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DRI T D AEERPHG S TWD, — ., ITEOIIR TLARRO UL, DB & 225 PRk
R K D UNAERE DR 7= 41720042 (heart failure with preserved ejection fraction, HFpEF) &5 ST 5
S, HNRIRIEIED 72 < B LUWIRIEBAZE 3RO LTV 5, Bpfliiah 0 2 ERL L TR 2 Dl FAE 1A
W& DM, EETER O FTREME, Mk ~DIRAZE . BRHE(LS° HFpEF (8627 CEN H 5, Fx X skt
LM 2 O A L7 N e 72 I 7T 80 a2 BR%E L. DI &[RRI M b 3
AIRBIZ 72 o7z, Lo LERIRICHIZIZAERICZRITEN TE .00 ) 7 a7 I I v F X7 2 —=RNhETH Y |
F72BUR T HFpEF (ST 20 Y 70 77 I 7 ORI R THY . AR TIZ I b ORMVE % i#
RT 2,

BRI INETITOHY 70 77 I v FBI5 T Gatad, Mef2e, TbxS 23R L, B XA A JLANRT X —
(&L ) T u s T 7T T AR O LI RIS P S 7 AR Z JeE L T & 7 (Teda et al,
Cell 2010, Miyamoto et al, Cell Stem Cell 2018, Isomi et al, Circulation 2021), L)Lt XA U A VAT X
—IRERME A BT D70, BRRISANZITZ AYED S DI R A B R TR BT 5 7 7 / bE
ET A VR (AAV) X7 Z—DHBPMLETH D, AR CTREL 72> TW\% HFpEF (205 7'r 77
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SUTBAENNEIARATH D, £ ZTEMRETIE, O Y 70 7T I TITROE T AAV X2 2 — %
FE L. DREIER DR RIS 2 DI BB R FIGR 2 MBS %, & BIZ HFpEF X4 2.0 ) 7' s
ST ORI ERGEEL, T Oo T E R 5,

FHik & rER
1. DY Fa s T I7 AAV X7 2 — D% L DIREARE T IRRA~DIRH

(1) FHLLISRRHE SRR R A AAV X7 X —DBE%
AAV X7 Z =3 & E SERMIERAFEE L, A MIERIT K0 HIREORE~ D BN 72 5 728D
OIERRMEF IS 2R L S BIEFEATE 2 MIERZFET 2720, 11 FEO RS MIEH D AAV-CMV-
GFP X7 % — (AAV1~10,D)) Z#/ERL U7z, & OH TLIESHESSMAR IR mME & BN @O MER % | O
FRAEZFHIAE & DA 2 VN 72 in vitro 2BRES KUV &7 R invivo FEBR T FACS oM et /e & & F W CIRE
L7z, ZORER, invitro EERTIX. AAVI, 6, DI 23 OlEFRAESF ML CRBBEDEO b, —FH, v U AL
FEZEE T L & U T2 invivo B TlX, AAV-CMV-GFP X7 % — (AAV1~10,D]) OF_XTOMFER T, L
AR EHAFERN SN ERRO B IvTz, T OREEIE AAV O BT in vitro & in vivo TERLRDHZ ENRH D
EWVIIMEDOHRE L —HL T\, 22T, FxIFRIZT BE—F—% CMV O RRHESF IR A B R 7 C
H 2 Postn IZZEZ T in vivo EBRZIT-72, MIEA E L CTIE in vitro TOMERRAESMIN TE38 2R L= i yEH
AAV6,DJ & in vivo L& CEIEBLT 5 Z E R HILD AAVY % VT, AAV-Postn-Cre Z {E#L L T, Tomato L 7R~
— X == ADLMHFEZEET LT in vivo EBRAEIT o7z, ZOFER, AAV-DIJ-Postn 2MLD MIER & bb_T, Lol
AR CERBET 2 Z ERALNITR o7z, UL EX Y AAV OIJER & 7' v — ¥ — % Dig#iE e L
i b5 2 & T B ONEARMESS IR ) AAV R X —Td 5 AAV-DI-Postn DBHFEIZALEN L 7=,

