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Research progress of cardiovascular organoid models

XIANG Chen', CAI Hongwen®®
(1. First Clinical Medical College of Zhejiang Chinese Medical University, Hangzhou 310053, China.
2. Department of Cardiology, Zhejiang Provincial Hospital of Traditional Chinese Medicine, Hangzhou 310006 )

[ Abstract] Cardiovascular disease is currently the disease with the highest incidence and mortality rate
globally, but pathogenesis research and drug development for this condition still face significant challenges, partly
because of the limitations of traditional research models. Two-dimensional (2D) cell cultures make it difficult to
simulate the microenvironment in vivo, while animal models have species differences that cannot fully reproduce the
physiological and pathological characteristics of the human cardiovascular system. With the continuous breakthrough of
stem cell technology, organoid model research has developed rapidly, providing innovative tools for cardiovascular
mechanism research and drug development. Cardiovascular organoids are microtissue models constructed with stem
cells under three-dimensional (3D) culture conditions in vitro; they can highly simulate the structure, composition,
and function of the human heart and blood vessels, significantly improving the physiological relevance of research.
This paper systematically reviews their construction strategies and application progress, discussing current limitations
and future directions.
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Table 1 Comparison of different printing systems and bio-inks

FTENR L

Printing system

A= 5K BC e

Bioink formulation

SRS E] | AL A

Crosslinking time, curing conditions

SE RO AT B 3k A
[l Sk (42 256G, S
19G)

Custom microfluidic  print
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diameter

needle ( inner

25G, outer diameter 19G)
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F:23G BB ;276 HEIE
v
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27G tapered nozzle
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e
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RER L R
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Photoinitiator; 0.01% (w/w) Irgacure 2959
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Secondary  crosslinking  ( chemical  crosslinking ) .
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Table 2 Comparative analysis of different construction strategies
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Bioengineering High toxicity assessment Moderate
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2. Disease modeling
weeks) related genes
(particularly
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medicine exploration
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. macroscopic structure, even enabling controllable microscopic models
weeks
cellular arrangement. However, printing resolution varies 2. Organoids on a
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Function; maturity largely depends on post-printing culture
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Function; supports real-time, in situ monitoring of interaction studies
weeks)

electrophysiological and mechanical parameters (impedance,
contractility) , and facilitates application of mechanical forces
(tension ) and fluid shear stress. However, long-term
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3. Mechanobiology
research
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Note. T-tubules, Tubular structures formed by perpendicular invaginations of the sarcolemma into the sarcoplasm. Intercalated discs, Step-like

interlocking structures formed at the ends of adjacent myocardial fibers.
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Table 3 Comparison of organoid models responses to doxorubicin toxicity across different construction strategies

F e

Strat 2 2L K, SEAE W D he et RGP gL e
rate
& Cell composition Structural features Contraction function Cell vitality Apoptosis rate
development
PUATE 43 H1 10 pumol/L. CCKS TUNEL FH#:7%
iPSCa 4 M9 L LA, Py g y
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AN RPN R o o
PRI 23 2 ] % 25 80% HATIEEHE #1148 h JLT- 58 & Ml 85%~95% rate ;
M A D} y -
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g Tme T . Approximately ~ 80%  Video analysis revealed that 70% ~90% (48 h): 30% ~
hiPSCs-derived
Bioengineering . . exhibit a chamber-like 10 pmol/L treatment for 1 pmol/L (48 h): 40%
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structure with 72h  and 50 pmol/L 70% ~85% 10 pmol/L
cells, fibroblasts, cardiac )
. vascularization treatment for 48 h nearly 10 pmol/L (48 h):. (48 h). 40% ~
progenitor cells, neural cells, R
completely inhibited 50% ~70% 60%
and mesenchymal cells .
pulsation
TUNEL FH#:% .
HEREL(R/5Y) - CCKS TUNEL positive
hiPSCs 4L H.C LN Y, B = 454, 1L 1L Pulse rate  ( beats per | .l/L (24 1) rate ;
e NG AR minute) pme “ 1 pmol/LL

EEiv e

Self-organization
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Single-chamber
structure, inadequate

vascularization
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1 pmol/L (24 h); 22~25
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(24 h): 15% ~
20%
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10 pmol/L (24 h). 15~ 10 pmol/L
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1 TUNEL % . A SO R A2 i dUTP B 1 A b i vk O T AU A T ) .
Note. TUNEL assay, Terminal deoxynucleotidyl transferase dUTP nick-end labeling assay (used for apoptosis detection) .
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