (dmgkg). 7 hVT 7 /) —b (5 mgkg) D
IRAWIRDONENER G XD ~ 7 ZMEE 2555 LT- (8 513 4 kHz Trogk S i,
03 Hz DA RNZAREL 1 kHz DU —RABRETT A AZ ) 7SR, H 1
FHEDEXORIED T, gk, Ak, GBRBEOKTICEHZR Lz, LE
PIRLER DR IX, E—T7 4 7"y REHWT~ U ZDKRIEZ MR Lc, FEIE
5L AERIE 60 B E TOBEARHIC L > TER L, 155475 513 LabChart v8
Y7 K7 =7 (ADinstruments, Dunedin, New Zealand) % HWTHEAT L7z, 5%
AERRIZ, T L P OO A e LTEREIN, LEXOEEIG
QT MfA. RR FIfE. fiiE QT MIfRA & L7z, QT MIFRIT.LE Dt/ fRBRALs )
O T £ TOREZR L, RR FRRITOED B3 7 6 IR O/ £ T
DOFEM % K%, fiiE QT MW (corrected QT interval: QTc) %, Bazett D 1E
A (QT [AllE RR [HB&E %) Z W THRH L7,
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LL

2-9 DB SR D Sz i o i

SRR, AT D FEE S L CLL RO L 5 IZES LT (63), ¥V A
T, A Y TNT AL DI CRIES BT, DIEEERE S, EAEO.LE
UL, 18G OIS A EY 1772 10mL &V > V& VT, mAEREIEK
10 mL &/ 2 B3O8 Lz, DA L, 05 & FEImE 2 FEE L 7=,
DEiZ o v — b EIZE &, Dulbecco’s modified Eagle’s medium (DMEM; Nacalai
Tesque) 200 pL ¥R L, MBOMNIZRDETIVTIC L, I F LEDEE
DMEM 800 uL (Zf&# L, 50X g, 2 MO TmOmBE L, BELZRE LT,
R IZ ., collagenase 1 (450 U/mL; Worthington biochemical Co., Vassar Avenue
Lakewood, NJ, USA), hyaluronidase (60 U/mL; Sigma-Aldrich, Inc.), DNase-I (60
U/mL; Nippon Gene Co., Ltd., Tokyo., Japan) % &£ 3 % Hank's Balanced Salt
Solution (HBSS; Nacalai Tesque) 2 mL Z#/1 L, 37°C T 60 Z3fflA > F =2 ~~— |
L7, TR Z0OMRBIARNLT v 7 AL BNy T 4 7 LTH—2BREIRE L.
HBB /3> 7 7 — (HBSS, 2% FBS, 0.2% bovine serum albumin) 12 mL (ZJ&i#& L 7

MO LTz, BB % 4°C, 400X g, 5 IO Tl BiFZRR
E L7, XV v b &EIRIMEREEME N> 7 7 — (Thermo Fisher Scientific, Waltham,
MA, USA) TREIfLL, AT v 7 A THBREBE L, KR TS oA vFa2X—F
L7, Z ORI % HBSS 5SmL (2RI L, 4°C, 400X g, 5 57 D5MCmls
B LT, BEIEOBREE . XL > k% Cell Staining Buffer (BioLegend Co, Inc., San

Diego, CA, USA) 100 pL (= FHig L 7=,

2-10 7wa—HA A MU —fi#fT
HAREREZ 1L, Cell Staining Buffer 100 pL (25} L C 1.0x10° cells DR E T

L7, Z ORI % 0.25 ug @ Fe-Receptor Blocker [TruStain FcX™ PLUS

17



(anti-mouse CD16/32) Antibody; BioLegend Co, Inc.] & 10 47 > F 2_X— K L
72, —IRPUARIL, FITC anti-Ly6C antibody (1:100; BioLegend Co, Inc.), PE
anti-CD11b antibody (1:100; BioLegend Co, Inc.), APC anti-CCR2 antibody (1:100;
BioLegend Co, Inc.), PerCP/Cyanine5.5 anti-CD206 antibody (1:100; BioLegend Co,
Inc.). PE/Cyanine7 anti-MerTK antibody (1:100; BioLegend Co, Inc.) Z H\ 7z, 20
A ¥ 2 _X— b L7t BBRIZ Cell Staining Buffer 2 mL Z ¥sI0 L . 4°C,

400X g, 5 OaBELT-, XLy FEFERE L, 4°C, 400Xg, 5 4yl
SYBEL 7o, MR A AR L. 1 mL 0 4%PFA #HET 20 /3 RIEE Lz, Z DR
#WRIZ Cell Staining Buffer 2 mL Z i1z, 4°C, 400Xg, 5 43T 3 [EhEL L7,
oI E T —Y A NA—F =LY —HF—YT N7 =T (Cell Sorter

SH800S; Sony Co., Inc., Tokyo, Japan) THEHT L 7=,

2-11 f@e~ 7 v 7 7 —UHREE

~ O AgHE~ 7 v 7 7 — X, JE L7 FBS A& DMEM SmL D g RESEE (2
F O ENY U7z, $RE L 7o e i3m0 B 1IC FBS AN DMEM (IR L, 5.0
X 10* cells/well DEEFE T 24-well 7' L — MR L7-, &30 0%, (&E LT
WRUWIE 2 FBS A% DMEM THEH L. 10%FBS %A DMEM A1, IR KX
T (95% air, 5% CO2) F7IHMEMEFET (94% Naw 5% CO2. 1% O2). 37°C T

24 Iyl LT,

2-12 Bk~ 27 v 7 7 — ORI
VY RIA Y TINT N R DRI CREIE S, KR &S AR L
FrlZB)W L, 10,000X g T 10 B, @ OoBt L, BB L v N 2SR MEREE

fifg /X > 7 7 —"C 30-60 FPVANM L, 10% FBS, 100 U/mL penicillin (Meiji Seika

18



Pharma Co., Ltd., Tokyo, Japan). 100 pg/mL streptomycin (Meiji Seika Pharma) % &
4% DMEM (10% FBS DMEM) 10 mL (25774, 200X g C 5 23], 0oy B
L7z, 7 u7y—yan=—filj{[+ (macrophage colony-stimulating factor:
M-CSF; R&D Systems Minneapolis, MN, USA) 10 ng/mL % &t 10% FBS DMEM
[ZFHRRE . 12-well 7 L — KT 5.0X10° cells/mL OEE THER L, 37°C. 95%
air, 5% COy DN RS T THi#E L7z, WL 2 AARICASHA L 4 ARG LTz,

Bk~ 27 07 7 —Z LPS (10 ng/mL) +IFN-y (20 ng/mL) ¥ 721X IL-4 (20

ng/mL) % 48 RFREALE L, M1 BIXOM2 i~ 07 7 —VIZFEE L (64),

2-13 EEWHY T IVH A LAWEEERY AT —BE#E{ i (quantitative reverse
transcription polymerase chain reaction: RT-qPCR) £

Nucleo Spin RNA II (Takara Bio Inc., Shiga, Japan) % H\\\C, @~ n 77—
VEBIOEHER~Y 27 7 —U 05 RNA 24 L72, RNA 21X NanoVue
Plus (GE Healthcare, Chicago, IL) %\ CHIE L 7=, PrimeScript RT Reagent Kit
(Perfect Real Time; Takara Bio Inc.) % H\\THH#RF 21TV, RNA 75— A4
cDNA Z &k L7, EERY 7V 4 A A RT-qPCR |E, TB Green Premix ExTaq II
(Tli RNaseH Plus; Takara Bio Inc.) & TP800 Thermal Cycler Dice RealTime System
(Takara Bio Inc.) Z fAWCEM L7z, 2 COFNRITEESTCOMAEINE -T2, ©
A7V TERME 95CTS . 60CT30RA 1A 27L& LT, 40417
AT o Tz, fEFIT B-actin FEBL & CTIEHSUE LI AHXT B FHBLE TR LT, il

A L72 PCR 77 A ~—FHiX Table 1 |Z/~R7,

Gene Forward 5°—3’ Reverse 5°—3’

Mrcl CAAGGAAGGTTGGCATTTGT CCTTTCAGTCCTTTGCAAGC

11b AACCTGCTGGTGTGTGACGTTC | CAGCACGAGGCTTTTTTGTTGT
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16 TCTGCAAGAGACTTCCATCCAGT | TCTGCAACTGCATCATCGTTGT
Tnf GAGTGACAAGCCTGTAGCC CTCCTGGTATGAGATAGCAAA
Ccl2 CTGAAGCCAGCTCTCTCTTCCT CAGGCCCAGAAGCATGACA
110 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG
1l4r TGACCTCACAGGAACCCAGGC GAACAGGCAAAACAACGGGAT
Tefbl CTGCTGACCCCCACTGATAC AGCCCTGTATTCCGTCTCCT
Grn CTGCCCGTTCTCTAAGGGTG ATCCCCACGAACCATCAACC
Actb CGA GGT GAC AGA GAC CACAA | CTGGAGTCAAGC CAGACACA
Table 1. Sequences of primers (mouse) used for RT-qPCR.