(2) DBV FuTTIT AAV T F—IZ X BEMELHEED DBEAE
WRIZAAV IZE D0 7a I I v ra2dET L5720, L) 7n 77 I 7K+ Th D Mef2e DERGIEM %
A3 57 ¥ —%BA% L=, Mef2c ® ¢ KIZ Myod @ transactivation domain (Myod-TAD) % /il L 7215k Mef2c
R H—Mef2c-M3 2LV | invitro TLAF Y 70 77 I 2 VhRUGEIZEREI L, iR E1T>7- (Kojimaetal,
Stem Cell Reports 2023), WIZTEMAL Mef2c X7 % —Mef2c-M3 D AAV X7 X —(Z X 5 invivo LY 7m 77 <
VTR A SN 5728, AAV-DI-Postn-Gata4/Hand2/ Tbx5/Mef2c (212 T Mef2e-M3 X7 % —Z {EHL 7=,
BHELHIEET LV TOLGHY) 7077 I IR ER 6N 5720, BMESFMR) x—Y hL—2X<v T A
(Postn-ERCre/Tomato ~ 7 A) % HW T, HENRAGEERIC K 0 DAFESEZERL L. AAV X7 X — B 38 R pn o -
LT 7erI 7 0lEsmAezmad Lz, AAV-DJ-Postn-Gatad4/Hand2/Tbx5/Mef2c (GHT/M) &
Gata4/Hand2/Tbx5/Mef2c-M3 (GHT/M3) % JRpif 5 Lz & Z A, AAV-DJ-Postn-GHT/M3 B CHI 2% D0 U 7' e
7T IV NR LN, £72 AAV-DJ-Postn-GHT/M3 CiE AAV-DJ-Postn-GHT/M & LE#E L C, DY 7 v /7 2
VIR 2 fFICE LT, & BRI OERRMEER I U r— 2 R L — A~ 7 Z(Tef21iCre/Tomato ~ &7 A) T
% AAV-DJ-Postn-GHT/M3 {Z K& 0 SO ARTEZE THARNOH Y 7'v 77 I v 7R L,
QB Fu s T I T AAV R Z—(Z X BB MR 0 DA & R
U2 AAV-DJ-Postn-GHT/M3 (2 L B AEBNOT U 7'a 75 0 7 ORI & a2 D € D18 MENZf#dT L
7o OMFEZE 1 20 H BRI a—CTOMERE A fiENT L 72 & 2 A, AAV-DJ-Postn-GHT/M3 J5RE Tl 2> b a— Uit
E AR TRERIETH D LVEF 23 10%e83E Uiz, F I mERHER 00T <X, Ol (2w SaE
WD Uy DR R ORI 2 38D 72, IRICE D4y A = R L= @A % 728 RNAseq T 247> 72,
AAV-DJ-Postn-GHT/M3 IR FEClI = > b e — L RE L I U C 733 B 728 EA- L 29N B VKT T 5 2 &,
GO term fiEHT THBL EFBIEFRHIC DA BERIR F 32 < S END DI LT, SR RIS TR L RE
BB NS EGEND 2 & 2B BT Lz, Heatmap fi#HT Tid Tnni3 72 &0 FRRHEICBIMR T Dl T LA
% LT, Tgfb, Col3al, Comp, Cer2, ll6r > Nppa 72 & DIE#RHEL, RIE, OB~ — I — DK IR Iz, £

TBROLZENEE LT, DB Ol T 7 n 7T I ZTBIn FRBB LW &, SHILHY 7r s
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FIVITHRERWN AR L, LLEX D AAV-DJ-Postn-GHT/M3 IC X B0 Y 7 77 2 o V8 s H4
TBEPDHEEL ODARZWET L EAHALNIC L, fWCHE & FFFHEZ1T 72 (Nakano et al, Stem Cell
Reports 2024, ¢l 2024-107728)

