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a-SMA: alpha-smooth muscle actin

BSA: Bovine serum albumin

BLM: bleomycin

CCly: carbon tetrachloride

CDAHFD: choline-deficient, L-amino acid-defined, high-fat diet
Cthrel: collagen triple helix repeat containing 1
DAVID: Database for Annotation, Visualization and Integrated Discovery
drebrin: developmentally regulated brain protein
ECM: extracellular matrix

FBS: fetal bovine serum

GPCR: G protein-coupled receptor

ICM: ischemic cardiomyopathy

IPF: idiopathic pulmonary fibrosis

KEGG: Kyoto Encyclopedia of Genes and Genomes
LIMK: Linl11, Isl-1 and Mec-3 kinase

MACS: magnetic-associated cell sorting

MI: myocardial infarction

MRTF: myocardin-related transcription factor
NASH: nonalcoholic steatohepatitis

NF: non-failing

PSD-95: postsynaptic density protein 95

gRT-PCR: quantitative real time polymerase chain reaction



ROCK: Rho-associated protein kinase
SDS: Sodium dodecyl sulfate

siRNA: small interfering ribonucleic acid
SOX9: SRY-Box Transcription Factor 9
SRF: serum response factor

TAA: thioacetamide

TGF-p: transforming growth factor-3
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PEDBRKE T M2 1L C 6D & T Dk 2 2l 650k 52 TA U D (Figure 1),
Z DB RHMEF R ~D 32 TeH TR EL T iRb O THDDIE, RIEFFIZ
&N D transforming growth factor-p (TGF-B) Tdh5(14), TGF-BILIMLERR M5
Tl &, =27 —7%4"% alpha-smooth muscle actin (a-SMA)72E O iR HE L HM i
D~ —T1—3 FDFRBAARET D,

T ARAE AR D R ETRFFB DO — DL LT, mW s~ N v 7 ZAFEARRIZINZ T,
TIF NI Ea-SMA IREICIVIERSNDIEELZT 7 F L FR BT OND
(15)e ZDIEFELTZT 7 F B A& IE AHARAE L D 73 (LR BE DHEFFO M S~ R
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FRRHELE IR DT 7 F BRI A D F B2 7LD 1 DELTHLILDD A,
myocardin-related transcription factor (MRTF)- Serum response factor (SRF)> 7" /LC
%, £ OHRF LK F MRTF 13, B HEFHZIX G- T 7 F o EfE AL, MBI RIEL
TWBA, MifEst~ ) o7 2 X DA T 7V DIEHALRE N LT, G-T 7T
VN F-TIFUNEBEETHE, G-TIF UnBIREEL | BN ~L1T95(16)(Figure
M), ZNIZHITLIZ MRTF [ZE55 K+ SRF EfiE L. 77F & "V Ho-
SMA (Acta2) AR SN~ R > 7 Z(BECM)D BEAEZ R ET H(17) ZOLIITLUTREAS
MIAfasN~ N w7 Ax AT 7V 70 EOZ A LT, WBRR RN Z i R iE
FHIFUARZ . FT2, a-SMA [ ZZOWERNRT 7 F IREER GRS D, 77005, a-
SMA(Acta2)RRMfES N~ ) 7 Z(BECM)IE, 20D MRTE-SRF 7 F/VERTT 7T
T4—=R Ry F BT, SHRDFHIAMEF MDD T 7 F BT AL ERRHEL D R,
(%559 %(18)(Figure 1), LL7ZRN5, ZIVECTHMRHESEMINO MRTF-SRF +7
FNERIEL, 77 F BT 7113, BAMIbHEVRESIL TR,
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s Dbnl \ZEN—RENDHH 737 developmentally regulated brain protein
(drebrin)iZ="U MIZEBWT, MOFEFEIZEH 5T 27 7EEL TRIEINZ(19), £
D% DIFFET, drebrin (X7 7F LAEGH L RIETHY, 73 FWIZ 2 DOT 7F 4
ARA B/ L TODIENRHALINI2-72(20-22), FEBRIZ, drebrin (X F-77F 1
AL, ZOBMEASZILETHIET F-77F 2R EAAIEDLZENRESINT
(23)(Figure IV), ZD X572 F-77F L% L7z drebrin OFEREIZANOHMALIZ 5\ Tk
MNTARFED M TIOILTETZ(20, 24, 25), = D—J57C, drebrin DAMOHIILLIA TORE

I, RIZIZEAERLNI /2> TR,
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Collagen triple helix repeat containing 1 (Cthrcl)id/ /L — 2K DEEFEI LT
FIRICE<FEBDFHFEZND 5 WH 77 E LU TRIEIIL(26), Cthrel X TGF-B
VT TFNEIICOH LT Dk 2 72 7 TV ETIEIT 5720 | Z< OB O AL, HEE.
AR ZBA G- A2 LD MESIVTND2T), SHIT, T DT 7 VBV OFE R
£V, Cthrel (X0, FiORRHELOBEITIZBE 2 B E e FiriE Mo ~— o —IZ
IRDRIREMEDS RESIT(28, 29), FTo, ¥ — A — 0 FIZRDDH725T, MIIZE Dol
D 3 HE AL <0 U Hi {b f% 3% (CCla: carbon tetrachloride) . 4 7 & ~ 7 I K (TAA:
thioacetamide)lZ LA FFIROBHE L AR HE T DT LD BT/ 572(28, 30), LAL7R

8



235 . Cthrel OFBAHIE T EAN =R ATIEE AL FHLMN IS TUORUY,
AL T, IEF 7RI EA ER BT BRHEIC IR i AR SR A L 3 B

L. #RAE LB K F D REAE 2R tE T 20 FIZOWTHIC T 7 F v ERRIE I B 5

TE57TFICERHL TR L7z, ZORER. 7T7F UfEE S /37'E drebrin R EL
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(a3
AWFFE T L7cil3Ei e CIZUl T oSt LA LT,
Ny A EZ =T MU T A GO bR RS AL)
AV TNTr (GRS TR 1)
T VA~ A v IR (B AR )
Saline (FR S AL KIFRIFE T 43)
MU b i 32 (CCls) (Sigma)
a— i (Sigma)
choline-deficient, L-amino acid-defined, high-fat diet (CDAHFD) (Research Diets)
Fetal Bovine Serum (FBS) (Gibco)
Penicillin-Streptomycin (nacalai tesque)
Dulbecco’s modified Eagle medium (DMEM) (nacalai tesque)
Collagenase Type II (Worthington Biochemical)
Elastase (Worthington Biochemical)
PBS (nacalai tesque)
Red Blood Cell Lysis Buffer (Roche)
Accutase (nacalai tesque)
CD45 Microbeads (Miltenyi Biotec)
HEPES ¥ (nacalai tesque)
EDTA %% (nacalai tesque)
HBSS (nacalai tesque)

Collagenase A (Roche)
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Liberase TM research grade (Roche)
Fatty acid-free bovine serum albumin (Sigma)
DL-B-hydroxybutyric acid (Sigma)
X-tremeGENE 9 (Roche)

Viofectin Transfection Reagent (Viogene)
PEI-MAX (Polysciences)

Polybrene (Sigma)

Lipofectamine RNAIMAX (Invitrogen)
RNeasy Plus Mini Kit (QIAGEN)
Trypsin-EDTA (nacalai tesque)

HCl (Rt T3kl 4t)

Bovine serum albumin (BSA) (Sigma)
TGF-p1 (R&D)

DMSO (Rt i T3Ekk s t)

SIS3 (Cayman)

CCG-1423 (Sigma)

H>0 (nacalai tesque)

Y27632 (Fnot il T2k =0 Ah)
ISOGEN (=v Ry v—r)

Tris (FnYEH3E T 2ERRS 1)

NaCl (nacalai tesque)

NP-40 (nacalai tesque)

Sodium dodecyl sulfate (SDS) (Fu ik T 2 kR4t

Sodium deoxycholate (FIYEATIFE T3S 1)
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2-Mercaptoethanol (FIYEAIHE T 3R 1h)

Protease inhibitor cocktail (nacalai tesque)

Phosphatase inhibitor cocktail (nacalai tesque)

Glycerol (nacalai tesque)

Bromophenol Blue (Sigma)

High Capacity cDNA Reverse Transcription Kit (Applied Biosystems)

Luna Universal gPCR Master Mix (New England BioLabs)

Paraformaldehyde (PFA) (nacalai tesque)

Sucrose (nacalai tesque)

Tissue-Tek® O.C.T™ Compound (Sakura Finetek)

Triton X-100 (polyoxyethylene (10) octylphenyl ether) (Fnytffizk T 3R S41)
DAPI solution (Dojindo)

FluorSave Reagent (Millipore)

RNAscope Multiplex Fluorescent Reagent Kit v2 (Advanced Cell Diagnostics)
RNAscope® probe-C1 anti-mouse Dbnl (Advanced Cell Diagnostics)

TSA Plus Cyanine 3 (Perkin Elmer)

Poly-L-lysine (Sigma)

HEPES (Dojindo)

NaOH (nacalai tesque)

EGTA (nacalai tesque)

MgCl, (nacalai tesque)

NE-PER™ Nuclear and Cytoplasmic Extraction Reagents (Thermo Fisher Scientific)
Tween 20 (FGHIEE T 2R 1)

anti-FLAG(DYKDDDDK) Antibody Magnetic Beads (Fri i T 2k 44t)
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Western Lightening Plus (PerkinElmer)

Anti-a-SMA antibody (Thermo Fisher Scientific #MS-113-P) (VT A X 7 v v T
)

Anti-B-actin antibody (Proteintech #20536-1-AP)

Anti-Collagen I antibody (CST #72026)

Anti-Desmin antibody (abcam #ab15200)

Anti-drebrin #1ff (abcam #ab11068) (FefEfHikYtaH)

Anti-drebrin Hifk (B L7 (/LA #011-27273) (VA Z T a v 47 )
Anti-GAPDH antibody (Santa Cruz # sc-32233)

Anti-lamin A/C antibody (Proteintech #10298-1-AP)

Anti-Mkl1 antibody (Proteintech #21166-1-AP)

Anti-SM22a antibody (abcam #ab14106)

Anti-Tnni3 antibody (abcam #ab56357)

Anti-FLAG-HRP (Sigma #A8592)

Anti-HA-HRP (Roche #12013819001)

Anti-mouse IgG-HRP (Santa Cruz # sc-2005)

Anti-rabbit IgG-HRP (Santa Cruz # sc-2004)

Anti-mouse IgG-HRP (abcam # ab6789)

Anti-rabbit IgG-HRP (abcam # ab6721)

Anti-mouse IgG-HRP (CST #7076)

Anti-rabbit I[gG-HRP (CST # 7074)

Cy3-conjugated anti-o.-SMA antibody (Sigma #C6198) (5 4 Yx 2 )
Phalloidin-iFluor 488 Reagent (abcam #ab176753)

AlexaFluor 488®-conjugated anti-CD45.2 antibody (BioLegend #109816)
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APC-conjugated anti-PDGFRa. antibody (BioLegend #135908)

AlexaFluor 488®-conjugated donkey anti-goat IgG (abcam #ab150129)
Alexa Fluor 488®-conjugated donkey anti-rabbit IgG (Invitrogen #A21206)
Alexa Fluor 594®-conjugated goat anti-rabbit IgG (Jackson ImmunoResearch

Laboratories #711-585-152)

EREY

— 10 JEEED C5TBL/6J By AR BEME 3 L UMM~ A CSTBL/6N By AUt~
AT AR AN — RS LVEA LTz, TR TOSTRIIT TRAF I —2 D
HFCHEET R (4 TEET)L7o, DAL E MEKIZL, BE7RE B SRIF T C.12
R OB E I CRIE L, FEBRIZH L,

DIHEEET NV~ AOER
OEZEE T L~ AI21E 8 — 10 @D C57BL/6T BF AR~ 2% V=,
LR F VERR(50mg/kg AU R SLE X — L NID B e AREIENIC R G L
7=t%  MEML CRIT BB E 2T o7z, SIS L O A B LItk SEAEIRIL
BrBHL, h=a—LEQE AL, Z20%, —FIFEKE 0.4cc, FEIEIEL
120 [B1/457 TN LRERAATUNR DD, i 21T o7, (DA ZE ST X 2R D5 —
IO OBIBRIC L LDidA 88 S, e @BRAT FTikZ 8-0 #A7 L —RiEG R Tl
RITDHZELTITole, £0%, UIHE a6 R Tiea L, PAMEIT-7, DL ool
WaAT T~ 2% L FEFERE(Myocardial infarction; MI)EL | 2 @ EIRAT FATA%IC
8-0 M7 L —RiE G REBLICE | MR ZITORWRIN AT o 7o~ 0 A% R ALE
(sham) fEEL7Z,
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TVA AV BEMRMEIE T T L~ T AD/ERL