2-14 ART vEA

BHiHk~7 07 7 —T% 96-well 7' L — FZ 5.0X10* cells/well D% L THE
L. 37°C. 95%air, 5% CO> DINHEARA T T 24 Bl L1z, TO%, Bl
Hk~27 a7 7 —12 50 ng/mL LPS Z¥ANL, 1, 6, 24 RfiIRIC T 7 v 7 A
v — X (L3030; Sigma-Aldrich, Inc.) & 4 FFfij{ > % =-~<— Kk L, PBS T3 [Al¥k
LTz, SEHEEIX, spectrophotometer (Varioskan; Thermo Electron Corporation,
Vantaa, Finland) THEIEKE 575 nm. #OGHEE 610 nm THIE L7-, Mgz
Hoechst 33342 (1:1,000) & 15 34 % =— kL, @GEHMSE (BZ-X710;
Keyence) THgig L7z, BEIGMHEIL, SOCHRE 2 Mia CHiE L THRI L7,
2-15  H9c2 Mk D EEH

7 v MO IERE H9c2 (European Collection of Authenticated Cell Culture,
Wiltshire, UK) (X, 100 units/mL penicillin, 100 pg/mL streptomycin (Meiji Co. Ltd.,
Tokyo, Japan), 10% fetal bovine serum (FBS; Valeant, Costa Mesa, CA, USA) % &
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¢ DMEM high glucose (Sigma-Aldrich, Inc.) H. 37°C, 95% air, 5% CO, TH;#

L7,

2-16  LAHIEAL R O FF

H9c2 #AERRIX, 10% FBS % & d» DMEM high glucose T 24-well 7' L — K |Z
10,000 cells/well DFLETHER L, 37°C, 95% air, 5% CO, T 24 FfHk5HE L7z,
Z D%, KA DMEM 1% FBS (Z42#2 L, 1 uM angiotensin II (Ang II; Cayman
Chemical Co., Ann Arbor, MI, USA), 250 ng/mL recombinant mouse PGRN (R&D
systems, Inc.), PBS % 24 IRFf#JALE L7z, #ifuZ PBS Ty L. 4%PFA ¥iEIZ T
2R T 20 /2 MEE L7=, PBS T3 [HIBE L. phalloidin 594 conjugate working
solution (1:1,000; Cayman Chemical Co.) (ZZE{l T 60 43[HiR{% L 7=, PBS T3 [A]
Be¥ L. Hoechst 33342 (1:1,000) T 15 734 > F 2 _X— bk L7214, S CBAMEE
(BZ-X710; Keyence) & HWTHgiz L7z, MK EFE (um?) (% Fiji-lmage] % H

WTHIE L7,

2-17 > 7))L RNA ¥ — 7 = AR

Grn mRNA L~ULiE, (ODAGFEIER. DDA k5 L LTz v 70 /L RNA &
—/r > A (scRNA-seq) DAHLT—4% & v & HCTHENT L7-, EMBL-EBI
(www.ebi.ac.uk/arrayexpress) @ ArrayExpress 7 — % X— R |2, T/ Aa— R
E-MTAB-7376 3 & TN E-MTAB-7365 CHFES LTV 5T — X Z 72 (Farbehi
N. et al, eLife., 2019), AMLERE, OHEZEZ I BEBLOT7 HRIZBNT, %
1 BT oD TN T =2y ra— R Lz, Yo7 T—2 %,
1% M AL B3 ME 2 0 B (activated fibroblasts: F-Act) . g # 2 #ll A -Scalhieh

(fibroblast-Scal™e": F-SH), #rifk 2 HfE-Scal'® (fibroblast-Scal'®": F-SL). ik

21



IFMME (myofibroblasts: MYO), Wnt FEBLIRMEF MG (fibroblasts expressing Wnt:
F-WntX), WEHIFE (endothelial cells: EC), B£#lfd (mural cells: Mural), HEF#ME
EC (cycling EC: Cyc), M1 ¥7 27 77— (M1 macrophages: M1Mg), M1 H.EK
(M1 monocytes: MI1Mo), #HHKHIAE (dendritic-like cells: DC), IFN 3% & s 1 &
BB T H~ 2 17 7 — (macrophages showed strong upregulation of
IFN-induced genes: MAC-IFNIC),M2 ¥ 7 1 7 7 — 3’ (M2 macrophages: M2M¢).
MR i AEME Mo (cardiac tissue-resident Mp: MAC-TR). T #if& (T-cells: TC).
B #lifcl (B-cells: BC), 7 F = 7 /L% 7 —lifid (natural killer cells: NKC), 7'V 7
AR (glial cells: Glia) & LCT /7 —va v iBFAhThoT, fHx OMaRECE
T % Grn BEEOEZHIE U, #EHFRITHNT L7,

2-18  HEat AT

T — 2 A E£SEM TR L7z, ERVAEIE, 2 FEMEERIZIT Levene DR
TEIZ Student £ 721X Welch Ol ¢ M€ 2. ZHEM LU I — oAl E 5 o
Hri%1Z Tukey F 7213 Dunnett f7E & FHV THEGHIIZARNT L7z, P E<0.05 % #
AR ZD Y & LTz, T XTOHEHENTIX. SPSS (version 24.0.0.0; IBM,
Armonk, NY, USA) ¥ 7 b7 =7 & GraphPad Prism (version 9.5.1; Graphpad

Software, Boston, MA, USA) % W CTiT-o 7=,
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Figure 5 The expression and localization of PGRN after MI.

(A) Immunoblots exhibit PGRN (58-68 kDa) and GAPDH (37 kDa) in whole hearts at 1, 3, 7, and
14 days after myocardial infarction (MI). (B) Quantitative analysis of PGRN expression level
normalized to GAPDH in the entire infarcted myocardium. Data are the means + SEM (Sham
group: n =5, MI groups; 1 d:n=6,3d:n=6,7d:n=5, 14 d: n=6). "p <0.05, p < 0.01 vs.
Sham group (one-way ANOVA followed by Dunnett T3 test). (C) Scheme of a myocardial
transverse section after MI. The myocardium was classified into three different regions as follows:
infarct, border and remote areas. (D) Confocal microscopic images (%10 magnification) of PGRN
at 3 days after MI. Scale bar: 500 um. (E) Quantitative analysis of fluorescence intensity for
PGRN at 3 days after MI. Data are the means £ SEM (Normal: n =5, Sham: n = 5, Infarct: n =5,
Border: n =5, Remote: n =5). “p < 0.01 vs. Sham group (one-way ANOVA followed by Dunnett
T3 test).

3-2 DR O T v T T =2 ) 3EBURINE ORGT

Tn T =a ) URBLEORFIZEIL, v U RLHEET T VIZEBIT S
ru 77—V OERBLERGELTND (55), £Z T, EER Tl T7=a) v
HBBEMRIEI~7 077y =V ThbHEEX, v~/ uTdy—V~v——Thhd
CD68 L7 mrT=a ) i LA, TulJ=al IEER
EEIC BT CD68 & BTE L= (Figure 6A), CD68™ %k L8 PGRN'
CD68 ML, (D ApfEZER 3 H B ORIV TEE RN 2580 72
(Figure 6B-D), 4 CD68 iz 557 n /T ==V > L OILEHEMaOE &

(X, DARREZERE TR 79.6%. % FARE T 68.5% Td - 7= (Figure 6E),
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Figure 6 PGRN colocalizes with CD68" cells after MI.

(A) Enlarged images of a cell expressing PGRN. The white arrows indicate one of the CD68*
PGRN" cells. Scale bar: 10 um. (B) Typical confocal microscopic images (X20 magnification) of
macrophages at border areas 3 days after MI. Blue: nuclei stained with Hoechst 33342, Red:
Troponin-I, Magenta: CD68, Green: PGRN. Scale bar: 100 um. (C-E) Quantitative analysis of the
number of CD86" cells, PGRN" CD68" cells, and % of PGRN" cells in CD 68" cells at border
areas 3 days after MI. Data are the means = SEM (Sham: n = 5, MI: n =5). “p < 0.01, **p < 0.001
vs. Sham-operated group (Levene's test followed by Student’s or Welch’s two-tailed #test).



3-3  scRNA-seq FHiEHTICIES< 7m0 /T = 2 U R BIHIIREO

~/B7 =B AT a2 ) o OEREERMT S0, A S
NTW5 scRNA-seq 77—ty hEHWT, 70/ T7=a) &3R4 5
BEZ AT L7 (65), (AFITIED Grn KB L~ EF~- &L 24, BBk~ 1
77— VHIEEE CEE AR LT (Figure 7A), £7-. DX 3 BEB I U7
HH® Gm OFBUIHIK-~ 27 v 7 7 —VHilalE CEfE%~ L7 (Figure 7B, C),
UEXY, DEEZICBITL2 7077 =a ) URBLEOHEINT, Eltvr e
77—V OIERICHBET 5 Z LRI E T,
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Figure 7 PGRN expressing cell clusters after MI.

(A-C) scRNA-seq analysis of cell clusters expressing Grn after sham operation and at 3- and
7-days post-MI. Data are the means + SEM (Fibroblast lineage: n = 262, Endothelial & Mural: n =
355, Monocyte & Macrophage: n = 3184, Lymphoid: n = 73, Glial: n = 1). ™p < 0.0001 vs.
Monocyte & Macrophage (one-way ANOVA followed by Tukey’s test).

3-4 Ty T =a Y U REMDIFEIER OO ERIC I TR

T =a ) U RBEY T AZHWT, OEERICBITS TR T =2
v DA E A R Uic, DAESER O EREE L, DIROIERAL & B
HLTRY, DEES MREENRE L 22D (66, 67), LTI 14 HiZIZHBW



T, 7mr7=2) VRE~ UV ATIEIEAEM~ Y 2 &g L COEE MREE

A EIZHEAN L7= (Figure 8A, B),
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Figure 8 PGRN deficiency increases heart weight per body weight after MI.

(A) Typical images of the whole hearts in WT and PGRN-KO mice at 14 days post-MI. Scale Bars:
I mm. (B) Quantitative analysis of heart weight per body wight (HW/BW). Data are the means +
SEM (WT: n =8, KO: n =4). "p < 0.05 vs. WT (Levene's test followed by Student’s two-tailed
t-test).

3-5 Tur7 =2l U REDOHEER OBMEIZ RIT T E
WA IR, O OBEE & DML OB E KR & O E L FHE T D
7o, WUHERERERE S & EERAIRO —K & 72D (54, 68), £ 2T, a7 —4
¥ DB E IR LA 2 F AT Y95 Masson’s trichrome Yetaa VT, /2
D LA LE ORI A X &Gl L7z (Figure 9A), 70/ 7 == U VR~
U RZEBNT, LHFEZE 14 BRZICBWTEREL LA E DML A X035

Al 2 L il U CAEICHAN L2 (Figure 9B, C),
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Figure 9 PGRN deficiency increases ventricular fibrosis after MI.

(A) Typical images of the myocardial transverse sections from apex to ligature visualized by
Masson’s trichrome staining in WT and PGRN-KO mice at 14 days after MI. Scale Bars: 1 mm. (B,
C) Quantitative analysis of fibrosis size (%) in left and right ventricular (LV and RV). Data are the

means + SEM (WT: n = 8, KO: n = 4). "p < 0.05 vs. WT (Levene's test followed by Student’s
two-tailed #-test).

3-6 T n T =) VRENLIEIEROLEM THRICE 2 LR

v U ADLEIEE T AMAEREL 14 HE ETOAEGEREMIT LIz, 7rnr 7=
2 U U RB~ T A, OIEZER OAFRNE L <R DIRERIC L0 R4
\ZFEL L7z (Figure 10A,B), 7o, OHEREDOIEIE &L L CLERZIE L& Z
H. 77T =a ) URES T AT, LHIEZE 14 R#%I23B1T 5 QT MRk &
OM#HIE QT M8 (corrected QT interval: QTc) 23%ZEFK L 7= (Figure 10C-E), — /7.
RR [HfRIE, B~ T 2 L g U ERMM 2R L7722, AEAITRD LR
727 1= (Figure 10F), QT [MIF@IE. [LEOESAELE ) 5 0118 1 C LB 2R B &

RS %, QT FERIT, DRI & iz DR=R X T S, BFEREIRZ
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Figure 10 PGRN deficiency induces higher mortality and longer QT interval after MI.

