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[ Abstract] Objective To clarify the subtype-specific molecular mechanisms of hypertrophic
cardiomyopathy (HCM), dilated cardiomyopathy (DCM), and arrhythmogenic cardiomyopathy (ACM) in terms
of cellular composition, transcriptional features, and intercellular interactions. Methods The single-nucleus
RNA sequencing (snRNA-seq) data from publicly available human heart tissue samples were integrated. Among
them, HCM, DCM, and non-heart failure control samples were obtained from the Single Cell Portal database,
whereas ACM samples were obtained from the European Genome-phenome Archive database. Data quality
control, batch correction, clustering and annotation, differential expression and pathway enrichment analyses,
cell-cell communication analysis, and spatial transcriptomics validation were performed to systematically
characterize the cellular composition and molecular features of different cardiomyopathy subtypes. Results At
the cellular composition level, all three cardiomyopathy subtypes exhibited reduced cardiomyocytes along with
increased fibroblasts and smooth muscle cells, with the most pronounced changes observed in DCM. Subtype-
specific differences were also evident: endothelial cells were increased in HCM and DCM but decreased in ACM;
pericytes were markedly reduced in HCM, whereas both pericytes and neuronal cells were increased in ACM.
At the molecular pathway level, HCM showed activation of the PI3K-AKT-mTOR pathway; DCM exhibited
enhanced angiogenesis signaling; and ACM displayed significantly upregulated oxidative phosphorylation.
Regarding key cellular subpopulations, HCM was enriched for Endothelial_c0-PIK3R3 and Fibroblast_c0-
POSTN subsets; DCM showed increases in Myeloid_c0-C200rf194 and Fibroblast_c0-POSTN; while ACM was
characterized by elevated Cardiomyocyte_c2-CDINI, and Pericyte_c1-LOC644135 subsets. Furthermore, the
pathway activities of Endothelial_c0-PIK3R3 in HCM and Fibroblast_c0-POSTN in DCM were validated using
spatial transcriptomics. Conclusion This study systematically delineates subtype-specific cellular compositions
and molecular functional features of cardiomyopathies, providing novel single-nucleus transcriptomic evidence
for understanding the pathological mechanisms of HCM, DCM and ACM, and laying a foundation for precision
diagnosis and therapeutic strategies for cardiomyopathies.

[Keywords ] Cardiomyopathy; Hypertrophic cardiomyopathy; Dilated cardiomyopathy;
Arrhythmogenic cardiomyopathy; Single-nucleus RNA sequencing

WU —H PO IESTH FDIRE O IEEIRT R S

fE 0 S B e PR, A ERE W R, kKBS
25, R0 I AL PR R E R B N
R o R AR A R SR B, 0 UL WL T 4,
6 B JEE 20 (LW Chypertrophic cardiomyopathy,
HCM) | P 5K BLL AL (dilated cardiomyopathy,
DCM ) FECC AR H ALG WK (arrhythmogenic
cardiomyopathy, ACM ) . HCM J& & UL 19 15t % 14
LU, B 1/500, JRVRHIE R 2o.0 5 AR
PO MUAMIAE R . HEFIZEHL R 4P 4k ™. DCM A
AL 17250, FRBLA 702 BB =4 5Kk Kl
ARIRERERT, JF DL NEE AL ek 20
FAIE . ACM Z W TAER ARZ I, BRRY
1/2 000~1/5 000, FARFAE g0 LA L 5 2K B A 0
O NUEFAERR T AL SV, B E
IWIINSEE O EZ SR S 4SS TIN: 37y R NPA B3
vy, AHJH Al v R B, BRI TR AT R

yxxz.whuznhmedj.com

BTN / BAAG B SAE J AS IR e SR U 2 B R Y
K, NN OB 0 20 B 4L AR AL K 43 AL
TR T EE PR, AT e E A I
M & 3%, I AE R HCM. DCM H1 ACM 45 A []
FELRAS T A Bk . N E Y R R T
ARy R — e b Y [EEE, A AR
ISP AR E LA T AN R0 JULG S 7R Fy e S AR A
I a0 AR P (A T 2 R T
— PN A B S T R TE, X HCM., DCM #l
ACM =282 ML U 7E 20 B LR . S 4 E R
B SEREIY . I IS S A0 B IR B SE T TT R 5L
PEHERA BA R, Jo G Z BT 5 —aPriifin
AW, B, AFRES T HCM, DCM,
ACM K 3E 0> 71 % ¥ ( non-heart failure, NF) 4
FE N MEREA B ARG SR B, 65— e
T R G5 AN R WL 7 RS 0% 240 B 2H A2 Ak



