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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
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Figure 1. Cellular composition analysis of cardiac tissues from cardiomyopathy patients and non-heart failure controls
E: ABRUMAPTAUL B Baafo kA 2 in AW AGK S8 Canfe £ AL 5 A B Do 2] 2725 H

yxxz.whuznhmedj.com



EZHE 2026 &£ 4 A% 36 B5F 4 #1 New Medicine, Apr. 2026, Vol.36, No.4 443

MRS PIBK-AKT-mTOR A= K A5 518 5, DCM 4§ filt, XPH_EUFRAE M AT T RGET. Fest
S L VR A A GE . SRR R AR AT A R FIEHHEWT o, SR IRAY) kA B VI
7N, ACM A& fh il I Abm i 280G, RIS P Bl NRF1 5 MYC 7E ACM H 23 Fi# (log,FC > 0.8,
TGF-B 5 PI3K-AKT-mTOR i &30l ( & 2-B & P <0.05) (MFE£3) , $EnXseiiys @]
2-D. iR 4) , R HBERAEIRERE LS RESR Bl HL A& B 85 S S AR I PR R TG . BRI T
HCM, DCM fAAEAR 25 NDUFAI FIE 4K V ATPSF1A4 458 AR Ak G

R B ACM. H S A0 B R Ak U0 TE 1Y) 4 T FERITE ACM Th4 2 WA (BRI S) o Bk

HALLMARKiH# 8% & 047 (ISR

2000 PI3K-AKT-mTOR(F i [ )
TGF-Bf 5 ° -log10(1& 1EJi5 P1H)
1000 awmmt| @ @ 6
] i
H . ey ) @ @ @ )
i | [ it @ @ @ ?
iy . N "
# 1 000 #Hw @ @ @ %fa
wenpsiar @ @ @ °®
2000 HEHEEN @ [ ) o
i (T ) @ @ 9@
HCM DCM ACM RY RY RY
C D ’Y & ©
HALLMARKiE B & 407 (26 KEGGili 4 & i S
Notch(f - | ° ~log10(FeIEPA) AL )
. Sl A
SRR [ ) 10.0 2 B — A o
] ® e EHNEL P
50 W | AR
A ° 25 DI ¢
.
PI3K-AKT-mTORfE 5% 1 @ S R BIRS " 0
TGFBiEik @ @ ® RiEs o @ [
R 20
LR . @ @ : % MA@ e ~log10(HEFJFP)
wznnni: @ @ @ | @ HLMEHEEZLIN. @ @ o | @ 0
PyISap——— . . , 25
g (7 1 @ @ @ | @ L e @ :3_0
S NS .
L & ¥ W R e
N -1.81 —1.94
ol @ @
-1.85 -192
E pELoiE @ @
FoF
PI3K-AKT-mTOR(E 5 I A SR
03 03 Cell type
AR
JRETHEAN
g‘” g’;“ gaz -ﬂL?‘%HJLiFﬂﬂﬁ
= = i L
HI o 04 HI A B4
E £ £ o1 g EST)
oo =2 e e A
0.0 = QTN
00 =L
-0.1 = K
0.1
D D,
B OGO OO COC OO Gl o
S TR S TRt R S TS FYE

E2 (AR EThEEE RO
Figure 2. Analysis of functional differences among subtypes of cardiomyopathy
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