(A) Kaplan-Meier survival curves in WT and PGRN-KO mice following MI. Data are the means +
SEM (WT: n = 33, PGRN-KO: n = 28). “p < 0.01 vs. WT (Log-rank test). (B) Observed days of
cardiac rupture post-MI. Data are the means = SEM (WT: n = 11, PGRN-KO: n = 13). "p < 0.05 vs.
WT (Mann-Whitney U test). (C) Electrocardiograms (ECGs) in WT and PGRN-KO mice at 14
days after MI. (D-F) Quantitative analysis of corrected QT interval (QTc), QT interval and RR
interval, respectively. Data are the means £ SEM (WT: n =9, PGRN-KO: n =4). p < 0.05, *p <
0.01 vs. WT (Levene's test followed by Student’s or Welch’s two-tailed #test).

3-7 Il T =2V DLAREZES ORZEY A R RIF T

WA, DEREIER O DML 2 5l 5 72 SEBIC R DHE%E) A X
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ARl L7z, WAL T 07T =a ) U RE~ U AORT, SV (D

48 WEfH12) 1Tk 1T DS A XA EZEITFR O b h o> 7= (Figure 11A, B),
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Figure 11 PGRN deficiency does not change infarct size after MI.

(A, B) Typical images of infarct myocardium and quantification of left ventricular (LV) infarct size
in WT and PGRN-KO mice at 48 hours after MI. Data are the means + SEM (WT: n = 5,
PGRN-KO: n=6). N.S vs. WT (Levene's test followed by Student’s two-tailed #-test).

3-8 ImrsT==2l roO0MMEERICRT 5 EM

HOc2 ARk E FHI T, 7o od T vy TR DI IRAE R %
TurT =2 ) COEREZIHME L., T T =2 ) E, TV A Ty
KV FFE SN D DR EmEOEIN 2 A B S 72 (Figure 124, B),
UEOfERIZ, v 77 =2) U RBICKDAEROERY €TV o703, 2k
HOOAHAILFEDOHIN LV & | HRME LR O BELE AR (2 3 1T 2 D i
DIERALSHRMEL D TCHEIE R 35 Z & &R LTV D,
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Figure 12 Effects of PGRN on cardiomyocyte hypertrophy.

(A, B) Representative images of rat cardiomyocyte H9¢2 treated with Angiotensin II (Ang II) and
PGRN for 24 hours. Blue: nuclei stained with Hoechst 33342, Red: Phalloidin. Scale Bar: 100 pm.
Data are the means = SEM (PBS: n = 5, Ang II: n = 5, Ang [I+PGRN: n = 5, PGRN: n =5). "p <
0.05, *p < 0.01 vs. Ang II (one-way ANOVA followed by Tukey’s test).
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Figure 13 Alteration of protein expression and macrophage accumulation affected by
PGRN deficiency following MI.

(A) Immunoblots exhibit PGRN (58-68 kDa), CD206 (190 kDa) and MerTK (175 kDa) in whole
hearts of WT and PGRN-KO mice at 3 days after MI. (B) Quantitative analysis of CD206 and
MerTK expression levels normalized to GAPDH, in the entire myocardium at 3 days post-MI. Data
are the means + SEM (WT: n = 10, PGRN-KO: n = 7). "p < 0.05, **p < 0.001 vs. WT (Levene's
test followed by Student’s or Welch’s two-tailed #test). (C) Typical confocal microscopic images
(%20 magnification) of macrophages at border areas in WT and PGRN-KO mice at 3 days after MI.
Blue: nuclei stained with Hoechst 33342, Red: CD68, Gray: Troponin-I. Scale bar: 100 pm.
Quantitative analysis of fluorescence intensity of CD68 and the number of CD86+ cells at border
areas in WT and PGRN-KO mice at 3 days post- MI. Data are the means + SEM (WT: n = 6,
PGRN-KO: n =4). "p < 0.05, “p < 0.01 vs. WT (Levene's test followed by Student’s or Welch’s
two-tailed #-test). (D) Representative confocal microscopic images (x10 magnification) of
neutrophils at border areas in WT and PGRN-KO mice at 3 days after MI. Cyan: nuclei stained
with Hoechst 33342, Magenta: NIMP-R14, Green: Troponin-I. Scale bar: 100 um. Data are the
means = SEM (WT: n = 6, PGRN-KO: n = 4). N.S vs. WT (Levene's test followed by Student’s
two-tailed z-test).
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Figure 14 PGRN deficiency increases CD206 expression in peritoneal macrophages.
mRNA levels of Mrc! in peritoneal macrophages in WT and PGRN-KO under normal and hypoxic
conditions. Data are the means = SEM (Normal; WT: n = 6, KO: n = 6, Hypoxia; WT: n = 7,

PGRN-KO: n = 8). *’p < 0.01, *p < 0.001, **p < 0.0001 vs. WT (one-way ANOVA followed by
Dunnett T3 test).

3-11 scRNA-seq FHiEHTICHE S 70 /T = o U U3 BRI O f#HT

Tnr =2 ) oRBE~vsu Ty —URBA L ORRMELHET 5720
12, 2B E TV D seRNA-seq 7 — X > NEHWT, LHEEZEO T 7 7 F
== U BN 2 BT L 72 (65), O ZERR 3 A HIZRIT 5 Grn OFEBL LN
VERAT LI & 2 A, M1 HERS M1 ~Z7 17 7 — BRI Z & Tefh o il

ol LT, M2 w27 u”7 77—V TEfEzRs Lz (Figure 15),

34



3 days after Ml
*k

—
*okok ok
—
60 ok Kok
—
c
.g 40k
d
o
S 20F
£
O
hd 1492 l¢‘”AMA di a1
(’,\Qs\,o-y'»'bﬁ,q}oaooo fz>
§S?

Figure 15 PGRN expressing single cell types after MI.

(A-C) scRNA-seq analysis of cells expressing Grn at 3 days post-MI. Data are the means = SEM
(n=F-Act: 185, F-SH: 25, F-SL: 40, MYO: 4, F-WntX: 8, EC1: 162, EC2: 37, EC3: 75, Mural: 10,
Cyc: 71, M1Me: 1964, M1Mo: 493, DC: 271, MAC-IFNIC: 125, M2Mg: 49, MAC-TR: 23,
MACS6: 110, MAC7: 43, MACS: 106, TC1-Cd8: 28, TC2-Cd4: 16, BC: 27, NKC: 2, Glial: 1). “p <
0.01, ***p <0.0001 vs. MIMg (one-way ANOVA followed by Tukey’s test).
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Figure 16 Protein expression in PGRN-deficient myocardium at 3 days after MI and
sham-operation.

(A-C) Immunoblots of CCL2 (25 kDa) and aSMA (40 kDa), and quantification of their expression
levels normalized to GAPDH in whole hearts of WT and PGRN-KO mice at 3 days following MI
and sham-operation. Data are the means £ SEM (MI: WT; n = 10, PGRN-KO; n =7, Sham: WT; n
=6, KO; n=4). p < 0.05 vs. WT (Levene's test followed by Student’s or Welch’s two-tailed
t-test).
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Figure 17 Abnormal subpopulation of cardiac macrophages in PGRN-KO mice post-MI.
(A, B) Representative FACS plots of CD11b" cells and quantified ratio of CD11b* cells in total
singlet cells in WT and PGRN-KO mice 3 days following MI. (C) Representative FACS plots of
cells distinguished by expression levels of Ly6C and CCR2. (D) Quantified proportion of Ly6C"
CCR2" CD11b" cells in singlet cells. (E, F) Representative histograms of CD206" and MerTK*
cells in Ly6C'®" CCR2" macrophages. (G, H) Quantified proportion of CD206" Ly6C* CCR2*
CDI11b* and MerTK* Ly6C*" CCR2" CD11b" cells in singlet cells. Data are the means = SEM
(WT: n =4, PGRN-KO: n = 3). p < 0.05, “p < 0.01 vs. WT (Levene's test followed by Student’s
two-tailed t-test).
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Figure 18 Flow cytometric analysis of macrophages at 3 days post-MI.

(A) Quantification of % of Ly6C'** CCR2~ CD11b*, Ly6Chieh CCR2* CD11b* and Ly6Che" CCR2~
CD11b" cells in singlet cells in entire myocardium of WT and PGRN-KO mice at 3 days post-ML
(B) Median of CD206 and MerTK expression levels in Ly6C'¥ CCR2* CDI11b* cardiac
macrophages in WT and PGRN-deficient myocardium at 3 days following MI. Data are the means
+ SEM (WT: n = 4, PGRN-KO: n = 3). N.S vs. WT (Levene's test followed by Student’s or
Welch’s two-tailed #-test).
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Figure 19 Abnormal polarization of PGRN-deficient bone marrow-derived macrophages in
inflammatory responses.

(A) Grn mRNA levels in bone marrow-derived macrophages (BMDMs), treated with LPS+IFN-y
and IL-4 for 48 hours. Data are the means + SEM (Normal: n = 4, LPS+IFN-y: n =4, [L-4: n = 4).
***p < 0.0001 vs. LPS+ IFN-y (one-way ANOVA followed by Dunnett T3 test). (B-I) mRNA
levels of Il1b, 1l6, Tnf, Ccl2, 1110, 1l4r, Tgfbl and Mrcl in WT and PGRN-deficient BMDMs
treated with LPS+IFN-y and IL-4 for 48 hours, respectively. Data are the means =+ SEM (WT;
Normal: n =4, LPS+IFN-y: n =4, IL-4: n = 4, PGRN-KO; Normal: n =4, LPS+IFN-y: n =4, [L-4:
n=4). p<0.05 “p<0.01, "p <0.001, " p < 0.0001 (one-way ANOVA followed by Tukey’s
test).
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Figure 20 PGRN deficiency increases phagocytosis in macrophages early in the
inflammatory response.

(A-C) Phagocytosis activities quantified by fluorescence intensity of latex-microbeads corrected by
number of cells in WT and PGRN-deficient BMDMs treated with LPS for 1, 6 and 24 hours. Data
are the means = SEM (WT; Normal: n = 5, LPS: n = 5, PGRN-KO; Normal: n = 5, LPS: n=5). “p
<0.01, ™p <0.001, "™*p < 0.0001 (one-way ANOVA followed by Tukey’s test).
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Figure 21 Graphical abstract of the adverse cardiac remodeling after MI by PGRN
deficiency.