TV A~ AT BB MRRMEE T T L~ T AIZIE 6 - 8 iR CSTBL/6J B AE AUt
P~ 2% Nz, VBT UEFHK(S0mg/kg <2 b Ve S — L NID A~
U ANERENIC G- LTtk B R I B E 2T o7z, AR B LIk . S5
ZUIBHL. REZBHL h=a— L 2R F AL, £D%, h=a—1IiZv Uy
zZiL ., Saline (TN LT 7 LA~ AL K 1.5 mg/kg THEIR G352 TRIER

FOE U RRAE L A B LT,

MOV IR R (CCly BRI RRMEIE T T L~ ADVERL
CCly TR NTARHEIEET L~ 212013 8 — 10 D C5TBL/6J B AR~ 2%
Az, CCly Z2— IR L(CCle: 2 —2 7l = 1:4), 5 mL/kg CIEMENI 5217

9, 1 2 [Al% 4 WHE 53D L THEEICH RIEB L UMM L2 T LI,

FET N a—HREIEIFA (NASH) 5V~ 2 D/ER

T I a— AVERENAT 2 (NASH)E 7 /L~ 2121 6 1D C5TBL/6N B A=l fif
Ye~o 2% Wz, BERENIZY Y RZ AT A =&k (CDAHFD, 60 kcal% fE
WigaE, 7—REM, 2V K2, AF 4= 0.1%) 2 0— 12 HHGESE52
ETHEMIF B L OE U L2 TR LT,

e 2

HEK293T &, Plat-E #flfld, NIH3T3 #lE, <7 AL, i Fh#HE A0, T
OIEMEALIF MR, 7 hORHESFMAZIL 10% FBS / 1% Penicillin-Streptomycin /
DMEM E5HiHC | EMT MR LX-2 fifelE 2% FBS / 1% Penicillin-Streptomycin

/ DMEM E5H1F7 T, 37°C, 5% COy A{ v F o X—FZ —NIZ TR 1T 71—,
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Zua—%A X MY —BH D VITREKIMIRSBEEE AW e b~ v 20, Fi
20> © 0D S MR M e oD B e

MI &L 3 HZ DO~ ADDRRHE L LT Dz BN L | D EE BRIk
FWT 4 5383 %, IRIZ, PBS T L= . Collagenase type 11 &% (0.1%
Collagenase type 11 / 0.01% Elastase / PBS) # /1., 37 °C 10 /3 OREA1THZET
BEBAFZAT T2, Z D%, T0um DT 4/VZ—THEL7=1%, =.0:300G, 5 4317
U, RRAE S A B oMl S Ly MR LTz, SO EL | DB T E5E TG
— 4 [AN#R0IR LT, AL 7-#IfE1% Red Blood Cell Lysis Buffer & i\ C, MLERRAK
OyEBRELILG RS L— MR L7z, T 0 6 — 8 B IR A A2 1TV,
HHEROMIALT 7V ADREEIT oIz, ZD% B, 37°C, 5%CO2A > F
2= —NIZTHAR L7, PBS TX < VA L. Accutase & FHV THES M %
[l L7z,

[0 L 7= 8235 /AT CD45 Hifkd 5\ ik PDGFRoLIR Tt L, FACS Aria
sorp % JHWNTHENT. B2 1T -7, CD45 BtEfiiuZz~ 27 0~ 7 —<, PDGFRa
BE PR 2 AR AR AE 2 & L CEBRICH W,

— 7T, MS 17 A% T2 &R I 73 BV (MACS: magnetic-associated cell
sorting){Z T AH#RME ML 2 BLAE T S BRICIE, £ EIL LB st CD45
Microbeads % 20 ZrHISi S W70, £ D%, CD4S [tk mek-RMifnZ bR L,
CDA45 [Pl i 2 FHAAE 2 miie & L TR,

I O RO BB L Tix, T LA ~A v HE 7 BRO~ T AD
FRAEL Lo iZ e, T X TOMOBELFEIL L, £ 2-6 3EILTL, O
D BERE R DERVEZAT VN i oD e 2 a2 BRI L 7=,
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RESMIRE S BEE 2 W Te e b~ O 2 FFig> D DTSR ML T 2/ o> B

CCls #5- 4 — 6 HF4 & 5\ X CDAHFD #4588 6 — 10 [E % O~ o7 2 5 B #ie
b L 7=l & fi i L. Washing buffer (25 mM HEPES / 500 nM EDTA / HBSS) % H
W L=, RIZ, BFli& % Digestion buffer (0.1% Collagenase A/ 15 mM HEPES
/HBSSHZ AL B A A % T A< 738 Uiz, & D% Tlg T % Digestion
buffer H1C 37°C 15 M DIEG 21T 5 Z & CEAENFE AT 72, TD. 7T0um O
TANE =TI T PRI A B T2 D I AR 050G, 1 2 )Z2ATV, _Lid4
W U7z, D EiEZHONE (300G, 5 77 [)L . IEHELIT 2z & Tefifia <L~
[N L7z, ZOBEE | FFIRONETEDETAE — 4 [EDIEL7-, IR L7-#A21E Red
Blood Cell Lysis Buffer 2T, MEKRZBRELI-Z, 27 L— MR L
7o £ 6-8 RFEIRICH M ATV, FFBEROMIECT 7 U ADFRE AT
Sfz, TDOHK—M, 37°C, 5%CO0y A ¥ F 2 _X—F —NIZTHZE L7-%., PBS T
F<BEH L. Accutase & VW THEE ML 2 B L7z, B L 72 BE Ml i2 CD45
Microbeads % 20 73 UG S ¥ 72, £D%, MS 17 2% H 7o MACS(HE<URE i
STBEENC KV | CDA45 Bt o i ERCR M 2 RS L, CD45 fatEflia 2 i LT 2

Ml (AR AMIL) & L TEBRICHW,

FAERT v MDD O O FEEMEERHE ST O BLRE

BAER SD Ty ME, NERASHIVIEA LT, WE 1 A OB AERT Y Mokm
R L7232 D2 B L, D EEEOBROW 1%, Zhakz W T 4 EILT-, RIZ,
PBS Tyt L7-1%. Collagenase cocktail (2 mg/mL liberase TM research grade / 1
mg/mL fatty acid-free bovine serum albumin / 1 mg/mL DL-B-hydroxybutyric acid / PBS)
A%, 37 °C 7 MOIEE 6 [FIITHZE CRESRLBRZA TV BRHEZF MR A 2 Toki
iz B U7z, B L 7= MR IR 28 7 L — MR FEL | 37°C, 5% CO2 A v F 2%
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— X —NT | BB LIS, A 21TV, JEEE ROMIEeT 7 U A
DREZEITo T2, FEE T L— MCEEE LT DI Z D lge 0 5 15 M R 2 M
& LU TERIZHW,

BEEME~DOELTFEA
NIH3T3 i ~D 8 s 7E Al X-treamGENE 9. Viofectin Transfection Reagent

AT PEI-MAX 2 W T 177,

Ve AR EAWEERERRA~OBRECFEA

Lhay AL AX Plat-E flilalC X-tremeGENE 9 % VT, HIEB -2/ AA AT
PMXs-puro 74— &5 78 AT HZETREAE LT, M5 T8 A% 48 B,
Plat-E MlOE: 2 FIEZEINL, 2.O0%21TV, €D RiFZEINTHZETYA/LAD
FE8IAEAT STz, D% VA NVARIRIZRASIREEDS 10 pg/mL (2725 251Z polybrene
ZINZ ., BT F L 72 NIH3T3 M DU XA RRAE IR 2O 7 A )V AR 2 S
M52 & TREGEAT o7, BEYLBRAG 6 R 2 Il RF R S A B L . £ 18
%12, T RE/ R A B 2 RS MU AZ WA L 72, SRR, VAV AR 48 BRI

NIH3T3 iR DV I fHE 2E /A 2 V2,

BB~ D siRNA DA & RNA [E]IY

HARE U 7o O, il o0 A2 . IR O TE ML MR, & 72 LX-2 M
Lipofectamine RNAIMAX |2 X ¥V siRNA Z3E A L7z, RIHICEERBLIEENE
FVOFREIZ = > b v —/L(Silencer Select Negative Control no. 1 siRNA)®H 5V E H
HOIBAR -1k D siRNA 238 A L7, siRNA E A5 72 BifE# (2 RNeasy Plus

Mini Kit Z VT RNA &2 f5E8 L7~
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AAFZEIZ U= siRNA (33 _ T Thermo Fisher Scientific 7>58EA L, F1L 6D

Code & &1d FREIZRE T

Silencer Select Negative Control no. 1 siRNA (4390844)
siDbn1(#1) (s80330)

siDbn1#2 (s80331)

siCthrcl (s86846)

siSrf (s74391)

siDBN1 (s3950)

BB ~D TGF-B. SIS3, CCG-1423, Y27632 4LiE

HEEL 727 » MHEVRBMESEMARIX, Trypsin-EDTA TH:# 7 L — h B FIN
L722IZ, 6well 7L — MIHRFL L, —W 37°C, 5% CO2 A » F 2 _X—HF —NI(Z
THE Lo, £0%%, #ila% 0.1% FBS/ 1% Penicillin-Streptomycin / DMEM T 24
IR starvation L. Ctrl(4mM HCI1 / 0.1% BSA / PBS)& % U MZ TGE-B1 (Fc ik s
10ng/mL) T 72 WEEHIH L 72, NIH3T3 Mifa~D TGF-BE & AR DFINAT Ctrl
& %\ T TGF- Bl (AR IR L 2ng/mL) % 72 FEREIALE U7z, GOk, i oD f R 25
fi~@ SIS3 ALiE L, 0.1% FBS / 1% Penicillin-Streptomycin / DMEM T 24 KFft]
starvation L7212, BA&IREEDS 3uM & 725 K 9 ICALE Le, (D, Il i
IR B 2 WA O TE AL AL~ CCG-1423 L& 1T, FfEIEE 10uM T
24 BERAT o 72, LMD FHRHEZERIIE & 2 WIS O TR PEAL T 2 A~ Y27632

RLE 1, BoRCIRE 30uM T 24 IR T - 72,
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MR D D RNA, ¥ > 37 EhhiH

OBIE~ U 2 e ZHIE ST, MBIRAZB &, B L7z, MIALER ORHE
b U7 DB R U 72421 FEZERR I & IR ZEREIC Y 0 2310 7o, Bl Tl S~
U AAZJRREEZ DT PBS & W CTRSER AT - 7%, B L7, £ D%, RNA
DOFERLIT ISOGEN, RNeasy Plus Mini Kit Z W T, D7 1 k2 /uhf-> TIT
STz, X URTEIE, Mk% Lysis buffer  [RIPA buffer [SO mM Tris-HCI (pH 7.5)
/ 150 mM NaCl / 1% NP-40, 0.1% SDS / 0.5% Sodium deoxycholate] (Z 2-
Mercaptoethanol, Protease inhibitor cocktail, Phosphatase inhibitor cocktail % & 1%
H1/100 DFEFE Tl Z 7= BufferICiZ L THRE Y = F A X L, 1E0:4°C, 15000 rpm,
20min) & 17> 72t%, EIFEZBEINT 5 Z Sl VHhitH L7z, & D%, 4xSDS sample
buffer [200 mM Tris-Cl (pH 6.8) / 40% Glycerol / 4% SDS / 0.08% Bromophenol Blue]

M Z . EIO5°C, Smin)E1TH 2 & TH U NI EF TNV EERL T,

mRNA EDHIE

M &> 2 U AR D> B B L 72 RNA (353 6L RE DS-11 (DeNovix) %
HONTEEZHE LT, £ D%, mRNA |X High Capacity cDNA Reverse
Transcription Kit Z U T, cDNA ~L W55 L7, mRNA EOHEIX, Luna
Universal gPCR Master Mix @ 7' 12 ks = /LIZHE - TITVN, GAPDH % 7213 18S rRNA
Z WNEEEHELC L7z AACT HEIC K BHED I Z1T > T,

HEICH W77 4 ~—3 XU TagMan 7 &2 — 7|3 Applied Biosystems & 2 >

I% Sigma-Aldrich 2> AL, LAFIZ7 2 —7ID & 5\ 3Z DORdH| &/~ d,

Rat Acta2 (Assay ID: Rn01759928 gl)