2. HFpEF [ZX 505 ) a2 F I v 7 L R

(W)LFY a5 I v FBIEFHEL HFpEF ©7 1V~ U A DBR%R

BT ZINETITLHY v 7T 2 ZNDIER AN TR CER 267 5 2 &L 2 LiiEEET
TRIMLTEY Z O Z RSO 2 W EDOFEE & 95 HFpEF €7 /VIZJSH L7z, HFpEF €7 /L
O LERHETF R TR Y 70 77 IV VBB FRRAFET 5720, FEX VT =2 UEEIC X0 RHEER LT
RERF AL Y 70 7T 2 U BT RAEZRIE CE 2\ T E~ U A ER LT, J5iEE LTI Y
7'u 77 2 v 7 s T Mef2c/Gatad/Tbx5/Hand2 (MGTH) %81 flox ~ 7 A (CAG-CAT-MGTH2A) , k20 s
FLH) ER-Cre ¥ 7 A (Tcf21-iCre) , L AN—H —~ 17 A (R26-tdTomato) #AFL LT, RV TG~vT A (TTg~
DRA) HER LT, £ TTg v U A% ZAVE CEBOZVVWOAMEZEE TV THREE LTZ & 2 A, Dl <
DY 7 a s T I U SRR TNRET L2, ERNTOLHY Ta s T I Z AR D L AR LT, MU R
%477~ (Tani et al., Circulation, 2023), ¥&IZ. TTg ~ 7 A|Z L-NAME & High Fat Diet (HFD)% 5- %2 C HFpEF &
T V& VERL L 7= (Schiattarella et al., Nature 2019), L-NAME/HFD £ 5 5 %412, BEHIE O (MR O, O
T o — THEEPRREE & OARE, WE T OB L 2R L, O Y e 7 F I Va8 HFpEF €7 /v
ERUC R LTz,

Q) DY a5 I/ kB HFpEF DE

WD) 7 v 7T 22 G RBl~ 7 AZ LNAME/HFD #45- 5 ##t%® HFpEF €T VK& ICH TEX V7
cUEERELT, LY TRl I 0 EHE L, ZORE, DB CLRY T u s T 2 v s T
MGTH %3 H$5Z LT, 1%DO0HY 70 /7 2 v 7ICAa T, ESB e, D= a— CESIEREY
. Dl 7T —7 WA T LVEDP K F722 LR EDSELRDZ, £l b Ly FIURE TIIBTIRBE E R
L. HEESEESE RO, S 5IC HFpEF (20 9 DIERKCEBMME D b EE2 iR, D) 7u s3I0 7
\Z &V HFpEF "ET 52 L 260 LT,

@) DFHY TIr ST IS OEABFER

LT L A AR A SOBRAE SRR LIS T, SEiiie, I N BCRIa 7 & 6 A7 7E LD BERE I 52884 1T 3, HFpEF
IR D0 ) 7a s 2 S OEREFE 2 AT 5720, B n W~ 7 A HFpEF U##ific %t LT
Single cell RNA-seq. #MMIRI R v U — 27 fi##fr. ATAC-seq. Visium 2S00 In-IHfBM 72 L 24T o72, Vv 7
VB VIRMT OFE R, DIRERHESEAIE Y 6 FEIC 0D 2 & F 7 DsRHE SRR A TPl & 7o T S e,
I PN R 72 SRk 2 72 DRI ER 2 ZIE LTV D 2 E B L Mo T2, & DICZERIE S TR BT
L0 DEHRMESE R Postn e EAEEL 25 M A P ORRAESEHIAE & RV AEAE T DR IIRIC i D
MR LTz, BIRRENZ SITLB Y 7 e s 7 I 0 NI E L L0 X A T OUNERRHESE IS bR E KIE L, O
g AR CHUAME I8 < = & 2R L7z,

(4) Gata4 —[RT+RBLZ & 5 HFpEF X3 & &5 FHEFFAZHH

HFpEF OJFREITAAMEAL IR ECTH Y | ABIMEIRIZRIZN TN D720, D) 7a 77 v 712 L bk
HEAEDS A A OIERBEIF O RREMER S 5, £ 2T, LY 7'v 77 I 7 8s 1 Mef2c, Gatad, Tbx5, Hand2 & &
DIK+-73 HFpEF BB IR0 8 D viat L7=, Mef2c, Gatad, Tbx5, Hand2 D45 1 K+ % B4 5 flox ~ 7 A & 1E
BT (SF-Gata4 72 &) . [FAIRRMEZEAIIGIZ pMX-Cre Z3E A L7-, ZOFEER, & 4K FHBMEOT T, Gatad —
K F-FBUZ L 0 iR < SR L BHR S - OIR TR A b, —HOFIE @Y FHE s o dz, £ 2T, Gatad &
Mef2c &K1 Z Ui #iE S in CllR R BT 5~ 7 A 2 {FHl L | HFpEF &7 /MK 2R 2 Mit Lz, £0
R, DBEARAE S C Gatad — K738 BLOD A TR UGB O /L LR H O %72 & HFpEF LARO R ES