Progranulin (PGRN) was abundantly expressed in macrophages post-MI. PGRN-KO mice showed
higher mortality, increased fibrosis and severe arrhythmias following MI. PGRN deficiency
induced abnormal cardiac macrophage subpopulation after MI, which involved Ly6C'*¥ CCR2*
macrophages previously reported to accelerate ischemic injury. PGRN-deficient bone marrow
derived-macrophages exhibited lower levels of //1b, /10 and higher levels of Tgfbl, 1l4r and
increased phagocytosis following stimulation of LPS and IFN-y. PGRN deficiency may exacerbate

post-MI remodeling via recruitment of macrophages that exert abnormal inflammatory responses.
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RHNZHLETH D,

~rn7y—VICRBELLARMREICED S MerTK OXEIE, 7R F—T R
AL OBREZBEE L, DRI T 2 RIEIGE OEIE L, Dls#RHE Lo
. DEREDIR TIZ D225 (56), AlEl, 7m 7T =2V R#EIX, MerTK
FHELE L ILIC, DAFIERICKIT AR LNEETZ, £/, YRV T7==
U RSk~ 0T 7 — DT, RIESEH 6 B L O 24 R <X
%<, 1 R TORBEREBOTLENPBEZE SN, 70/ 7 =21 Y OREIZEK
D, EHiHk~ e 7y =B/ n ) TICB T EREH A RS
HZENHEIITND (80, 81), T78bb, a7 =al VNIRIEIED
BHICBIT 2 ARFEEAZHIET S 2 LR SN D, i), AFEICENTS
n7 7 =2 R~ T A, OIS O RHNUDEZNT K0 BT T D E R



NHUL ST, FATAFFEIZ 3V T, Matrix Metalloproteinase-2 (MMP-2) KiH1E
~ /77— VI KD O OB AR E AR S, GO EZER OO
PO LTS (82), UEDOFREREBEST L, T v rT==2) U XBIZLD
v/ a7y —VOERIEEO BHITUEIL, TR b— 2 Al OB E & RHE AR
DAL 2 FHE L, DI O IETI b & DR DR AN FF 53 5 AIEEE RS 2
bIvd,

Tu T =2 RE~Y T AOLEBS L OEREY 7 v 77— Tk, CD206
R BROEMMBE I N, HITHEICBN T, 7R T7=2 ) VRV T A
TlX VT 4 4 bV VR EBHEERIC CD206 BE M2k~ 07 7 —
UIREML TS (58), TNOLDOMAEZEER DL . s 7= U RIEIT
MRRAGECBREER IS E LT M2 fk~ 7 v 7 7 — Uit b &2 {29 2 vraetk:
WD, Fio, 707 7 —=VIIRIEISERIC M1 ARERHRLD S M2 A
R A B ORI T2 2 EME SN TS (71), EEE. RIEISERZ D%
HichbslEle~r a7 7=V, Ml v—h—& M2 ~— 1 —Z [FRFICHEBLT
% (83), 7o, v s T ==V R, LPS FIEEZICRIEMEY A A %
BEICHWT D ML B~ a7 7 —VEHET DL L0 HELFET D (57),

&

Sl s T =2 ) CREEHRRY 7 0Ty — U, RIEISERIC IL-4R
REBEOHMNEZR LT, IL-4R ¥ 7ML, ~7 77— 0 M2 fitE(l %1
ETHHERNTHD (84), UL EOBLEND, 7rr/T7=a ) U KIEICLY, ~7
B 77— VIS D RIEISENIKT 2 IHIE 7 — FoX o 7 D A8
TWRO DL ENHRIND, — . Tl T =2 ) VR~ v T 7 — U T,
RIENERIT IL-10 FBEEDME T L BFRETICB W THR FERAIZH - 72,
IL-10 (¥~ 7 v 7 7 — 28T 5 Toll-like receptor 4 (TLR4) #%E MDAk %

M4 2 85), Ymr/ T ==V U KREBIZLDIL-10 D¥EREIX, v~/ 277
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— VBT D RIEIE DR & MEL o B NI BT 2 AThE
HEREZ NS, UEXY, TarJ=a) U RBIZ~/7r 77y =TIl 5
PAEIEE % DRPEALIZ R 5 B O 2 EE 5 2 LRl s d,

CD206 [t M2 #k~ 27 v 7 7 — V%, —RICDIBROFRMEE 2 L, T
UCEIZFG TS 84, LR, YulJ=al K~ T A TR, L
FZEBIZB O OO CD206 FEBLEITIEM L7y, FETROHM, Mo
TLER LOEE R AHEARE R LTz, £72, CD206 OFRBUX, ‘B HE B KR AEME
DRBNCHFEND CCR2T Ly6C <27 1 7 7 —VHERICB W THLZE S 1
2o SEATHRECIE., BIMEEFEROBERICB T, HHifkK LyeC~27 17 7 —

ITRRMEL R L, R RIZH - LTS (86), LTI -TC, 7r/ 7=
= U U RARIE, DK CCR2T Ly6C ~ 27 1 7 7 — VHAIN &2/ L C, Rt EE#
OOl LA B S, AFEREIR T S5 TR H 5, )7, TGF-p D
RHLL L, RIERE RO T 0T =a ) v ERBE LI~ r 7 7 — VIl
WTHIIN L7z, w7 v 77— Ui, DIEIER OMMEMERBE I BV CH
B S, EES BITHREICR VT, CCL2 RIS R~ a7 >
— VORI, M FEREER 7 B B OLBRRHEL AR S8 5 2 s
SNTWD 87, LI oT, 7r7 7=l %, BIMEEFICHE S RIELE
®IC, v 7 v 77— OBPRMHECBOS 2 B3 D HERE 2 A D IR S
bbb,

e LT, 7l o= i~ u 7y —UOKERE 2N L. O
ESH DO EROBY €7V 7 2MflT2 2 ENRBENT, TRy T7 ==
U, DFFEZER OO AR RRIE L T BT 2 7o O EE R AE A 4 5 "TREMED
bHbH, RETIE, 707 T7=2l O R/KBIZL 0 DR ICEE
DY BTV o IRFEINDLZEEH LN LI, LLAEnG, TurJ
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—a VU RE~Z7a 77y —UN0EY T ) U7 OBEICEREMICES T 5
NENCOWTIIABETH A, F2THE2ETIL, Turso=al) VKRE~7

17 7 — P HN DR MR RE IS M AF 5B OV TR LTz,
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Fo®E ~wrmT7yr—VllBFLs7n s 7= OE
B S

LMD SR I DM R 1T B L7 — 5T, 2 OBITDAEICHERE L
7R 2 D BE IR 2\, REARITAME ORI BT 2 EE R A
PHEN DS EBRFERTHY | LM THELEATHEKLRERNTHD (88), LE
Kz W THIZE I NS QT MkREIX., LEOEKMEE )G [RIE £ TICHLE 7R
[l RBEL T D, Fifeid7e QT MIFRDIER T, BIEMEAREAIRDOFEAY 27 %
O DT AL ZERICB T D RRIEDIRIN L 72D (89), LU D,
SR DATFEZES O DIRER AR ZH AT Hr A S Tnian,
~7n 7y =V, DIEESAEBOE MR B W TEHEEREHIZHE O,
AENRFEAEIT, v~/ m 7 7 —VICKDRIEWT A MU A B L OTEEIRR TR
(Reactive Oxygen Species: ROS) DFEAIZBET 25 (90), ML TiFEZEZ T
PEARFENRZ 29 2 B Tk, RIEMEY A M A o RORIEME IR D I L~ 1
MENWZ ERFRESNTNDE 91), £o, v 7 a7y — U aEHan
k=2 KU 7 ROS (mitochondrial ROS: mtROS) PEAEDTLHEIL, ~ 7 A DMHIE
EET MBI HEFFREZE LR T IED (92), Thbb, AU IER
ICBWTAEROWEICFET b~ a7 7y —VORBBZHLNZT S Z
ITEEMRIC B W CTEHETH D,

Tar T2 VU RIE~v a7y — U, BE O~ T ARBET MIEBWT

BRRIEE 2R L, MG EOWEIZTFS LT D (57, 93). UifFs=IC

B BEORETIL, 70l I=a0r0 ) v 7 X0 AMEERSLM TIZE
TFH~voa T =V OREMYT A N IA L DOEATRETHZ EEP LN
L7z (94), £7o, BIETRLIEEIIZ, Pur =2l roeg R80T

T ALHREETT LIZBW T~ 7 07 7y —YOREIREREZHEL, AERD
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Y €7V o ZEMRELT 95), LLBnG, YrnrJ=al) R~/ R
77— VU NMRBESRME TIZB W L RS OB L 2 0 E IO T
IR TH D,

AT, v =2 VREB~I7/ 077 =0, w7 ALHIEEET
VD UIRERABIC KT THEELMGF Lz, £/, YRV 7=a V) VR~ 7

17 7 — UM RIE IS RIS - 2 OV A RE LT,
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F2H ERAME KO
2-1 @

HEMECSTBL/6) ~ 7 A (6-8 Hfin) 1%, H AT A /L v — kA& (Hamamatsu,
Japan) MOIEA LTz, 700 T =2 U RE~D AL, B A A V—RE
> # — (Tsukuba, Japan) £ W AF L., C57BL/6] ~ 7 AT 10 HARLL ER LASH
L7z 89, ARSI n 7 7 =a ) VR~ Y XX 8-16 Bz FH L7z,
EEEW O 7 1 b a—)uid, KEESNAHAENEHT (National Institutes of Health)
O TEEREMW OFEAIZBI 5 A K74 > (Guidelines on the Use of Laboratory
Animals)| (296> TIHMi S Au, I BFFL R I IO B RS 0D it s 8 4 7 B
HZEESBLIOMHE AN A —T7 7 4 ZFEROARBBLIOEREZZ T2 (R
SRR B ) R 55K 5 2022-012, 2022-022, 87 B K2 @hi) KER H 5
W 2020-179), ¥ U AL, BB ERX IV T, 23+£3°C, 12 REIOB
A 7LD b & T, i EKE HBICEIRTE 2REBTHER Shvz, SV
BLOEMGESETIL, e — MYy FEHAWTERIEZ —EICHER LT,