440 EZFHA 2026 &£ 4 A% 36 B 4 9 New Medicine, Apr. 2026, Vol.36, No.4

22 S AIRRHE | A5 30 B P S A L TR R,
5 TEE 7R AN [R]C WIL TE2Y () 248 L 55 O e Sk A
ik, AR AR LR 96 BRAIL ) S AR R e T
PR SR AR AR
1 #ABEFE
1.1 RIS A E

DCM. HCM K NF # 4% 5% i T Broad B 5¢
FIE T 1 AT Y / B e s 8K P2 Single Cell
Portal ( SCP, https://singlecell.zendesk.com/) , >
WUEHZUBOR [ 70 2 i B REARRIAE IX S (AL 75
ZAIfE ), B TR BB R T RE X
Bk, ACM #E AR i F European Genome—phenome
Archive IR (EGA, https://ega—archive.org/) s
A Ip A &5 2 0 A O A GUREA, SR A 32
BINCHEHLAREAS, HCM, DCM, ACM J NF %
8 11l

B UL BEOR A% I B br e . iRk
B A R AT R O B R AT XA i 2 B Ak
B, SCP B F Scrublet ( SAMIPF4>> 0.30 )
U I 0 R T A XU ;- EGA a4 i Solo
V0.3, HRIE sofimax TF43 (solo_score < 0.5) =[5
BTG B B E LR G S % Seurat B
T3 R VA K 20 i SO PR / BRI SRS
SR T IR A BRI E UML I
B, ZORLARIEA L] AR RE DS e LR 1 21
AR LR/ N R AT R O B ARG D
#.300~7 000 H. UMI i1 %4 500~50 000 i Fil 4
B, HEBRGARARFL N L] > 5% . ZpEIASL
A > 4% BMELEE FURED LE Bl > 19 F9R 5T
WA, IR Harmony 1.2.3 #0F " %t £tk
AN SRR AT R G AL OOV IE . AT 4k
38T
1.2 HFERELSEES T

N 2R G AT O LR BRL A T SR 2 1Y) S I o
fiE, R SCTransform 32 % i ¥ B4 61 745 AL
AR, 38 I 1 D) Ak B ] AR A ARG TE R
A S M R B 25 5 o [RAE S BTBT B, R T RRUE
WFBIEFE AT ERr 087, IR JackStraw K5
5 (P < 0.01) ikt HT 50 > EA B &Y~
BTG TR RIEEER, WS
R UMAP FEZE R 283K/ (n.neighbors=
30) , PEHCHT 30 4> o> BEAT AR LR R FE 4 A ]

A3 o
1.3 HRERBEESFER

PLor 3R =0.8 FEATRIIR SRS, R CellTypist
1.5.0 A ShER T H A 2 bR G SR T 30E
BT 0 R A, IS E T 10 b
FEANMIEAY (ALHG.O VAN BT 440 55 )
Jo 55 AR AR MR ARLE R 4.2.2 B hoe i,
AT IR o Seurat Fl ggplot2 £, (v3.4.2) i
IR X i
1.4 EREEREEMEEEST

Ui Jf 7 (B 22 5 40 B fF H Seurat 2 H Y
FindAllMarkers p& %5 L3R 51 AN [R] 21 it 24 78 114 45 5
PEPR LA, TREARES . JEPI7E 2 /0 109% 20
g vp 523K, é’%Benjamini—Hochhergﬁ IEJGP
fli <0.05, H i log,FC > 0 3L & Xk i
FEH, {dFH Seurat £ 1Y FindMarkers BR XXt 40 it
RRIPAT RN, DB BRIRE T 4R
Sk Ak, DIREE A 5 B R H clusterProfiler £

(v4.6.2) " 521, LA msigdbr €1 (v10.0.1) P $#

HER) Hallmark JEPRIEE 0TS S8 . 035w 4608
I 14 2] 58 H5 U A 48 Benjamini—Hochberg #%1F J5 P
fH< 0.05. i/ GSVA 1 (v1.46.0) ™ #E17 3 A
ARSI, BT A AR - R R KF
K GSVA IEFIAMMZ BREG T GSVA 13930 R
H AddModuleScore BT A DIREPESy, ML A
R e D REIE AR AR IR L, A OCHE o il %
FEA R A M 2 A A TR AR
1.5 AR