B 7=, F 7= ChIP-seqdata DFEHTIZ XLV | Gatad 3L~ A X —1&I5 T ToH 5 Meox] OFHHIFEIKICEREAES L
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T, TV RXT 4 v 7 BLED U LR E T ORBZ IR TS5 2 L2 NI L,
WIZ e MDIERRMESFIIL C Y Gatad OHURHE(LIER 2T L7z, TGFRTIEME L L7zt M Dls#RME SR % L
T Gatad —[K 7 ZRERILT 5 Z & T, BRHLEERR 7O T & B IEE L~ — 5 —(aSMA) DK T 23789
Hivlz, LLEX U | OEHRHE SRR C Gatad — K 7-FEBLIZ KV HFpEF kET 5 Z &, S LIZE D512 ]
M LT, sl & R HfEZ 1T > 7= (Yamada et al., Circulation, 2025, PCT/JP2024/000151)
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L ORI 2 THUWMRE L ER 2 R R D L IEROMRBRIEIZIZ ARV LWIRB R H D | 5% RVITHE
DHIFTE D,



X

Background

Regenerative medicine is a promising approach for treating heart failure. Approximately half of heart failure cases are
classified as heart failure with preserved ejection fraction (HFpEF), which is characterized by cardiac fibrosis and diastolic
dysfunction, and currently lacks effective treatments. Although regenerative strategies involving stem cell-derived
cardiomyocyte transplantation have been attempted, they face issues like tumorigenicity, low engraftment, and ineffectiveness
against fibrosis and HFpEF. To address these limitations, the authors developed a direct cardiac reprogramming technique
that converts fibroblasts into cardiomyocytes, achieving both cardiac regeneration and anti-fibrotic effects. However, for
clinical translation, a safe and specific gene delivery system is needed, and the efficacy of this approach in HFpEF remains

unknown.

Methods and Results

(1) Development of a Cardiac Reprogramming AAV Vector and Its Application in Cardiac Regenerative Gene Therapy
In this study, we screened AAV serotypes and promoters with high specificity toward cardiac fibroblasts and successfully
identified a novel fibroblast-specific vector, AAV-DJ-Postn. Furthermore, we developed AAV-DJ-Postn-GHTM3, a vector
that expresses cardiac reprogramming genes (Kojima et al., Stem Cell Reports, 2023). In a mouse model of myocardial
infarction, in vivo gene therapy using this vector successfully induced direct cardiac reprogramming, resulting in improved
cardiac function and reduction of infarct size. These findings demonstrate the successful development of a cardiac
reprogramming A AV vector and its therapeutic efficacy in cardiac regeneration, which led to both a peer-reviewed publication
and a patent application (Nakano et al., Stem Cell Reports, 2024; Japanese Patent Application No. 2024-107728).

(2) Cardiac Reprogramming for HFpEF and Mechanistic Elucidation

We developed genetically engineered mice in which cardiac reprogramming gene expression can be temporally and cell-
specifically regulated, and applied this system to a mouse model of HFpEF. As a result, direct cardiac reprogramming led to
reduced cardiac fibrosis and improvement of HFpEF-related phenotypes. Single-cell transcriptomics and spatial
transcriptomic analyses revealed that reprogramming induced anti-fibrotic effects in both perivascular and interstitial cardiac
fibroblast populations. Furthermore, we demonstrated that expression of the single factor Gata4 was sufficient to improve
HFpEF. Mechanistically, Gata4 was shown to directly suppress the expression of Meox1, a master regulator of fibrosis,
thereby downregulating fibrosis-related genes. Collectively, these results establish the therapeutic efficacy and clarify the
mechanism of cardiac reprogramming in HFpEF, resulting in a publication and international patent application (Yamada et

al., Circulation, 2025; PCT/JP2024/000151).

Conclusions

This study significantly advances clinical translation of cardiac direct reprogramming as a gene therapy for heart failure. The
newly developed AAV-DJ-Postn vector enables safe and targeted delivery to cardiac fibroblasts. The therapy demonstrated
effectiveness in both post-MI and HFpEF models, combining myocardial regeneration with anti-fibrotic effects, offering a
unique advantage over traditional cell therapies. These findings led to peer-reviewed publications and patent filings,

supporting future therapeutic development.