22 EERAE

ARFEBRIZH N3 LORERIT, DLTO#EY TH D,

Recombinant mouse M-CSF protein, recombinant mouse IFN-gamma protein (X
R&D systems (Minneapolis, MN, USA)., Dulbecco’s modified Eagle’s medium
(DMEM), VU VP%&#&fE#% (phosphate buffered saline: PBS), Accutase |& Nacalai
Tesque (Kyoto, Japan), X =3 U > (penicillin), A F L 7 h~ A
(streptomycin) (& Meiji Seika (Tokyo, Japan), -1 7 /L7 - (isoflurane) (% Pfizer
(Tokyo, Japan), 7 > FE{FIM{F (fetal bovine serum; FBS), Hoechst 33342, propidium

iodide (PI), RNAlater-ICE, DMEM ([+] L-Glutamine, [—] D-Glucose. [—] Sodium
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Pyruvate), JRILEKIEAE /N~ 7 7 — [red blood cell (RBC) lysis buffer] I Thermo
Scientific (Waltham, MA, USA), ROS assay kit (£ Dojindo Molecular Technologies
(Rockville, MD, USA), seahorse XF DMEM, seahorse XF glucose solution, seahorse
XF pyruvate solution, seahorse XF glutamine solution, oligomycin A (Oligo). carbonyl
cyanide p-trifluoromethoxyphenylhydrazone (FCCP), rotenone/antimycin A (Rot/Ant)
I Agilent Technologies (Santa Clara, CA, USA). X 7 k I ¥ ViR
(medetomidine hydrochloride) (% Tokyo Chemical Industry (Tokyo, Japan), < %>/
7 . (midazolam), 7 MV 7 7 /) — /LA LY (butorphanol tartrate) X Wako

(Osaka, Japan) £V ZHZHEA LT,

2-3 U ALGEZEET L O/ER
~ U ZDHEEE T UL, BN OME Y B R Z RS L CER L 72 (95), 1
RICFEIR 5 & BREME. 70% N2O 38 KTV 30% 02 f77E KT 1.0-3.0% A1 ¥ 7 )L
AT T AIZEA - fiFr L, RUENRE RIS TSR LTz, Ao
BfikE T L. BE#S T (7 mL/kg, 140 strokes/min) C 7-0 #8554 & F VO Chiizk
L7co AF~ U A TIE, AEBREFHEET . FEONBINLE 21T -7,

2-4 LFEXIBE
DEMIIENEDO FETHE L (95), A7 Ry (03 mgkg), XXV 7
2 (4 mg/kg). 7 b7 7 J—/L (5 mgkg) IRAIRIRZEIERE L, U AIZ
B Z 8 LTz, (513 4 kHz TREdk S 4L, 03 Hz O/NA /RAFE L 1 kHz O
H—NARETT A NE Y 7 Uiz, U FELEROREDIZD, EEE,
FHiE, A%REOR FICEmet 25 Lz, FHEBLERIL 60 E oA

RERIC K> TERL L %5 547215 51X LabChart v8 ¥ 7 N 7 =7 (ADinstruments,
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Dunedin, New Zealand) % FHVNTHENT L7=, DEXROWEENS QT MFE. QTe.
RR fBg@. T-peak T-end [#lfE % &€& L7z, T-peak T-end ][ I3 /(>3 D F /0RO A

P—Ma2 KL, FOEEIIAREIROFBESCHLE DO FHIKFI272D (96),

2-5 PMEEREHME R~ v Ty — U ORHE

Bk~ v 77—V ORI, AR o@E v Ehg L7z (95), IR
HELAYTNLNT L AREIREMC LY~ U R BRI ST KR &I 28R
L7z, ARIMERIERE N> 7 7 —ICCRBEZ M L7, ~=3U > (100 UmL) &
ANV T h=A T2 (100 ug/mL) % 5 E» low-glucose Dulbecco's modified Eagle's
medium (DMEM-low) (28 L7, #=.00f%, 10%FBS & M-CSF (10 ng/mL) % &
o DMEM-low (2R L, 100 mm > ¥ — LIZHEFE L, 37°C. 95% air, 5%CO2
DOIERE T TE# Lz, 20%, 57 BlE#E L Chlifk~rn 77—
b S H Tz,

2-6 HHiKk~InT =T ORE

BHiEk~27 07 7 —1%, PBSIZTC 2 [EIYES L. Accutase (Nacalai Tesque,
Inc., Kyoto, Japan) T 20 77fflA > F =~— k L7zt . &/ A2 L —,3—(Corning
Incorporated, NY, USA) % FVNCHIEE L 7=, #ild% 10%FBS & A DMEM-low (Z
L, OB L 72, MIRREIR (1.0X10° cells/mL) %, DFHEZER 2 H
H1Z 3.0X10° cells/mouse CTAHSAFHARNIZE G- LTz, A TMHTHE S Vehicle BEICIX

10%FBS &4 DMEM-low 0.3 mL Z&kMNIc&5 LT,

2-7 BHiHCR~ 7 v T 7 — VO LIE O

FRiHk~ 7 a7 7—I1F, 6-well 7 L— T 1.0 X10° cells/well D% FETHE
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FE L 24 WEfAIR5E8 L7c, M2 PBS T 1 [RIWeH L, R T AT 20 AT Y
7' L1712 M-CSF (10 ng/mL) % & TeME1M % DMEM-low (ZEFHIAZHA L 7o, & DF,
AR 2 8 F I TRER R R T (94% air, 5%CO02, 1%0,) (Z#F LT, HisE
24 WEf#% I EWEZEL L, Amicon Ultra-15 == N (3 F&EH v b4 7 :

3,000 ; Millipore, Bedford, MA, USA) % H T 2,600 X g Tizm LM L7z,

2-8 ROS 7 vEAik

ik~ 7 17 7 — Ui, 96-well 7 L— R 5.0 X 10* cells/well DFJE T
AL 3 WPl R L=, BsHi%a 10% FBS & M-CSF (10 ng/mL) % & e
DMEM-low (ZAZHA L, SEFE A AT 20 73NN T7 Y 7 LTz, LPS B LT IFN-y
% ISR E 10 ng/mL 38 X OV 20 ng/mL TENLEUIN L, FliE 2 @5 £ 7= 13K
PSR SRR R LT, 5548 24 RFf# 1% M4 PBS T 2 [E1¥ai L | highly sensitive
2',7"-dichlorodihydrofluorescein diacetate (DCFH-DA) working solution (Dojindo
Molecular Technologies, Inc., Rockville, MD, USA) (Z 1 FfEIRIE L7=, HtlE
I, spectrophotometer (Varioskan; Thermo Electron Corporation, Vantaa, Finland) %

HAWT, BiEHEE 490-520 nm 3 L OFE N E 510-540 nm D% E CHIE L7,

2-9 Mas T T v 7 Z55HT

Cell Mito Stress Test (Agilent Technologies, Santa Clara, CA, USA) %, $liE3EH
DRI > THEM L7z, MHRICHHATL L, Bl k~rn 77y —V%
40,000 cells/well ¢ Seahorse XF HS 8 well plate (Agilent Technologies) (Z#&fE L 7=,
3R, ROS 7 v B AL L AERICH A HL L7z, = Dt%, KiHiA 10mM
Ja—A ImM ELVEVEE, 2mM -7 L% X % E T Seahorse XF DMEM

BiHh (Agilent Technologies) (ZAZ#t L. 3F COy A ¥ F 2 _X—Z —NT 37°C, 1
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KFfl A > F 2 _X— kL7, 7L — % Seahorse XF HS Mini Analyzer (Agilent
Technologies) (2 L. 1.5 uM oligomycin A (Oligo), 2.0 uM carbonyl cyanide
p-trifluoromethoxyphenylhydrazone (FCCP), 3 X TF 0.5 uM rotenone & 0.5uM
antimycin A OJEEY) (Rot/Ant; Agilent Technologies) % F VT Cell Mito Stress
Test 1T > 72, 7 —# % Agilent Seahorse Analytics (Agilent Technologies) % f\»
THNT L. BARIHE L (oxygen consumption rate: OCR) 35 K ORI A EE AL,

B (extracellular acidification rate: ECAR) % & L 72,

2-10  H9c2 Mfakk D Hs 3% & M T » & A
7 v ML FAIEEE (H9c2; American Type Culture Collection, Manassas, VA,
USA) X, <=3U ¥ (100U/mL) BLUIA LT h~A 2 (100 pg/mL) %
WL 7= 10% FBS &4 high-glucose DMEM (DMEM-high) CHERF L 7=, #lfd %
24-well 7' L — MZ 2.0 X 10° cells/well O CHERE L | 48 WFfjEG 4% L7z, £t
FEHR T AT20 57V 7 LIZEIG - 7V 22— 2 AR5 DMEM (Thermo
Fisher Scientific, Waltham, MA, USA) I[ZA&HL L7-, BB V)L a2 — AR Z A faf
(oxygen-glucose deprivation: OGD) #£CiL, ik « 7 /L 2 — A AE DMEM H
TIRER R M (1% 00) |THREFE L 7=, IEHBE Tl 1%FBS &4 DMEM-high 1,
IEREASR TIZ TR Lo, 24 FFE: &%, MIa% Hoechst 33342 (1:1,000) &
PI (1:500) T 20 srffIdeta L. SORBATMER (BZ-X710 ; Keyence) & W THgie
L. itz o b Ui, B#ilk~ 27 v 7 7 — D ORfEEE LigiX. OGD

BRARTERTIZEIN L 72,

2-11  RNA-seq fi#4T

¥ RNA X, DifEZER 3 HEOHARB IO Y e /7 =2 U RIE~ T A
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@D LMigi 2> &, RNAlater-ICE (Thermo Fisher Scientific) 35 JX U8 Maxwell Rapid
Sample Concentrator (Promega Promega Corporation, WI, USA) % FWTHiH L7z,
RNA /B I%, Agilent 2100 Bioanalyzer (Agilent Technologies) % VTR L 7=,
RNA integrity number > 8.0 @ RNA ¥ 7 /L % RNA-Seq fi#HTIZfi: L 72, RNA 7
A 77 Y —Ii%., SMART-Seq v4 Ultra Low Input RNA Kit (Takara Bio, Mountain
View, CA, USA) % T, 50ng DO RNA 75, HEEE ORRICHE > Tl
LT, AW L7=T A7 F Y —IiL, paired-end 150-bp reads % H\ T NovaSeq
6000 #£& (Illumina, San Diego, CA, USA) TEIFIIRE L7=, BlF Y — KiZ, 2016
F1HISHIZNCBIMOEAG L7277 7 A LD RefSeq 7 / 7 —3 a & HWT,
STAR v2.5.3 (Dobin et al., 2013) % HV T two-pass mode T GRCm38.p3 (mm10)
\ZHEF| LTz, Takara Bio fhiZ LB > b — UHTIC LV, K& 1D QC &
BEEIEHLY — R o R &ME15 L7-, IPA @7 —# %, Subio platform (Subio,
Kasugai, Japan) % H\ T, Log2 fold-change > 1.5 Tl U 7=, FEREIRAMEAATIX.
Database for Annotation, Visualization, and Integrated Discovery (DAVID) % H T,
KB OF TEENIZHRI T D5 Gene Ontology (GO) term I L 8 Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathway (25 F 415 K1 % [FE L7,