Mouse Mki2 (Assay ID: Mm00463877 ml)
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Mouse Acta?:

Fw: 5'-CACCATGAAGATCAAGATCATTGCC-3'

Rv: 5'-GGTAGACAGCGAAGCCAGGA-3'

Probe: 5'-FAM-AGCCACCGATCCAGACAGAGTACTTGCG-TAMRA-3'

Human ACTA2:

Fw: 5'-GATCCTGACTGAGCGTGGC-3'

Rv: 5'-GGTAGACAGCGAAGCCAGGA-3'

Probe: 5'-FAM-ATTCCTTCGTTACTACTGCTGAGCGTGAGA-TAMRA-3'

Mouse Actb:

Fw: 5'-CGCAGCCACTGTCGAGTC-3'

Rv: 5'-TCATCCATGGCGAACTGGTG-3'

Probe: 5'-FAM-AGCTCCTTCGTTGCCGGTCCACAC-TAMRA-3'

Mouse Cd68:

Fw: 5'-CCGCTTATAGCCCAAGGAACA-3'

Rv: 5-TTCTGTGGCTGTAGGTGTCATC-3'

Probe: 5'-FAM-AAAGGCCGTTACTCTCCTGCCATCCT-TAMRA-3'

Mouse Collal:

Fw: 5'-CCCAAAGGTTCTCCTGGTGAAG-3'

Rv: 5-CGGTTTTGCCATCAGGACCA-3'

Probe: 5'-FAM-TGGTGCCAAGGGTCTCACTGGCAGTC-TAMRA-3'
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Human COLIAI:

Fw: 5'-ACTGGTGACCTGCGTGTA-3'

Rv: 5'-GCCGCATACTCGAACTGG-3'

Probe: 5'-FAM-CTCTCGCCAACCAGACATGCCTCTTG-TAMRA-3'

Mouse Col3al:

Fw: 5'-AAGCCCTGATGGTTCTCGAAA-3'

Rv: 5'-CTTGCAGCCTTGGTTAGGATC-3'

Probe: 5'-FAM-ACCCAGTATTCTCCACTCTTGAGTTCGG-TAMRA-3'

Human COL3AI:

Fw: 5'-CCCGAGGTGCTCCTGGTC-3'

Rv: 5'-CGATGTCCTTTGATGCCAGCA-3'

Probe: 5'-FAM-CCACGTTCACCTGTTTCACCTTTGTCACCA-TAMRA-3'

Mouse Coll4al:

Fw: 5'-TGGGCCAGTAAAGACAGATGC-3'

Rv: 5'-GCAAGAGCAGGACCGTGGA-3'

Probe: 5'-FAM-CAGGACTCTTCATCCCGCAGACCAGGAA-TAMRA-3'

Mouse Cthrel:

Fw: 5'-ATGCGCTCCAACAGTGCTC-3'

Rv: 5'-TGGTCCAGATAGATGATGGCTTC-3'

22



Probe: 5'-FAM-TCTGTTCAGTGGCTCGCTTCGGCTCA-TAMRA-3'

Mouse Dbnl:
Fw: 5'-CCTCCACCAACTCAAGAGGC-3'
Rv: 5'-GCTTTGCAACAGGGGAGGTT-3'

Probe: 5'-FAM-CCCAGACCTCAGGAGCTGCTGTTACTTTG-TAMRA-3'

Human DBNI:
Fw: 5'-GGCCCTGGATGAGGTCACC-3'
Rv: 5'-GGCTCCTGGGTCTCTTGGG-3'

Probe: 5'-FAM-CCTCCACCACTGCCACCGCCAC-TAMRA-3'

Rat Dbnl:
Fw: 5'-AGCAGTTTTGGGAGCAGGC-3'
Rv: 5'-TGGCATCCAAAGCCTTCTTCC-3'

Probe: 5'-FAM-CTCCTTCCGCAGCTCCTCCTCCTTCT-TAMRA-3'

Mouse Gapdh:
Fw: 5'-CGTCCCGTAGACAAAATGGTGA-3'
Rv: 5'-CCACTTTGCCACTGCAAATGG-3'

Probe: 5'-FAM-CCAATACGGCCAAATCCGTTCACACCGA-TAMRA-3'

Human GAPDH:

Fw: 5'-“TGGGCTACACTGAGCACCAG-3
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Rv: 5'-GCCAAATTCGTTGTCATACCAGG-3'

Probe: 5'-FAM-TTCAACAGCGACACCCACTCCTCCACC-TAMRA-3'

Mouse Lox:
Fw: 5'-CAAGCTGGTTTCTCGCCGTC-3'
Rv: 5'-TGTAGGGGTCGTCGCCCA-3'

Probe: 5'-FAM-ATCGCCACAGCCTCCGCAGCTCAG-TAMRA-3'

Mouse Mkl!I:
Fw: 5'-CCCACATCTCTGCTGAAGAAGG-3'
Rv: 5'-GACTGGAGGAGCCATTTTCCTG-3'

Probe: 5'-FAM-AGGCTGCTGGGTCACAGTCTCTTCATAAC-TAMRA-3'

Mouse Tagln:
Fw: 5-“TGACGAGGAGCTGGAGGAG-3'
Rv: 5'-ACAGGCTGTTCACCAATTTGC-3'

Probe: 5'-FAM-AATCACACCATTCTTCAGCCACACCTGGAA-TAMRA-3'

Mouse / Rat 18S rRNA:
Fw: 5'-GGGTCATAAGCTTGCGTTGATTAAG-3'
Rv: 5'-TCCGAGGGCCTCACTAAACC-3'

Probe: 5'-FAM-TACACACCGCCCGTCGCTACTACCG-TAMRA-3'

Data were normalized to Gapdh or 18S rRNA levels.
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RNA-Seq f&HT
F&HL L 7= RNA [T Macrogen Japan (Z{&#8 L. RNA-Seq fif#f 217~ 7=, FEARMIC
IZ. 74 77V —0OF%IX TruSeq Stranded mRNA LT Sample Prep Kit (Illumina) %
FTATVY, Tllumina NovaSeq 6000 (Illumina)iZ X Y ¥ — 27 = A &Gk iA ATz,
MEARIANTE Y — 7 = A% FastQC & VW THEHT L. Trimmomatic program (Z X
0T E TSR E DRV ZFRE LT, £ Ok, HISAT2 Z VT~ v
A7 AEAN(mm10)C~ v B 7 21TV, StringTie & W THREAE(L L. TPM fE
R L7, MA plot IX TPM fEA W T, y #IcZ b= % M = Log2(siDbnl /
siCtrl), x i EH B B % A=Log2[(siDbnl +siCtrl) /2] TYESL L 7=, MA plot ™
TR G | FHFAE I 31T 25 BlED & < | siDbnl THBLNEA T 2551
#£(A > 0, M < -1.0)% Database for Annotation, Visualization and Integrated Discovery
(DAVID) Bioinformatics Resources version 6.8 % FIVNTHENT L7z, FEATICE DV H 6
#17= Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway @ 9 &, B{x 13K
W25 X0 LBOLNTbDER LT,
DIRORHEAL 2D B NEBEDT — & & v MI(GSEL16250), i OREMEL A £
oA DT =4t v MI(GSEN592), AFHAD#RMELZ LD & NEFHFOT =4 &
v ME(GSE162694) T %, HBIDOBEIR T DOREKELRF DR BLE X raw count Z

Wb L7, Cul BEE bl 5 2 & TR LT,

Ced ok A

<~ ANSH LoD, BilE 4% PFA IAIRICIR LT, 4°CTT—BRE & L7,
Z D%, 10%. 15%. 20% sucrose IFIRIZZILZE A0 4 K] LL EiR L, Tissue-Tek®
O.C.T.™ Compound Z HWN Tl U7z, BHASEEARIL, 7 U A A Z —NX70 (Thermo

Fisher Scientific) Z /AW T 6um (ZHEIL, AT 4 FH T RIZEY T 7,
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AT A RH T AR T 72 B O 1% | IRl o J&HZ#% . 0.1% Triton X-100 /
PBS % T 5 2 IEEEALEE L, 5 % BSA /0.1% Triton X-100 / PBS % T
17 e v 7 Lz, D%, 5% BSA/0.01% Triton X-100 / PBS (2 L V) Fy
WU 7o —RPifE % 4°CT—BS S, PBS T 5 40l 3 RIOBEHEEIT - 7214,
5% BSA /0.01% Triton X-100 / PBS (247 L 72 # AR R R HTiR 2 HHE < 1 Ief
BOG S ET2,PBS I X % 5431, 3 Bl D P2 . DAPI Z HW TG4 L FluorSave
Reagent & FHWNTHEA L7z, #RMRIZILME SEEMEE LSM700 (Carl Zeiss) % HUNT

1T-o77,

In situ hybridization

SRk G & [RIER O FIHT-LMl, Il 4% PFA (2 X 0 EE(L L7 #&IC, 7
Y A A% —NX70 (Thermo Fisher Scientific) % HVNT, LofiilE 6 um, JFH&IE 10
um IZHEEI L, AT A R T RTED F1T 7=,

AT A KA T AZHED T 728050 713 1 R O JRF2#% . RNAscope Multiplex
Fluorescent Reagent Kit v2 Z HH\\T, D7 1 s 2 /LIZHEVY, In situ hybridization
AT o7, BAREYICIZ PBS THLH L72& ., @B /KR IRTE 2 =R T 10 3 OG
S, WIEMEO SV T F o X —Ba R EHE LS Y, 20k, 7nT 7 —BRiK
% HybEZTM #4—7 > (Advanced Cell Diagnostics) PNC 40°C, 30 43 S+
7=#%. Dbnl mRNA (Z4 27 0 =T HoWER AT 4 7ar br—LD7 n—
7% HybEZTM #F—7 T 40°C, 2 RIS S ¥ 72, L ED L 912 LT, A
TV EARSE T v — T IKFE Amp 5K, HRP %, TSA Plus Cyanine 3 &
HybEZTM #—7 > WIZT 40°CTIHRKISESED Z & T, £DT 7 F V&g
&+, Dbnl mRNA O 7 Z it Lz,

Pk L o OBIE, FROBEDOKIZ, 10% BSA 2 =EiE T 1 Bl n &
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¥, TayF T E{Tol, £D%, 10%BSA/PBS I[ZAR L 7= — kiK% 4°C

T—BESUG S, PBS T 5430 3 MDY 21T > 72, 10 % BSA / PBS (ZA7HR
U 7o SO R PR A2 FE T 1 B Os S ¥ 72, PBS (24 % 5470 3 BloYk:
B aAT>7-1% . DAPL & HWTE YLt L, FluorSave Reagent & W THE A LT,

o 11 J R S BEISEE LSM700 (Carl Zeiss) Z W TiT-o7-,

o G

SIRNA A L 7=~ 7 ZADEO fh#kHE LSRR %2 Poly-L-lysine € 30 /3fil =2 —7 «
> 7" L72 935 mm glass bottom dish (Z#EfE L, —W, 37°C, 5% CO2 1 > F 2X—
H—PIZTHEFE Lo, 538 Lo iM% 4% PFA T 15 0EE L. 0.1%
Triton X-100 / PBS % H\ T 5 /M ELIE 21T > 72 . 5 % BSA/0.1% Triton
X-100 / PBS Z#WT 1 Rl 7 0 v ¥ o 7 %1{To7z, TD%., 5 % BSA/0.01%
Triton X-100 / PBS (ZA7fR L 7c — Kk HLiA % 4°C Tt &, PBS T 5 43 3 [H]
DY 21T > 7%, 5 % BSA/0.01% Triton X-100 / PBS (Z AR L 7= eAmask — ik
PUARZ FR T 1 RIS S 72, PBSIC L 5 5470/ 3 MO B, DAPI 2 H
TEZY£a L, FluorSave Reagent % FVNCTHNA L7z, BrfBI3 4 HE SBAIKEL LSM700

(Carl Zeiss) =MW TIT- 72,

7y aA P RIIE, ERRO G E TR A [ E L, EEALER AT o
7-t%. 1% BSA / PBS (275 L 7= Phalloidin-iFluor 488 Reagent % i C 1 BffE
IR &=, ZD%, PBS XD 55 3 RIOWEHF ATV, DAPL & WV TR
L .FluorSave Reagent % MV TEA U7z, eI E L SEAMEE LSM700 (Carl Zeiss)
ZHAWTIT o 72,

MRTF O F{E, 7704 P OERIT Image] Y 7 F v =7 (NIH)Z F V72
GIRITIZ L 5 PR N SR Lz,
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BERERMEND D F /87 B