K CellChat /2 (v1.6.1) ® 3 47 40 g 38 iR
OrHTe FE TG KRR T R NF, HCM
DCM Fil ACM [ CellChat Xt %, I i Ji N &
Secreted Signaling £{40 = HUAIAS ] 20 MU 2 764 [1] 1) i
TR — SZARAHEAEH] . T34 2H A TR R B 5
2ok, DLVEAL 25 4 SIS AR 8 TR 265 v 9 A
XPHC BE o SR 0 RE R] Y 2R T2
KM rankNet XF NF 5250 JJURHCX HEEL, 25730
K3 TRARE 48 22 S %) i A {5 5 J B A T HE I
S AR AL O A ZE B, SR AT BaA K
BN AL 25 25 S B P A TS o %) rankNet
i 128 H ) R B, R extractEnriched LR $2HX
wAERBCA-Z R S, ol AR & 3% A
L. SEARTESRCAR L b P Y Rk i, 2P
HWRBCR ., AR R4S OUTEE) B FCS

yxxz.whuznhmedj.com



EZHE 2026 &£ 4 A% 36 B5F 4 #1 New Medicine, Apr. 2026, Vol.36, No.4 441

log,FC, VISPl AT NF (f5 S 9m ARk
A log,FC XTALAR —ZA&XTHEy, I LAFRE W]
PRAR B I B S PR S SR 0 (5 55 2 B, A HCM
DCM . ACM (9505 SV 20 A 3a TR 25 1
1.6 ZTEERASH

23 (A1 S AT 3T A TSSO IE L 2128
] B0 96 4 . HCM1267D 4 4 40 7 IE % 5 HCM
% [8) B 4 2L Visium B0 ", GSE271676 5045
AL DCM L EH 2L 2 [ FE SR | 2,
ST HIE HCM N EZ A0 DE AR ( Endothelial_cO-
PIK3R3) FIDCM A £F 4k 41 g 7 #F ( Fibroblast_
c0-POSTN ) 725 [A]4E B (1) DI RETE 1

BT AR R RS AN S (FH
PSRRI ), BRI i A S PR 4 A s [ L B
TRARGE, LARAEAS A0 #E () R FRAE . X8
)2 S A A A ThR AR AR 2R, 33X H] RCTD ( robust
cell type decomposition ) T ELFUM &4~ 45 [R5 15 7
20 Y B U HE SR o Ry PEA SR IV R AR 25 1] P
EEFEI, K AddModuleScore FRE 3 E 25
] 2% 35 4 [ b PIBK-AKT-mTOR F1 Il 45 4 A% 38
B I REERAT 43, DT BRA A7 a5 A3 256 0 1
Gye FHIERF MRS HAERE, M s N
208 0 R T 24 240 L3 A AR 1) RCTD 8 B {5 B 15
{H ( Endothelial_cO-PIK3R3 = 0.90; Fibroblast_c0-
POSTN = 0.85) , {8 i B A5 B0 /R A% A
14725 0] 5 AR DX
1.7 Fit=o0H

K R 4.2.2 BAFHATEAE 530 . S Seurat
£ 9 ) FindAllMarkers pRELUEAT 22 5 KL DR 63K 40
BT, Wilcoxon Bk FIRS 36 1Al 56 PR 76 4H i 7% 1] 119 2%
ik 2 5%, K JH Benjamini—-Hochberg ¥ #¢ 1E P i
(FDR < 0.05) DAFEHIMRIATESS; Dhhes %04
i1 clusterProfiler £ %) 48 JL ] A6 56 11580t & 1,
J1-2% H Benjamini—Hochberg £ IE( £ 1EJ5 P < 0.05 )
g W E SR I Wilcoxon B HIRG 56 L 38 &%
PR NF 4[] B 40t L 9] 2 5 R 28 ) e s 2
WG EE S CellChat BN B A FEAL B 4
o 36 FH T PPAG BC A — 32 PR AH B AR FH A S8 3
P< 0.05 hZERBEAGI#E L

2 #R

2.1 R ENRRI R TS
AT L Harmony B4 22 BRAC RN (B

yxxz.whuznhmedj.com

REN 1), HE3R15 504 5844~ = T A Az B ),
145 145 058 > HCM 41 s . 146 877 /> DCM 4
L. 102 609 1~ ACM 4 fifd F1 110 040 /> NF X H&
AL, £ CellTypist H sl R, Frat G L MR R
SN TSR, S 10 Fh 3200 N2
MR (BI1-A) o &AM PR AH &
MRS DR UL E ] 2 FNBRHA-E 1, Ban, L
Y j (MYH7. FHL2) . W4 4E40 il ( DCN,
GSN) . Vi WL4nfe (MYHII, ACTA2) . J
4i e (ABCC9, RGS5) . W EZ 4l (VWF .,
FLTI) % (& 1-B, MHEE3) o