2-12 HEaHiEAT

T — S ITEEE L EE O ERRE TR L, ®ARIT. 2 BRI
Levene fRE% (Z Student O WA ¢ #E F 721 Welch O ¢ f7E % | ZHER g
(ZE— TR & B AT 1Z Tukey FiE & W THERTRUICARET L7, WEEIIOAE
P P<0.05 & L7z, & COMEHFENTIL, SPSS (version 24.0.0.0; IBM, Armonk, NY,
USA) # £ O GraphPad Prism (version 10.0.3; GraphPad Software, Boston, MA,

USA) ZHW\W T3 L7,
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553 HT FEBRAGEH
3-1 FulI==2U KRB~ T ZOLIEICET % RNA-seq fittT

T =a ) RABPSDIEIER ORREABIC RIT TR, v sn >y
7 — VBB IAF OLE A BT 57210, FZEEODBIC OV T RNA v —77
VAT =B HWIZKEGG N A = A T2 K LTz, 7 n s T =2 ) Y RE
~ 7 ATIL, DATEZER 3 H HIZEU T Teytokine—cytokine receptor interaction
F L OV I'TNF signaling pathway | (2B 95 8 s FHEDOIEBLN NN L 72 (Figure
22A), F7-. cytokine—cytokine receptor pathway (ZBdi# 9~ 5 BAn 121X, Ccl3,
Ccl8. C-X-C motif chemokine ligand-5 (Cxcl5). Il6. oncostatin M (Osm) 5D~ 7
07y —YEY A N A R E A B E ELTE (Figure 22B), IRUNT,
biological process (ZBdi# 3% GO (Gene ontology) fi#tT =i L7z, v/ 7=
= U VR~ 7 ATIE, [positive regulation of I-xB kinase/NF-kB signaling] (Z [

Y DB FREORBIHMNNRO b7z (Figure 22C), UL EX VY, mr o=
2 U U RBILOFIEIER ORNRBAERRIZIB N T, w7 v 7 7 — V%0 LIZRIEIG
ErhH T DREEND D
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A KEGG Pathway Enrichment Analysis (Upregulated genes in Grn™") B  Cytokine-cytokine receptor interaction

Gin*r G
Coronavirus disease - COVID-19 Tnfisf25
Ribosome Cels
. . . . . Il18rap
Cytokine-cytokine receptor interaction Jiib
Rheumatoid arthritis Ce4
Human immunodeficiency virus 1 infection Cello
C-type lectin receptor signaling pathway T ﬂ‘g‘;
Viral protein interaction with cytokine and cytokine receptor Csfarb2
Hematopoietic cell lineage nrr
Human T-cell leukemia virus 1 infection Cxels
Afiican trypanosomiasis i:;’?;é
Herpes simplex virus 1 infection Cels
Thl and Th2 cell differentiation Ltb
TNF signaling pathway Cel3 sm
g i - Ebi3
Natural killer cell mediated cytotoxicity Osm .
0 5 10 15 Gml10591 |
—1og10 (P value) Isip -

C GO Enrichment Analysis (Upregulated Biological Processes in Grn™™)

cytoplasmic translation

translation % of gene count
regulation of cell proliferation 0.8
positive regulation of I kB Kinase/NF-kB signaling 1.6

positive regulation of protein kinase activity 3.2

0 5 10 15
—logl0 (P value)

Figure 22 RNA sequencing analysis of the infarcted heart in PGRN-KO mice.

(A) KEGG pathway enrichment analysis data for upregulated genes in Grn™~ heart post-MI. (B)
Heatmap of genes in the KEGG pathway of cytokine—cytokine receptor interaction upregulated in
Grn™ heart post-MI. (C) GO enrichment analysis data for upregulated biological processes in
Grn™" heart post-MI.

322 YulI=a ) U REEHMBEY s r Ty —UR v U RLHEEET L
D UM FE R AR T 2

TurT=a ) R 0T UM, DRSO DRI K IE T E R
W72 BB 2 BRI 572012, ~ U ADHEZEET MCBAE 137 e /T =
2V U KRB~ a7y —UE R L, DFESE 14 ARICOERZFHE L7z,
O REZERECI, RAFINRE L it LT QT A, #iiE QT &, T-peak T-end
M@+ L OV RR MF@AER: L7= (Figure 23A-E), 70/ 7 =2 v Kfi~v 7/ n
Ty =YX BAM v T Yok LT, DHFEEZO

QT k. #H1E QT [#FE. T-peak T-end [EIFE % LR &+7- (Figure 23B-D), RR
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I, BRI RO 07 T =0 ) VRS 2 B T 7 — P OB L )
RBALIER O Ry o 7 (Figure 23E), UL EDOFER LY, Y v ro=210
KR~ 7 07 7 — DU, DIREEERICI TR R EIRGE I T AT
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Figure 23 PGRN deficient macrophages exacerbate cardiac dysfunction after MI.

(A) Typical electrocardiography (ECG) images of mice 14 d after sham operation and MI. MI
groups were intravenously injected with vehicle, Grn** bone marrow-derived macrophages
(BMDMs), and Grn”~ BMDMs. (B-E) Quantitative data of QT, QTc, T-peak T-end, and RR
intervals. Data are represented as the mean + standard error of the mean (SEM; n = 4-10). "p <
0.05 vs. Grm™”~_MAC (Student’s two-tailed t-test), “p < 0.05,"p < 0.01 and *“p < 0.001 (Tukey’s
test).

3-3 BBk~ 7 v 77— UEER BIED KIRSE 7L 3 — AR Z AT O L

G A

~

EFERE F IR ETE 24 Rk, BAME T T n /I =21 UK
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FRICESIN L, OGD /412 24 FF[E1 27 L 7= (Figure 24A), HARIB IO a7
== ) U REHIBRKR~Y 7 0Ty — DB S IERBRRE LN T ORE B
I%. OGD #%& Pl B st i O & 28 S 872 (Figure 24B), —J7. (KfEFE
FEFTRrr I =2 ) KRB~/ 07y — VR BIE T, BT S R LT
AMRRAESR B PEZ I THEIN L 7= (Figure 24C), LA LEX VD, v/ o =2V  K{EF
Wik~ 7 07 7 =20, (KRR T TREMIZOEEZFYET S
ZENRBE T,
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(Continued on next page)
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Figure 24 Oxygen—glucose deprivation (OGD)-induced cardiomyocyte death is accelerated

by the secretory components of Grn™~ macrophages.

(A) Scheme of experiments to investigate the effects of the Grn** and Grn™~ BMDM supernatants

on H9¢2 cardiomyocytes under normal and OGD conditions. (B—C) Quantifying the percentage of
I' cells in cardiomyocytes treated with the normoxic and post-hypoxic supernatants from Grn**

and Gmm™~ BMDMs. "p < 0.05, *p < 0.01 and *p < 0.001 (Tukey’s test).
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Figure 25 Grn”~ macrophages increase the production of reactive oxygen species under
ischemic and inflammatory conditions.

(A, B) Quantifying the fluorescence intensity of DCFH-DA in Grn** and Grn™~ BMDMs 24 h
after hypoxia and LPS plus IFN-y stimulation. Data are represented as the mean + SEM (n = 6).
**p <0.001 (Tukey’s test).
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Figure 26 Grn™~ macrophages exhibit abnormal OCR post-hypoxia.
(A-F) Tracing analyses of the oxygen consumption rate (OCR) and quantitative data of basal
respiration, maximal respiration, ATP-production coupled respiration, proton leak, and

non-mitochondrial oxygen consumption in Grn™”* and Grn”~ BMDMs under normoxia and

EEES

hypoxia for 24 h. Data are represented as the mean + SEM (n = 3). p < 0.05, “p < 0.01 and *p <
0.001 (Tukey’s test).
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Figure 27 Grn”~ macrophages exhibit abnormal ECAR post-hypoxia.

(A-D) Tracing analyses of the extracellular acidification rate (ECAR) and quantitative data of
basal ECAR, maximal ECAR, and glycolytic reserve in Gm"* and Grn”~ BMDMs under
normoxia and hypoxia for 24 h. (E) Energy map of BMDMs 24 h after normoxia and hypoxia.
Data are represented as the mean = SEM (n = 3). "p < 0.05, “p < 0.01 and **p < 0.001 (Tukey’s
test).
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Figure 28 Grn™~ macrophages enhance the glycolytic activity in response to hypoxia.

(A-D) Tracing analyses of ECAR and quantitative data of basal ECAR, maximal ECAR, and
glycolytic reserve in Grn™* and Grn”~ BMDMs under normoxia and hypoxia for 3 h. (E) Energy
map of BMDMs 3 h after normoxia and hypoxia. Data are represented as the mean + SEM (n = 3).
*p<0.05,"p<0.01 and "*p < 0.001 (Tukey’s test).
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Figure 29  Grn™ macrophages enhance the glycolytic activity in response to inflammation.
(A-D) Tracing analyses of ECAR and quantitative data of basal ECAR, maximal ECAR, and
glycolytic reserve in Grn"* and Grn”~ BMDMs treated with LPS plus IFN-y for 3 h. (E) Energy
map of BMDMs 3 h after LPS plus IFN-y stimulation. Data are represented as the mean + SEM (n
=3). p<0.05, "p<0.01 and **p < 0.001 (Tukey’s test).
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FRIEY A X%, B R KA PAZE 24 WFfE]#212 2, 3, S-triphenyltetrazolium
chloride (TTC; Sigma-Aldrich) Yt % W CHIE L1z, ~ 7 A3 /E B8Rk AR
€ 24 IFfHI#£1Z 50 mg/kg > b\ E X — LS N U U ADIERER 51T LD 2248
WK, TD%, DIREZRH L, AEEEK TSI LOES 4 U
IZATA AL, 2% TTC EKIZ 20 srfHliRiE L7z, IRVNT 4% paraformaldehyde
(PFA) 1T 24 IKff#], 4°C TIRHEEE Lz, et L7c 2R IX, TV F AV AT (J4
MODEL1 NIKKOR Zoom Lens Kif, Nikon Imaging Japan, Tokyo, Japan) THiz L
BTATA ZADEBEZWIE LIz, £Di%, it 7 K (image-J ver. 1.51j8; National
Institutes of Health, Bethesda MD, USA) % T, A7 A AEOMIEMFIE (1A)
IR (L) s LTz, MZEEE X 1ALV b ad W TR LTz,
RIZHATA ZAD A HEB IO LV EROBRMEZZN TR L, LV EE
WO DR IA HEZZES A XL LT,