BB TN L72 NIH3T3 e & 2 W I RRHESF AR PBS TYE L Protease
inhibitor cocktail, Phosphatase inhibitor cocktail & 1/100 M T/l 2 7= RIPA buffer
& % Lysis buffer [0 mM HEPES-NaOH (pH 7.5) / 150 mM NaCl / 1% NP-40,
0.05% SDS / 0.25% Sodium deoxycholate / 1 mM EGTA / ImM MgCL]iZiz L T, 4°C
T2 0 A v FaX—F LI, ZD®R A7 L—"—ZHNTHIlAEZEE &0
AR MEIE A B U 72, HERRVA AR 1355 00 (4°C, 15000 rpm, 20 min) L 7=f%, % D
EIF % BN L, 2-Mercaptoethanol % 1/25 DR THI 2 7= 4xSDS sample buffer %
BRI Z, ABO5°C, Smin)Z 75 2 & TH U NIEF T LE L,

MRRKEF AN O 2 Z —F AT, RER O 7 & [RIRR I A A 20 e 2
Protease inhibitor cocktail, Phosphatase inhibitor cocktail %/l X 7= RIPA buffer (2%
LTAvFax—FL, A7 L—_"—% AW CHEMFIRZEIL L 2%, 2-
Mercaptoethanol Z 1/100 DR EE TR, #WH(95°C, 10 min) 21T > 72, D%, #
NA VA IR 2 1% 05(4°C, 15000 tpm, 20 min) L, Z D _EiEZ[BIL L, 4xSDS sample
buffer Z RN A, 27 —7 BRHAZ X7 G Tl L,

A AR ME A D% & v N 7 B 1X . NE-PER™ Nuclear and Cytoplasmic
Extraction Reagents @O 7' 1 ks I )Vt~ 7, S5O 7 O EIEIZ 4xSDS

sample buffer AW &Mz . o 7NV EERLTZ,

SRR Tk

BARTE A L7z NIH3T3 % PBS T{ti# L . Protease inhibitor cocktail, Phosphatase
inhibitor cocktail & 1/100 M2 THIl 2 7= Lysis buffer |Zi7 L T, 4°CC 20 43fEA
V¥ aN— kLT, EDO%, AT L—_"—ZEHWTHIRZRRE L0 iR

AN U7z, AIEEARRIZIE 2 [B]35E05(4°C, 15000 rpm, 20 min) & 1TV, X L 7=k
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1512 anti-FLAG(DYKDDDDK) Antibody Magnetic Beads # /il 2., 4°C C—Mtuo—7
— X = HAWTEEP LN OIS Sz, BH, B AX 2 R = H
VT 4°CC RIPA buffer (2 L % 7 [BI4EH A 4TV, 2-Mercaptoethanol % /Il X 7= 2xSDS
sample buffer Z 1 2., 95°C T 5 47 A& W 24T > /2% . DynaMag-2(Invitrogen)% H

WTCHIEIRRE S e Z N B TV R LT,

DZRETuyT 4T

B L7 & > )7 Y2 7 ik SDS-PAGE % IV CTorlfE L 7=, HnG35E %
FT, PVDF I (GE Healthcare) (ZHEE- L 72, & D%, PVDF &% 5 % Skim milk
/TBS-T [ 20 mM Tris-Cl (pH7.4) / 137 mM NaCl / 0.2% Tween-20] =\ T, =R T
1Rl 7 1 > % o 7 L, TBS-T ICAR L7c—kPik % 4°CT—BSUs S 7z, 32
H. TBS-T T 10 43[# 3 E OB AIT > 7%, TBS-T {24 L7= HRP #&5#k K
PR Z HEIR T 1 MBS S ¥ 72, £ D%, BN TBS-T T 10 73[# 3 BIO B %217
- 721% . Western Lightening Plus Z FI\VN T S, ChemiDoc A A —Y 7 v A

7 I (Bio-rad)Z W T, &, WBEiT-o7-,

scRNA-Seq f&HT
DA% 3 HE. 7 HE O~ U ZDEFEMIZO scRNA-Seq 7 —F & v b
(E-MTAB-7376) . CCl4 #5% D~ v AFE#lD scRNA-Seq 7 — 4% & v K
(GSE171904) ¥ v m— R Lz, ¥Urm—RLET—ZIZ R RNy r—v
? Seurat # HWTHHT L7z, £, =%ty hd 55 200 BIaFLL T ORI
HHVIE 3 MRLL T T LD bR WEIsF 2T bEiRE . IR TREs
FITEDB I bar N TEBEFOEE D 10%(LMR) & 2 VM iE 20%(H)EL Lo
HRR 2 fRAT 2> DR 2, & 0%, BIR TRBLAEEL L%, ROTHIRZAT 9 72
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D DFFHEAY 72 2000 BInF2BIR L7, £D%, 7—F &2 A —U 7 KICH|
ATV, UMAP # W T 7 7 2 % — (b LMl & Al b S E 70, 2 D OEH
THRENLE L TV DEE 1T Seurat THTZITVY, DO — b~y X
geplot2 Z W THERK L7z, Drebrin AN T8 E 708 {51-(log2 (fold change) >

0.2){% DAVID Bioinformatics Resources version 6.8 % VN CTHENT L 7=,

W T ARAT

FERIE 3 FICL BATV, FEMEZ MR L2 BT REMRRE R 4 Figure IR L
72o HEFHEEATIZ GraphPad Prism 5.0 software % FHV TR L. means = SD THoR
L7z, b MERHELEE 7 — 2 135 O X(Tukey )2 HIWTR L7z, 2 B ToO
AEAZMBEIZIL unpaired t-test W T, ZHEB COAREEMBRIEIZIX One-way
ANOVA (Z X % Tukey’s range test & FHVNTLEHE L7z, P < 0.05 DIGEICHEZN

bDHERIR LT,

30



T 7 F A X v 378 drebrin 13 ODEOSRMELERICFRRIRMMN T 5

FAE D ARAEAV IR I AR METE A IC R L, 2 79— 7 VIEEA R RET 20 7%
[FE 3 2 720, DR OBAECIRIC RN 2 50 T OB 1T o 720 3. LK
DAL % FHE S 2 720 Ol TEEIARAT P TR % #5 % L . O AifEZE(Myocardial
Infarction: MI)E 7 v~ 7 X % A{EHL L 72 (Fig. 1A), Sham FE(PULIERE = IEARRHE(LER)
DO & MI BEGRAECEDH O L2 & Z 2L RNA L, ~4 27 a 714
b 24T o 720 [IEER O~ v ZOMBIC B AV 7] B X0 TR LR IR &
CHBAMMT 2 | ZIEICER L 28558, % < OB FRARIE & iz,
AAEEF I D £ 72 2o —2 L LT, T2 F VEBARELTVWE L
BEFONL, ZZ THhIE, LEOBETHOS b, 77 F v ERERICES S
LUREMED D 2 FICRHICEH L CIRBLIHR, 727 F viiG X v X7 BT
» %, drebrin GEIx 1% Dbnl)% B H L 72 (Fig. 1B),

FBRIT . drebrin ASHERHE(LIREIC FEIIEIN T 2 2 % D20 2 7= D10, MIALIE % fits
L7z~ v 20l Z #2IRF (0, 3, 7, 28 HiR)ICEIIX L, gRT-PCR Z{T>7, Z®
fiti e drebrin (Dbnl)DFEBLER (3, AifrMEF M2 EA 3 2 Mifidsb= L U v 7 XD

1 ©2T®»H % Collagenlal (Collal)®Hi#rHEEFMAL D~ — /1 — 531 TH % a-SMA



(Acta)DFIHBE LRI L . M1t 3. 7 HH TN L 72 (Fig. 1C, D), Z DAERIC—
B LT, drebrin D 2 v ¥ 7'HED MIALER 3, 7 HEHOLIRICBWT, Z D%
BRI 25§8® & 7= (Fig. 1E).

RIT, drebrin DLIROFMELIRFIC I T 2 FEEMIZ, ¢ PEFTLIZ DN
50 %t U7zo (OARTEZE % & T B PO A E (ICM:ischemic cardiomyopathy) &
F DD RNA % F V72 RNA-Seq(GSE116250)(31) D NFH T — £ % fi##i7 L . drebrin
DRMEZFRTz, ZDOFEHE, drebrin(DBNI)D FH & X, (% 72 ON&(NF: non-
failing) I Lk X C, I LHE DO DR CHEREICHEML T»w3 2 AL I A
- 7z (Fig. 1F),

DED#ER»S, T2 F vl & v o878 drebrin l3~7 2B XU P HEEZED

OlEARAE IR IC . FEBHEINT 2 2 & 3B 2T o 7
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Figure 1. Drebrin expression is increased in fibrotic hearts in mice and human
patients.

(A) A schematic image of MI-operated mouse heart.

(B) The way to identify an actin binding protein, drebrin which might be involved with
fibrosis. By using microarray analysis, the genes that are not expressed in the normal heart
and are greatly upregulated in the heart during fibrosis were selected. Among them,
proteins involved in actin cytoskeleton formation were selected. Through these steps,
drebrin was identified.

(C) Collal and Acta?2 mRNA expression levels in mouse hearts after MI. Total RNA
extracted from each area of mouse hearts were subjected to qRT-PCR. ***P < 0.001
Infarct vs Sham, ###P < 0.001 Infarct vs Remote. n = 3-6.

(D) Dbnl mRNA expression levels in mouse hearts after MI. Total RNA extracted from
each area of mouse hearts were subjected to qRT-PCR. ***P < 0.001, **P < 0.01 Infarct
vs Sham, ###P < 0.001, ##P < 0.01, #P < 0.05 Infarct vs Remote. n = 3-6.

(E) The protein expression levels of drebrin in mouse hearts after MI. Whole mouse hearts
were lysed and subjected to western blot with antibodies against drebrin. n = 3.

(F) DBNI mRNA expression levels in the non-failing (NF) hearts and the hearts of
ischemic cardiomyopathy (ICM) patients using data from GSE116250. Data are presented
as the box and whisker plot (tukey style, outliers in black triangles). ***P < 0.001. n= 14

(NF), n = 13 (ICM).

34



drebrin ¥ MI & ORRMEL L 72 = v Z.DREO BB ESFHI ic R BRIC R T 5

KT drebrin ZSHRHELRE OO D & OMILICRIIT 2 22T 272010, AL
BEHD\iE MIALER 3. 7 HEHO DR BEME (OFAIIELISL) @ scRNA-
Seq(E-MTAB-7376)(32)7 — X % fANT L 72, 2 L C. K~ —H — T OFRBH» 5,
O FVEAINE % SRSl A S i 2 & ), = 27 v 7 7 — o/ B,
T HifE, BAAE, EEMED 6 DD 7 7 A X2 — 1T FEL 72(Fig.2A) DT — X &
v % FH T drebrin(Dbn]) D FEH % f#MT L 72 & & A, Dbnl (2R HESAAE % &
ORFESFNE D 7 7 A &2 —ic, FRRIWICHKI T 25 2 L 2380 5 2212 7 - 72 (Fig. 2B).
& 5, Dk ME ML 0 FEMINE T H 2 LML Dbnl 2353 5 2
%, =& In situ hybridization 1€ X WV IRET L 72 & & A, Dbnl 13O IC
L T\ 722> - 72(Fig. 2C).

RIZ, drebrin (Dbnl)H3 EERITHRHEAL L 72 DI O i HESF I IC IR S 2 20 %
o 5701, MIALEIC X Y FRAE(E L 72020 7 e —3 A4 P A Y —%H
W27 r 7y — s X ORI % L. Dbnl OFBIR % ENTL 72,
~sn7y—3 L HMEFEHEOMEIZ. 2NFho~—h—TTh3 Cd6S
BB\ F Collal DFBIC X - THEFE L 72 (Fig. 2D). % DFEHR. Dbnl 138RHEL L

7= Ui D i A SR e 12 F6 B L T v 72 (Fig. 2D)s
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f2IT, drebrin & v % 7 B DSEAE(L L 72 DER O MR ET H i< 35 T AR RE
AR RIS RIS 2 0% SRR I X W RHT L 72, % OFEH, drebrin
D ¥ 7 FVIZIEFE RO Ll (Sham) IC 132 K 50 b LT, FRME(L L 72 Dlisic o &
P b N 7= (Fig. 2E)s X 51T, drebrin @ > 7" F i3, WifkiESHIIE D <~ — 7 —5>
TLLTHIOND0-SMA ZRIL Twafliidic, #LFwons 2 RHEL
7z (Fig. 2E),

L EDFERD S| drebrin (ZFAEL L 72 0lKIC 30T, AARHESEMIAE I RE A

ICHRHT 2 PO RITR 5T,
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Figure 2. Drebrin is specifically expressed in myofibroblasts in mouse fibrotic hearts

after MI.
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(A) Collal, Cd68, Kdr, Cd79a, Cd3d and Vin mRNA expressions and UMAP plots in
mouse cardiac interstitial cells 3 or 7 days after sham or MI. The publicly available data
(E-MTAB-7376) were reanalyzed using R package Seurat.