AN LA LB i R, =20 LG 7E i i
AN EREAE AR S, B W 2 S e S
Jif, 5 NF XA, =20 00 ULgn i
LU 350 308 2T B R I T 4 4 A 3 L2 i
e A3E N, B0 LR 15 5 1) 5 i 98 2 0 L
IR L B B, T DCM 1] B A B f5c 7™ 7 90
LG 493 F B % BR A 21 A AL E S . 5 NF 41AH L,
HCM 5 DCM & 3 N Kz 40 B 43 ) 384 hn 33.7% .
15.2%, i ACM BE 18/ 10.8%, $EmAiME& 1Y
MAETEIME Jy2e it ; HCM 5 DCM H 3% & 40 1t
BIREAR 32.6% . 29.5%, TIREHIFHULE TR E M,
1M ACM S5 A 40 LE RS i 21.1% , H £ttt
50 E W2 91.8%, W] AR5 HARIEMER DR H
Sy EPESYIA G (B 1-C & 1-D. W#HFE2) .
ZE b, U LER 4 Ak 20 WL A9 L [R] 9 BE LAk, 4
HEEAOD AN . BREF2Egnp . Foignse . A
YA, YR AN AR AN K pf 28 e A A T H Ay
SRR, ESHE 20T HARdEEs (&
FERE R AN, KA S ) e AL 2= RIS
TR (MR 2) .
2.2 1LAR S FINREFFAE R4

Ay ) WA [R) S B0 WL 43 IR AL, ARt
FEMIE R FRIE | Tfeam i A4 I e 5 =~ J2 1
My FIIREHRHIE . 22 R 3RIB T 7R, HCM il
DCM DL FRER S £5 (43510 73% F168% )
715 3 T P 0 T R B Bt S 411 ) 8 40 L ) i
B T ACM W DL R R o E (57% ), R
L B R B A T BRI e SRS (B 2-A)
= S [ SR IR UAE RN 15 2 ke T A
(E2-B) , F W e AR 68 T B AgE A
ZHLRHILER B LR . [RIR, A0 R B il
A0 RO AR (K 2-C) , Hirh, HOM R



442 EZFHA 2026 &£ 4 A% 36 B 4 9 New Medicine, Apr. 2026, Vol.36, No.4

A
DCM
R AR 2
~ ?
ural gy o
iﬂﬂ%‘!ﬂ;ﬂﬂ
N
o . ;
< : ;
s s 7
- 5 - o220
25T
%iﬁﬂﬂ![ﬂw
> R4
B C
FUtZTe ') 100
Ne M 4 oo
4 LS
) EEj(;HH@ o kAL o) 75 L
R 2 .. oL g Sl
i oo o = . i i
A R 2l
N B A oo R 2 5 %%;ﬁﬁﬁ@
2 SRE
JEI 4 oo I1 = e
S LA i 0 25 L
TRETAEAN L oo )
LI e ® 0
D N T N o )
&boee RS P OO
D
LML A AT A2 RadillEifial il TN B 4 it
0650 80 0570 0330 0007
100 1 0.083 0.570 81 0.050 40 0.190 0.330
0.003 0.010 0.038 0.065 40 0510
0.960 i 0.065 0.380 0.010 0.065
75 1 0.720 60 0.440 61 0.880 301 0.880 0.230
0.130 0.160 0.005 0.010 309 0.065
| | ( '
50 1 , 407 41 l 20 \ 204 &4 1
A 34| (8 X ) D
J 2 s
25 | P ‘3) l 20-2 ( e J 2 I \/ / 101 f é o 10 J L
—_ ke [ . —0@-
S - - \j ! L
g 0 L T T T T 0 L T T T T 0 L T T T T 0 L T T T T 0 L T T T T
= NS\ SN RN SR\ SN RN NS\ SN
% = F F ¥ s F F ¥ = F F ¥ s & ¥ s F F ¥
el N o) Je 75 44 METT IR 4t
0.230 i 0.190 0.440 37 0.010 4 0.230
60 1 0.083 40 0.065 0510 0.650 1.000
0.570 0.880 61 0.960 0.028 0.005
0.440 0.190 0510 0570 31 0.038
0.440 301 0.440 0.880 o] 0440 0.280
40 . L L 4 | Lo | L | L |
20 l L] 27 '
20 1 21 1 " & A V |
y , \ | 10 & ' } - \ 1
<l i \) > « D> A ( \ p \{ , &5 v )
o o1 —Joi -~ =l oL — —
NI\ A NSRS NI\ A IR NS\ AN
NI GGG NG NI

E1 O AR EE SNFRTER A O AR R LE A 5 AT
Figure 1. Cellular composition analysis of cardiac tissues from cardiomyopathy patients and non-heart failure controls
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Figure 2. Analysis of functional differences among subtypes of cardiomyopathy
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