2-5 U Y XOLFHEIMEER T T Lo /e
BERIZHE L, LR O L 92w X0 M AHREEE 7 LA ERL L 7= (60, 114),
RSB N « HEFFIZ b L E X —LF B U 7 A (3040 mg/kg) 12T N L

oo [ENICTF a—7 %% L, N LFWER (Model SN-480-5, Shimano, Tokyo,

76



Japan) % MW TERNEER 225U K D BEHK A BiAA L 7o, YIBRA M EBALE 212
1%V R B A 2 fhRNES U, RFTmEez 58 Ui, 22 DDF B M Tlls 2 8
. 4-0 #8554 (Surgical Silk 4-0, Johnson & Johnson, New Jersey, USA) ¥ X ONF
a2 —7 AW TR Z —m I CPAZE Uc, e @hRPAZEIL, PAZEERALLLE
DI AZEAIZ THERR LTz, A EEIREAZE 30 /0. F 2 — 72 &k D 2R
LB Z T To, £0%, MRB L& E#EE LK L7z, BRIEERO[E
B, RENF2—T7%2KE L. VX eREIE,

2-6 A LR O HIE

AR LRI, FREVE 2 B ZIC~ Y Y o N Y 7 e — A0tz W CHIE L
Too UV RITEER 2 BRI b E X — L R U 7 A (60-70 mg/kg)
O HFIRNEE G2 £ 0 ZEIES 7o, RO TONRZ i LA AR Tk,
KEARE Y 4%PFA ZE S W7z, DH, A0=, REkzukkL, PAZENL
Lz 4 IR A 7 A A Lz, SLEABIICALE T 2907 &2 10% T PEREE AL~
U URICIRIE L, 24 BRREIIRIC T 7 ¢ A ZFE L=, XT 7 4 VU136
um (CFRELL, ~ v Yy MY 7 n— AR E T o7, Yefs LI 2T O I
¢ BE% % (BZ-X710; Keyence, Osaka, Japan) Z AW TCHRE L. MY 7 b
(image-J ver. 1.51j8) % W THME (LRI Z E & LT, Skt A X130 HE
Sk 2 B LRI O EI S & LR Lz,

2-7 LKEREREAL
ODHSRERIE, Do a—BIXOLHT—T A EHAWTITo7= (114), FRERR
2RI, X e — v MU U A (25 mgke) & HEIRNES- L, O

T 21— (SSD2000, Aloka, Mitaka, Japan) ¥ X OF 3.8-7.5 MHz imaging transducer
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ZAWT, E=ERHER, ERPNEENR, Z£FBINNHIREIE, 2= IRREAR
JEZRE LTz, D a =i, 1% R4 ORI LY Rz 755 L
2o GIBHIC LV M 2@ %, MENICOT T —7 L2l A LT, DENIME
BIOWHEERE LTz, /£% =dP/dt | micromanometer-tipped catheter (SPR

407, Millar Instruments, Burnaby, BC, Canada) (Z X Y /€ L 7=,

28 b TR rT=a Y O

b iR e fE SH-SYSY #ifEid . DMEM/F12 (Sigma-Aldrich, St. Louis, MO,
USA) [10% Fetal Bovine Serum (FBS). penicillin-streptomycin (Thermo Fisher
Scientific, Carlsbad, CA, USA), Non-Essential Amino Acids Solution (Thermo Fisher
Scientific) % & ¥e] Ei#ia VT, 37°C. 5% COx DA F TR L=, M
X-tremeGENE 9 DNA Transfection Reagent (Roche Diagnostics GmbH, Mannheim,
Germany) % FHV T pcDNA3.1 35 X O pcDNA3.1 (+)-progranulin % F 72 A7 =
Jvar iz (115, NTF A7 =27 a2 B, FBS A% DMEM/F12 (25,
a2 LT AR L, TO%, Bz B L 0oy i &0 iz B
KLz, Ehiernr 7 =2 ) Uegiehi® Lz 50%ffmle 7 &=
U ALY ST, E A 30 mM Tris-HCL, pH 7.5 (IZ8# L7-, Z %
7 B PEFEIX. Protein Assay CBB Solution (Nacalai Tesque, Inc., Kyoto, Japan) {Z &

STHRE LT,

299 TYurI==2r0Fb
~v AT /T ==Y (R&D systems, Inc., Minneapolis, MN, USA) (3%, 300
ngkg ([ZFABIL, ~ U R g dEENRKABAZED BERNZEFFIRE 0 &5 L7,

TAEREIC 3T L Cid, [FI% & phosphate buffered saline (PBS) % #¢5- L7z,
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FRoOFETHRIS e b a2 T =2 U %, v FICxk LT 300 pgkg
DPRECHAERBEZRICHERHIRE v &5 L7,

2-10 RSt

CUAFANRY PV ESL =T B U T AR Y RIS, N AL R T
(Atto, Tokyo, Japan) %z FVNCAEBIRME/AKAZ T RKEFIRE U R L. DU T 4% PFA
&4 0.1 M phosphate buffer (PB: pH 7.4) Z#E L7z, T D%, DI&ZEfH L.
4% PFA &4 0.1 M PB (pH 7.4) ¥ARHIC—MiRE L7, [EE L7 DlglE 25% A
7 a—AXEH 01 M PB (pH 7.4) #iRIZ 24 WfI21E L. optimal cutting
temperature compound (Sakura Finetechnical Co., Ltd., Tokyo, Japan) (Z & I3 L
72 7 7A A AKX v K (Leica, Tokyo, Japan) % H\ T, —20°C, X 10 um T
BRI ZER L, MAS a—F 4 VU 7 ENTZATA R7 T & (S-9441,
Matsunami, Osaka, Japan) (Z&#E L C., —80°C TERTFE L7z, BAEUI I, Yetari
(2-20°C T 1 WEMHIACE L7, IR C 10 g S, 0.01 M U U EefEE A
PR /K (phosphate buffer saline: PBS: 1.37 M NaCl, 27 mM KCl, 100 mM
Na;HPO3- 12H20, 18 mM KH2PO3) THEH L7z, £ D%, Super PAP pen (Daido
sangyo, Tokyo, Japan) % W CY) R AL ZBHA TS, PBS T4, 5% normal
horse serum 7% A PBS T 1Rl 7 1 v ¥ 7 LT, D%, — kKL% T 4°C
T MibOs Sz, PBS T3 PG L. —KPUKRZ AW T=IR T 1 RS S
7=, PBS T3 [AI¥E#E L. Hoechst 33342 (1:1,000) & 10 43 [ & 7=, PBS
T 3 [BIPEE 4. Vectashield fluorescent mounting medium (Vector Laboratory,
Burlingame, CA, USA) #HWTHNN—HF A TEA L=, Dk, HLHESFHEMK
#i (Fluoview FV-10; Olympus, Tokyo, Japan) % N CHRE L7z, —RPUKIZIT,

anti-NIMP-R14 antibody (1:100; Abcam, Eugene, OR, USA)., FITC anti-CD45
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antibody (1:100; BioLegend Co, Inc.), PE anti-CD11b antibody (1:100; BioLegend Co,
Inc.) & V7=, “RPUAKIZIZ, Alexa Fluor 546 donkey anti-rabbit IgG (1:1000;

Molecular Probes, Eugene, OR, USA) Z H 7z,

2-11 HEakFHIENT

T — ZILFIE £ PHMEOIERERRE TR Uiz, BEMZESUT, 2 BRI
Student ORI E 71T M ¢ BEEZ ., ZREMLEICIT— oA E ST I
Dunnett £ % N TREGTRIICHENT L7z, SUEHAUAEMEIX P<0.05 & L7z, & T

DOFEHENT X, SPSS (version 24.0.0.0; IBM, Armonk, NY, USA) % F\ T3 L
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53T TR
3-1 FurT=a ) BEDLHIEEY A X1 D20

~ U ASETHBIRAKABZEE T V& VT, ZEBIRPAZE 24 RERKIZEBIT 5
DFEZEY A K2kt T B 70 77 =2 U VOIRIZOW TG LTc, A lBhik
PHZEERIO T 1 7T =2 U » O RFHIRNE G113, DIFFEZEY A X2 A E I 21%

D> &H-7= (Figure 30A, B),
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Figure 30 Decreased myocardial infarct size by administration of recombinant progranulin
in a murine model.

(A) Representative photographs show 2, 3, 5-Triphenyl tetrazolium chloride (TTC) staining of
heart sections 24 h after MI after the administration of recombinant progranulin in the MI murine
model. (B) Infarction size 24 h after the induction of MI. Administration of recombinant
progranulin reduced infarction size compared with vehicle-treated group. Data are the means +

SEM. (n=7-9) “p <0.05 vs. vehicle-treated group (two-tailed Student's #-test)

322 UurT=2 U rOiRERIZEICHT S 1ER

~ U ALK AAZEET VEHWT, 70T =2 Y V5O EKR
T B ERICOWTHRE Lz, 7075 =2U U FERETIE, FERERIC
BV TH P ER~ — I —NIMP-R14 #If 2 D 37% D A & 72 16 & OBE FLEIRIC

B TRMER 2 FE D BTz (Figure 31A-C),
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Figure 31  Attenuated the infiltrating neutrophils after myocardial infarction by
administration of recombinant progranulin in a murine model.

(A) Reparative images show immunostaining for NIMP-R14 at the infarct and border area 1 day
after MI. Nuclei were stained with Hoechst 33342. (B) Number of neutrophils per mm? at
infarct area after MI. (C) Number of neutrophils per mm? at border area after MI. Administration
of recombinant progranulin reduced infiltrating neutrophils at infarct area compared with
vehicle-treated group. Scale bar: 50 um. Data are the means + SEM. (n=5-6) “p <0.01 vs.
sham-operated group (two-tailed Student's #-test), fp <0.05 vs. vehicle-treated group (one-tailed
Student's #-test)

3-3 Jurs =2l rovwrnay— RS S 1EH

~ U AEHBARKAAEET VEHNT, s o =a ) VEER~v a7
7 = RMICKIET RO T Lz, Vs 7 =a U U EEFETIE, M
ZEJNFEIRIC I T CD45T CDUb M DB BB SN2 e b, w7
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0 77— OGN RIE S - (Figure 32),

CD11b CD45 Merged

Vehicle

LCA occlusion

Progranulin

Figure 32 Administration of recombinant progranulin suppresses infiltration of
macrophages after myocardial infarction in a murine model.