(B) Dbnl mRNA expressions in mouse cardiac interstitial cells 3 or 7 days after sham or
MI. The publicly available data (E-MTAB-7376) were reanalyzed using R package Seurat.
(C) Dbnl mRNA expression in mouse fibrotic hearts. The heart sections obtained 7 days
after MI were subjected to in situ hybridization for Dbnl and immunohistochemistry with
an anti-Tnni3 antibody. White arrows indicate the Dbnl signals. Scale bar: 20 pum.

(D) Dbnl mRNA expression levels in macrophages (Mac) or myofibroblasts (Myo)
isolated from mouse hearts 3 days after MI. Total RNA extracted from macrophages or
myofibroblasts were subjected to qRT-PCR. ***P < (0.001, *P < 0.05. n = 3.

(E) The specific expression of drebrin in myofibroblasts in mouse hearts 7 days after MI.
Heart slices collected from the mouse hearts were subjected to immunohistochemistry
with antibodies against drebrin and a-SMA. White arrows indicate merged cells. Scale

bar 20 pm.
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FARRMESFRIRE D 0 {LRFIC 381 B drebrin D FEFE T TGF-p 7 F v, MRTF-
SRF ¥ 7" FLic XV EA I N B
KT drebrin DFEBIFE X /) = X L% RET L7z, — RIS, HTELE D HRHES
% & L kk & e iila 2 & iMESEMIE~ & b3 2B ic, P EEL T hTw
29 A4 FHA viE, RIERICEE S 3 MERRME> S S d TGF-pTH
% o drebrin I3 MI 2 ¥IHHIC IR LR 232 ® S5 & & 5 5 (Fig. 1D). drebrin O 7
BUZTGE-BIC X W FEINZDTIRA WAL EZ T, £ 2T, ~ 7 AT
T® 5NIH3T3MILIC TGF-BRIF Z 1TV, FBIRE L IR L 72, Z DFER. Acta2
(aSMA % v %28 % a— V). Collal. Lox 7z & DB T 0 FIH & 23
B3 2% @ & FIERIC, drebrin (Dbn])DFIRE D HEICHMNT 2 2 L 235 201

75 o 7z(Fig. 3A)e T DfGHRIC—E L T, HHEL 28R 7 v M OO FE IR D #R

=i

fETEMIAE I TGF-BRIBZ 1T > TH . Acta2. Dbnl DFEEIHINASFRD b 7= (Fig.
3B).

—f%[71C TGF-BIx Smad3 Dif:{L < MRTF-SRF ¥ 7'+ L DiEMEAb % /v L T,
FARHESEIIE D b 2 EET 2 2 L 2 ST 5 (33, 34), % 2T, LIEDfH
RRAEZEMINEIC 35\ T, Smad3 %° MRTF-SRF ¥ 27" F L DAL DS Dbnl D FBIF
BICBAG % 2 2 MEt L 72, Smad3 DFHEAITH % SIS3 & 5 \» 1% MRTF-SRF &
7FNVOHERTH S CCG-1423 % LD HiffAESF M Ic LB L 72 & 2 A,
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Acta? DFBEIGHIE NS D L FEKIC, Dbnl ORFESHEICIHI NS Z
L A3 & A1 75 o 7= (Fig. 30).
D EotER 2o, MifgHEEIFAEIc 5T, drebrin D FIRIL TGF-B> 7/ F L%

Z D THD MRTF-SRF ¥ 7 FVIC X DEFEI NS Z L 23O T 7R o 72,
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Figure 3. Drebrin induction during cardiac myofibroblasts differentiation is
mediated by TGF-B signaling and MRTF-SREF signaling.

(A) Acta2, Collal, Lox, and Dbnl mRNA expression levels in NIH3T3 cells after TGF-
B (2 ng/mL) stimulation for 24 hr. Total RNA extracted from stimulated NIH3T3 cells
was subjected to qRT-PCR. ***P < (0.001, *P <0.05.n=6.

(B) Acta2 and Dbnl mRNA expression levels in neonatal rat cardiac fibroblasts after
TGF-B (10 ng/mL) stimulation for 72 hr. Total RNA extracted from the stimulated
fibroblasts was subjected to qRT-PCR. ***P < 0.001, **P <0.01.n= 5.

(C) Acta2 and Dbnl mRNA expression levels in cardiac myofibroblasts after SIS3 (3 uM)
or CCG-1423 (10 uM) treatment for 24 hr. Total RNA extracted from treated cardiac

myofibroblasts were subjected to qRT-PCR. ***P <(.001, **P < (0.01.n = 5.
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drebrin I3 AFRRMESERIRE IC B W TREMCBSIER O EE Z{RET 5

I, drebrin DAL IC G 2 2 BB O W T 2 1T o 720 SAEL L 72~
Z UMD O i ARHELE IS 2 BB L. drebrin %/ v 7 X7 v L7z & & ORRHME(LES
KT ORI EF 72, £ DFER. Collal. Col3al. Coll4al., Lox & \»- 7z
HEALESER T o FRE A B X 15 & & A3 S 51T 7% 5 72 (Fig. 4A), T D
drebrin / v 7 X7 1 X 2 #RHELBE R 1 0 FEBUMHNIZ. drebrin N D& 5 B
#IRE L 43 siRNA % T b 20 b L7z (Fig. 4B), T 15 DFERIC—E L <,
drebrin (Dbn)% / v 7 X7 v L =gt fiiecld, 27 -7 vor v 28
B I L T 72 (Fig. 4C).

PIEDRERE 2 S, DI AR MESEMIIEIC 35\ T drebrin (ZARHE(LBEER T

PEAEZES 2 2 LWL IR o T2,
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Figure 4. Drebrin promotes the production of fibrosis-related genes in cardiac
myofibroblasts.

(A) Dbnl, Collal, Col3al, Coll4al and Lox mRNA expression levels in cardiac
myofibroblasts treated with siCtrl or siDbnl. At 72 hr after siRNA transfection, the
cardiac myofibroblasts were lysed and subjected to qRT-PCR. ***P < 0.001; n = 5.

(B) Dbnl, Collal, Col3al, Coll4al and Lox mRNA expression levels in cardiac
myofibroblasts treated with siCtrl, siDbnl (#1) or (#2). At 72 hr after siRNA transfection,
the cardiac myofibroblasts were lysed and subjected to qRT-PCR. ***P < 0.001, **P <
0.01; n=3.

(C) Collagenlal (Coll) protein expression levels in cardiac myofibroblasts treated with
siCtrl or siDbnl. At 72 hr after siRNA transfection, the cardiac myofibroblasts were lysed
and subjected to immunoblot analysis. The right panel shows quantification of

Collagenlal expression. ***P < 0.001; n = 3.
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drebrin 137 7 F VBB FEE L - kMM IC KR T 5

KIC, drebrin DFHECIEHE X 71 = X L& T3 5 72010, RILIED 5\ 13 MI
WiEH 3. 7 HHEOOHEA & HHE L 72 s A % & T A 2E il e (Pdgfra,
Cd31-)® scRNA-Seq(E-MTAB-7376)D AF T — X it L 72, £ 3. #AEEFAINE
% drebrin [ZPE(Dbnl-neg). drebrin [ E(Dbni-pos)ic /). % @ 2 B CHRIRNBE
B3 507 %t—F~y 7T L 7%(Fig 5A). £ DH A & drebrin [ (Dbn1-pos)
HICEE 7o /0 7% Database for Annotation, Visualization and Integrated Discovery
(DAVID)Z FIWCHNT L 72 2 A, 7 7 F VERIERICES T 2071 % L 89
b5 T & HH S AT T o 72(Fig. 5B). EERIC. ML 7 7 57 v BIEIE
IR 53 % Acta2. Tagin OFIREIL drebrin [FG1E(Dbnl-pos)fEic % BT 5
Z L& R L 72 (Fig. 50), MiffEIEMiaic s W, REL T 7 F v ERERIZ
B & O LIRRE DR & ECM BEA IC BB 2 158 & 72 3772 @ | drebrin 23 fHi#RAE
FHlEo T 7 F v BRIERICETES L. Sl 2 i3 2 vRetE» % 2 b iz,

BT, ZORMELEFD drebrin & 7 7 F Vv EERK S TOFRBA L P EET
DRDHLNDE D EHNT, LHTEZE Z & T RE I PE O f iE ICM:ischemic
cardiomyopathy)#.# D .U il RNA % v 72 RNA-Seq @ 7 — X (GSE116250) % fi##

L 7= %55, drebrin (DBNI)DFELE & ACTA2. TAGLN OFRIEITIZIEDHBE2
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% 2 & DB AT 7 o 72 (Fig. SD). T 72D B drebrin I3 b b HEFHICTE W T D KR
I D T 7 F v BRIERICEE S L Tw 3 AR H 2 b L7,
LAEDREFR DS drebrin 137 27 F v BEDOFE L /- HsiEF Ml I I3 %

EDBHHOL NI o T2,
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Figure 5. Drebrin is expressed in cardiac myofibroblasts with a well-developed actin
cytoskeleton.

(A) Plot of Dbnl-positive (Dbnl-pos) or Dbnl-negative (Dbnl-neg) fibroblasts and
volcano plot of genes differentially expressed between Dbnl-positive and Dbnl-negative
fibroblasts. The publicly available data (E-MTAB-7376) were reanalyzed using the R
package Seurat. The plots divided into Dbni-pos and Dbnl-neg fibroblasts are shown in
the left panel. The volcano plot of genes differentially expressed between Dbnl-pos and
Dbnl-neg fibroblasts is shown in the right panel. The x-axis represents fold change
between the two groups, and the y-axis represents the P-value. The red line represents
0.2-fold increase.

(B) Annotation cluster of genes differentially expressed between Dbnl-positive (Dbnl-
pos) and Dbnl-negative (Dbnl-neg) fibroblasts. The differentially expressed genes were
analyzed using DAVID; enriched annotation clusters are shown.

(C) Acta2 and Tagin mRNA expression levels of Dbnl-positive (Dbnl-pos) and Dbnl-
negative (Dbnl-neg) fibroblasts. The violin plots between Dbnl-pos and Dbnl-neg
fibroblasts were drawn using the data reanalyzed in Fig. SA.

(D) Relative DBNI and ACTA2 or TAGLN mRNA expression in non-failing (NF) or
ischemic (ICM) human hearts. The publicly available data (GSE116250) were reanalyzed.
The x-axis represents DBN/ expression, and the y-axis represents ACTA2 (left panel) or
TAGLN (right panel) expression. The blue and red plots indicate the NF and ICM human

hearts, respectively. NF: n = 14; ICM: n = 13.
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drebrin (2. DO FFRET MO 7 7 5 VBRI ZRET 5

drebrin 137 7 F VB DFE L 72 FifRMESFAAC IC I35 2 & 225, drebrin
DEBCHFAET MR O 7 7 F v BRERICETS LT 2 TR 2 BET L 72,
DR D FHRRHEZF IS % B8 L. drebrin (Dbnl)% / v 27 £ L. RNA-Seq f##T
# 1T - 7= (Fig. 6A), Dbnl / v 7 X7 v ic X Y FEHEWD L 72997 T, Kyoto
Encyclopedia of Genes and Genomes (KEGG)##T 1T o 7= & & A, #EMCT 7 F
vESHIE 7 LB G 3 5 0 F ORI 3% L RO b L7 (Fig. 6A, B), FEEE
o, T 7 F VESIERIREICH ST % Acta2, Tagln ® Dbnl / v 7 X9 Vit X b
FEHNHTIL. gRT-PCR 1T & o T b R X N7 (Fig. 6C) T DAfHRIC—EL T,
Acta2. Tagln 7> SENR E 41 % 0-SMA, SM220.D & v 3 7 & b D D i Rk 2
fics\vC, Dbnl / v 7 X7 i X Y Il X #1172 (Fig. 6D)s —77 T. a-SMA &
FLT727Fvay"2BETHY, TXTOEMMIZIC2 7 ) BEICHEET 5p-
actin (Actb)ld mRNA L XA CTIRAEBELRIGINRD bz, 202 v 7EE
ZIRMER 23520 b D b DD, HEEIZRD - 72 (Fig. 6C, D),

T, A F-T27F v EREBT 27704 Y v EHWT, drebrin 25LIED
it D 7 7 F VBRI IC S 2 2RI O WTEIT L 72, % DFER,
Dbnl %/ v 7 Xy v§ 52 &T, LIROFBMESFMIED F-7 7 F v B
I X T B & & 23S 1T 7 o 72 (Fig. 6E).
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Figure 6. Drebrin promotes actin cytoskeleton formation in cardiac myofibroblasts.
(A) MA plot of genes differentially expressed between siCtrl and siDbnl myofibroblasts.
At 72 hr after siRNA transfection, the cardiac myofibroblasts were lysed and subjected to
RNA-Seq, and the MA plots were drawn using the TPM values obtained. The x-axis
represents the TPM value for gene expression, and the y-axis represents fold change
between the two groups. The green plots indicate the genes downregulated on silencing
Dbnl (M <-1.0, A> 0), and the red plots indicate the genes in GO terms associated with
focal adhesion and regulation of the actin cytoskeleton.