Typical confocal microscopic images of the cells expressing CD45 and CD11b at border areas 1
day after myocardial infarction in vehicle-treated group and progranulin-treated group. Blue: nuclei

stained with Hoechst 33342, Magenta: CD11b, Green: CD45. Scale bar: 50 um.

3-4 Tl T=a U OOREREREIZH T S 1EH

VYR OLHELEERET V2 HNT, 7r 77 =2 U &5 0.0
FTHMERICOWTHGET L7, AR CRMG L 72+dP/dt OB, (LDUHEHERE & X
g% (116), LA 7T —7 VFHIICIENWT, e s 7=V &5, OiE
1 FREVE 2 % O+dP/dt % 25%2k##E L 7= (Figure 33A), —J7, —dP/dti%, 7
n 7T =2 ) CERGHEEFRERGEHFOMBECRBWN T, AEREITRD b
2ro 7 (Figure 33B), S blilbhxma—%2HWT, {LiE V€T U 7 DORET
HOHEENRICEET 2HBEZMRF L, 7R T7=2) U EGHIZBWT,
O 777 R L PR R P 5 4% oD /2 SIS R AR 6 K OVE SRR IR D 2 2
U 12%38 KON 16% Db 3538 57 (Figure 33C, D), 72, 7 rnr/7=2
EGX, O AE TR E % O fE R R L OV EENEEME R T E

AU 12%35 £ TN 14%8%3% S 7= (Figure 33E, F),
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Figure 33 Improvement of myocardial ischemia-reperfusion injury in rabbits by injection
of recombinant progranulin.

(A, B) The maximal positive and negative values of the first derivative in left ventricular pressure
(dP/dT) were determined by cardiac catheterization 2 weeks after reperfusion. (C-F) Left
ventricular internal diameter at systole (LVIDs) and diastole (LVIDd), fractional shortening (FS),
and ejection fraction (EF) were measured by echocardiography. The administration of recombinant
progranulin significantly ameliorated the deterioration of +dP/dT, LVIDs, LVIDd, FS, and EF
compared with vehicle-treated group. Data are the means + SEM. (n=3-7) "p <0.05 vs.
vehicle-treated group (A-B; two-tailed Student's ¢-test, C-F; one-tailed Student's #-test).

3-5 FnrT=a OBk 5 1]

A VTN )il 1R B A 3 LR QRN )il IR R Y 3 3 [ N s )
7a 77 =2 ) YOERICONWT, v v Y b 7 — A L0 R 21T
o, v Y MY 7 u—NRET R EERE FAICRGET D, Trs T
== U UgEIE DRI FRERE ORMEIL Y A X% 10%A BT SEi

(Figure 34A, B),
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Figure 34 Decrease in myocardial fibrosis size by administration of recombinant
progranulin after myocardial ischemia-reperfusion in rabbits

(A) Representative photographs show LV cross-sections by Masson’s trichrome staining 2 weeks
after reperfusion by administration of recombinant progranulin. (B) Fibrosis size 2 weeks after
reperfusion. Administration of recombinant progranulin significantly reduced fibrosis size
compared with vehicle-treated group. Scale bar: 2.5 mm. Data are the means + SEM. (n=3-7) p
<0.05 vs. vehicle-treated group (one-tailed Student's #-test)
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BAH B

RETIE, 7077 =2V OO X OFERREE IS 2 EHICS
WTHRI LT, 7r 27T =2 ) ro&b%, ERERPAZER OSMEBIZBIT 5
OB A 2 L. R FEE % OB 31T B DR E E A i LT,
a7 =2 ik, O R IR R U ORISR 5 AT RE
PR d 5,

I ER I A DA SE% O i b BN IEMALIZEM T 2 HMEkTH D | 3
Mz BRRE LRIEOINHKICTHF ST D (55), —H. AR L7 v T T —
BRROS, RIEMEY A N A L FEOWMPIRPEAIT, RIE 2 BIE b S SRS
EWAS D (117), AMFEORFHER LY, 70 /T =2 U AL R 24 B
ISV TAF R ER ORI 2 il U, BZEY A R &b S5 2 LRI MNIC
mole, FATHIRIZEWT, v 7T =21 3k OB IO R i AR
FNTKRE U TAF P ER O A L ARG AT 2 2 LS T g
(50, 113), ZNOHDORFTRIZ, Y077 =2 U U AFHREROENE 26 L, #Hik
BEEZWHTHZLE2RRLTWD, fiih, 7rrJ=a) if N"NYAFX
A FER~ T AMGEET /VIZEBWT, X M7 a~vF Uofla s o
2 & (high-mobility group box 1: HMGBI1) O il % 3 2 M+ 5 (118),
HMGBI1 | CXCL12 L #EA1AZ T L, C-X-C chemokine receptor (CXCR)-4 %
Ir Uiz 7 RIEIC & - T BTk~ O RIEMd OB B 22T 2 2 L
WEINTWD (119), £/, HMGB1 FHEEITOHEMIZ L VML, L
M AR R E O EICH S35 (120, LEXY, 7rro=2V #F5(C
L DU ERORIEINHENL, DRI X > THE S5 HMGBI JEBL 2 i 4
DT ENHEREISND, 0T T =) L OMFREREEIC T D RE 2 VR IR R
EIRET H7-0121F, SR ERDIMFNLETH D,
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HEK-~7 m 7 7 —U%, S ODHTEZER (A P ERICIR D TLIE~BI B S 4,
RN RIEINE &, T EEE 2 g+ 25 (121), v/ r77—v0
EREIE, LAFEZE 1 BEMD 14 BRRICBWTBIZE I TN D (55), RIEDE
SEAGITImEI MM L2 e i) BT Y 7 EFHE L, Am T HREMEIES
e, v~ /77y —VOKRELAHIHTL Z EIFEETHD (117), 4E, 7o
77 =2 ) O, U LHE MR T T VI T D A ERME LA D
flLiz, 7o, 777 =2 ) VERERTIE, ~ U AEEBIRKARZEET L
BNV T~7n 7y —VRBEOMBNBIE SN, ETHETIE, 7rr 7=
2 NE~wrm 7y —UIC RIEIE T DRIEMEY A N A VEAEZT
422 ERHESHTND (57). 7o, ~ 7 RBIEREMITRBFEEE T
VT, TR T7=a ) ORI E 0 IFRHEMEICEE G35 F4/80 Bt~ 27 1
77 —VOERBEA Lz (73), ULOBREY, T rr T =2 v sm
77—V DRIEIEME AR L DI ZER O LA IR LI LB B D,

DM FEFE S ORBRASE BRIV T, DIEERHERSE ORI IR O FE A e %
HEFF T 272D ETH D (122), L L2 5, @R8Iz L 5D
AL, DIERRERE 2 5 & 23 (123-125), ABFSticEVWT, 7r s
T =2 U UrEGIE, OHELFREREEZOLEEY TV 7B L OWOHERERE
EREBICKESE, £/, o s T =2 ) UEET DR L ERE
% OMMEALY A X2 GBI STz, LIEZER ORMERBPETZAIZIL, Wnt
T FNRBEOBEENREZ BD, Wit 7T TR FE L (IR S,
MBEEBLOLHY T U v 2B IS5 (126, 127), Wat > 7LD
ETL DHREZOLN ) T ) 2 7B L UMM LR 2 316145 2 & 23
INTWD (128,129), Y m 7 T ==V if, RIERETIZET D Wat & 2%

BREAZIEI L, Wnt > 7 T2 T 2 F R HESNATWD (130), LLE
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EERDE T T =2 ) F DIEZER O Wit > 7 VN Z o T

DEERERRE I L UMM L O EZ MR T 2 et n H 5, 7 nr =20
OB REMERIC Wat > 7 A3 B 53 % NEL A BRE R DREHT L > TH

OPICT DUEND D,

ULXY, 7ur77==2) 03, PRI~ 7 07 7 — U ORiEi %
I U CL ARG 298853 % & S, FRRET RS 1% O 2 B b 28 S,
ODHREZ SE SE L RMIEN RSN, T n s T =2 d DR L ERET
PEEICXT T DRI RER & LTI S D,
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VBRI /e Ty —VIlEEBT LT e 7 =2 Y ICERL, TR T =
2 U oYL FEIER IR REIZ 31T 2 & ENE NS HT IR & L CoOf M
P& fREt L7z,

F1ETIE, DHHEZYVET ) ZICB 57 R 7 =2 VOESIZON
THRT L7z,

1) 7vr =2l % v U ARERZDEO~ 7 v 7 7 — VI W THERR
BlAa R LTz,

2) Iu U T =2 ) U RE~ T A, AR T R L L C, DGR
(CAEFROET, AR Lo, QT MRDLER., Biifk~rmn7 7 —
RO M A R Lz,

3) Bk~ 7 077 —UZBiF 5 Grn BEEIL.LPS 38 X OV IFN-y DALE 2
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4 Ty T=a ) REEHEk~ 0Ty — U T, RIESEHEIZ TGE-B.
IL-4R FEHLEOEEM, IL-1B, IL-10 BEEOK TH L OEEEEO RETE L

RLUT,.

F2HETIE, ~/n 7y —VIZBTL570 77 =2 OEFIZOWNTHREF L
7o

1) 7rr =2l RE~ T AOZERDIETIZ, RIEMES 7 F L OTTENRFR
LT,

2) Ir T2 ) UREBHERY v Ty — ORI v U RALHEEE T
MZBIT 5 QT kR & R S 7,

3)) Ynr T =a Y U REEHBRY 7 v Ty — UL BT D IREESRALE % O
#LEIR, BRI a— ARZEETIZET 5 0MMRERZ BN S e,
4) Tur T2 ) REEHEEY I v Ty — DI KBRS LORESG T

IZB W T, ROS FEA R, OCR BL O ECAR N SH7-,

F3ETIEL, 0 s T == ) OO M AR EE I S REER IO
THRT L7z,

) ~DVALEEETTNCHT D707 7 =2 ) OO0 ILETHR 51X, fi%E
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e alo N s S

B

IUHERE 2 s L, ZEBRE LY A X&) SH T,
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HITIERT 2 2 L AVRENT, £75, TR 7T =2 UIET R E—
BEN LT, REISEWICEET L LR SNk, UELY, 7rr7=
2 U F, VRO ZER O OHRREREE 2850 L. ES TROUEICHF L LS
LARBMENRE X DiILD,

AKX, 7nrT7=a) Atk b~r a7y — U OBRERIE 2N L= 2k
DMHFEFEL IR DA ERDIRY €7 U > ZsIVER ., (O . e i e 1
KT D REEHDOFEIEDZTHE BT, [ A B = X L OO E MR E~DIE
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