(B) KEGG pathway enrichment analysis of genes differentially expressed between the
two groups. The genes downregulated on silencing Dbnl (M <-1.0, A> 0) were analyzed
using DAVID; the enriched KEGG pathways (gene count > 25) are shown.

(C) Acta2, Tagln, and Actb mRNA expression levels in cardiac myofibroblasts treated
with siCtrl or siDbnl. At 72 hr after siRNA transfection, the cardiac myofibroblasts were
lysed and subjected to qRT-PCR. ***P < 0.001; n = 5.

(D) a-SMA, SM22a. or B-actin protein expression levels in cardiac myofibroblasts treated
with siCtrl or siDbnl. At 60 hr after siRNA transfection, the cardiac myofibroblasts were
starved for 12 hr, lysed, and subjected to immunoblot analysis. The right panel shows
quantification of a-SMA and SM22a expression. ***P <(0.001; n = 3.

(E) Phalloidin staining of F-actin in cardiac myofibroblasts treated with siCtrl or siDbnl.
At 48 hr after siRNA transfection, the cardiac myofibroblasts were seeded onto glass-
bottom dishes, cultured for 24 hr, and subjected to phalloidin staining. Scale bar: 20 pm.
The right panel shows quantification of phalloidin intensity. ***P < 0.001; siCtrl: n = 32;

siDbnl: n = 30.
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drebrin | MRTF-SRF ¥ 7 F L %2 &S %

MRTF-SRF > 27 F % st il 53 {L < Acta2 DEEH D 2 HE 75 o
FFINTH DB EBALNT WS, % T, FAlE drebrin 22 MRTF-SRF & 7" L
DIEMWALICH G T 2 2D TR L 72, = 7 ZEHMESEMER < & 2 NIH3T3 A
HEIC drebrin % R FEH L MRTF-SRF 7' v & R R IC KR 9% SRF-RE Luc
AWV Y 7 27 =T v 2fTo7z, Z DR, drebrin ZBRFEH T 2
Z L T, MRTF-SRF v 7' F L OEERFRD b iL, X 51T 2 OfEHERNE 1T MRTF-
SRF ¥ 7 F LV DHEAITH 5 CCG-1423 L& . Il & 7= (Fig. 7A).

NIH3T3 #lifd X TGF-BHIBIC X 5 SRF G L%/ L <. st Efask o 1
A ST 5 LPHEINTWB(3B5), £ 2T, Al drebrin 28 Z @ NIH3T3 i
fldD TGF-B/MRTF-SRF % 41 L 7z st 2F iR D i~ D 5L I B 59~ % 21
DWTHE #7572, SRE-RELuc %l 72ry 727 —X¥T v &{To/z &
Z 5., TGF-PRIELIC X b MRTF-SRF ¥ 7 F A2 L L, % @i iZ Dbnl / v
7 Xy T X0 i X 7z (Fig. 7B)e Z DifiFIC—E L T, NIH3T3 fifidic 5w
T TGF-BHIEIC X FIARIINT % Acta2. Collal 2XDbnl / v 7 X /12X b
mHlxns &% B L 7 (Fig. 7C).

HR G AR K MRTF [, MR E IS EL.G-7 7 F v eHfia L T 5,
LAV, G-TI7FVBEALTCF-T7Fvicikhdt, MRTF X2 G-7 27 F v
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LAEHEL . BBITL C Acta2, 27 —7 v is EDORERE#ET 5, £ 2 TRAIL
MRTF & 2fED 7 7 F v, a-SMA (smooth muscle actin) & % \» | p-actin(cytoplasmic
actin) & DFEEIC, T2 F VG & v X2 ETH % drebrin 23 XIT T % UL
BRI X DN L 72. % DR, MRTF L #5E T 2a-SMA & 2 X B-actin D &
23 drebrin OMEFIFILIC X VAT 5 2 & 2RI L 2(Fig. 7D), X 6T, DKo
R MESERIIZIC 5\ W, Dbnl % / v 7 X7 v 3% &, MRTF DIZFEIT A3 <
ndZLbHLHITL 72(Fig. 7E,F)o —/7 T, MRTF(MkI1, MkI2)DFHi & 13 Dbnl
DIy 7 X7 I X o T & e > - 72 (Fig. 7G)o

LA D#ER D & drebrin (37 7 F v EAZ T 5 2 & T, MRTF-SRF ¥ 7

FAEEHET B L EFILICL 72,
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Figure 7. Drebrin promotes MRTF-SRF signaling.

(A) Luminescence obtained using the SRF-RE reporter in drebrin-overexpressing
NIH3T3 cells after CCG-1423 treatment. At 24 hr after plasmid transfection, the NIH3T3
cells were starved for 24 hr, treated with CCG-1423 (10 uM) for 24 hr, lysed, and
subjected to qRT-PCR. ***P < (0.001; n =4.

(B) Luminescence obtained using the SRF-RE reporter in Dbnl-knockdown NIH3T3
cells after TGF-f stimulation. At 48 hr after siRNA transfection, the NIH3T3 cells were
stimulated with TGF- (2 ng/ml) for 24 hr, lysed, and subjected to the luciferase assay.
***p <0.001, **P<0.01; n=4.

(C) Acta2 and Collal mRNA expression levels in NIH3T3 cells treated with siCtrl or
siDbn1 after TGF-f stimulation. At 48 hr after siRNA transfection, the NIH3T3 cells were
stimulated with TGF-p (2 ng/ml) for 24 hr, lysed, and subjected to qRT-PCR. ***P <
0.001, **P<0.01; n=4.

(D) Binding between MRTF and a-SMA or (-actin in drebrin-overexpressing NIH3T3
cells. At 48 hr after plasmid transfection, the NIH3T3 cells were lysed and subjected to
the immunoprecipitation assay.

(E) MRTF localization in cardiac myofibroblasts treated with siCtrl or siDbnl. At 48 hr
after siRNA transfection, the cells were seeded onto glass-bottom dishes, cultured for 24
hr, and subjected to immunocytochemistry. The right panel shows quantification of MRTF
intensity.

(F) MRTF protein expression levels in the nucleus of cardiac myofibroblasts treated with
siCtrl or siDbnl. At 48 hr after siRNA transfection, the proteins in nucleus of the cells

were extracted and subjected to immunoblot analysis.
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(G) Mkl and Mki2 mRNA expression levels in cardiac myofibroblasts treated with siCtrl
or siDbnl. At 72 hr after siRNA transfection, the cardiac myofibroblasts were lysed and

subjected to qRT-PCR. n.s., not significant; n = 5.
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drebrin i MRTF-SRF ¥ 7" F V%4 L T Cthrel OFEH %2 {EkE 3 %

FAlZ drebrin 23 MRTF-SRF ¥ 7' F v % A L T, FiffESERE o (b % HfH 3 2

ZEeERRM LA, 22T, FAXRIC drebrin I & - T, FIEHIHE X 1 2 Bk
LARHES T % [FE L & 5 & #F 272, scRNA-Seq(Fig. SA)D T — X % FfEfT L 72 &
Z A, b x v X7 H Cthrel OFEBIDS drebrin G HEMILICRERMICE D b5
&% B L 72 (Fig. 8A), Z DFERIC—EL T, LA S © b B0 BE
(ICM:ischemic cardiomyopathy) 83 O LKIC 35\ CTd | CTHRCI DFEHLE D HENN
L 72(Fig. 8B)o & H 1T, /Llisk D i #iAfe S A I i 35> T drebrin (Dbnl)% / v 7 X7
v L 7z RNA-Seq(Fig. 6A)D 7 — X % T L 72 & & A, Cthrel DFEFIE X Dbnl
Jy 7 &y AT X b I & LT 72 (Fig. 8C) T DD D A ERAEZEMIAE IC 351
%2 Dbnl / v 7 X7 vic X3 Cthrel ®FIHNH] 13, qRT-PCR T b 2 C % 7= (Fig.
8D),

Cthrel (2B, 27 =7 v E O CLBERF D EARICEHF G35 2 & <,
scCRNA-Seq fEHTIC & b Wi D Fi 72 e~ — A1 — X v o3 7B & 75 2 W e
DHE T NT V528, 36), FEERIT, Cthrel % /7 v 7 X7 v L 72 DIRD fhfRELF
M%7z QRT-PCR & Y TR A2 v 70y T 4 V7 DRERD 5. Cthrel 25D

D fhsAEF AN IC BT BRMELBLEN T D EA ICH G535 2 L AR T E -
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drebrin I¥ F-7 7 F v OLENEH S 2 L RSN T3 728, FAlL drebrin (<
L% F-77F vORE{D Cthrel OFBFIFNICEECTH 5 0HEHEEE X 72,
Rho-associated protein kinase(ROCK)!Z Linl1, Isl-1 and Mec-3 kinase (LIMK)® 74
b/ L T, Cofilin ICX 3 F-7 27 FvolEdadr MEHltssc <, F-77
F vV ORERICEHEG T2 T LA SN TS (37), LIRD MM IC ROCK
FHEHXTH % Y27632 % ALE L 72 & & A, Cthrel OFH = 13E EICHIH X 1u(Fig.
8G). F-7 7 F v ORFEAD Cthrel ODFRBEICEHETH S Z LB RBI N,
drebrin 23 MRTF-SRF 7' F V2R d 5 2 L #FET 5 &, Cthrel OFEHE T
MRTF-SRF & 7' F VIHRTF T 2 D TlE R & B 272, % 2T, DIRD fRAELE
A, MRTF-SRF > 7 F L DHEHITH 5 CCG-1423 LB D % 2% SRF %
J w7 Xy v L, Cthrel DFEBEZFAR7z, ZDfEHR. CCG-1423, SRF D/ v
7 Z 7 T RICEWTYH, Cthrel OFIE T & 172 (Fig. 8H, 1),

PIEDRER D &, DlE D FfHESEMAZIC 35T, drebrin ICX 3 F-7 27 F v D
ZEALH, MRTE-SRF ¥ 7' F L% 4~ L T Cthrel OFIREZ{RHET 2 2 L 235HS

ﬁ)bcﬁ")f:o
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Figure 8. Drebrin promotes the Cthrcl expression via MRTF-SRF signaling in
cardiac myofibroblasts.

(A) Cthrcl mRNA expression levels of Dbnl-positive (Dbnl-pos) and Dbnl-negative
(Dbnl-neg) fibroblasts. The violin plots between Dbnl-positive and Dbnl-negative
fibroblasts were drawn by using the data reanalyzed in Fig. SA.

(B) CTHRCI mRNA expression levels in non-failing (NF) or ischemic (ICM) human
hearts. The publicly available data (GSE116250) were reanalyzed. Data are presented as
the box and whisker plot (tukey style, outliers in black triangles). *P < 0.05; NF: n = 14;
ICM: n=13.

(C) MA plot of genes differentially expressed between siCtrl and siDbnl myofibroblasts.
At 72 hr after siRNA transfection, the cardiac myofibroblasts were lysed and subjected to
RNA-Seq, and MA plots were drawn using the TPM values obtained. The x-axis
represents the TPM value for gene expression, and the y-axis represents fold change
between the two groups.

(D) Cthrel mRNA expression levels in cardiac myofibroblasts treated with siCtrl or
siDbnl. At 72 hr after siRNA transfection, the cardiac myofibroblasts were lysed and
subjected to qRT-PCR. ***P < 0.001; n = 5.

(E) Cthrel, Acta2 and Collal mRNA expression levels in cardiac myofibroblasts treated
with siCtrl or siCthrcl. At 72 hr after siRNA transfection, the cardiac myofibroblasts were
lysed and subjected to qRT-PCR. ***P < 0.001, **P <0.01; n= 5.

(F) Collagenlal (Coll) protein expression levels in cardiac myofibroblasts treated with
siCtrl or siCthrcl. At 72 hr after siRNA transfection, the cardiac myofibroblasts were
lysed and subjected to immunoblot analysis. The right panel shows quantification of

Collagenlal expression. **P < 0.01; n = 3.
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(G) Cthrel mRNA expression levels in cardiac myofibroblasts treated with H>O or
Y27632. Cardiac myofibroblasts were treated with Y27632 (30 uM) for 24 hr, lysed, and
subjected to qRT-PCR. **P <0.01; n =4.

(H) Cthrcl mRNA expression levels in cardiac myofibroblasts treated with DMSO or
CCG-1423. Cardiac myofibroblasts were starved for 24 hr, treated with CCG-1423 (10
uM) for 24 hr, lysed, and subjected to qRT-PCR. ***P <(0.001; n= 5.

(I) Cthrel mRNA expression levels in cardiac myofibroblasts treated with siCtrl or siSrf.
At 72 hr after siRNA transfection, the cardiac myofibroblasts were lysed and subjected to

gRT-PCR. *P < 0.05; n=5.
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drebrin 131 3\ T b BRHE(LERIC TGF-BY 2" F A% MRTF-SRF & 7' F vic X
h BB 5

KT, FhlZ drebrin 25 ONELASL D MARERMEL IS T 55 2 212D nTRRET 21T -
7z o FEFEVERTARHERE |2 Ml D ARHE(L % 18 5 1B MR 2 EEAT IR L 2 D2 b D
&R mIE 2-4F L T NTWE(3S), £ 2T, FAlT drebrin 23t D #iAE(L ICEE S
TE0%EHERT, TrA~A v v iEioREL IG5 2 LT, ffoffEl %
FHRT -0, liiofiEterr~y 2 LTALHWSLNTWS((39), ¥ 2T
Z DML E T A~ ZERERL L 72 & & A, Collal. Acta2 7a ¥ DHHEALEDE
K & ARk IC, drebrin (Dbnl)DFHIED 7L A~ A4 v Gk oML T»
7z(Fig. 9A), KPR, FFFEMMHRHEE(PF: ideopathic pulmonary fibrosis) & @ fifi
RNA % Fi\>72 RNA-Seq(GSE92592)(40)D 7 — & % fi##t L 7= & T A, DBNI D
BB IR R AEIE O li©. AEICH L Tw 3 2 & 238 5 A 72 - 7= (Fig.
9B).

KT, FAIARHEIL L 72/l 35 1F 3 drebrin (Dbnl) D FEEAAE D A€ (ICHL D FHLA
2o % DFER, Dbnl OFILIBHEA L 2 b8l -~ 07 7 =Y Tlik
L RMEFMIRICERD b 2 & & R L 72(Fig. 9C), #RAE(L L 72~ w7 2 Jifit]]
A D RS B2 & D | drebrin D ¥ 7 F L 1Za-SMA [ D 5w Al el 1< 52
% & 7= (Fig. 9D).

64



% 72 Bl D FARHESEIIE IS 351 % Dbnl OFEIFHE X 7 = X 12D\ T b fifbr
L7co #RME(L L 72 il & HAE U 7= st SF i . SIS3 & 2w id CCG-1423 %
JUE U 72453, OO kA SF IR O IKs & [AIERIC . Acta2 35 X O Dbnl DFEHE
23] X 7= (Fig. 9E).

L L D#ER S| drebrin (2T BT b ARME(LRFICRITEML, X 5120
FB113 TGF-B 27" F /., MRTF-SRF & 7' FLIC X VFE I NS T L AL AT

&Of:o
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Figure 9. Drebrin expression is increased in fibrotic lung and its expression is
dependent on TGF- and MRTF-SRF signaling.

(A) Collal, Acta2, and Dbnl mRNA expression levels in mouse lungs at 14 days after
bleomycin administration. Total RNA extracted from mouse lungs was subjected to qRT-
PCR. ***P < (0.001. Saline: n = 6, BLM: n =8.

(B) DBNI mRNA expression levels in the control lungs and the lungs of idiopathic
pulmonary fibrosis (IPF) patients using data from GSE92592. Data are presented as the
box and whisker plot (tukey style, outliers in black triangles). ***P < 0.001. n = 19
(Control), n =20 (IPF).

(C) Cd6S, Collal, and Dbnl mRNA expression levels in macrophages (Mac) or
myofibroblasts (Myo) isolated from mouse lungs at 14 days after bleomycin
administration. Total RNA extracted from macrophages or myofibroblasts was subjected
to qRT-PCR. ***P < 0.001, **P <0.01. n=>5.

(D) The specific expression of drebrin in myofibroblasts in mouse lungs 14 days after
bleomycin administration. Lung slices collected from the mouse lungs were subjected to
immunohistochemistry with antibodies against drebrin and o-SMA. White arrows
indicate merged cells. Scale bar 20 um.

(E) Acta2, Dbnl mRNA expression levels in lung myofibroblasts after SIS3 (3 uM) or
CCG-1423 (10 uM) treatment for 24 hr. Total RNA extracted from lung myofibroblasts

was subjected to qRT-PCR. ***P <(0.001.n = 5.

67



drebrin i O FFRRHETFHICE VTS, 77 F Vv ERERICBES L. Cthrel ©
RREN L CHREBEERTFoEEZRET 5

i D FFARHETFHIAIC 3510 2 drebrin OHERE % fEHH 3 2 7= D 1, Jifi o i ARHEZF A
f@ic 3> T drebrin (Dbn) % / v 7 X v L. SRHEACBLERN 7 0 FEHE % 72,
Z DFER. Collal. Col3al. Coll4al. Lox 7z ¥ DRRHMELBIER T O RINELEH =
(I X 172 (Fig. 10A),

%7z drebrin %/ v 7 Xy v LioffESFMIc s TlE, T2 FvE
WIEIC B 53 % 99 F Acta2. Tagln O FEH & b BHZE ICHIH] X 41TV 72 (Fig. 10B).

drebrin 23 i O FHFRHEZFAIILICE W CTH T 27 F VEKIERICHES T2 L2 b,
TRAEALIRAES MW & v % 2 H Cthrel OFBLE D [FBEICIEET 2 @ H i 0w CTiRaT
L7z, Cthrel iZ= 7 R, & M EBE Ol DFHELRFICHEBIIEIN T 5 2 L A3, Z
FTICHE SN T 5(29), EERIC, Cthrel OFRBEIF 7L A~ A4 > v 2% 5L
7=~ ZADfifi & IPF B Dfifiic W, N3 5 2 &L 23MfERE X L7z (Fig. 10C, D),
T o, OlEDRIRIC—E L T, FifHEEFHIIZIC 5\ C Cthrel 2/ v 2 X0 v
T 5 & BRAECBLE R T oo FE L& AN & 4172 (Fig. 10E),

KT, Cthrel DFRHEAVIRE D FEBIENNC drebrin 2385 L T2 2% X5 720,
Dbnl %/ v 7 X7 v L 7=fili skt Ic 310 5 Crhrel DFEBE 2T ~72,
Z DFER, Cthrel DFIIE (X Dbnl / v 7 X v vic X b, BEEF IS & 7= (Fig.
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10F), ¥ 7z, Cthrcl @ FEH & I3 Ol D A ML i & FIERIC. MRTF-SRF & 27
NORHEHTH 5 CCG-1423 WLEIC X Y | BEE ICHIH] X 4172 (Fig. 10G),
LA D#ER 2 & drebrin (X D FFRHESF MO 7 7 5 v BHETE K % (et 3 5

Z & T, Cthrel CARMELBER T ORI ZEINE ¢ 5 2 L BHL IR o 72,
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Figure 10. Drebrin promotes the expression of fibrosis-related genes and Cthrcl in
lung myofibroblasts.

(A) Dbnl, Collal, Col3al, Coll4al and Lox in lung myofibroblasts treated with siCtrl
or siDbnl. Total RNA of the cells was harvested 72 hr after the siRNA transfection and
subjected to qRT-PCR. ***P <(0.001.n = 5.

(B) Acta2, Tagin mRNA expression levels in lung myofibroblasts treated with siCtrl or
siDbnl. Total RNA of the cells was harvested 72 hr after the siRNA transfection and
subjected to qRT-PCR. ***P < 0.001.n= 5.

(C) Cthrel mRNA expression levels in mouse lungs at 14 days after bleomycin
administration. Total RNA extracted from mouse lungs was subjected to qRT-PCR. ***P
<0.001. Saline: n =6, BLM: n =8.

(D) CTHRC expression levels in the control lungs and the lungs of idiopathic pulmonary
fibrosis (IPF) patients using data from GSE92592. Data are presented as the box and
whisker plot (tukey style, outliers in black triangles). **P <0.01. n =19 (Control), n = 20
(IPF).

(E) Cthrcl, Acta? and Collal mRNA expression levels in lung myofibroblasts treated
with siCtrl or siDbnl. Total RNA of the cells was harvested 72 hr after the siRNA
transfection and subjected to qRT-PCR. ***P <(0.001.n = 5.

(F) Cthrcl mRNA expression level in lung myofibroblasts treated with siCtrl or siDbnl.
Total RNA of the cells was harvested 72 hr after the siRNA transfection and subjected to
qRT-PCR. ***P <(.001.n = 5.

(G) Cthrcl mRNA expression levels in lung myofibroblasts treated with DMSO or CCG-
1423. Lung myofibroblasts were starved for 24 hr, treated with CCG-1423 (10 uM) for

24 hr, lysed, and subjected to qRT-PCR. ***P <(0.001; n = 5.
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drebrin (ZFFIR D BRHE(CIRF I b ARRAESF L GE LT E M) CREEM 3 5
RIT, FAlL drebrin 23FFRERDFHME(LIC b BEG-3 2 DI D W THRET 21T 5 72,
P LR SR (CCly) i~ v ZAIERENICHE D IR LRG3 % L IFfifgAfEE S v, 2D
TERIFIR D SRAEL I D72 28 B (41), - T, PUHILIR K% 5 (3 AT O SiE(L e 7
N2 R LTASHVWSGNTW S, 22T, OMERERSIC X 5RO
AL T v~ AER(EBLL 72 & 2 A, Collal % Col3al 75 & DHRHE(L BEE A T

L 3T, drebrin (Dbnl)DFEBIE L BN L 72 (Fig. 11A).

BATE, TPl F72 2 B LER L LTRSS T w3 0t JET v a — R
FFRNASH)TH %, % TRIC, FAlZ drebrin 75 NASH W FFlsARHEL 1< b BE
53200 %# 72, NASH ET v~y R, #l&EEN =2 ) v RZXF4 = Vi
=k (CDAHFD) OfaEHIC X 0 /ERL L 72(42), CDAHFD % 3. 6. 9. 12 B3 EH
L7zH553. Collal ° Col3al DFHL L [FERIC, Dbnl OFFiE b FAEALICHE > T
B3 % Z L 23H S 2> & 7 o 72 (Fig. 11B). FFIE D RRAE(L 12 %2 D ARMEL D EFTEE
ICX D, FO-F4 IZHBEEIND T ERH O TS (43), EERIC, NASH HEDHF
fili RNA % F\» 72 RNA-Seq(GSE162694)(44)7 — X % f#HT L 72 & & A, DBNI D%
HE I DA v P EEFEHDOIFIRTA = <L Tz (Fig. 110),

BRHEL L 72 FFRRYI A % F W 72 SRS In situ hybridization £%fT-o72& & 5,
Dbnl D 7" F L% Desmin 51 O MIAEIC 328 & 3(Fig. 11D). drebrin 23FF i D fi
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MLRFIC B WTh, B d a7 —7 vEEMETS 2 iEMHLIFEMEHSC:
hepatic stellate cell)ICFEHL 3~ 5 AJRETEDSE 2 & L7z,

RIT, KRHE(L L 72 HFBBIC 3513 2 drebrin (BB O R Z TR 2720, a—v
WP 501 CCl 5 L 7-HFID scRNA-Seq(GSE171904)(45)D 7 — & % fi##ir L
7eo NMFEMID 2 7 2 % —% Dbnl W51, Dbnl B2PED 2 BT J (Fig. 11E). &
B ORBEZ B L 72458, Dbnl GEDOIFEMILIC BT, Acta2. Tagin 7x
EOT 7 FVEKEKEHE S BETORBELEML T3 2 ERHL TR
7= (Fig. 11F),

LLEDKEE A & drebrin (ZAFHE D BRAEIR IC S o FARHESE IR GE PRI 241

NENCHELS 2 2 AL D TR o 72,
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Figure 11. Drebrin is expressed in activated hepatic stellate cells in fibrotic liver.
(A) Dbnl, Collal, and Col3al mRNA expression levels in the livers of mice injected
with CCls for 4 weeks. Total RNA extracted from the mouse livers was used for qRT-
PCR. ***P <(0.001; n = 6.

(B) Dbnl, Collal, and Col3al mRNA expression levels in the livers of mice fed a
CDAHEFD for 0, 3, 6, 9, or 12 weeks. Total RNA extracted from the mouse livers was
used for qRT-PCR. ***P < (0.001, **P < 0.01, *P < 0.05; 0, 6, 9, and 12 weeks: n=6; 3
weeks: n = 5.

(C) DBNI mRNA expression levels in patients with various stages (FO—F4) of hepatic
fibrosis. The publicly available data (GSE162694) were reanalyzed. Data are presented
as the box and whisker plot (tukey style, outliers in black triangles). **P < 0.01; FO: n =
35;F1:n=30; F2: n=27; F3:n=8; F4: n=12.

(D) Dbnl mRNA expression in mouse fibrotic livers. Liver sections from mice fed a
CDAHFD for 10 weeks were subjected to in situ hybridization and
immunohistochemistry with an anti-Desmin antibody. White arrows indicate the Dbnl
signals. Scale bar: 20 um.

(E) Plot of Dbnl-positive (Dbnl-pos) or Dbnl-negative (Dbnl-neg) HSCs and volcano
plot of genes differentially expressed between Dbnl-pos and Dbnl-neg HSCs. The
publicly available data (GSE171904) were reanalyzed using the R package Seurat, and
the plots divided into Dbnl-pos and Dbnl-neg HSCs are shown.

(F) Acta2 and Tagln mRNA expression levels of Dbnl-positive (Dbnl-pos) and Dbnl-
negative (Dbnl-neg) HSCs. The violin plots between Dbnl-pos and Dbnl-neg HSCs

were drawn using the data reanalyzed in Fig. 11E.
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drebrin (3FIE O BRI GE (LR EMAE) Ic W Td 7 7 F VBB &
U CHRELBIERTFoEE 2 RET 2

KIT, FAITEECF 2MIZIC B VT D, drebrin 23FRHME(LERE A 1 o A % 2
T B 2D W TR L 72, CCls & % \ 213 CDAHFD % %59 % & & CHifEL %
A L 72 I © Bl L 723G PR IF B AR IC 35\ €. drebrin (Dbn)% /v 7 X
v v$ 5L, Collal 75 ¥ DOREHMACBER F A ZICHIHI X5 2 & 23S T
72 - 7= (Fig. 12A, B),

% ZTCTE biC, drebrin 2TEMLIFEMIZICE LTS T 27 F VAR % (i
LT3 00%2H~7, ZO/E, Donl %/ v 7 X v L iGHELIF 2L
1% Acta2. Tagin D7 7 F v BT HE T O FILE 2 ] & Tk b (Fig. 12C, D),
drebrin 2EMELAFEMEICEWTD T 7 F Vv ERERZREL T»w 5 2 & 2R
e X 7z,

Dbnl / v 7 X7 VI X 2 HHECBEER T & 7 7 F v BT R T o HIE
b MFEMERTH 5 LX-2 Mg BT b FEIRICEE® & 7z (Fig. 12E),

LA D#ER S & drebrin (ZiEHEACTFEMdIC B WTH, 77 F Vv ERIEK %

LTy BRHLE SR FoEEZH - T WA Z E IS TR 2 72,
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Figure 12. Drebrin promotes the production of fibrosis-related genes via actin
cytoskeleton formation in activated HSCs.

(A) Dbnl, Collal, Col3al, Coll4al and Lox in activated HSCs isolated from CCls-
treated livers after treatment with siCtrl or siDbnl. At 72 hr after siRNA transfection, the
activated HSCs isolated from CCls-induced hepatic fibrosis model mice were lysed and
subjected to qRT-PCR. ***P < 0.001, **P <0.01; n= 5.

(B)Dbnl, Collal, Col3al, Coll4al and Lox in activated HSCs isolated from CDAHFD-
fed livers after treatment with siCtrl or siDbnl. At 72 hr after siRNA transfection, the
activated HSCs isolated from a CDAHFD-induced NASH model mice were lysed and
subjected to qRT-PCR. ***P < 0.001, **P < 0.01, *P <0.05; n = 3.

(C) Acta2, Tagln mRNA expression levels in activated HSCs isolated from CCls-treated
livers after treatment with siCtrl or siDbnl. At 72 hr after siRNA transfection, the
activated HSC:s isolated from CCls-induced hepatic fibrosis model mice were lysed and
subjected to qRT-PCR. ***P <(.001; n= 5.

(D) Acta2, Tagin mRNA expression levels in activated HSCs isolated from CDAHFD-
fed livers after treatment with siCtrl or siDbnl. At 72 hr after siRNA transfection, the
activated HSCs isolated from a CDAHFD-induced NASH model mice were lysed and
subjected to qRT-PCR. ***P <(0.001; n = 3.

(E) DBNI1, COL1A41, COL3A1 and ACTA2 in LX-2 cells treated with siCtrl or siDBNI1.
At 72 hr after siRNA transfection, LX-2 cells were lysed and subjected to qRT-PCR. ***P

<0.001, **P<0.01; n=6.
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Cthrel O FE3R 13 FFHE o B s e SF IR GE R L AF 2/ BE) I 3T H . drebrin-
MRTF-SRF ZBRic X Y FHEIh B

BBIC, FARTEME LI 2MAEIC 3\ T h drebrin 2% Cthrel DFIEZ (EiES 2
2> DR 1T 5 72, Cthrel 25 CCla & 5\ I F A 7 & & 3 P 5T X 2 FFAsRiE
{LRFICFIRIEM L, HC2W L 72 Cthrel 28FEMIIE %2 S ML L, SRAE(L % (s
T 52 EE I N TS (30), ERRIC, CCls D5 I X 2 AT D BRAECIRE I,
Cthrel DFEFREDEML T 5 Z L ZfifERE L 72 (Fig. 13A). X & IC, drebrin (Dbnl)
DR & FERIC, Cthrel DFIE D CDAHFD £ 512 X % IFI O fAfEL ic £ -
TINS5 2 & ZBH L 2T L 72(Fig. 13B), T4 5 DFERIC—E L <, CTHRCI O
FILE X, b F NASH BEITE W T LI - TN L 72(Fig. 130),

KIT, CDAHFD #GHIC X 0 S U 72 Fli 2> & Bl L 7235 P LI 241k ic
WT, Cthrel D/ v 7 B0 v %1472 T, Z ORGSR, BEBIE R T o FEBL & 340
fil XTI Y (Fig. 13D). Cthrel 75 NASH B D iFEHIIZIc BT, S %
LT 3 A[REES R T Tz,

I o, Cthrel OFEBEEMACIT EMIZIC B T drebrin 1 X Y fHill{#
NE PO THET 21T o 72, Dbnl B, Dbnl P2Vt 2EMAC(Fig. 11E)% F
T L. Cthrel ORBEZ I L 72 & 2 5. Cthrel 1% Dbnl G DOMIIEIC S <
B L T\ 72 (Fig. 13E)o FERRIC Lolist<o fifi D i BRAE ZF A %2 F W 72 5283 &[RRI,
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NASH i & B U 7= 3G PELAFEMAIc S v»Td, Dbnl /v 27 X vic kb
Cthrel DFI @2 NH X 72 (Fig. 13F), ki, HHALIFEMEIcE VT |
Cthrcl D FHLE X MRTF-SRF & 7' F 2V ICHEBE I 5 % M5t L 72, % £ TNASH
JFR 2> & BAHHE L 7= 36 PR AT IC CCG-1423 ZALE L 7z & & A, Cthrel DFEH
EAHI T T B T & ERIHL 2T L 72 (Fig. 13G).

LA L DGR 2 & | FFl o i AU 2 IC 35T h | Cthrel DFEHIE 13 drebrin

IZX % MRTF-SRF > 7 F VI X VEFEEI NS Z E#BAL T L 72,

80



Cthrct Cthret CTHRC1
=) ) 3z
§100 %% @_ 15 @_ 15
£ 80 = ©
=] k= 2
T 60 g 10 810
@ o &

% 40 % 5 'g 5

(0]
g 20 4 a
E oLlan E o 5 0
Oil CCla ow 3w 6W 9w 12w
NASH HSC E
. Cthre1 Acta2 Colta1 Col3a1
k=) Cthrc1
215 1.5 15 1.5 _
Z sk 5 4 ® % LI e 3
k=] &
&10 1.0 1.0 1.0 S 5
0] °
<05 05 05 0.5 8 4
d g
i it
E ol 0.0 0.0 0.0+ 0
siCtrlsiCthrc1 siCtrlsiCthrc1 siCtrlsiCthrc1 siCtrlsiCthrc1 Dbni-neg  Dbni-pos

. Cthre1 Cthrct - Cthrct
T i<} =]
£15 " g 15 . £ 20 o
= = =
k] 154 =
810 210 g
9 o} Q10
<05 <
z % 0-5 <2C 05
% o o

00—t 0.0 E 00

siCtrl siDbn1 H.0Y27632 DMSOCCG-

1423

81



Figure 13. Regulation of Cthrcl expression levels via the drebrin-MRTF-SRF acxis is
also observed in activated HSCs.

(A) Cthrcl mRNA expression levels in the livers of mice injected with CCly for 4 weeks.
Total RNA extracted from the mouse livers was subjected to qRT-PCR. ***P < 0.001; n
=6.

(B) Cthrc1 mRNA expression levels in the livers of mice fed a CDAHFD for 0, 3, 6, 9,
or 12 weeks. Total RNA extracted from the mouse livers was subjected to qRT-PCR. ***P
<0.001; 0, 6,9, and 12 weeks: n = 6; 3 weeks: n = 5.

(C) CTHRCI mRNA expression levels of patients with various stages (FO—F4) of hepatic
fibrosis. The publicly available data (GSE162694) were reanalyzed. Data are presented
as the box and whisker plot (tukey style, outliers in black triangles). ***P < 0.001, **P <
0.01; FO:n=35;F1:n=30; F2: n=27; F3:n=8; F4: n=12.

(D) The mRNA expression levels of fibrosis-related genes in activated HSCs treated with
siCtrl or siCthrcl. At 72 hr after siRNA transfection, the activated HSCs isolated from a
CDAHFD-induced NASH model mice were lysed and subjected to qRT-PCR. ***P <
0.001, **P <0.01; n= 3.

(E) Cthrel mRNA expression levels of Dbnl-positive (Dbnl-pos) and Dbnl-negative
(Dbnl-neg) HSCs. The violin plots between Dbnl-pos and Dbnl-neg HSCs were drawn
using the data reanalyzed in Fig. 11E.

(F) Cthrcl mRNA expression levels in activated HSCs isolated from a CDAHFD-fed
livers after treatment with siCtrl or siDbnl. At 72 hr after siRNA transfection, the
activated HSCs isolated from a CDAHFD-induced NASH model mice were lysed and

subjected to qRT-PCR. **P < 0.01; n = 3.
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(G) Cthrcl mRNA expression levels in activated HSCs isolated from CCls-treated livers
after treatment with H20 or Y27632. Activated HSCs isolated from CCls-induced hepatic
fibrosis model mice were treated with Y27632 (30 uM) for 24 hr, lysed, and subjected to
qRT-PCR. *P <0.05; n=4.

(H) Cthrcl mRNA expression levels in activated HSCs treated with DMSO or CCG-1423.
Activated HSCs isolated from a CDAHFD-induced NASH model mice were starved for
24 hr, treated with CCG-1423 (10 uM) for 24 hr, lysed, and subjected to qRT-PCR. **P

<0.01;n=4.
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L T, SRHESERIRE 2> O SR IIE ~ D b, E b icida 7 —7 v oL Z it
T3 L0 RO CTEERKENZIHS AT LT
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TT A= F RNy IRFET B, BEICZD7 4 —F Ny ZICEEAKTTH 3
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FErbhd,

drebrin 13 postsynaptic density protein 95 (PSD-95)7x & D> F F 2% X v 8 H
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“The well-developed actin cytoskeleton and Cthrcl expression by actin-binding protein
drebrin in myofibroblasts promote cardiac and hepatic fibrosis”

J Biol Chem. 2023; https://doi.org/10.1016/j.jb¢.2023.102934. In press.
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